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Preface
In writing the first and second editions of this book, I noticed a critical mass being 

reached within the profession of clinicians—new graduates and students incorporat-
ing physical agents as a component of their therapeutic interventions. In part, this was 
evidenced by the addition of specific standards identified as part of the Accreditation 
Council for Occupational Therapy Education (ACOTE) requirements for educational 
programs. I assumed that with the addition of these standards, the controversy sur-
rounding use of them would subside. However, with the ACOTE interpretive guidelines 
being so broadly described and applied, new graduates continued to have a continuum 
of training, preparation, and understanding in clinical use of physical agents. As well, 
the profession continued to face a wide variety of challenges and opportunities such as 
the Affordable Care Act (which also faced changes and modifications in its implementa-
tion); changes and revision in reimbursement with the transition to the Patient Driven 
Payment Model and Patient Driven Grouping Model based on patient need rather than 
a timed component; challenges to scope of practice as other disciplines focused on 
functional outcomes and inclusion and engagement in community and at home; and 
an increase in telehealth, brought on by yet another challenge—a global pandemic. 

One response to these ongoing challenges and changes was the need to identify 
and communicate to the client and other stakeholders the unique contribution that 
occupational therapy brings to health care and the individuals we serve through our 
approach and interventions. In part, the need to articulate our contribution has been 
a consistent challenge for decades, as the general public and even other health care 
providers are still unaware of what we do as occupational therapists and may ques-
tion the value of what we do because it often appears to be simply pragmatic. In the 
current health care environment with interprofessional teams and approaches, every 
discipline approaches the problem from a functional standpoint. We are no longer the 
only discipline addressing “function” and “independence” because nurses, nurse prac-
titioners, physician assistants, and speech and physical therapists do as well. How we 
get to the independence and the engagement in occupation is what makes us unique, 
but we must understand the biophysiology of our clients and the physiological effect 
on the individual and be able to articulate that in the science and lexicon understood 
by the health care environment in which we operate. 

Integrating new technologies and understanding and incorporating advancements 
in science and medicine are also critical components of a cost-effective and efficacious 
approach to the challenges and clinical conditions our clients face, and are intrinsic in 
the new paradigm for health care reimbursement. An argument against use of physi-
cal agents has always been that clinicians have applied them without understanding 
the science behind them, and many occupational therapists failed to connect the art 
of occupational function and movement to the outcome. Nowhere is this more obvious 
than the use of cones or pegboards in a clinic. Research related to physical agents in 
rehabilitation has grown in depth and quality. This book will provide the reader with 
the basis and evidence for the selection and application of physical agents in clear 
and understandable language. PowerPoints for each chapter are also provided for 
faculty to facilitate the inclusion of the information into coursework, or preferably, as a 
freestanding course for occupational therapy students to prepare them to incorporate 
physical agents safely and effectively into clinical practice. 

I have attempted to address these issues in this edition of the textbook. Physical 
agents, like any other approach we apply including occupation, are a tool, another 
approach to address the underlying clinical performance issues negatively affecting a 
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client’s life, independence, or quality of life. Physical agents are technological tools by 
which we can manipulate and affect the healing process in our patients and clients: 
Modulating pain, improving strength, facilitating neurological function, increasing 
range of motion, improving movement, and enhancing functional outcomes and perfor-
mance, thereby strengthening independence. Understanding the science and concepts 
underlying the therapeutic interventions we use and apply to our patients, and the 
effect on the individual’s biophysiology and occupational engagement, will allow us to 
more effectively articulate our unique value and approach to the problems and issues 
facing our clients, and help validate our perspective. In today’s competitive and chal-
lenging paradigm, utilizing all the tools we have available to us as clinicians is critical. 
The ability to articulate what and why we are doing, rather than just engaging in the 
performance of a task or activity, will strengthen and stimulate our creativity, clinical 
reasoning, and outcomes. Incorporating the art and science of occupation and technol-
ogy may be the paradigm needed to strengthen and expand our role in this dynamic 
environment.
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Learning Objectives
1. Define physical agent modalities (PAMs).
2. Compare and contrast the philosophical trends related to PAMs within occu-

pational therapy.
3. Discuss the relationship between physical agents and the American 

Occupational Therapy Association (AOTA) Occupational Therapy Practice 
Framework: Domain and Process, Fourth Edition (OTPF-4).

4. Outline the historical trends in PAM use and occupational therapy.
5. Articulate a theoretical and philosophical framework for PAMs within occu-

pational therapy.
6. Identify the relationship between occupational performance, client factors, 

and PAMs. 
7. Define biophysiological client factors and their impact on occupational 

performance. 
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Background
PAMs, or physical agents, are those procedures and interventions that are system-

atically applied to modify specific client factors when neurological, musculoskeletal, or 
skin conditions are present that may be limiting occupational performance. Physical 
agents use various forms of energy and force to modulate pain, modify tissue heal-
ing, increase tissue extensibility, modify skin and scar tissue, and decrease edema/
inflammation. PAMs are used in preparation for or concurrently with purposeful and 
occupation-based activities (AOTA, 2018; Bracciano, 2008). Incorporation of physical 
agents into clinical practice as an adjunctive tool for clinical use has reached a criti-
cal mass in practice, as evidenced by questions related to physical agent content on 
the National Board for Certification in Occupational Therapy examination, inclusion of 
specific academic content regarding physical agents in the Accreditation Council for 
Occupational Therapy Education (ACOTE) Standards (AOTA, 2011), and the frequency 
of use by clinicians across the spectrum of clinical practice settings. 

In the academic arena, however, integration of physical agent content into curricu-
la often faces opposition due to confusion and limited understanding of the fundamen-
tal concepts undergirding physical agents. This resistance, along with misperceptions, 
hampers deeper understanding of the physiological effects and clinical integration of 
physical agents due to disparity in curricular coverage and content. This discrepancy 
affects graduates of occupational therapy educational programs that superficially 
cover physical agent content and fail to recognize that these technologies are simply 
another therapeutic approach or tool that can be used to facilitate outcomes and per-
formance. There continues to be a fear in some educators and theorists that somehow 
these technologies are physical therapy in nature, and as such, will confuse patients 
or consumers of occupational therapy services. This appears to be a uniquely occupa-
tional therapy response related to scope of practice issues and use of technology, as 
other disciplines readily adopt and integrate therapeutic approaches, concepts, and 
language from occupational therapy into their scope of practice and profession.

A common theme early on, when the AOTA was defining a position and scope for 
physical agent use, was “If we use PAMs, physical therapists will do activities of daily 
living (ADL).” With the advent of the Guide to Physical Therapist Practice (American 
Physical Therapy Association [APTA], 1995), that argument became invalid, as ADLs 
were identified as a functional limitation and as a therapeutic intervention within 
the scope of practice of physical therapists. The Guide to Physical Therapist Practice 
3.0 (APTA, 2021) defines physical therapists as “health care professionals who help 
patients/clients maintain, restore, and improve movement, activity, and functioning, 
thereby enabling optimal performance and enhancing health, well-being, and qual-
ity of life”; clearly language similar to our own. Their use of the words “function” and 
“activity” throughout the Guide to Physical Therapist Practice also is reflective of occu-
pational therapy’s approach and language.

Terminology
•	 Biophysiological factors
•	 Client factors
•	 Pathogenesis

•	 Performance skills
•	 Physical agent 

modalities

•	 Physical agents
•	 Reductionism
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Ironically, occupational therapy educators have voiced concern about the poten-
tial for public misperception and brand confusion when occupational therapists use 
preconceived profession-specific interventions such as physical agents or contem-
porary concepts and approaches. Scope of practice issues in health care and allied 
health have fostered a patchwork of restrictive scope-of-practice acts that discourage 
effectively addressing the health care needs of the population. Changes and revisions 
in health care plans, the fate of the Affordable Care Act or its corollary, and service 
delivery, based on scope-of-practice laws, will be primary determinants of which 
professions are included or excluded from participating in reimbursable patient care 
(Elwood, 2013). It is critical for occupational therapists to stay current with technol-
ogy and interventions that may facilitate and strengthen outcomes and efficacy in the 
dynamic health care environment.

With the dramatic changes in health care delivery and reimbursement, practitio-
ners must use evidence-based interventions and best practices, including the tools 
and technologies available to enhance outcomes and patient satisfaction in a cost-
effective and efficacious manner. To limit practitioners and the occupational therapy 
scope of practice to commonly used interventions and language is both limiting to the 
profession and ethically incongruous to the AOTA Code of Ethics and patients we serve. 
The profession and practitioners must continue to broaden and expand the repertoire 
of therapeutic interventions and technology available to ensure viability within a rap-
idly changing health care and practice environment.

Contemporary Issues
Occupational therapy faces a range of challenges and dynamic changes due to 

internal and external forces that affect clinical practice, theory development, and 
education. The U.S. health care system continues to transition to a new paradigm 
because of changes in health care delivery, reimbursement, and provision of service 
due to legislative exigencies. Factors affecting the U.S. health care system include an 
aging population, equity of access, advances in technology and medicine, and empha-
sis on evidence-based practice (EBP) and cost containment due to ever-increasing 
federal and state budget deficits (Richard et al., 2016; Unruh & Fottler, 2005). Health 
care reform has focused on the triple aim of improving the patient experience of care 
(including quality and satisfaction), improving the health of populations, and decreas-
ing the per capita cost of health care. Rising demand for service due to the aging popu-
lation and shifts in sociocultural demographics, unsustainable costs, and the growth 
in the number of individuals with health insurance have facilitated changes and a 
redesign in health care delivery and reimbursement.  

The new health care paradigm is a hybrid of the medical model where the patient 
receives treatment to recover, merged with aspects of community health where ser-
vices are provided to improve an individual’s health and decrease costs. New mod-
els are centered on the needs of patients, families, and communities, incorporating 
evidence-based research and advances in clinical medicine, public health, and health 
care delivery. One intent of these new models is to shift from a reimbursement system 
based on volume of services provided (fee for service), to one based on the value of 
care, empowering the individual and community to manage their health (Hildenbrand 
& Lamb, 2013; Figure 1-1). 

These new models are likely to accelerate as the U.S. Department of Health 
and Human Services moves to connect 90% of Medicare payments to some form of 
Accountable Care Organization, medical home, bundled payment, or other value-
related approaches (Burwell, 2015).



4  Chapter 1

Of concern within the new paradigm of health care delivery and reimbursement 
are additional factors that may impact the viability of the profession in this dynamic 
setting. These include competition among health professions for space on primary 
care teams and a growing demand for research related to the efficacy of outcomes 
to determine who should be a member of the health care team. Ironically, the new 
system of reimbursement and delivery emphasizes interdisciplinary collaboration 
amongst those who will be part of the primary care team, but unless the other team 
or disciplines and members, including the patient and public, understand their role 
and the value that provider will add to the team, they are likely to be excluded. Part 
of the challenge of integrating into the new paradigm will be the ability to build on, 
strengthen, and articulate our approach to patient care. Our unique contribution to 
the team, (which can impact the financial aspects of this approach in a positive way), 
is our background addressing physical health, behavioral health, rehabilitation, and 
habilitation, while addressing the issues that affect function and quality of life (Dahl-
Popolizio et al., 2016; Figure 1-2).

Strengthening our role within the interprofessional team can be somewhat prob-
lematic for occupational therapy, as there continues to be confusion by many stake-
holders and the public about what occupational therapy is (i.e., what is our role). 
Barriers to maximizing the role of occupational therapy on primary care teams include 
the need for academic training that would prepare practitioners for a more generalist 
rather than specialist role; greater training and understanding of managing chronic 

Health Care 
Innovations, Settings, 

and Populations

Professional 
Growth and 

Organization 
Innovations

Business Model 
and Structural 

Innovations

Disruptive and 
Emergent 

Technologies

• Aging in place
• Access to local connected care
• Medical-community hybrid integration
• Health and wellness
• Fitness
• Telehealth/telemedicine
• Patient initiated
• Convenience 
• Evidence-based interventions 

• Emerging areas of practice
• Scope of practice
• Licensing and regulation
• Reimbursement and coverage
  issues
• Interprofessional collaboration
• Organizational restructuring 
• Academic, continuing 
  education, and training 
  modi�cations

• Specialty care provider
• Physician extender 
• Community-based care
• Hospital-based and free-standing 
  specialty care
• Risk sharing/patient satisfaction and 
  outcomes
• E-commerce

• Regenerative medicine and 
   regenerative rehabilitation
• 3D/4D printing
• Physical agent technologies
• Nanotechnology
• Computer hardware and 
   documentation
• Artificial intelligence and 
  analytics 
• Patient monitoring tools

Figure 1-1. An occupational model of disruptive innovation in occupational therapy and the professional 
organizations representing occupational therapists. Disruptive innovation requires vision, the ability 
to use and apply technology and advances within an industry or organization, and to respond with a 
different strategic approach. An underlying component is that change is inevitable and motivated by 
disruptive innovators that target overlooked or underserved segments or populations and deliver more 
suitable functionality and service at a reasonable or cost-effective price.
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disease; demand for outcomes research supporting the value (and need) of occupa-
tional therapy in primary care; and the difficulties of promoting the value of occupa-
tional therapy to physicians, other health care personnel, and stakeholders who are 
leading and developing the primary care team, including consumers. These challenges 
remain problematic. 

In the new health care paradigm, primary care providers are expected to provide 
comprehensive and coordinated continuing care to patients and families, including 
modern preventive care and chronic illness management (Bodenheimer et al., 2014; 
O’Reilly et al., 2017; Sheridan et al., 2017). In addition to acute care, primary care pro-
viders also focus on prevention and chronic illness management. It is widely accepted 
that transformation of primary care is needed to improve efficiency and effective-
ness of health promotion and prevention activities, coordination of patient care, 
and management of chronic diseases. Primary care redesign must concentrate on 
incorporating new practices and technologies into the care process, bringing together 
fragmented pieces of the medical care system, improving communications and infor-
mation systems, redesigning care processes to be more efficient, incorporating quality 
improvement concepts, and addressing the growing need for performance information 
(O’Reilly et al., 2017; Sheridan et al., 2017). The medical home is a way of organizing 
primary care so that patients receive care that is coordinated by a primary care physi-
cian, supported by information technologies for self-care management, delivered by a 
multidisciplinary team of allied health professionals, and adherent to EBP guidelines. 
The goal of the medical home is to deliver continuous, accessible, high-quality, patient-
oriented primary care. Identifying and articulating the role of occupational therapy in 
this continuum will be critical. 

Utilize
Informatics

Apply
Quality

Improvement

Employ
Evidence-

Based
Practice

Provide

Patient-

Centered

Care

Overlap of Core Competencies for
Health Professionals

Work in Interdisciplinary Teams

Figure 1-2. Overlap of core competencies for health professionals. (Reproduced with permission from 
Greiner, A. C., Knebel, E., & the Institute of Medicine Committee on the Health Professions Education 
Summit. [2003]. The core competencies needed for health care professions. In Health professions education: 
A bridge to quality. National Academies Press.)
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The AOTA commissioned an external study (Goldberg & Dugan, 2013) to assess 
the impact of health care changes on the profession and to determine what role occu-
pational therapists would have in these new systems and paradigm. The report high-
lighted the complexity of the change and difficulties facing the profession related to 
occupational therapy’s role in the new health care system. Almost all the individuals 
involved in the focus group indicated that they did not understand the skills of occu-
pational therapists or how they could be used to deliver primary care. Several primary 
care physicians involved in the study could not identify a role for occupational thera-
pists on the primary care team, though they were cognizant of the occupational thera-
pists’ contribution as an external health care professional to their patient population. 
Other providers questioned whether occupational therapists had the right training 
and skills for treating this patient population. One health care executive summarized 
the tenor of the stakeholders and the inclusion of occupational therapy on the new 
interdisciplinary teams: 

You have to come up with a valid reason for why you should be in the room 
instead of someone else. At the end of the day, people respond to data. You 
need to show them a rational reason why you should be on the team. (Goldberg 
& Dugan, 2013)

These comments highlight an additional area of concern from many stakeholders and 
consumers, which is the lack of a unifying approach (aside from occupation being our 
core) and the broad disparity and differences in occupational therapy education and 
preparation. Additionally, issues related to occupational therapy scope of practice 
and limited information or evidence related to interventions and outcomes negatively 
impacts our significance in this new delivery system. In this new paradigm, physicians 
will continue to play a key role in encouraging the enrollment of others in the primary 
care team and in identifying effective roles and responsibilities in the team (O’Reilly 
et al., 2017).

Challenges and Opportunity
Dynamic changes to the health care system and delivery are directly impacting 

clinical practice for occupational therapists and other health professions. Health 
professionals are seeing shifts in professional responsibilities and practice patterns 
with greater emphasis on physician extenders and primary care. Incorporation of EBP 
is also being promoted in optimizing patient care and the advancement of athletic 
trainers as health care professionals (Welch et al., 2014). Health professionals such 
as athletic trainers continue to aggressively expand their reach and scope of practice 
through revised language, education, training, and entrepreneurial focus to practice. 
Athletic trainers have directly challenged and attempted to modify regulatory lan-
guage and reimbursement. The athletic training profession has described its members 
as allied health care professionals who are experts in the prevention, assessment, 
treatment, and rehabilitation of musculoskeletal injuries (Allivato, 2003).

Occupational therapy also has revised educational standards and moved to clarify 
the role of the profession within the dynamic health care paradigm. Dialogue has been 
ongoing in merging the approach between community-based practice vs. reliance on 
traditional hospital-based health care venues. Attempts at increased collaborative and 
collegial relationships between agencies such as the National Board for Certification in 
Occupational Therapy, Centers for Medicare and Medicaid Services, and other regula-
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tory agencies have also been of critical importance, along with revisiting and revising 
the ACOTE Standards. As with any challenge, there is also opportunity for proactive 
and innovative organizations and individuals who are willing to take a risk.

Practitioners and the profession need to adopt a paradigm incorporating disruptive 
innovation and forward thinking to effectively respond to this new health care delivery 
model. Disruption describes a process first described by Christensen (1997), whereby a 
smaller company or organization with fewer resources can challenge well-established 
businesses. Specifically, as incumbents focus on improving their products and ser-
vices for their most demanding (and usually most profitable) customers, they exceed 
the needs of some market segments and ignore the needs of others (Christensen, 
1997). Entrants that prove disruptive begin by successfully targeting overlooked 
market segments, gaining a foothold by providing a more pragmatic and functional 
approach or service, often at a lower or cost-effective price. Well-established, tradi-
tional organizations or companies, hindered by a hierarchical pyramid, tend not to 
respond vigorously (Bleich, 2014; Welch et al., 2014). Disruptive innovators then move 
upmarket or expand into the identified need area, delivering performance the custom-
ers or stakeholders require, while maintaining their unique approach to innovation 
and change. These concepts can be of value to clinicians, and certainly the profession, 
when applied creatively and intentionally. 

In health care, disruptive innovation or technology may focus on ease of use and 
the potential for decreased cost and expense. In terms of health care, disruption is 
evidenced by innovations that expanded and moved technology from hospitals and 
specialists, focusing on empowering the patient to be better educated, leading to 
greater control, which decreases costs (Christensen et al., 2000; Christensen et al., 
2008). Technological innovations and improvements are different depending on the 
industry. At its core, disruption is a theory of competitive response, environmental 
sensing, leadership, and change that may affect growth. According to Christensen, 
however, the concept of growth revolves around three types of innovation (Denning, 
2015). Market-creating innovations can be disruptive by transforming complicated and 
expensive products into things that are more affordable and accessible, expanding 
the products’ reach by increasing the number of individuals able to buy and use the 
product. Sustaining innovations refers to the concept of making a good product even 
better, while efficiency innovations refers to the concept of “doing more with less.” 
These three concepts, though often interpreted as being disruptive, refer more to their 
impact on creating economic growth rather than being transformational in nature. As 
a profession, we need to examine and consider all three to respond effectively to the 
changes in health care and ensure that we are transformational in our outreach and 
change (Figure 1-3). 

Among the identified barriers to occupational therapy maximizing its role on pri-
mary care teams: 

 ӹ The need for academic training that prepares occupational therapy practitioners 
for a potentially more broadly defined generalist as opposed to specialist role 

 ӹ The need for research that demonstrates outcomes supporting the value of occu-
pational therapy in primary care

 ӹ The existence of complex, changing regulatory and reimbursement systems 
 ӹ The difficulties in promoting the value of occupational therapy to physicians and 

other stakeholders who are leading and developing primary care teams, as well as 
to consumers (McKenna, 2013).
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These challenges also afford an opportunity for the profession. Demand for 
achieving optimal outcomes in an increasingly complex, dynamic, uncertain, time-
constrained, and resource-limited environment will become the norm. Redesign in the 
delivery of primary care will focus on team-based health care, with each discipline 
wishing to be a “player” in this paradigm, able to articulate its unique role, understand-
ing the complexities of the patient, and managing them to participate and be accepted 
as a part of the team. This fundamental change in the marketplace requires clinicians 
to revisit their role, revisit their depth and breadth of knowledge, and understand the 
macro- and micro-level contextual factors that impact health interventions and policy 
(Bleich, 2014; Liu et al., 2015; Welch et al., 2014).

Clinicians can no longer approach clinical diagnosis, patients, and other health 
care professionals with a basic understanding of the complexities of the patient and 
situation using a linear, top-down approach. The transformation to a hybrid of the 
medical and community model requires clinicians with knowledge and education in 
advanced health and physical assessment, as well as a deeper understanding of client 
factors and the impact of physiology and pathophysiology on performance, pharma-
cology, and body systems to provide comprehensive care. Responding to the dynamic 
continuum of health care will require clinicians to be proactive, forward-thinking 
change agents, able to articulate an understanding of the complexities of the clinical 
conditions, the unique contextual needs of the client, and the unique contribution 
the profession can leverage to ensure independence and quality of life issues for the 

Disruptive Technology or Innovation

Pe
rf

or
m

an
ce

Clayton’s Disruptive Innovation Theory

Pace of technological progress

Sustaining innovations

Performance
or service that
customers can

utilize or support

Figure 1-3. Clayton’s disruptive innovation theory. (Adapted with permission from Harvard Business 
Review. [December 2011]. The charts that changed the world. Harvard Business Review. https://hbr.
org/2011/12/the-charts-that-changed-the-world.)
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individual to ensure occupational therapy’s role and viability in patient management 
(Figure 1-4). 

Occupational therapy must reframe the problems and challenges of the profes-
sion’s future to embrace a new direction and expanded scope of practice. Occupational 
therapy professionals need to recognize the factors impacting individual and popula-
tion health as well as managing chronic disease, align themselves toward individual 
and population health, and acknowledge the interconnectedness among health out-
comes, systems, and society. Reframing the problem toward prevention and manage-
ment of chronic conditions provides an opportunity for us to remain relevant in health 
care and to reinvigorate our approach by reaching to our core principles, while also 
leveraging technology to ensure that we are part of the solution.

An Occupational Definition
An often-debated topic in occupational therapy, physical therapy, and rehabilita-

tion in general has been the efficacy and use of PAMs in the treatment process and the 
occupational therapist’s preparation and role in their use. There have been proponents 
as well as critics for the use of physical agents within the practice of occupational 
therapy, though the dialogue between the competing positions has been less vocifer-
ous in recent years. Among clinicians and students, an apparent critical mass has been 
reached leading to a consensus that occupational therapists can use physical agents, 
though there appears to be some apprehension from academic circles and theorists 
that worry that physical agents are not “occupational” in nature. The primary issue, 
from a regulatory or licensing standpoint, is determining the appropriate training and 
credentialing necessary to demonstrate competency in PAM application during occu-
pational therapy treatments. This issue has been approached from a variety of diverse 
viewpoints and regulations, though there are some consistent patterns. The general 
acceptance of physical agents as an area of practice within occupational therapy has 
not always been the case. 

Before a further discussion related to PAMs can occur, it is important to define 
what PAMs are and what they encompass. 

Figure 1-4. Stages of disruptive innovation. This can be caused by changes in technology, reimbursement, 
therapeutic interventions, approaches and education, scope-of-practice issues, and the organizational 
awareness and responsiveness of stakeholders needs and challenges. 
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Background
PAMs are those procedures and interventions that are systematically applied to 

modify specific client factors when neurological, musculoskeletal, or skin conditions 
are present that may be limiting occupational performance. PAMs use various forms 
of energy and force to modulate pain, modify tissue healing, increase tissue extensi-
bility, modify skin and scar tissue, and decrease edema/inflammation. They are used 
in preparation for or concurrently with purposeful and occupation-based activities 
(AOTA, 2018; Bracciano, 2008).

Physical agents are those procedures, interventions, and technologies that are 
systematically applied to modify specific client factors when neurological, musculo-
skeletal, or skin conditions are present that may be limiting occupational performance. 
PAMs use forms of energy or force to modulate or decrease pain, facilitate tissue heal-
ing, modify skin and scar tissue, increase tissue extensibility and movement, decrease 
edema and inflammation, and are used as an adjunctive method preparatory to 
engagement in occupational tasks and activities (AOTA, 2018; Bracciano, 2008).

There are specific categories of physical agents, including superficial thermal, 
deep thermal, electrotherapeutic, and mechanical. There is often controversy and 
confusion as to what constitutes an electrotherapeutic modality. Electrotherapeutic 
agents are those procedures or interventions that are systematically applied to modify 
specific client factors that may be limiting occupational performance; that use elec-
tricity and the electromagnetic spectrum to facilitate tissue healing, improve muscle 
strength and endurance, increase range of motion (ROM), decrease edema, modulate 
pain, decrease the inflammatory process, and modify the healing process; and are 
used as an adjunctive method to engagement in occupation.

There is often wide variation among educational programs and occupational thera-
pists in training and education in physical agents, which has led to confusion, as well 
as inconsistent preparation and application of PAMs and external oversight through 
licensing and regulatory language. Physical agents are frequently used in the treat-
ment of musculoskeletal injuries and by hand therapists, but are often overlooked as 
a component of intervention by clinicians. This is limiting to both the profession and 
the patient. The basic, underlying physiological principles related to normal healing 
and the influence of physical agents on that process are consistent whether the tissue 
is in the hand, shoulder, knee, or back, or if used with neurological conditions. To iso-
late physical agent use to only the hand is a flawed paradigm. An appreciation of the 
impact physical agents can have on the physiological and systemic process of healing 
and tissue will facilitate clinical reasoning and generalization to other conditions and 
injuries. Occupational therapists possess the unique perspective and understanding of 
occupation and performance for the use and application of these agents as a compo-
nent of the treatment process. With advances in technology, equipment, and research 
related to physical agents, it is both limiting to the profession and a disservice to the 
patient to neglect their use as a part of treatment or overlook their potential impact in 
facilitating healing and performance. 

History of Physical Agent Modalities in Occupational Therapy
The AOTA developed a Physical Agent Modality Task Force in 1990 to explore the 

issues related to physical agents and the philosophical positions of the involved con-
stituents. One mission of the Task Force was to undertake an AOTA member data survey 
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to determine specific use of physical agents. Results showed that therapists in private 
practice used modalities with greater frequency than those in non-mental health prac-
tice. Hot packs (44%), cold packs (42%), and paraffin (39%) were the modalities most 
frequently used by non-mental health practitioners, followed by contrast baths (34%), 
electrical stimulation (28%), and Fluidotherapy (22%; Chattanooga Group). Therapists 
in private practice cited the use of electrical stimulation (45%), contrast baths (42%), 
ultrasound (32%), and whirlpool (32%) as more frequently used modalities (AOTA, 
1991b). The AOTA official policy statement at the time concluded that PAMs could be 
used as an adjunct to purposeful activity to enhance occupational performance, but 
that the practice was not considered “entry-level” (AOTA, 1991a). 

Many leaders of the profession, however, were opposed to the use of physical 
agents, believing them inconsistent with the profession’s theory and philosophy of 
occupation. Taylor and Humphry (1991) found that 80% of the 650 respondents in 
physical disability practice believed that the use of physical agents reflected a natural 
evolution of the profession toward new technologies, and a full 58% thought that the 
use of physical agents was consistent with the philosophical base of occupational ther-
apy. Interestingly, the respondents who identified themselves as educators were less 
ardent than clinicians that physical agents should be taught as part of academic cur-
ricula. Other educators surveyed also disagreed with the inclusion of physical agents 
in clinical practice (Vogel, 1991). Cornish-Painter et al. (1997) surveyed occupational 
therapists from the physical disabilities special interest section regarding their use of, 
education in, competency testing for, and opinion on eight physical agents. They found 
that the most common method of education in use of physical agents was through on-
the-job training, and the least common was higher-level accredited education.

At that time, the AOTA’s A Guide for the Preparation of Occupational Therapy 
Practitioners for the Use of Physical Agent Modalities described the basis for information 
and knowledge necessary to use physical agents, the skill and experience required, 
and the preparation spanning the therapists’ career (AOTA, 1994). AOTA’s recommen-
dation for appropriate mechanisms to obtain the requisite knowledge was through 
formal academic coursework or continuing education. Cornish-Painter and colleagues 
(1997) survey found that the AOTA’s recommendations were inconsistent with the 
most commonly reported methods used: Informal on-the-job training, self-taught, or 
observations of physical therapists. 

A study by Glauner et al. (1997) on the theoretical and technical competence and 
education of physical agents in occupational therapy practice found that the level and 
type of education needed to obtain competence in physical agent use varied widely 
and was dependent on the type of agent. Glauner et al. (1997) also recommended that 
occupational therapy educational programs be provided with a mechanism to ensure 
that content in physical agents would be developed. Funk (1994) also reported that 
respondents in their study believed that entry-level occupational therapy programs 
should educate students in the use of PAMs. This apparent inconsistency between 
the desire of clinicians to obtain basic information regarding physical agents at an 
academic level and the reality of on-the-job training contributed to many states adopt-
ing regulatory language to outline the necessary training and skills needed by occu-
pational therapists to use physical agents. There continued to be an apparent divide, 
however, between education and clinical practice, and the arguments for and against 
use of physical agents continues at a somewhat less vociferous level. 
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Philosophical Perspectives 
Physical agents are interventions, procedures, or technologies that apply force or 

energy to anatomical, healing structures to produce a response in soft tissue through 
use of light, water, temperature, sound, or electricity. Physical agents include, but are 
not limited to, paraffin baths, cold packs, hot packs, Fluidotherapy, contrast baths, 
ultrasound, whirlpool, electrical stimulation, neuromuscular stimulation, iontophore-
sis, cold lasers, and transcutaneous electrical nerve stimulation. The AOTA has long 
advocated the use of physical agents as an adjunctive method used in preparation for 
or in conjunction with patient involvement in purposeful activity or occupation, and 
research corroborates this contention. These adjunctive methods support occupation-
al performance components that allow the patient to participate in valued ADLs and 
facilitate successful performance. The AOTA states that these methods are to be used 
as a precursor to activity or occupational engagement. Administering PAMs as a treat-
ment method without application to functional outcome or occupational performance 
is not considered occupational therapy, or sound practice.

Arguments against the use of physical agents in occupational therapy revolve 
around the contention that physical agents are not consistent with the basic philoso-
phy of occupation, the hallmark being the use of purposeful activity (or occupation) 
to influence health and healing. One school of thought contends that the use of PAMs 
is inconsistent with the basic philosophy of occupational therapy: That of purposeful 
activity, or occupation, to influence health and healing (Ahlschwede, 1992; McGuire, 
1991; West, 1984; West & Weimer, 1991). The use of occupation and purposeful activity 
is paramount to the profession and, as such, should not be abandoned. To this fac-
tion, physical agents alone do not address the basic human needs of independence 
in daily activities. According to this viewpoint, incorporating physical agents into our 
repertoire of treatment will open the profession to criticism, public confusion, politi-
cal issues, and confrontation with physical therapy. However, this viewpoint fails to 
address the issue that was articulated by Meyer, who proposed in 1922 that occupa-
tion facilitates an individual’s search for actuality, reality, a balance of time, and ulti-
mately, health and well-being (Meyer, 1922). Physical agents can facilitate occupation 
by increasing the ability to participate and effectively function during activity through 
their influence on occupational performance components—impacting the individual, 
unique client factors (e.g., through pain reduction, stabilization, strengthening, or tis-
sue repair).

Others have contended that occupational therapists have an ethical responsibil-
ity to use new technologies and interventions with patients. These proponents have 
argued that the concept of occupational therapy to “diminish or correct pathology” 
places the onus of responsibility on the occupational therapist to utilize all mecha-
nisms of intervention to facilitate occupational performance (Ahlschwede, 1992). 
Failure to do so, in effect, would violate the Code of Ethics. The revised AOTA PAM 
position statement clarifies and explicitly states that occupational therapists have an 
ethical responsibility to apply physical agents in a safe and competent manner, and 
therapists should keep current with emerging knowledge relevant to their practice 
(Bracciano et al., 2012). The issue and use of physical agents within the scope of prac-
tice for occupational therapy is, in fact, being driven in part by changes in health care 
and societal trends. With the growth of managed care and its impetus to contain costs 
and limit health care expenditures, third-party intermediaries and the federal govern-
ment are less concerned with who provides what type of service if it is safely, effec-
tively, and appropriately provided. Additionally, the service must be consistent with 
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appropriate standards of practice and service delivery, as well as being efficacious. 
The federal government, managed care organizations, and third-party intermediaries 
are demanding that therapeutic interventions facilitate and be related to functional 
outcomes in our patients. Additionally, occupational therapists can be reimbursed 
by health care insurance intermediaries, including Medicare and Medicaid, for use of 
physical agents.

The challenge in today’s dynamic health care environment is to treat patients and 
clients with the most effective, low-cost technologies and interventions available, with 
the goal being improved occupational performance and independence. By improving 
occupational performance, occupational therapists facilitate the patient’s ability to 
interact with his or her environment, perform occupations and roles of choice, and 
improve and enhance quality of life. Though other health professions that use physi-
cal agents espouse “function” and pay cursory attention to functional outcomes, the 
occupational therapist’s unique perspective encompasses occupational performance 
issues at the level of the person-environment interaction, which is invaluable in select-
ing and utilizing physical agents in the treatment process.

Dynamics Between Education and Practice
The profession of occupational therapy has a long and colorful history grounded 

in occupation, but receptive to inquiry and inclusion of new concepts and approaches. 
Just as the founders of occupational therapy implemented a unique approach to 
treatment based on “doing,” clinicians have always pushed the envelope of practice, 
expanding into underserved and emerging areas and incorporating new technology, 
interventions, and techniques. Occupational therapy has always been a dynamic, non-
linear profession, recreating and adjusting itself to meet societal changes and patient 
needs. This independence and activism has often contributed to the underlying ten-
sion between academics and clinicians over the issue of “who” or “what” drives prac-
tice—education and academia or clinical practice and clinicians. There often appears 
to be a dichotomy over what is being taught in academic programs and what is being 
practiced in the clinic. Students often complain that what they have been taught—
frames of reference, theoretical issues, a lexicon of occupation, and an approach to 
practice—are not being observed or used in the clinic. Clinicians and students often 
comment about the discrepancy between what they learn academically and the reali-
ties of clinical practice, often lamenting about bridging the gap between academia and 
practice. 

Because of the dynamism and variability within the profession, occupational 
therapy appears to be at a crossroads with a dynamic tension guiding and influenc-
ing the direction, scope, vision, and ultimately, practice of the profession. Clinicians 
are frequently at the forefront of learning, refining, and implementing new techniques 
and technologies that expand the scope and effectiveness of practice. This underlying 
tension—the apparent discrepancy or dichotomy between education/academics and 
clinicians—also presents the profession with the opportunity to grow and expand the 
scope of practice and base of knowledge. 

Occupational therapy has evolved through both internal and external influences 
that impact the profession. Change within the profession usually occurs gradually, due 
in part to the diversity of competing theories, frames of reference, and language that we 
use as occupational therapists. In addition, accreditation, educational requirements, 
local and state licensing, and regulatory issues influence practice and education. There 
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are a variety of issues and motivations that propel the field of occupational therapy to 
reflect and evolve in response to dialogue and assimilation of theoretical and practical 
knowledge. These issues may initially be divisive, but as discussion and integration 
occur, unifying themes and realities emerge.

Physical agents have been a divisive issue, and some would contend that it remains 
so. As occupational therapists began specializing in hand and upper extremity inju-
ries, physicians and other health care professionals recognized the important contri-
butions occupational therapists could make with these clinical conditions. Therapists 
began to advocate for acknowledgement by AOTA of the right to use physical agents 
and expand their practice and repertoire of interventions. As the use of physical 
agents as part of occupational therapy practice became increasingly challenged by 
other health professionals, regulatory bodies, and within the field of occupational 
therapy itself, the AOTA reviewed the issue and drafted the initial statement on PAM 
use. In the initial 1991 position statement, PAM use was not considered entry level, 
but post-professional, requiring education and training beyond the initial entry-level 
degree (AOTA, 1991a). 

As occupational therapy education evolved and adapted to post-baccalaureate 
levels, so did the AOTA’s position on physical agents. The revised AOTA position state-
ment contends that, “occupational therapists and occupational therapy assistants 
must have demonstrated verifiable competence in order to use PAMs in occupational 
therapy practice” (AOTA, 2003, 2012b). Additionally, the “foundational knowledge nec-
essary for proper use of these modalities requires appropriate documented profession-
al education, such as continuing education, in-service training, or accredited higher 
education programs” (AOTA, 2003, 2012b). Conspicuously missing in the revised state-
ment was the caveat that physical agents are not considered entry-level practice. In 
part, the recognition that physical agents be considered another tool in the vast tool-
box of occupational therapy interventions was motivated by the greater acceptance 
in the use of physical agents. An additional factor leading to this recognition included 
increasing state regulatory oversight on physical agent use by occupational therapists. 
Changes in education and training of occupational therapists, with the move to post-
baccalaureate entry-level education at the masters or doctorate level with increased 
emphasis on EBP, fostered the recognition that these physical agents could be taught 
at the academic level and could be integrated into clinical practice and theory. 

In the 2011 revisions to occupational therapy education, the ACOTE included PAMs 
as a component of occupational therapy academic programs. The ACOTE Standards 
(AOTA, 2012a) for the occupational therapist include PAMs under:

 ӹ B.5.15. Demonstrate safe and effective application of superficial thermal and 
mechanical modalities as a preparatory measure to manage pain and improve 
occupational performance, including foundational knowledge, underlying prin-
ciples, indications, contraindications, and precautions.  

 ӹ B.5.16. Explain the use of deep thermal and electrotherapeutic modalities as a 
preparatory measure to improve occupational performance, including indications, 
contraindications, and precautions.
The ACOTE standards for the occupational therapy assistant in PAMs include: 

 ӹ B.5.15. Recognize the use of superficial thermal and mechanical modalities as a 
preparatory measure to improve occupational performance. On the basis of the 
intervention plan, demonstrate safe and effective administration of superficial 
thermal and mechanical modalities to achieve established goals while adhering to 
contraindications and precautions. 



Physical Agent Modalities: A Theoretical Framework  15

Though this was a start, the ACOTE Standards do not include the need for occu-
pational therapy graduates to “demonstrate safe and effective application” of electro-
therapeutic or deep thermal modalities—even though we are seeing rapid increases 
in the research and application of these agents to facilitate healing and performance. 
The lack of consistency regarding educational standards in PAMs will continue to 
cause variability among graduates in meeting specific state regulatory and licensing 
requirements and further impede those graduates wishing to use physical agents as a 
component of clinical practice. 

Theoretical Issues Related to  
Physical Agent Modalities

Occupational therapy has never been a static field with a clearly-defined, uniform 
base of knowledge, theory, language, and approach. The profession is dynamic and 
evolving, steeped in the uniqueness of occupation. Occupational therapists have read-
ily incorporated and expanded their repertoire of techniques and ideas by gleaning 
and modifying theory, concepts, and approaches from other health and human ser-
vice professions, disciplines, and theoreticians. This theoretical interdependence has 
been one of the more controversial aspects when discussing the profession’s base of 
knowledge, particularly as it relates to the lexicon of occupational therapy. The argu-
ment that there is no unique body of knowledge or base, aside from occupation, that 
is clearly identified with occupational therapy has often been a point of contention 
within and outside the profession.

Detractors often argue that occupational therapists use bits and pieces of theories 
and approaches from other disciplines and that as occupational therapists, we should 
focus only on occupation. This would seem to exclude occupational therapists from 
using interventions or approaches that may have been aligned with other professions, 
such as physical agents. In academia, there is frequently encountered resistance or 
hesitancy to using or teaching PAMs because they may be associated with health pro-
fessions other than occupational therapy. The argument often made is that physical 
agents are not intrinsic or unique to our profession or base of knowledge and are not 
occupational in nature; therefore, they should not be taught or used. 

Other health professions, however, appear to be less constricted by historical and 
emotional dogma and readily adopt new technologies and interventions in response 
to changes in service provision or external opportunities to expand their practice 
domain and outreach. With the constant challenges to health care delivery, outcomes, 
and reimbursement, many health professions respond proactively by expanding and 
refining their language, theory base, and clinical interventions based on perceived 
changes in social and environmental factors as well as technological advances. 

When APTA released their Guide to Physical Therapist Practice (APTA, 2001), 
there were concerns voiced by occupational therapists and other professions over 
the apparent encroachment into areas historically considered unique to a specific 
discipline such as occupational therapy. However, the APTA continued to refine their 
position and expansion into areas of evaluation, education, and treatment that had 
been traditionally considered occupational in nature. These contentious areas are 
now considered by the APTA to be entry-level and are required curricular content. 
Challenges to occupational therapy’s standing as the profession of occupational or 
functional tasks, ADLs, activities, and performance abilities continue as various state 
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associations attempt to reopen and modify regulatory language that defines physical 
therapy and other health professionals’ practices. In part, this is driven by third-party 
intermediaries who are stressing function-based goals and outcomes that require 
a more universal language. Occupation in the Standards of Practice for Occupational 
Therapy is defined as:

Daily life activities in which people engage. Occupations occur in context and 
are influenced by the interplay among client factors, performance skills, and 
performance patterns. Occupations occur over time; have purpose, meaning, 
and perceived utility to the client; and can be observed by others (e.g., prepar-
ing a meal) or be known only to the person involved (e.g., learning through 
reading a textbook). Occupations can involve the execution of multiple activi-
ties for completion and can result in various outcomes. The Framework iden-
tifies a broad range of occupations categorized as activities of daily living, 
instrumental activities of daily living, rest and sleep, education, work, play, 
leisure, and social participation. (AOTA, 2015)
Though we have progressed and adapted to serve a variety of different patients, 

populations, and communities, it has long been argued that occupational therapy’s 
knowledge base and contributions must be further developed, and its societal value 
better communicated (West, 1984).

Occupational therapists and others profess to be unique in their respective 
therapeutic approach and body of expertise and knowledge. However, much of allied 
health’s foundation, knowledge, and practice are based on theory and applications 
derived from the social sciences, medicine, psychology, and the arts. Allied health 
professions readily adopt and adapt information, theory, technology, and interventions 
that facilitate and strengthen their outcomes and efficacy. The profession of occupa-
tional therapy espouses that practice is based on a framework of occupation and daily 
life activities (AOTA, 2015), which is what makes the profession unique in the health 
and social sciences. 

Conversely, other professions have surreptitiously integrated core concepts of 
occupation, function, or activity into their knowledge base and approach. Though 
terminology has been modified or revised, there is little doubt that most health pro-
fessionals espouse the primary importance and significance of improving function or 
functional abilities as the underpinning of their clinical outcomes. As a point of com-
parison, the Guide to Physical Therapist Practice (APTA, 2021) articulates two primary 
approaches within the overarching category of intervention: Tier one is therapeutic 
exercise, followed by a second-tier intervention, “functional training, self-care/home 
management and community/work which are the core elements of physical therapy 
patient care plans” (APTA, 2021, pp. 3-4). 

This revisionist thinking is based on a variety of factors, one of which is the 
motivating influence of reimbursement and the interplay with quality of life issues. 
The proposed Medicare language uses the terms activity and function, both of which 
are used by physical therapists in their lexicon and the Guide to Physical Therapist 
Practice 3.0 (APTA, 2021). A renewed focus on a function/dysfunction continuum of 
health and wellness, rather than on reductionism and pathology, has motivated many 
individuals to refocus on occupational therapy’s historical roots. This often creates an 
underlying tension and dissonance within the profession related to incorporation of 
nontraditional technology and interventions into this historical framework, hesitation 
to expand the repertoire of interventions or scope of practice, underlying the fear of 
being confused with other disciplines and lacking brand identity. Because other dis-
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ciplines and health professions are quick to adopt new languages and approaches, it 
is ironic that as occupational therapists, we continue to disagree on whether physical 
agents are occupational in nature, when in fact, they are merely another tool that can 
be used to impact specific client factors and represent advancements in technology 
and treatment. 

This conceptual retrenchment can strengthen the profession and clarify the inher-
ent uniqueness of the profession, but can also leave occupational therapy vulnerable 
to encroachment by other disciplines more astute at utilizing a socially understandable 
language and more adept at maneuvering through regulatory and reimbursement sys-
tems. This, in part, is why EBP has been strengthened and articulated as a vital com-
ponent to demonstrate occupational therapy’s efficacy and therapeutic approaches. 
Occupational therapy must continue to be open to new ideas and concepts, recognize 
trends and needs, and integrate change into practice and profession. This process of 
professional growth and maturation is dynamic and transformational, and is vital to 
ensure the continued growth, viability, and success of occupational therapy.

Holism or Reductionism: A Clinical Balancing Act
Occupational therapists should always use physical agents as adjunctive or pre-

paratory methods to the plan of treatment. Physical agents are not a means to an end. 
The goal of treatment may vary, but the impetus and outcome should always be suc-
cessful and rewarding engagement in valued occupations and activities. Occupational 
therapists are trained and adept at modifying an individual’s performance based on 
our knowledge of disease, disability, and EBPs. Engagement in meaningful, contextual 
activity is universal. The World Health Organization (WHO) recognized the signifi-
cance of the effect of disease and disability on health and the ability or inability to 
carry out activities or participate in life situations (Murray et al., 1999). Occupational 
therapists’ approach is consistent with this perspective through a focus on engaging 
the individual in occupations in the home, at school, in the workplace, and in the com-
munity. Occupational therapists are skilled at seeing the big picture with patients, but 
may, because of training, fail to consider the smaller, underlying subcomponents and 
physiological underpinnings that make up part of the problem and answer. 

Occupational therapists are adept at assessing performance skills and patterns; 
contextual issues; and the physical, cognitive, and psychosocial factors that influence 
performance and occupation. We appreciate the use of occupation as a means to an 
end, and as the end goal. We have developed and continue to develop a language, 
framework, and mechanism for approaching a clinical problem and identifying and 
implementing occupation-based interventions to ameliorate or address the deficit or 
impact on the individual. The argument that has often been made by proponents of 
physical agent use is a rhetorical question: “Tell me how physical agents fit into the 
framework and language of occupational therapy.” 

The OTPF-4 (AOTA, 2020) was developed to provide a common language describ-
ing the profession’s focus on occupation, daily activity, and the intervention process to 
strengthen and facilitate occupational function and engagement. The OTPF-4 describes 
the domain that grounds the profession’s focus and outlines the process of evaluation 
and intervention, emphasizing the significance and use of occupation. The OTPF-4 also 
articulates to internal and external readers the factors that influence performance and 
the profession’s focus on facilitating function and performance in daily life activities. 
The OTPF-4 gives us a mechanism with which to describe issues related to an indi-
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vidual’s performance, but does not directly specify therapeutic interventions such as 
physical agents. The OTPF-4, while providing a common language and perspective to 
the profession, does not directly address the underlying, fundamental, and cellular 
components of performance.

A Systems Approach to  
Performance Skills and Activity Demands

According to Mosey (1992), the “domain … consists of those areas of human expe-
rience in which practitioners of the profession offer assistance to others” (p. 852). 
As occupational therapists, our focus is facilitating engagement in daily life activities 
that have meaning and purpose to the individual. As articulated in the OTPF-4 (AOTA, 
2020), the term used to describe “daily life activities” in which an individual engages 
is occupation. Occupations are contextual in nature and are influenced by the dynamic 
interaction between client factors, demands of the activity, performance skill, and 
patterns. Occupations in which an individual engages also have intrinsic or extrinsic 
purpose, meaning, and perceived value; they are nonlinear, complex, and multidi-
mensional. Activity demands are defined as the various characteristics of an activity 
or occupation that are required to complete or engage in it and are broadly listed as 
including significance to the individual; objects used and their unique properties; the 
space, social demands, rhythm, and timing involved; and the underlying body func-
tions and body structures (AOTA, 2020; Figure 1-5). 

As occupational therapists who view use of occupation as a means and as the end 
product, we tend to focus on the activity and successful completion or engagement of 
the identified problem area. This “top-down” approach was articulated by Catherine 
Trombly as the “rehabilitative/rehabilitation” approach. A top-down approach con-
nects the component deficit with occupational functioning and a desired goal or 
outcome identified by the client. The approach determines which tasks define the indi-
vidual’s role, whether they are able to complete them following injury or illness, and 
the probable reasons for the inability to carry them out (Trombly, 1993). A top-down 
approach essentially provides the clinician with a big picture of the patient’s ability or 
inability to engage in valued occupations and determines what roles and activities are 
of most value to them. This is then analyzed by the clinician to break down the task 
into its component parts and becomes the focus of treatment or intervention. 
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Figure 1-5. Body functions and structures. 
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A “bottom-up” approach to assessment and intervention (Trombly, 1993) focuses 
on the deficits of components of function, strength, ROM, and balance that are per-
ceived to be the prerequisites of successful engagement and performance. Because the 
top-down perspective has been integrated into the clinical reasoning of the profession 
and primary focus of the occupational therapy process, a concurrent loss in apprecia-
tion and understanding of the component parts of performance has occurred. There is 
a lack of understanding and appreciation of the physiological status and body systems. 
In effect, this approach fosters an “OT Lite” approach to clinical practice and the func-
tion/dysfunction continuum. OT Lite refers to the use of a superficial, linear perspec-
tive for assessment and intervention focusing on function or dysfunction of identified 
valued activities and roles, without appreciating or understanding the underlying 
physiology of the systems, complexity, and relationship to clinical conditions. OT 
Lite approaches also overlook the science and physiological impact of therapeutic 
interventions on the process of healing of body systems, which can lead to a focus on 
repetitive task training of splinter skills, and appreciation for a holistic approach to 
assessment and intervention to identify deficit areas and physiological function.

The OTPF-4 (AOTA, 2020) specifies that client factors are needed, either “in whole 
or in part,” for an individual to complete an action (skill) used to engage in an occupa-
tion. These are further identified as the (1) values, beliefs, and spirituality; (2) body 
functions; and (3) body structures that reside within the client that influence the cli-
ent’s performance. Body functions are organized into subcomponents according to 
the classification of the International Classification of Functioning, Disability and Health. 
These physiological functions are based on the widely accepted international frame-
work described by the Murray et al. (1999, p. 10). 

Advances in genomics and recognition of the complexity of molecular interactions, 
pathways, and networks also have led to widespread recognition that human complex-
ity and variability leads to different responses (Naylor & Chen, 2010). The advent of 
increasing technology and the tools available to clinicians necessitates a revision in 
thinking. Applying the old paradigm of a single event or approach leading to disease 
or disability onset (the medical model, which was viewed as reductionist) led to over-
simplification of disease models and treatment. Focusing solely on occupation while 
applying a top-down approach to determine roles, functions, and requisite activities—
a linear approach—ignores the complexity, significance, and impact of illness, disease, 
and disability on client factors or how our interventions and approaches manipulate, 
modify, or impact them, and in turn, performance. Consideration of the complexity 
of the individual and the subcomponents that make up the individual and his or her 
function at a micro and macro level provides a more holistic picture, and a generalized 
approach to function or dysfunction. 

The connection between understanding the physiological impact of occupation on 
client factors, in effect on the various systems of the body, has largely been overlooked 
and downplayed, minimizing our research of the impact on the subcomponents of 
function and health. In addition, applying an OT Lite approach to clinical conditions 
and function or dysfunction may keep clinicians from assuming more significant roles 
in the treatment team due to a lack of understanding of the various systems that need 
to be monitored and controlled in a primary care role. By failing to use a common 
language and frame of reference inherent in the medical and health and wellness 
community models to identify and describe the impact of occupation physiologically, 
systemically, and systematically, we are at a disadvantage when trying to explain what 
and why we are doing what we do. 
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This OT Lite, linear approach to client factors, systems, and structures is clearly 
apparent in the OTPF-4: “Note. Occupational therapy practitioners have knowledge of 
these body functions and understand broadly the interaction that occurs among these 
functions to support health, well-being, and participation in life through engagement 
in occupation” (AOTA, 2020). Failure to account for the complexity and dynamic impact 
of occupation and the interventions we utilize minimizes the value of the profession 
and positions our clinical intervention at what appears to be a more simplified task or 
skill-based approach without connection to a biophysiological and systemic impact.

In the dynamic health care team competing for a place at the table to manage an 
individual’s health, illness, and wellness, a “broad understanding” of the body and the 
physiological effects of disease, illness, and disability, compounded by a superficial 
understanding of how our intervention and engagement in occupation impacts these 
components for performance, places us at a disadvantage. This lack of understanding 
and integration of the impact that occupation (or physical agents for that matter) has 
on the intrinsic client factors, physiological mechanisms, and body systems minimizes 
our significance and fails to provide a framework for understanding the therapeutic 
interventions we implement with our patients. This superficial perspective becomes 
even more problematic with changes in health care, focus on comorbidities and 
complexities, an aging population, cost containment, aging in place, and community 
integration that have become the norm. To be a key member of the team, as well as 
being responsible for the management and care of these complex individuals (primary 
care), requires a comprehensive knowledge base of community and integration of the 
medical model. Clinicians with this skill set will be able to articulate the value and 
significance of their therapeutic interventions and creatively manage the patient’s 
condition and care.

Top-Down or Bottom-Up Approach:  
What Is the “Just-Right Challenge”?

Use of a top-down, linear approach does not provide the clinician with an appre-
ciation or understanding of the subsystems and physiological issues impacting per-
formance or how they can be manipulated and impacted through occupation, activity, 
and movement. A bottom-up approach to evaluation and intervention focuses on the 
deficits of the various components of function, such as strength, ROM, balance, and 
other intrinsic factors that are proposed as the prerequisites to successful occupation-
al performance and functioning, and which should be taken into consideration by the 
clinician during assessment. Without connecting these to the body systems impacted 
by the clinical condition and comorbidities the patient is presenting, the clinician fails 
to connect a clinical clue to which structures and physiological components may be 
responsive to the therapeutic intervention, instead focusing on a task or activity that 
may be a splinter skill/activity or compensatory pattern. Understanding what systems 
and structures are involved provides the clinician with a framework for understanding 
the reasons for grading our interventions and activities.

Nowhere is this more apparent than when a student or clinician is asked why 
he or she graded an activity or task for the client. Invariably, most individuals will 
respond with the catchphrase, “to provide the just-right challenge.” When asked to 
clarify and further define the just-right challenge, they are often at a loss but may 
cite making the activity more difficult, making it more complicated, or some other 
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generalized response. The just-right challenge refers to the use of occupation and its 
therapeutic purpose as an intervention, understanding the activity and identifying the 
client’s needs and their motivation to be successful in completing the task or activity 
(Bryant & McKay, 2006). The fundamental concept underlying the just-right challenge 
is to challenge the client with interventions that either prevent or improve occupa-
tional dysfunction while reaching and attaining the targeted goals (Breines, 2006). 
This viewpoint provides a superficial approach to the more fundamental reasons for 
engagement in occupation and activity by failing to appreciate the impact of our thera-
peutic intervention on the biophysiological client factors; merely completing the task 
or activity is one component of what should be an integrated and focused approach to 
the individual’s function or dysfunction. 

A more comprehensive approach to the just-right challenge considers the impact 
of occupation or activity on the physiological systems of the body. Physical activity 
and movement are considered occupations and are influenced by personal values 
and beliefs (i.e., client factors), performance skills that incorporate the ability to plan 
and execute behaviors, performance patterns consisting of habits and routines, and 
the context or environment where the individual resides (Bailey, 2017). The often-
overlooked component of performing an occupational task or activity is that of the 
force or stress being applied to the body, subsystems, and subsequent physiological 
response based on activity demands and input. This understanding, when used clini-
cally, provides us the rationale and intent to focus these forces and demands on the 
healing tissues and components of the systems that have been impacted by disease, 
disability or disuse. 

Movement in Occupation
Engagement in occupational tasks invariably requires physical activity, which 

refers to any bodily movement that is produced by skeletal muscles and results in 
energy expenditure. Exercise is considered a subset of physical activity, and is a 
planned, structured, and repetitive process with the intent to maintain or improve 
physical fitness (Caspersen et al., 1985). Though fitness and physical activity facili-
tate and reinforce successful performance in occupational tasks and activities, few 
older adults meet physical activity guidelines (Andrews et al., 2017). There is a clear 
connection between exercise and improvement in cardiorespiratory and muscle func-
tion, physical activity participation, and functional independence in frail older adults 
(Theou et al., 2011). 

Participation in occupational tasks and performance of functional activities 
are multidimensional, often necessitating movement and coordination of multiple 
body parts and systems, including cognitive function, for successful performance. 
Understanding the unique impact of movement, force, and energy (stressors) on the 
body systems as a component of therapeutic interventions is a critical component of 
clinical reasoning. Participation in occupational tasks and physical activity improves 
cognitive function and neuroplasticity when contextual demands are placed on the 
individual and physiological systems (Forte et al., 2015). The physical/physiological 
demands of performance and occupation are related to the broader view of adaptation 
to stress. Stress refers to both the concept of stress resistance and resilience, which 
are overlapping and independent mechanisms. Physical and molecular resilience have 
been defined by the National Institute on Aging (2016) as the ability “to maintain or 
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recover appropriate function in response to a physical stressor.” The complexity of our 
patients requires us to appreciate that physical and molecular resilience are dynamic 
processes that involve maintaining healthy levels of function following adversity and 
is not simply a personality trait (Ganin et al., 2016). A component of activity analysis 
is the ability to determine the intrinsic components related to successful performance 
of an occupational task or activity. Participation in occupational tasks and activities 
requires a systemic physiological response to the complex demands intrinsic to the 
task or activity. 

Joyner and Dempsey (2018) reviewed the significance of physiological redundancy, 
a biological response, to understand the positive effects of exercise, which is a physi-
ological stress to the body and an individual. Physiological redundancy occurs at 
various levels of integration, including the molecular, cellular, organ-system, and 
whole-body scale (Joyner & Dempsey, 2018). Some occupational therapists argue that 
exercise, and even movement, are not occupational and are in the realm of physical 
therapy and athletic training. Of course, this is taking a linear and literal interpreta-
tion of the term and approach to the concept of exercise. There is high-quality evi-
dence that exercise/activity has many favorable benefits for older adults and that 
the ideal exercise program should include aerobic, resistance, flexibility, and balance 
training (Galloza et al., 2017). The exercise program and recommendations should be 
individually tailored to the unique abilities, precautions, and goals of the individual. 
Additionally, the program should be of sufficient intensity, volume, and duration to 
achieve the maximal benefits (Callisaya et al., 2017; Duarte-Rojo et al., 2017; Galloza et 
al., 2017, Figueiredo et al., 2017; Humphries et al., 2017; Ichige et al., 2017).

Exercise Is an Occupation
These same components of exercise or movement and their physiological impact 

are consistent with the performance of occupational tasks and activities. To appease 
those individuals who continue to believe that exercise is somehow anathema to 
occupational therapy, if we substitute the broader term “stress or force” in place of 
“exercise” (or “occupation” for that matter), we will have a clearer understanding of 
what effect participation in occupational tasks and activities has on the body sys-
temically and systematically and why. Joyner and Dempsey’s (2018) theory on exercise 
and physiological redundancy provides a framework for clinicians to consider. When 
analyzing an activity and the components of participation, one consideration is that 
stress (force) is integrated and acted on physiologically at a cellular, organ, system, 
and organismal level. There are multiple, redundant mechanisms that contribute to 
a stress response, and the responses are often remote to the direct site of stress. 
Conceptually, in response to the stress (demands) being placed on the body or indi-
vidual, there is a physiological adaptation that is nonlinear and dynamic. Physiological 
adaptation as described by Miller (2017) is a stereotypic sequence of events in which 
a stress or disturbance to a system is detected by a sensor that evokes a response 
to minimize the disruption to homeostasis, with feedback to maintain or modify the 
appropriateness of the initial response ideally leading to improved function. 

For example, an individual with full or functional ROM who has been hospitalized 
and is deconditioned and frail may require increasing weight, resistance, or complexity 
of movement and activity as a therapeutic approach to strengthen the muscle, improve 
endurance, and improve performance. This is accomplished by gradually increasing 
the resistance, forces, and movements required to complete the task/activity and is 
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based on the overload principle. A clinician may have the patient reach and move 
objects with increasing weight or height in the kitchen, or increase the consistency of 
the batter if the patient is participating in a cooking activity. The fundamental reason 
for grading the activity and participating in the occupational task is not for the indi-
vidual to perform some splintered skill or activity, but to provide greater resistance, 
force, and complexity to the musculoskeletal and neurological systems. Performing the 
activity with ever increasing complexity also impacts the cardiopulmonary system, 
facilitating strength and endurance, ultimately achieving success in task completion 
but also providing a foundation for further successful performance in complex tasks 
and movements. This provides the just-right challenge to improve the individual’s 
independence, overall fitness, and strength and is based on the overload or FITT 
(Frequency, Intensity, Type, Time) principle (Billinger et al., 2015).  

Health and Wellness: Fitness and Occupational Performance
The U.S. Centers for Disease Control and Prevention has defined fitness as “[t]he 

ability to carry out daily tasks with vigor and alertness, without undue fatigue, and 
with ample energy to enjoy leisure-time pursuits and respond to emergencies” 
(Physical Activity Guidelines Advisory Committee, 2018). Other critical components 
of fitness include cardiorespiratory endurance (aerobic power), skeletal muscle endur-
ance, skeletal muscle strength, skeletal muscle power, flexibility, balance, speed of 
movement, reaction time, and body composition. The interrelationships between 
these physiological components and systems must be considered as the clinician 
engages the patient in activity and occupation and determines the appropriate level of 
resistance or complexity. From an occupational standpoint, fitness is the ability of an 
individual to possess the ability to fulfill or perform a particular role or task to his or 
her satisfaction and ability level.

Significantly, as a component of the new Medicare revisions and reimbursement, 
the Centers for Medicare & Medicaid Services have emphasized the need for indi-
vidualized exercise prescriptions for healthy adults of all ages to maintain or improve 
function and independence. The American College of Sports Medicine Guidelines for 
Exercise Testing and Prescription provide evidence-based recommendations in devel-
oping individualized exercise prescriptions for healthy adults of all ages. The occu-
pational therapy clinician can play an important role in this through the evaluation 
process and in strengthening our understanding and ability to articulate the impact of 
participation in occupation to stakeholders. As discussed earlier in this chapter, the 
recommendations and link to understanding and integrating individuals with certain 
chronic diseases or disabilities provides us information to include modifications and a 
unique treatment approach based on the individual’s habitual activity, function, health 
status, exercise response and occupational goals. The ability to do so is critical to 
maintain our significance as part of the primary care team. Studies have demonstrated 
that exercise is medicine and necessary for health, so understanding and implement-
ing these concepts into the occupational therapy process is critical to meet the needs 
of our patients (Gander & Buchheim, 2015; Katsukawa, 2016; Lavie et al., 2015).

To participate in activities and engage in meaningful occupations that have specific 
and unique activity demands, an individual must possess a level of performance skills 
(motor, process, and communication/interaction) that allows successful completion of 
the activity or occupation. A skill is an incremental unit or component of performance 
such as moving, looking, or selecting that is part of an activity. These components, 
when organized and carried out in a sequential fashion, allow for successful comple-
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tion of an activity. The most obvious performance skill is the motor component, which 
allows the individual to maneuver and manipulate through his or her environment. 
Motor skills consist of posture, mobility, coordination, strength, effort, and energy, 
and will vary across the lifespan. Motor skills can be impacted through training, fitness 
activities, exercise, and engagement.

Understanding and incorporating these concepts related to the application of force 
or energy as a foundation of intervention and its impact on client factors and structures 
(which we do subconsciously) requires an understanding of the principles related to 
movement, resistance, training, and fitness. These principles include the concepts of 
specificity, where the training stimulus (engagement in occupation) should be system-
atically progressed to provide greater than normal stress, and overload, which occurs 
when greater than normal stress leads to adaptation (Vellas & Fleck, 2014; Wilkins et 
al., 2014). From an occupational standpoint, overload refers to the amount of load or 
resistance of an occupation or activity, providing a greater stress (force), or load, on 
the body than normal, to increase overall fitness and function. Consideration of and 
implementing these concepts and training principles as a component of intervention 
allows us to systematically guide the manipulation of the primary components of resis-
tance training stimulus or performance of an occupational task or activity, including 
duration, load and volume (Fairman et al., 2017).

In terms of function and performance, the just-right challenge should be rephrased 
as the “occupational challenge.” The occupational challenge of participating in an 
activity, movement, or occupation is consistent with the principle of progression. As 
related to performance and endurance, the principle of progression implies that there 
is an optimal level of overload that is necessary to achieve the desired outcome and 
to prevent injury or soft tissue damage. A component of the principle of progression 
implies that there is an optimal level (rate) of overload that needs to be achieved as 
well as an optimal time frame (duration) for overload to occur. Consideration of these 
factors occurs during our analysis of the activity or movement and the amount of force 
or resistance being applied to the tissue. Overload that is applied too quickly or too 
forcefully can cause injury to the tissue or muscle damage (Walters, 2017). The con-
cepts inherent in FITT are also components of the clinical reasoning that clinicians use 
to grade an activity, and the term occupational task or activity can be substituted for 
workout. FITT refers to the frequency of the workout or activity, the intensity or force 
involved with the activity or workout, the type, and the duration or time of the activity 
or workout. When analyzing an activity or movement, it is critical to ensure that the 
performance of the activity is at an intensity that elicits a fitness benefit by overloading 
the desired physiological system in order for it to adapt to meet the demands of the 
activity or exercise (Bray et al., 2016). 

Clinical Application
Using a top-down approach with a focus only on the ability (or inability) to com-

plete an activity or task, no matter the value to the client, is just one component of the 
therapeutic process and clinical reasoning. With this mindset, clinicians tend to mini-
mize the physiological impact of the activity, focusing on compensation or completion 
of the activity itself. This thought process ignores the underlying causes of limitation 
and fails to identify the significance of the approach being used on the physiological 
components or client factors. As a result, clinicians are unable to articulate a rational, 
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evidence-based reason for grading and implementing the activity or realize the signifi-
cance of their role and clinical reasoning in improving function and outcomes. 

A holistic and clinically reasoned approach to the therapeutic process includes 
acknowledgement and exploration of the top-down approach, but also consideration 
of and appreciation for the components identified in a bottom-up approach. Clinical 
reasoning requires the clinician to use a nonlinear, cyclical approach to determine 
the patient’s response and the impact of the activity on the physiological components 
and systems that are being stressed, modifying the activity or occupation as needed. 
This grading and adapting of the activity are based on the overload or FITT principle. 
Constructing and developing activities or engaging in occupations with progressively 
greater complexity or resistance is used to meet the patient’s individual health-related 
needs. 

Overload and progression are two primary concepts related to training and fit-
ness and are fundamental to activity analysis and modifying or grading an occupa-
tion. Overload refers to the amount of load or resistance being applied. The level of 
resistance that is applied to a patient will vary and needs to be individualized due to 
deconditioning, illness, and the effect of disease or disability on the individual’s perfor-
mance, systems, and structures. The intent is to improve or increase the individual’s 
overall fitness to allow successful performance in a variety of tasks and activities. The 
load being applied to the individual should be applied progressively and intentionally 
through manipulation of the frequency, intensity, time, or type (specificity), or a com-
bination of all four components. Frequency refers to how often the individual performs 
the activity or task; intensity is measured in a variety of ways but is dependent on a 
health-related component such as heart rate, ROM, amount of movement, or strength 
required. Time consists of the temporal requirement: The length of time required to 
complete the activity. Time variations are dependent on the findings and goals of the 
individual. The type or specificity refers to the specific activity or occupation that has 
been selected to improve a component of health fitness (e.g., muscle strength, endur-
ance flexibility, large muscle groups, small muscle groups; Katsukawa, 2016; Knols et 
al., 2016). 

Activity Demands
The unique components and characteristics of the activity in which the individual 

is engaged, as well as the contextual components, will determine the demand of the 
activity and will have an impact on the skill and/or potential success or completion of 
the performance. Success in accomplishing an occupation or activity is impacted by 
the interplay between the various physiological systems of the body (e.g., cardiovas-
cular, pulmonary, musculoskeletal, neurological). Illness or injury impacting one of the 
foundational systems can negatively impact occupational performance. Recognizing 
and understanding the impact of the disease, disability, or defect on these unique sys-
tems provides clinicians with clinical clues and paths in developing their intervention 
and approach. In the past, occupational therapists and occupational therapy educa-
tion emphasized and utilized the process of “task analysis” to determine the basic 
components and demands of an activity. The activity demands are closely linked to the 
specific client factors, those components that reside within or are the unique biophysi-
ological factors of the individual. These client factors affect the individual’s ability to 
engage in occupations. 
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In the OTPF-4 (AOTA, 2020), client factors are described as the components 
that include body functions and structures, initially articulated in the International 
Classification of Functioning, Disability and Health by the WHO (Murray et al., 1999). 
Body functions consist of the “physiological function of body systems” (including 
psychological functions), while body structures consist of the “anatomical parts of 
the body such as organs, limbs, and their components [that support body function]” 
(Murray et al., 1999, p. 10). 

Under the general heading of Client Factors in the OTPF-4 (AOTA, 2020), the subcat-
egory of body function includes the components of mental or thought functions, both 
global and specific, such as attention, memory, perception, thought, and conscious-
ness, as well as the sensory functions such as taste, smell, touch, pain, and vision. 
Neuromusculoskeletal and movement-related functions refer to those components and 
factors that allow an individual to physically move and engage in or manipulate his or 
her environment. These factors or components include mobility, reflexes, and voluntary 
and involuntary movements, and are concerned with the stability or instability of many 
of these components. Cardiovascular, hematological, immunological, and respiratory 
system functions are given rudimentary acknowledgement within the OTPF-4 with the 
caveat that therapists have knowledge of these functions and “understand broadly the 
interaction that occurs between these functions and engagement in occupation to sup-
port participation” (AOTA, 2020, p. S23). Because of their impact on the biophysiological 
functions of tissue, physical agents influence the cardiovascular, hematological, and 
immunological systems. Within the conceptual organization of the OTPF-4, physical 
agents impact client factors and physiological systems and can be used preparatory to 
treating a variety of neuromusculoskeletal, movement related, and sensory functions. 

Biophysiological Client Factors
When using physical agents, we impact the individual’s performance at the cellular 

or tissue level. We are influencing the biophysiological client factors at a systems level, 
such as the musculoskeletal, neurological, cardiovascular, hematological, and immu-
nological systems. Through appropriate selection and application of physical agents, 
we can modify cellular and histochemical activity within the body. When using physi-
cal agents as part of clinical treatment, we need to consider the disease and disability 
in a more focused manner and appreciate the pathogenesis and impact of the condition 
on the body systems and occupational function. Reductionism can be characterized as 
attempting to explain complex facts or phenomena by reducing them into a smaller, 
simpler set. This concept and process has been used by occupational therapists in 
the form of activity analysis. This is a characteristic of the activity analysis where we 
break down an activity into subcomponents to better understand the basic makeup 
and components of an activity or occupation. Occupational therapists must under-
stand the pathogenesis of the conditions that they are treating, including both cellular 
and clinical presentations. They need to review and appreciate the impact of disease 
or disability on the basic biophysiological components of the neurological, cardiovas-
cular, pulmonary, integumentary, and musculoskeletal systems.

The WHO defines body functions and structures as “the physiological functions 
of body systems (including psychological functions) and anatomical parts of the body 
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such as organs, limbs, and their components” (Murray et al., 1999, p. 10). The OTPF-4 
(AOTA, 2020) defines client factors as those factors residing “within” the client, and 
those that may affect performance in areas of occupation. The OTPF-4 (AOTA, 2020) 
identifies body functions to include sensory, musculoskeletal, mental (affective, cogni-
tive, perceptual), cardiovascular, respiratory, and endocrine functions and the inter-
relationship between body structures and body functions. 

The OTPF-4 (AOTA, 2020) proposes that an absence or limitation of body function 
or structures does not necessarily guarantee successful engagement in daily occupa-
tions and implies that client factors may benefit from supports in the environment that 
allow participation, and influences practitioners to adapt and modify activities to facili-
tate participation. This process is identified as a transaction between client factors and 
performance, which is not necessarily the dynamic involved. A transactional interac-
tion is based in contingency, essentially a linear response; if we provide the adaptation 
or modification, there “should be” a successful performance. This is a limiting concept 
and does not reflect the clinical reasoning inherent with the use of physical agents nor 
does it recognize the impact of grading an activity or therapeutic intervention on the 
individual’s physiological components and influence on performance. Recognizing that 
this process is dynamic and does not have to be transactional and linear provides an 
expansion of the practitioner’s scope of influence and more fully represents the trans-
formational approach and appreciation of the occupational therapy process. If the 
practitioner identifies the impact of the intervention on the physiological components, 
the intervention and approach can be modified to strengthen and enhance the fun-
damental components of performance. The key is in assessing and determining more 
holistically the impact on client factors, rather than rapidly defaulting to modifying or 
adapting the environment or activity. Change and performance can occur at a micro 
and macro level, thereby improving occupational performance (Figure 1-6).

As part of assessment, we need to determine not only what is being impacted from 
a functional or occupational standpoint (the macro level), but also what client factors 
and performance skills are being affected (the micro level), and why. We must be able 
to critically evaluate, clinically reason, and as part of our clinical reasoning, differ-
entially diagnose and identify the biophysiological components—those unique client 
factors that are affecting the client’s performance within the greater context. 

Occupational therapists have become astute at modifying their clients’ worksites 
or providing adaptive equipment or modifications and training necessary to treat 
individuals with repetitive motion disorders such as epicondylitis or carpal tunnel. 
However, if we can appreciate exactly what is occurring at a tissue or cellular level and 
how we can manipulate the tissue and influence the healing process, we can intervene 
more effectively and improve our outcomes. Through our selection and application of 
appropriate physical agents as part of the treatment process, we can, in effect, prevent 
further tissue damage, costly modifications, and potentially expensive or unnecessary 
surgery. Using our example of a referral for epicondylitis, if all we do as occupational 
therapists is determine what performance skills, patterns, and activities have been 
affected, we have failed to fully explore all therapeutic options for the individual. We 
have not treated and corrected the underlying causal pathology. 

As occupational therapists, we need to move beyond a mere knowledge of these 
specific client functions (or body systems) to impact occupational performance. We 
need to advance beyond a broad understanding of the interaction that these systems 
have on occupational performance to determine what is occurring in the underlying 
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biophysiological client factors. We must be able to modify these biophysiological cli-
ent factors—those body functions and structures that have been impacted by disease, 
disuse, or illness—before we can expect change as a result of engaging in an occupa-
tion or activity. We can use physical agents to prepare the tissue and area rather than 
just facilitating adaptation to the condition before an individual engages in meaningful 
occupations and activity and facilitates the healing process.

Occupational therapists have an ethical responsibility to provide a thorough, 
accurate, and complete assessment of an individual’s function and abilities to deter-
mine appropriate therapeutic interventions. As clinicians, we need to understand the 
biophysiological client factors, including not only the sensory, neuromusculoskeletal, 
and movement-related functions, but those cardiovascular, hematological, immuno-
logical, and respiratory system functions (i.e., the biophysiological client factors) that 
make up the essential components and foundations that allow for full participation in 
occupation and activity. The new dynamics of health care require an appreciation for 
and understanding of the components of health, wellness, fitness, and performance. 
Trombly (1993) discussed the significance of meaningful productive occupations as 
both the means and ends of interventions in a transactional relationship. Hildenbrand 
and Lamb (2013) articulated that occupational therapy has a focus on the whole, 
which is stronger than a focus on isolated aspects of human function (Hildenbrand & 
Lamb, 2013). Understanding the complexities of the human body and the significance 
of a dynamic, nonlinear approach to therapeutic interventions, however, retains the 

Occupational Performance
Success

Top
Down

Assess person, environment,
desired occupations to

determine current capabilities

Identify and assess complexities impacting
performance: client factors, systems, stage

of healing, forces involved in an injury,
anatomical structures and physiology

involved

Bottom
Up

Figure 1-6. Occupational performance 
success. A holistic approach to assessing and 
determining the complexities inherent in 
patients.
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uniqueness of occupation, but is a transformative relationship between ever increasing 
resistance and application of dynamic forces to modify and strengthen specific client 
factors and performance.

By using physical agents in a judicious and efficacious manner, we can positively 
impact the structure or functions that have been impacted by disease or disability. 
Through appropriate selection and intervention of physical agents as an adjunctive 
method to our treatment process, we can facilitate engagement and active participa-
tion in life situations and occupational tasks and activities. Physical agents are never 
an end in-and-of-themselves; they are an additional tool in the occupational therapist’s 
toolbox that can facilitate occupational performance, function, and engagement in 
meaningful and satisfying ways.
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Learning Objectives
1. Discuss the professional issues related to physical agent modality (PAM) 

use in occupational therapy.
2. Identify the challenges and changes in the health care system impacting the 

profession and practice.
3. Discuss the ethical responsibilities in using physical agents.
4. Discuss the American Occupational Therapy Association (AOTA) position on 

physical agent use and educational preparation.
5. Identify state regulatory agencies that govern the use of physical agents by 

occupational therapists.
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Background
Occupational therapy is a diverse and unique profession whose members practice 

in a variety of clinical and nonclinical settings. Clinicians need to be responsive to 
societal trends and changes to meet the dynamic needs of our clients. Historically, 
occupational therapists have practiced in “traditional” settings such as outpatient 
and inpatient hospital settings, community mental health, rehabilitation facilities, 
and school districts, as well as in emerging areas of practice such as assisted living, 
industrial rehabilitation, community-based care, and private practice arenas. Niche 
areas of practice have also been identified by the AOTA to facilitate clinicians’ interest 
in expanding the reach of the profession to other populations, clinical conditions, or 
topic areas (Yamkovenko, 2013). Emerging niche markets include children and youth, 
mental health, health and wellness, productive aging, work and industry, rehabilita-
tion, disability, and participation. 

 Because of the diversity of practice areas, interests, and interventions, regulatory 
language and requirements vary from state to state and it is imperative that clinicians 
know and understand the specific requirements of their respective states. In addition 
to conventional licensing and regulation of occupational therapists, many states have 
implemented specific regulations and guidelines related to PAMs that define specific 
training, requirements, or credentialing. These guidelines may require an additional 
license or certification to be able to use PAMs in clinical practice. Therapists have 
an ethical and legal responsibility to be aware of any additional licensing or training 
requirements before beginning to incorporate and implement physical agents into 
clinical practice. Failure to comply with state-specific physical agent requirements can 
make the practitioner susceptible to legal and disciplinary action. Clinicians or new 
graduates cannot use or apply PAMs in those states requiring a separate license until 
they have confirmation from the licensing board of completion of all requirements and 
are in possession of documentation from the agency. 

Regulatory Oversight
Occupational therapists must have an understanding of the laws that govern the 

practice of occupational therapy in their respective practice setting and state, and 
must stay abreast of any changes to the statutes or regulations that may define or limit 
their practice. “Ignorance of the law” is not considered an excuse for legal action that 
may occur should the therapist perform an activity outside of the legal definition of 
their respective state guidelines or laws. Bailey and Schwartzberg (1995) articulated 
that clinicians using PAMs must be cognizant of the practice acts and licensure laws 
of their respective practice state and also understand and comply with the guidelines 

Terminology
•	 Competency
•	 Ethics

•	 License
•	 Physical agent 

modalities

•	 Regulatory 
standards
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outlined by the AOTA’s Position Statement on Physical Agent Modalities and the rela-
tionship between the Code of Ethics to PAMs. Occupational therapists have a legal, 
moral, and ethical responsibility to abide by all rules and regulations governing occu-
pational therapy practice and to know and understand those specific to the scope or 
area of practice, their respective state, and institution where employed. Occupational 
therapy is regulated in all 50 states as well as the District of Columbia, Puerto Rico, and 
Guam. States have various types of regulation that range from licensure, the strongest 
form of regulation, to title protection or trademark law, the weakest form of regulation. 
The major purpose of regulation is to protect consumers in a state or jurisdiction from 
unqualified or unscrupulous practitioners.

Regulatory oversight can take many forms and occurs at the local, state, or nation-
al level. Depending on the area of practice, departmental and institutional rules and 
regulations may exist that occupational therapists must follow. Broader requirements 
of regulatory bodies such as accrediting agencies, state and national licensing boards, 
and organizations (e.g., the National Board for Certification in Occupational Therapy 
[NBCOT]) also apply. Internal, departmental, and institutional regulation depend on 
the clinical site and the area of practice. For example, an occupational therapist prac-
ticing in an outpatient hospital setting may need to abide by not only the department 
and hospital rules and regulations but also the specifics of external regulatory bodies 
such as The Joint Commission or other regulatory bodies such as Medicare, Medicaid, 
third-party intermediaries, and state health care agencies. In addition, the therapist 
will have to comply with respective state licensing or regulatory board requirements.

History of Regulatory Oversight of Occupational Therapy
The profession of occupational therapy is now regulated in all states as well as the 

District of Columbia, Puerto Rico, and Guam, with many states requiring a separate 
license to use physical agents clinically. The impetus for regulation of the profession 
occurred during the 1974 AOTA Conference when the Delegate Assembly announced 
unanimous endorsement of licensure (Waite, 2015). At the time, many health profes-
sions were posturing for state licensing and regulation, which provided recognition 
for federal and state laws that were being implemented. Federal and state laws being 
promulgated often identified specific “licensed” providers, which facilitated reimburse-
ment and coverage of services provided by those disciplines. Inclusion of PAMs in 
occupational therapy licensure laws was often a controversial sticking point (Waite, 
2015). Within the profession, there was controversy over the use of PAMs by clinicians 
and whether physical agents were beyond the scope of occupational therapy practice. 
Concurrently, the profession lacked a cogent position statement or standards for edu-
cation and/or certification requirements for the use of physical agents and were being 
challenged as a scope-of-practice issue by the American Physical Therapy Association. 
The external challenges to physical agents were due in part to lack of specific educa-
tional requirements for PAMs, creating dissonance among practitioners, consumers, 
and regulatory bodies. 

This inconsistency was resolved in 1991 with the adoption by the Representative 
Assembly of the Official AOTA Statement on PAMs. Though providing a basis for the 
use of PAMs by clinicians, the statement also articulated that the use of PAMs was not 
considered “entry-level practice” and required specialized training and post-profes-
sional education, which could be acquired through in-service training or as graduate 
or continuing education (AOTA, 1991). This limitation would stand for almost 20 years 
before the Accreditation Council for Occupational Therapy Education (ACOTE; AOTA, 
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2010) established specific educational standards to alleviate this discrepancy and in 
response to inclusion of questions related to physical agents on the NBCOT examina-
tion. 

The lack of academic training and inconsistency in preparation also contributed 
in part to the adoption by many states of separate regulatory language outlining and 
specifying educational or training requirements to use PAMs. Several states adopted 
specific licensing requirements for education and training that were necessary to 
acquire an additional separate state license in physical agents before using them clini-
cally. Nebraska, for example, has specific requirements for three types of additional 
licenses: Superficial thermal agent modalities, deep thermal agent modalities, and 
electrotherapeutic agent modalities (https://www.aota.org/-/media/Corporate/Files/
Secure/Advocacy/Licensure/StateRegs/OTRegs/Physical-Agent-Modalities-Chart.pdf).

American Occupational Therapy Association Code of Ethics
The AOTA Code of Ethics provides guidance for those clinicians who are using 

physical agents in states where licensing and regulatory language is either vague or 
nonspecific regarding modalities or for graduates of those academic programs that 
minimally address the ACOTE Standards (AOTA, 2012) for PAMs. Occupational thera-
pists have a legal and ethical responsibility to understand and abide by all laws, rules, 
and the AOTA Code of Ethics (AOTA, 2015). Principle 4 of the AOTA Code of Ethics states 
that occupational therapists must “Maintain awareness of current laws and AOTA 
policies and Official Documents that apply to the profession of occupational therapy.” 
Principle 1 of the AOTA Code of Ethics also has information significant to the use of 
PAMs. Principle 1 states that “Occupational therapy personnel shall demonstrate a 
concern for the well-being and safety of the recipients of their services” and articulates 
four statements of significance to clinicians contemplating or using PAMs:

1. Use, to the extent possible, evaluation, planning, intervention techniques, assess-
ments, and therapeutic equipment that are evidence based, current, and within 
the recognized scope of occupational therapy practice.

2. Ensure that all duties delegated to other occupational therapy personnel are 
congruent with credentials, qualifications, experience, competency, and scope of 
practice with respect to service delivery, supervision, fieldwork education, and 
research.

3. Provide occupational therapy services, including education and training that are 
within each practitioner’s level of competence and scope of practice. 

4. Take steps (e.g., continuing education, research, supervision, training) to ensure 
proficiency, use careful judgment, and weigh potential for harm when generally 
recognized standards do not exist in emerging technology or areas of practice.
The AOTA Code of Ethics is the standards of conduct that the public, patients, and 

clients can expect from occupational therapists in all areas of practice. Deviations 
from these standards of conduct either intentionally or unintentionally can lead to a 
variety of enforcement or disciplinary procedures. As well, deviations from the norm 
or standard of care can be cause for litigation should there be injury or death related 
to negligence in patient care. Medical malpractice occurs when a health care provider 
deviates from the recognized standard of care or the “gold standard” in the treatment 
of a patient. Deviations from the standard of care, or negligence, in general, is legally 
defined as “the standard of conduct to which one must conform … [and] is that of a 
reasonable man under like circumstances” (Moffett & Moore, 2011). The standard of 

https://www.aota.org/-/media/Corporate/Files/Secure/Advocacy/Licensure/StateRegs/OTRegs/Physical-Agent-Modalities-Chart.pdf
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care can be seen as what a reasonably prudent medical provider would or would not 
have done under the same or similar circumstances. In law, medical malpractice falls 
within the general domain of negligence, which requires four conditions to be met for 
the recovery of damages by the injured individual: Duty, breach of duty, harm, and 
causation. The element of breach of duty corresponds to the concept of standard 
of care (Moffett & Moore, 2011). For new graduates or clinicians who will be using 
physical agents as part of clinical practice, ensuring proficiency as well as the requisite 
education and training in understanding clinical indications, precautions, and contra-
indications for physical agent use is of critical importance to avoid injury or disability 
to a patient or client. Failure to obtain and document education in the use of physical 
agents can leave clinicians liable for injury and damages. 

Accreditation Council for Occupational Therapy Education 
Standards for Physical Agent Modalities

Though state licensing laws require documentation of academic or educational 
training, there is wide variability between academic institutions on the depth and 
breadth of PAM content. There were originally two ACOTE Standards (AOTA, 2012) in 
place specifying that content related to physical agents is introduced as part of the 
academic curriculum; however, the interpretation and adherence to the standards is 
literally up to the discretion of the institution and faculty. 

There are two primary standards related to PAMs: 
1. B.5.16. Explain the use of deep thermal and electrotherapeutic modalities as a 

preparatory measure to improve occupational performance, including indica-
tions, contraindications, and precautions; 

2. B.5.15. Demonstrate safe and effective application of superficial thermal and 
mechanical modalities as underlying principles, indications, contraindications, 
and precautions.
These have since been combined into one standard in the most recent iteration of 

the Standards (AOTA, 2018), which went into effect July 31, 2020. 
 ӹ B.4.17. Superficial Thermal, Deep Thermal, and Electrotherapeutic Agents and 

Mechanical Devices; ACOTE Standards (AOTA, 2018)
 ӹ B.4.17. Demonstrate knowledge and use of the safe and effective application of 

superficial thermal agents, deep thermal agents, electrotherapeutic agents, and 
mechanical devices as a preparatory measure to improve occupational perfor-
mance. This must include indications, contraindications, and precautions.

Though the Standard states that students should demonstrate safe and effective 
application, the ACOTE Interpretive Guide (AOTA, 2011) clarifies that “demonstrate” 
does not require that a student actually perform the task to verify knowledge and 
understanding. “The program may select the types of learning activities and assess-
ments that will indicate compliance with the standard” (AOTA, 2011). The Interpretive 
Guide also includes the caveat that “For institutions in states where regulations 
restrict the use of PAMs, it is recommended that students be exposed to the modali-
ties offered in practice to allow students’ knowledge and experience with the modali-
ties in preparation for the NBCOT examination and for practice OUTSIDE of the state 
in which the educational institution resides.” It appears that ACOTE does not expect 
educational programs located in states where there are specific license guidelines and 
requirements for PAMs training to meet more restrictive state licensing requirements. 
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The ACOTE Standards (AOTA, 2012) do not identify a minimum number of edu-
cational hours for specific course content in PAMs, nor any recommendations for 
laboratory or experiential learning related to PAMs or electrotherapeutic modalities. 
The interpretive language of the ACOTE Standards highlights the importance of being 
aware of the specific state regulations and requirements for PAMs in the state where 
the clinician will practice. Additionally, for those programs that prepare students mini-
mally to meet the Standards and do not meet the more rigorous requirements of the 
state for PAMs licensure or preparation, it is the ethical responsibility of the student, 
graduate, or clinician to obtain the requisite training and education in PAMs. Failure 
to do so places the individual at risk for liability should a patient become injured due 
to inappropriate or incorrect use or application and is contrary to the Code of Ethics.

Stanton and Lazaro (2018) identified the discrepancy in academic programs and 
found wide variability in the total number of lecture and laboratory hours that were 
specific to physical agents and the configuration of course content on physical and 
electrotherapeutic modalities. They concluded that there was inconsistency in prepa-
ration of master’s-level students who were subject to wide variations in course content 
and to the breadth and depth of content areas and specific topics related to the PAM 
standards. Because of the discrepancy in the preparation of graduates from entry-level 
programs, the onus of responsibility for obtaining the requisite knowledge, skill, and 
training in PAMs is placed on the graduate and clinician. 

States such as Minnesota, in an effort to rectify what they perceived as “archaic 
restrictions on Minnesota’s access to PAMs” had their separate licensing regulations 
for PAMs repealed (AOTA, 2014). For those clinicians who lacked appropriate or com-
parable academic education and training in PAMs, Minnesota had in place regulatory 
language requiring certification in physical agents and the requirement to complete 
an educational program that had been approved by the Department of Health. The 
Minnesota Occupational Therapy Association based their revocation of the law on 
the perception that there was “value in [occupational therapists] learning more about 
PAMs through continuing education, but those classes shouldn’t be required, because 
[PAMs] are a regular part of the [occupational therapy] curriculum.” Clearly, this is 
contradictory to the findings by Stanton and Lazaro (2018) and fails to address the 
underlying intent of most licensing laws, which is to protect the public from harm and 
irresponsible or ill-prepared practitioners. Without any standardization of the aca-
demic requirements as evidenced by the Interpretive ACOTE Guidelines (AOTA, 2011) 
and the findings of Stanton and Lazaro (2018), it would appear that Minnesota repealed 
their licensing requirements prematurely and without consideration of the potential 
liability for ill-prepared practitioners or the safety of the public. 

Regulatory Oversight of Clinical Practice
Occupational therapists are regulated in every U.S. state. Each state has the 

responsibility to regulate the practice of health care professionals. This regula-
tory oversight may take many forms, including licensing, registration, or certification. 
Within each state, health professional practice acts are statutory laws that establish 
licensing or regulatory agencies or boards. These boards then develop rules that regu-
late both medical practice and health care professionals. The intent of most licensing 
regulation is to protect uninformed consumers from ill-prepared or unqualified health 
professionals, thereby improving the quality and safety of the services being provided 
(Willmarth & Smith, 2003). Regulatory guidelines also restrict entry into a profession 
by setting the minimum level of education, experience, or training required to practice. 
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Many states have also adopted special regulatory guidelines to regulate advanced 
practice skills, such as PAMs, that are considered beyond the realm of entry-level 
practice. Depending on the form of regulation adopted by a state, regulatory oversight 
may also define or specify the legally permissible boundaries of practice for the health 
care profession. Regulatory language can also help to define the legally allowed scope 
of practice and, thereby, specify the allowed business practices of health care profes-
sionals. 

There are essentially five types of regulatory oversight for occupational therapy: 
1. Licensure/practice acts 
2. Mandatory certification
3. Mandatory registration
4. Voluntary certification or registration
5. Title control (or trademark acts)

Licensure or practice acts provide the highest level of public protection and are 
often the most proscriptive. Licensure prohibits unlicensed individuals from practicing 
occupational therapy or referring to themselves as occupational therapists or assis-
tants. Licensure laws identify a specific scope of practice for those who are issued a 
license and mandate what level of competence is required. State health departments 
often oversee these forms of regulation and delegate authority to an occupational 
therapy board or advisory board to promulgate rules and guidelines as well as the 
regulatory functions. To assist state regulatory agencies with oversight responsibili-
ties, the AOTA drafted a definition of occupational therapy practice, the AOTA Model 
Practice Act (2006), which serves as a starting point and guide for delineating occu-
pational therapy practice for promulgating state specific regulatory laws, definitions, 
and guidelines for the profession. The Practice Act defines occupational therapy and 
outlines the practice of occupational therapy, including methods or strategies to direct 
the intervention process, the evaluation of factors affecting activities of daily living 
including performance skills and client factors, and also defines the interventions and 
procedures used as part of occupational therapy treatment. 

Physical agents are identified within the context of item C:13: 
Interventions and procedures to promote or enhance safety and performance 
in activities of daily living (ADLs), instrumental activities of daily living (IADLs), 
education, work, play, leisure, and social participation. Item number 13 specifi-
cally identifies application of PAMs, and use of a range of specific therapeutic 
procedures (such as wound care management; techniques to enhance sensory, 
perceptual, and cognitive processing; manual therapy techniques) to enhance 
performance skills. (AOTA, 2006, p. 4) 

This section provides the starting point and validation upon which occupational thera-
pists base their use of PAMs. This language also serves as the basis for the develop-
ment of more restrictive laws and regulations related to PAM use within a state. 

Professional Trends
PAMs have gained greater support and use as clinical practice and specialty areas 

have expanded. There appears to be a “critical mass” that has been reached regarding 
use of physical agents by occupational therapists, which until recently had not been 
clearly addressed by either occupational therapy education in the form of ACOTE or 
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by the NBCOT, the agency responsible for occupational therapy credentialing. To the 
apparent consternation of some academic programs, occupational therapy students 
have reported seeing physical agents used within clinical practice during their field-
work rotations or have been asked to apply them. In response to greater use and accep-
tance of physical agents, increasing numbers of state regulatory agencies have drafted 
licensing guidelines to ensure competency and safe use of these interventions. In a 
significant change, ACOTE and NBCOT have also identified PAM use as an area deserv-
ing further review and recognition as a part of clinical practice and education. Both 
agencies have reviewed the scope of occupational therapy practice and education and 
have responded to the greater use of physical agents by occupational therapists by 
surveying practice and delineating academic needs.

The NBCOT serves the public interest by developing, administering, and review-
ing a certification process that reflects current standards of competent practice in 
occupational therapy. The NBCOT also works with state regulatory authorities, provid-
ing information on credentials, disciplinary actions, and regulatory and certification 
renewal issues. As part of its responsibility to ensure psychometrically sound and 
defensible certification examinations, NBCOT regularly examines the practice of occu-
pational therapy in 6-year cycles. This review of current entry-level practice identifies 
the domains, tasks, knowledge areas, and interventions that occupational therapists 
are using in everyday practice. The survey of occupational therapy practice assists the 
NBCOT in preparing and ensuring the content and basis of the tasks and knowledge of 
the certification examination (Bent et al., 2005). 

National Board for Certification in  
Occupational Therapy Practice Analysis

In the most recent practice analysis study (2002 to 2003) of occupational thera-
pists that have been practicing for 3 years or less, which many therapists believed 
was long overdue, the NBCOT questioned therapists and assistants on their use of 
physical agents as therapeutic interventions. The NBCOT reported that 75% or more 
registered occupational therapist respondents did not use the nine interventions listed 
on the survey to a great extent. These physical agents included electrical stimulation, 
Fluidotherapy (Chattanooga Group), hydrotherapy, iontophoresis, and ultrasound. 
However, it should be noted that the same group of therapists also reported not using 
other nontraditional interventions such as work hardening/work conditioning or work 
transition (Bent et al., 2005). Conversely, their findings would also mean that in its 
most recent practice analysis of new therapists, approximately 25% of those surveyed 
were using some form of physical agents as part of their clinical practice. This is an 
interesting result of the practice survey because those surveyed were considered by 
the NBCOT as being recent graduates. This becomes somewhat problematic, since at 
the time of the survey, the AOTA considered PAM use a post-professional skill and 
intervention requiring post-professional education and training. 

What this may indicate is that recent graduates, contrary to the 1997 AOTA Physical 
Agent Modality Position Paper (AOTA, 1997), were using physical agents at an earlier 
stage in their careers than expected, with greater frequency and potentially less aca-
demic preparation or training. Physical agent use occurs with greater frequency by 
those occupational therapists practicing in acute care, outpatient settings where many 
of the cases may be orthopedic in nature (Glauner et al., 1997). Further research and 
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clarification is needed to more adequately determine PAM use by experienced clini-
cians in order to clarify frequency of use and clinical setting. A review of academic 
preparation of therapists in physical agents and the format of training and preparation 
that new graduates are receiving prior to use would also benefit the profession and 
assist in clarifying educational and licensing requirements. With the changes occur-
ring in clinical practice related to PAMs and the recognition by ACOTE that physical 
agents are a component of occupational therapy practice and education, inclusion of 
questions related to the topic will likely be a part of the certification examination in 
the near future. 

Academic Requirements
The apparent dichotomy and tension between practice and academics has fre-

quently been a point of concern when students begin preparation for the registration 
examination upon graduation from an accredited program in occupational therapy. 
Students are aware that the NBCOT examination is based, in part, on a survey of 
clinical practice, while their academic training may have been more theoretically and 
institutionally developed. Philosophical differences and approaches in educational 
programs exist because academic content is based, in part, on the unique philosophy 
and background of the academic staff and institution within the overarching structure 
provided by the ACOTE standards. 

Academic education is based on the ACOTE’s Standards and Interpretive Guide 
(AOTA, 2018), which has been in a review/revision process. These standards estab-
lish the critical competencies necessary to prepare individuals to become entry-level 
occupational therapists or occupational therapy assistants. The Standards are for-
matively and summatively reviewed to ensure that they remain current and effective. 
Academic programs have some leeway in designing their curriculum and coursework, 
which is unique to their program and institutional mission, philosophy, service area, 
and background and interests of their faculty. In ACOTE’s (AOTA, 2018) revision of the 
Standards, the area of PAMs was added. ACOTE identified the need for graduates of 
occupational therapy programs to be able to understand the principles and applica-
tions of physical agents. The standard (OT B5.13.) states “Explain the use of superficial 
thermal and mechanical modalities as a preparatory measure to improve occupational 
performance, including foundational knowledge, underlying principles, indications, 
contraindications, and precautions. Demonstrate safe and effective application of 
superficial thermal and mechanical modalities.” B5.14. states “Explain the use of deep 
thermal and electrotherapeutic modalities as a preparatory measure to improve occu-
pational performance, including indications, contraindications, and precautions.” 

For the occupational therapy assistant, standard B5.13. states “Recognize the use 
of superficial thermal and mechanical modalities as a preparatory measure to improve 
occupational performance. Based on the intervention plan, demonstrate safe and 
effective administration of superficial thermal and mechanical modalities to achieve 
established goals while adhering to contraindications and precautions” (AOTA, 2018).

This addition supported the use of physical agents by occupational therapists as 
allowed by regulatory bodies and facilitated the use of therapeutic techniques as an 
additional mechanism to enhance performance skills. Both the NBCOT and ACOTE are 
proactively responding to concerns from regulatory agencies, institutional administra-
tions, clinicians, and educators to identify and articulate consistent educational and 
practice requirements related to the safe use of physical agents. In addition, there has 
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been a greater emphasis by both organizations on effectively collaborating and using 
consistent language across the scope of occupational therapy practice and within 
occupational therapy’s documents. This heightened sense of collaboration between 
ACOTE and NBCOT will assist in alleviating the perceived discrepancies between 
entry-level practice and education. 

Competency Issues
Aside from the philosophical issues inherent in PAM use within the profession, 

the other primary argument against the widespread acceptance of physical agents 
relates to the issue of competency. In addition to inconsistencies with academic and 
professional preparation, competency is an issue that has led to a plethora of states 
adding regulatory oversight and specialized credentialing and education in PAMs. This 
regulatory drive is often led by occupational therapists and other health professionals 
with the intent of ensuring or clarifying appropriate training and education of physical 
agents by occupational therapists who choose to use physical agents in treatment. 
Occupational therapists’ strong background in performance and psychosocial issues, 
activity analysis, and appreciation of occupation provide therapists with a unique 
and valuable perspective on the use and application of physical agents. Research into 
many of the applications common for physical agents has demonstrated a relation-
ship between outcomes and functional activity and improvement. Combining physical 
agents with occupation can improve the efficacy of many of the interventions and 
promote better outcomes (Aoyagi & Tsubahara, 2004; Bhakta, 2000; Blyth et al., 2005; 
Chae, 2003; Chae et al., 2001). However, many individuals continue to hold the position 
that occupational therapists are not trained in PAMs and that they are not occupa-
tional in nature. 

Many of the arguments against the use of physical agents by occupational thera-
pists revolve around the misperception that these interventions are used singularly 
and without regard to active engagement of the patient in the treatment process. 
These individuals argue that physical agents are passive in nature and decry the fact 
that the patient is sitting passively during treatment. However, these same critics, 
often use tools and techniques that appear passive in nature yet allow the client to 
develop the ability to perform occupational tasks or prevent dysfunction, such as 
splinting and adaptive equipment. Conversely, adherents of PAM use by occupational 
therapists argue that the patients are engaged in active range of motion (ROM) exer-
cises during scar management, ultrasound, or whirlpool treatments, and if not, the 
interlude can be spent discussing occupational performance issues, collaborative goal 
setting, or patient education (Ahlschwede, 1992). Rarely is the occupational therapist 
at a loss during this narrative phase of clinical reasoning or therapist-patient interac-
tion. The occupational therapist’s ability to merge function and physical agents as part 
of the therapeutic intervention to ameliorate or compensate for deficits in occupational 
performance components is unique and valuable.

Competency of occupational therapists is an issue that has been controversial 
within the profession and often has led to disagreements and ill will between profes-
sional organizations representing occupational therapists and practice. Occupational 
therapists have an ethical responsibility to provide occupational therapy services that 
are “appropriate and beneficial” and “do no harm” (AOTA, 2020). In addition, Principle 
6A of the Occupational Therapy Code of Ethics (Veracity) outlines the concept that 
“Occupational therapy personnel shall represent their credentials, qualifications, edu-
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cation, experience, training, and competence accurately” (AOTA, 2020). Inconsistent 
preparation and training in PAMs has influenced the proliferation of regulatory over-
sight in PAM use. 

Inconsistent definitions of competency as it relates to physical agents have also 
prevented occupational therapists from incorporating these agents and technologies 
into clinical practice. Proscriptive licensing laws and regulations often have limited 
the ability of occupational therapists to use physical agents, and may vary by state. 
Differences in licensing requirements and regulatory guidelines also may affect an 
occupational therapist’s ability to relocate without carefully reviewing the licensing 
requirements of the specific state. Therapists enter clinical practice with a variety 
of backgrounds as well as clinical and academic training in PAMs. There is no stated 
education standard that defines how physical agents should be taught within the 
academic setting. This inconsistency and variability in training and preparation was 
apparent to the Department of Defense, U.S. Army Medical Department (AMEDD), 
which approached the author to develop a mechanism for standardizing the training 
and education of the occupational therapists in the tri-services: Army, Navy, and Air 
Force. AMEDD had noted a wide variation in academic and clinical training of thera-
pists and set out to standardize the competency and educational requirements within 
their system to ensure appropriate, safe, and efficacious application of physical agents 
by occupational therapists. 

The inconsistency and variability in the training and preparation of occupational 
therapists in PAMs (i.e., the competency issue) also impacts licensing and regulatory 
issues between states. There is no set standard or consensus on reciprocity between 
states with competing regulatory guidelines related to physical agents at this time. 
Occupational therapists and assistants are cautioned always to review specific state 
requirements for physical agents prior to using them in clinical practice or before 
relocating. Additionally, some states will require a specific number of continuing edu-
cation units or some other mechanism to maintain licensure and prove continuing 
competency. 

American Occupational Therapy Position Paper
Until recently, the AOTA had identified standards requiring occupational therapy 

practitioners to receive specialized training for the proper use of physical agents. The 
AOTA contended that selection, application, and adjustment of physical agents was 
not considered entry-level practice, and required continued training as the therapist’s 
professional career evolved. Skill and training in physical agents could be achieved 
through fieldwork experience, on-the-job training, or post-professional education such 
as continuing education, in-service training, or graduate education (AOTA, 1997). The 
AOTA also holds that practitioners have an ethical responsibility to possess basic 
information and the knowledge base, skills, or experience to safely and competently 
use physical agents. 

Until the new Standards were approved in 2006, the AOTA contended that the 
theoretical background needed to use physical agents should include coursework in 
anatomy and physiology; principles of chemistry and physics related to the properties 
of light, water, temperature, sound, and electricity; the physiological, neurophysiologi-
cal, and electrophysiological changes that occur with the use of physical agents; and 
the response of normal and abnormal tissue to the agents. Course content should 
include information on pain control theories, wound healing principles, biophysical 
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principles of thermal agents, and neurophysiologic mechanisms related to electrical 
stimulation (AOTA, 1994). In 2003, the AOTA’s Representative Assembly in Washington, 
D.C., adopted the revised Commission on Practice document, Physical Agent Modalities: 
A Position Paper (AOTA, 2003). This document clarified the appropriate context for 
use of PAMs in occupational therapy and outlined the AOTA’s position on PAMs. This 
position paper has been used by state regulatory boards as a resource in determining 
appropriate requirements for the use of PAMs in states (Glauner et al., 1997).

Unfortunately, the vast majority of occupational therapists who use physical 
agents learn on the job with variations in training and academic preparation. A lack of 
competency testing exists, as well as any guidelines with regard to testing or frequency 
of continuing education. There is little controversy among therapists about the neces-
sity for training or education to acquire theoretical and technical competence with 
physical agents. Continuing education courses were considered the best method for 
gaining the skills necessary for the use of deep thermal agents and those agents using 
the electromagnetic spectrum, such as neuromuscular electrical stimulation (AOTA, 
1997). Though there has been recognition that PAMs may be addressed to varying 
degrees by academic programs, many therapists believed that physical agents should 
be considered part of entry-level occupational therapy programs and taught in the 
academic environment (Ahlschwede, 1992; Taylor & Humphry, 1991). The challenge to 
the practitioner is not the acquisition of the technical skill in using physical agents, 
but in obtaining and developing the knowledge and clinical reasoning required to use 
physical agents as an adjunctive method with or in preparation for patient involvement 
in purposeful activity or occupation.

Specific State Regulatory Guidelines 
Due to all the changes inherent within the profession and the increasing demands 

for competency and evidence-based practice, licensing and regulatory oversight of 
occupational therapists using PAMs as a part of clinical practice is growing rapidly. 
Many states have adopted specific licensing laws and regulations outlining the require-
ments for competency, continuing education, and preparation for PAM use. It is impor-
tant to remember that in those states regulated by such laws, it is illegal to apply PAMs 
without the requisite license for the respective state. Many of the states with existing 
laws or language related to physical agents have strengthened or expanded their 
licensing regulations. Most recently, California, New Hampshire, Nebraska, Montana, 
South Dakota, and Kentucky have added regulatory guidelines or language specific to 
PAMs to their licensing laws (Willmarth, 2005). 

Many of the new state regulations specify a certain number of hours of continuing 
education or training that is required, as well as requiring a specified number of clini-
cal applications to meet the licensing requirements for PAMs. States including Florida, 
Georgia, and Nebraska specify training and competency standards for the use of physi-
cal agents by occupational therapists. The Nebraska Licensing Board also identified 
competency testing through both formative and summative evaluation as part of the 
requirements in their licensing guidelines. This requirement was added in response to 
the concerns regarding competency and preparation of occupational therapists. Local, 
state, or institutional regulations and guidelines supersede the AOTA position state-
ment on physical agents, and therapists should be aware of the regulations specific 
to their state and clinical practice. A primary difficulty with many of the regulatory 
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laws is that they vary in scope and clinical application and may lack reciprocity. South 
Dakota, for example, requires “supervised mentorship to include five case studies on 
each class of modality to be incorporated into patient care” (SB 179, 2005). 

In contrast, in a highly controversial addition to their licensing law, California 
mandated that occupational therapists that are going to use physical agents complete 
a minimum of 240 hours of additional training. Competency and educational require-
ments are additional factors that state regulatory boards have struggled to clarify and 
strengthen. Many of the laws specify that providers of education or training in PAMs 
must be approved by the licensing board or by national bodies such as the AOTA. The 
board may specify specific content or other requirements that must be met by the 
agency or individual providing the continuing education.

Addendum: Summary of States Requiring  
Competency in Physical Agents

Alabama
§34-39-3 Definitions 
In this chapter, the following terms shall have the respective meanings provided in 

this section unless the context clearly requires a different meaning.… The practice of 
occupational therapy includes:
(xiv)  Application of PAMs, and use of a range of specific therapeutic procedures such 

as wound care management, interventions to enhance sensory-perceptual and 
cognitive processing, and manual therapy, all to enhance performance skills. 

(xv)  Facilitating the occupational performance of groups, populations, or organizations 
through the modification of environments and the adaptation of processes. 

b. An occupational therapist or occupational therapy assistant is qualified to perform 
the above activities for which they have received training and any other activities 
for which appropriate training or education, or both, has been received. (AOTA, 
2021)

California
Occupational Therapy Practice Act, Sections 2570.2, 2570.3
2571. Approval in an advanced practice area demonstrates that you have met the 

minimum qualifications in the area approved. Approval does not represent expertise 
in this area and should not be misrepresented as such. Pursuant to Title 16, California 
Code of Regulations, Section 4170(f)(1) of the Ethical Standards of Practice, occupa-
tional therapists are required to accurately represent their credentials, qualifications, 
education, experience, training, and competency. Further, Section 4170(d) states that 
occupational therapists shall perform services only when they are qualified by educa-
tion, training, and experience to do so.

(a)  An occupational therapist licensed pursuant to this chapter and approved by 
the board in the use of PAMs may apply topical medications prescribed by the 
patient’s physician and surgeon, certified nurse-midwife pursuant to Section 
2746.51, nurse practitioner pursuant to Section 2836.1, or physician assistant pur-
suant to Section 3502.1, if the licensee complies with regulations adopted by the 
board pursuant to this section.
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(m)  PAMs means techniques that produce a response in soft tissue through the use 
of light, water, temperature, sound, or electricity. These techniques are used as 
adjunctive methods in conjunction with, or in immediate preparation for, occupa-
tional therapy services.

(e)  An occupational therapist providing hand therapy services shall demonstrate to 
the satisfaction of the board that he or she has completed post professional educa-
tion and training in all of the following areas: 
1. Anatomy of the upper extremity and how it is altered by pathology. 
2. Histology as it relates to tissue healing and the effects of immobilization and 

mobilization on connective tissue. 
3. Muscle, sensory, vascular, and connective tissue physiology. 
4. Kinesiology of the upper extremity, such as biomechanical principles of pul-

leys, intrinsic and extrinsic muscle function, internal forces of muscles, and the 
effects of external forces. 

5. The effects of temperature and electrical currents on nerve and connective 
tissue. 

6. Surgical procedures of the upper extremity and their postoperative course.
(f)  An occupational therapist using PAMs shall demonstrate to the satisfaction of the 

board that he or she has completed post professional education and training in all 
of the following areas: 
1. Anatomy and physiology of muscle, sensory, vascular, and connective tissue in 

response to the application of PAMs. 
2. Principles of chemistry and physics related to the selected modality. 
3. Physiological, neurophysiological, and electrophysiological changes that occur 

as a result of the application of a modality. 
4. Guidelines for the preparation of the patient, including education about the 

process and possible outcomes of treatment. 
5. Safety rules and precautions related to the selected modality. 
6. Methods for documenting immediate and long-term effects of treatment. 
7. Characteristics of the equipment, including safe operation, adjustment, indica-

tions of malfunction, and care.
(g)  An occupational therapist in the process of achieving the education, training, and 

competency requirements established by the board for providing hand therapy or 
using PAMs may practice these techniques under the supervision of an occupa-
tional therapist who has already met the requirements established by the board, 
a physical therapist, or a physician and surgeon.

History: (Repealed and added by Stats. 2000, Ch. 697, Sec. 3.; Amended by Stats. 
2009, Ch. 307, Sec. 12. Effective January 1, 2010.) (AOTA, 2021)

Delaware
Defines application of “thermal agent modalities.” These services may require 

assessment of the need for use of interventions such as the design, development, adap-
tation, application or training in the use of assistive technology devices; the design, fab-
rication, or application of rehabilitative technology such as selected orthotic devices; 
training in the use of assistive technology, orthotic, or prosthetic devices; the applica-
tion of thermal agent modalities, including, but not limited to, paraffin, hot and cold 
packs, and Fluidotherapy, as an adjunct to or in preparation for purposeful activity; 
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the use of ergonomic principles; the adaptation of environments and processes to 
enhance functional performance; or the promotion of health and wellness (TITLE 24 
Professions and Occupations, Chapter 20. Occupational Therapy, Subchapter I. Board 
of Occupational Therapy Practice). Delaware’s law does not define electrotherapeutic 
interventions. (AOTA, 2021)

Florida
 ӹ Requires a minimal competency level and training for the use of “electrical stimula-

tion devices” and “ultrasound.” 

Statute: FL Stat §32-468.203 
(b) Occupational therapy services include, but are not limited to: 

1. The assessment, treatment, and education of or consultation with the individu-
al, family, or other persons. 

2. Interventions directed toward developing daily living skills, work readiness or 
work performance, play skills or leisure capacities, or enhancing educational 
performance skills. 

3. Providing for the development of: sensory-motor, perceptual, or neuromuscular 
functioning; range of motion; or emotional, motivational, cognitive, or psycho-
social components of performance. These services may require assessment of 
the need for use of interventions such as the design, development, adaptation, 
application, or training in the use of assistive technology devices; the design, 
fabrication, or application of rehabilitative technology such as selected orthotic 
devices; training in the use of assistive technology; orthotic or prosthetic devic-
es; the application of PAMs as an adjunct to or in preparation for purposeful 
activity; the use of ergonomic principles; the adaptation of environments and 
processes to enhance functional performance; or the promotion of health and 
wellness. 

(c) The use of devices subject to 21 C.F.R. s. 801.109 and identified by the board is 
expressly prohibited except by an occupational therapist or occupational therapy 
assistant who has received training as specified by the board. The board shall 
adopt rules to carry out the purpose of this provision. 
History: (s. 3, ch. 75-179; s. 1, ch. 78-18; s. 333, ch. 81-259; s. 2, ch. 81-318; ss. 1, 12, 13, 

ch. 84-4; s. 1, ch. 90-22; s. 4, ch. 91-429; s. 107, ch. 92-149; s. 123, ch. 97-264.)
Rule 64B11-4.001 Use of Prescription Devices explains the training required for stu-

dents, postgraduates, and licensees to qualify for the use of an electrical stimulation 
or an ultrasonic stimulation devices must include didactic training of at least four (4) 
hours for each modality and performance of at least five (5) treatments under super-
vision for each modality. The required training may be obtained through educational 
programs, workshops, or seminars offered at a college or university approved for train-
ing of occupational therapists by the AOTA or of physical therapists by the American 
Physical Therapy Association or at clinical facilities affiliated with such accredited col-
leges or universities or through educational programs offered by the American Society 
of Hand Therapists or Florida Occupational Therapy Association. Online courses are 
not approved for the didactic or performance training.

Supervised treatment sessions to be conducted under the personal supervision 
of licensed occupational therapists and occupational therapy assistants who have 
completed four (4) hours of coursework in the use of an electrical stimulation or an 
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ultrasonic stimulation device and five (5) supervised treatments or licensed physical 
therapists and physical therapist assistants trained in the use of electrical stimulation 
devices. Treatment supervisors must have a minimum of 24 months prior experience in 
the use of electrical stimulation devices. Personal supervision means that the supervi-
sor is in the room with the trainees and actively provides guidance and supervision of 
the performance treatments.

There are no formal papers or certificates to be filed with the Board. You must take 
the 4 hours of didactic (educational) training, and complete and document 5 super-
vised treatments. You must maintain documentation in the event you need to verify 
you are certified to provide services. Any occupational therapist or occupational ther-
apy assistant who uses such ultrasound device must upon request of the Board, or the 
Department, present proof that they have obtained the training required. (AOTA, 2021)

Georgia
To be able to use PAMs, or any occupational therapy techniques involving PAMs, 

you must first have an additional board approved certification. Practicing and/or 
instruction of modalities is prohibited on a client even under supervision of a PAMS 
certified therapist until a “Certification in all Modalities” has been awarded. NO 
licensed occupational therapist/occupational therapy assistant may use modalities 
until “Certification in all Modalities” is awarded to a licensed individual by the Board.

You must currently hold a Georgia occupational therapist or occupational therapy 
assistant license (not a limited permit) and have completed the PAMs Board Application 
(which can be downloaded from the website) showing the following:

 ӹ Successfully complete a minimum of 90 contact hours of instruction or training in 
the required content areas

 ӹ No less than 36 contact hours must be directly related to the specific theories and 
practical application of PAMs
Defines physical agents as, 

“treatment techniques which utilize heat, light, sound, cold, electricity, or mechani-
cal devices and also means electrical therapeutic modalities which include heat, 
or electrical current beneath the skin, including but not limited to therapeutic 
ultrasound, galvanism, microwave, diathermy, and electromuscular stimulation, 
and also means hydrotherapy.” 

671-6-.01 Definitions
PAMs means treatment techniques as specified in Code Section 43-28-3(9). 

Authority O.C.G.A. Sec. 43-28-3(9). History. Original Rule entitled “Definitions” adopted. 
F. Nov. 20,1991; eff. Dec. 10, 1991. (2)

671-6-.02 Requirements
Any occupational therapist and occupational therapy assistant who wishes to 

utilize occupational therapy techniques involving PAMs must document successful 
completion of a minimum of 90 contact hours of instruction or training approved by 
the board. 



Regulatory Guidelines for the Use of Physical Agents  49

REQUIRED TOPIC AREAS: The law requires 90 contact hours of instruction that 
covers nine specific topics for occupational therapists and occupational therapy assis-
tants that wish to be certified to use PAMs. No less than 36 of these 90 contact hours 
must be directly related to the specific theories and practical application of PAMs. The 
nine specific topics are:

1. Principles of physics related to specific properties of light, water and tempera-
ture, sound or electricity, as indicated by selected modality

2. Physiological, neurophysiological, and electrophysiological changes, as indicated, 
which occur as a result of the application of the selected modality

3. The response of normal and abnormal tissue to the application of the modality
4. Indications and contraindications related to the selection and application of the 

modality
5. The guidelines for treatment or administration of the modality within the philo-

sophical framework of occupational therapy
6. The guidelines for educating the patient including instructing the patient to pro-

cess and possible outcomes of treatment, including risks and benefits
7. Safety rules and precautions related to the selected modality
8. Methods of documenting the effectiveness of immediate and long-term effects of 

treatment
9. Characteristics of the equipment including safe operation, adjustment, and care of 

the equipment. (AOTA, 2021)

Illinois 
Part 1315 Illinois Occupational Therapy Practice Act Professions and 
Occupations (225 ILCS 75/) Illinois Occupational Therapy Practice Act 
(Source: P.A. 83-696)

(7) “Occupational therapy services” means services that may be provided to individu-
als, groups, and populations, when provided to treat an occupational therapy need, 
including the following: 
(e)  For the occupational therapists or occupational therapy assistant possessing 

advanced training, skill, and competency as demonstrated through examina-
tions that shall be determined by the department, applying PAMs as an adjunct 
to or in preparation for engagement in occupations.

Section 1315.162 Modalities in Occupational Therapy 
1. Occupational therapy services include the use of PAMs for occupational thera-

pists and occupational therapy assistants who have the training, skill, and compe-
tency to apply these modalities. 
a) PAMs: 

1)  Refer to those modalities that produce a response in soft tissue through the 
use of light, water, temperature, sound, or electricity; 

2)  Are characterized as adjunctive methods used in conjunction with or in 
immediate preparation for: Patient involvement in purposeful activity; the 
use of ergonomic principles; the adaptation of environments and processes 
to enhance functional performance; or the promotion of health and wellness; 
and 
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3) Include but are not limited to the following: 
A) Electrical stimulation; 
B) Iontophoresis; 
C) Superficial heating agents; 
D) Cryotherapy; and 
E) Deep heating agents. 

b) Following is the training required for the use of PAMs used by occupational 
therapists and occupational therapy assistants. 

1) Modalities 
a) Modalities using electricity would cover: Pain control, edema reduction, and 

muscle reeducation. Examples include, but are not limited to, biofeedback, 
NMES/FES, TENS, HVGS, interferential, and iontophoresis. The training shall 
include: 
i) A minimum of 12 hours of didactic training in a program defined in this 

section that includes demonstration and return demonstration and an 
examination; and 

ii) 5 treatments in each modality supervised by a licensed health care pro-
fessional trained in the use of the modality. 

C) Thermal modalities would include superficial and deep heat and cyrotherapy. 
Examples include, but are not limited to, hot and cold packs, ice massage, 
Fluidotherapy, warm whirlpool, cool whirlpool, ultrasound, phonophoresis, 
paraffin, and contrast baths. 
i) A minimum of 3 hours of didactic training in a program defined in this section 

that includes demonstration and return demonstration and an examination. 
The training session should include the mechanics and precautions of using 
the modality safely as well as case studies and problem solving on when to 
use. The ethics, economics, liability, and insurance issues related to using 
modalities should also be addressed in the educational process. 

ii) 5 treatments in each modality supervised by a licensed health care profes-
sional trained in the use of the modality. 

2) The didactic training shall be obtained through educational programs, work-
shops, or seminars offered or approved by a college or university, Illinois 
Occupational Therapy Association, the AOTA and its affiliates, Illinois Physical 
Therapy Association, the American Physical Therapy Association, NBCOT, or 
the Hand Therapy Certification Commission.

3) The training shall be documented and made available to the Division or Board 
upon request. Training shall be completed prior to the use of these modalities.  
Documentation shall include:
a) A transcript or proof of successful completion of the coursework, including 

the number of educational hours;
b) The name and address of the individual or organization sponsoring the 

activity;
c) The name and address of the facility at which the activity was presented;
d) A copy of the course, workshop, or seminar description that includes topics 

covered, learning objectives, credentials of presenters and standards for 
meeting the objectives;

e) Documentation of the 5 clinical treatments that includes date of the treat-
ments, the modality and the name and credentials of the supervisor.

4) The clinical treatment demonstration shall include the following:
a) The ability to evaluate or contribute to the evaluation of the client, and make 

an appropriate selection of the modality to be utilized;
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b) A thorough knowledge of the effects of the modality that is to be utilized;
c) The ability to explain the precaution, contraindication and rationale of the 

specific modality utilized;
d) The ability to formulate and justify the occupational therapy intervention 

plan, specifically delineating the adjunctive strategy associated with the use 
of each modality; 

e) The capability to safely and appropriately administer the modality; 
f) The ability to properly document the parameters of intervention, which 

include the client’s response to treatment and the recommendation for the 
progression of the intervention process. 

5) The clinical supervisor for the treatment session shall:
a) Be licensed or certified and in good standing in this profession or another 

profession within Illinois that permits the use of the PAMs;
b) Be a practitioner at the same or greater professional level;
c) Have a minimum of 1 year of clinical experience, within the previous 3 years, 

in the use of the PAMs.
D) Occupational therapists and occupational therapy assistants who, prior to 

January 1, 2002, have attended training programs and have developed compe-
tencies in the use of PAMs may demonstrate competency through proof of one 
or more of the following:
1) Documentation of previous attendance and completion of the required train-

ing as stated in subsection (b); 
2) Documentation of professional experience at the work place through policy 

and procedures indicating the use of modalities, in-service training, proof 
of prior use. The experience shall include at least 20 applications for each 
modality within the last 3 years;

3) Documentation of attendance at educational programs, including post pro-
fessional programs, in-service training and specific certifications in the use 
of modalities; or

4) Documentation of certification as a hand therapist from the Hand Therapy 
Certification Commission.

(Source: Amended at 39 Ill. Reg. 14520, effective November 6, 2015; AOTA, 2021)

Idaho 
Chapter 37 Occupational Therapy Practice Act 54-3702: Definitions 
As used in this chapter:
(c) Interventions and procedures to promote or enhance safety and performance in 

activities of daily living (ADL), instrumental activities of daily living (IADL), edu-
cation, work, play, leisure, and social participation, rest and sleep, including:
(xiii)  Application of superficial, thermal and mechanical PAMs, and use of a 

range of specific therapeutic procedures (such as basic wound manage-
ment; techniques to enhance sensory, perceptual, and cognitive process-
ing; therapeutic exercise techniques to facilitate participation in occupa-
tions) to enhance performance skills.

(xiv)  Use of specialized knowledge and skills as attained through continuing 
education and experience for the application of deep thermal and electro-
therapeutic modalities, therapeutic procedures specific to occupational 
therapy and wound care management for treatment to enhance participa-
tion in occupations as defined by rules adopted by the board.
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012. Deep Thermal and Electrotherapeutic Modalities, and Wound Care 
01. Qualifications. Except as provided in Subsection 012.02 of these rules, a person 

may not utilize occupational therapy techniques involving deep thermal, electrothera-
peutic modalities or perform wound care management unless the person is licensed by 
the Board as an occupational therapist and certified by the Hand Therapy Commission. 
In lieu of being certified by the Hand Therapy Commission, the person must have 
obtained education and training as described in Paragraphs 012.01.a. through 012.01.c. 
of this rule.

A.  If the person utilizes techniques involving deep thermal, electrotherapeutic modal-
ities, the person must have successfully completed three (3) continuing education 
units in the application of deep thermal and electrotherapeutic modalities, along 
with one hundred sixty (160) hours of supervised, on-the-job or clinical internship 
or affiliation training pertaining to such modalities.

B. If the person utilizes both deep thermal, electrotherapeutic modalities and man-
ages wound care, the person’s supervised training for each may have overlapped, 
so that the one hundred sixty (160) hours for each were obtained concurrently 
through the same supervised, on-the-job or clinical internship or affiliation.
02. Obtaining Education and Supervised Training. A student occupational thera-

pist, graduate occupational therapist, and an occupational therapist may utilize deep 
thermal, electrotherapeutic modalities or manage wound care while working towards 
obtaining the education and supervised training described in Section 012 of these 
rules. The supervisor must provide at least direct supervision to the student occupa-
tional therapist, and at least routine supervision to the graduate occupational therapist 
or occupational therapist. An occupational therapy assistant may apply deep thermal 
and electrotherapeutic modalities under routine supervision if the occupational thera-
py assistant has obtained an advanced level of skill as described in Subsection 011.01 
of these rules and the education and training described in Subsection 012.01 of these 
rules. Otherwise, the occupational therapy assistant must work under direct supervi-
sion while applying such modalities.

03. Supervised Training by Qualified Individual. The supervised training 
described in Section 012 of these rules must be provided by an occupational therapist 
who is qualified as specified in this Subsection 012.01, or by another type of licensed 
health care practitioner whose education, training, and scope of practice enable the 
practitioner to competently supervise the person as to the modalities utilized and 
wound care management provided. (AOTA, 2021)

Kentucky
319A.010 Definitions for Chapter

(8) “Deep PAMs” means any device that uses sound waves or agents which supply or 
induce an electric current through the body, which make the body a part of the 
circuit, including iontophoresis units with a physician’s prescription, ultrasound, 
transcutaneous electrical nerve stimulation units and functional electrical stimula-
tion, or microcurrent devices; and 

(9) “Superficial PAMs” means hot packs, cold packs, ice, Fluidotherapy, paraffin, water, 
and other commercially available superficial heating and cooling devices. 

Effective: July 15, 2002 
History:  Amended 2002 Ky. Acts ch. 14, sec. 1, effective July 15, 2002. – Amended 1994 

Ky. Acts ch. 405, sec. 84, effective July 15, 1994. – Amended 1988 Ky. Acts ch. 
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311, sec. 1, effective July 15, 1988. – Created 1986 Ky. Acts ch. 78, sec. 1, effec-
tive July 15, 1986.

201 KAR 28:170, Section 1, Defines DPAM Specialty certification as a “certification 
issued to a Kentucky licensed occupational therapist or licensed occupational thera-
pist assistant who meets the standards set forth in KRS 319A.080 and this administra-
tive regulation and who has been certified by the board.”

201 KAR 28:170, Section 4 (5) states, Treatment sessions shall be completed under 
the direct supervision of a person who meets the requirements of subsection (5) of this 
section and is approved by the board.

Only occupational therapists may now be DPAM supervisors and provide approved 
supervised hours for individuals working toward their DPAM certification. Only OT/L 
who have held a DPAM specialty certification for 1 year can be supervisors. Non-OT/L 
supervisors are no longer able to approve supervised visits after June 1, 2015. If you 
had a non-OT/L previously approved supervisor before June 1, 2015 then that will still 
be accepted by KBLOT.

319A.080 License required for practice of occupational therapy or use of title “occu-
pational therapist” – Training requirements for use of deep PAMs.
(4) (a) It shall be unlawful for a person licensed under this chapter to utilize occupa-

tional therapy interventions involving deep PAMs, unless the following require-
ments are met:
1. The person is an occupational therapist licensed under this chapter who has 

successfully completed a minimum of thirty-six (36) hours of training or instruc-
tion that meets the requirements specified in administrative regulations pro-
mulgated by the board, as well as five (5) treatments under supervision; 

2. The person is an occupational therapist licensed under this chapter who has 
successfully completed the certified hand therapist examination approved by 
the Hand Therapy Certification Commission, and who has successfully com-
pleted a minimum of twelve (12) hours of training or instruction that meets the 
requirements specified in administrative regulations promulgated by the board, 
as well as five (5) treatments under supervision; or

3. The person is an occupational therapy assistant licensed under this chapter 
who has successfully completed a minimum of seventy-two (72) hours of train-
ing or instruction that meets the requirements specified in administrative regu-
lations promulgated by the board, as well as five (5) treatments under supervi-
sion. (AOTA, 2021)

Massachusetts
OT 4.02 Scope of Practice

(1) “Occupational therapy,” as defined at s. 448.96 (5), Stats., may include the following 
interventions:
The AOTA Position Paper on PAMs defines PAMs as adjunctive methods that pro-

duce a response in soft tissue through the use of light, water, temperature, sound, or 
electricity. AOTA specifies that “… exclusive use of [PAMs] as a treatment method dur-
ing a treatment session without application to a functional outcome is not considered 
occupational therapy.” An occupational therapist must be able to document that he or 
she has had additional education and training in use of this wound management modal-
ity. (The AOTA supports the use of wound care modalities by occupational therapists 
—see AOTA Position Statement; AOTA, 2021)
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Maryland
Chapter 06 Competency Requirements for Physical Agent Modalities
.01 Purpose
This chapter sets forth the requirements for licensed occupational therapists and 

licensed occupational therapy assistants to apply and use electrical and superficial 
PAMs as related to, or in preparation for purposeful activity, with appropriate educa-
tion to ensure the safe and competent provision of occupational therapy services. 

04. Standards of Competence for Electrical Modalities
A.  An occupational therapist, or occupational therapy assistant under the peri-

odic supervision of an occupational therapist, who wishes to use occupational 
therapy procedures involving electrical PAMs shall maintain, for the duration of 
the licensee’s professional career, verification of didactic education and clinical 
requirements. 

B.  Didactic Education. For each electrical physical agent modality, didactic education 
shall include: 
1. Principles of physics related to specific properties of light, water, temperature, 

sound, and electricity; 
2. Physiological, neurophysiological, and electrophysiological changes which 

occur as a result of the application of the selected modality;
3. The response of normal and abnormal tissue to the application of the modality;
4. Indications and contraindications related to the selection and application of the 

modality; 
5. The guidelines for treatment or administration of the modality within the philo-

sophical framework of occupational therapy;
6. The guidelines for educating the patient, including instructing the patient about 

the process and possible outcomes of treatment, including its risks and benefits;
7. Safety rules and precautions related to the selected modality;
8. Methods of documenting the effectiveness of immediate and long-term effects 

of treatment;
9. Characteristics of equipment including safe operation, adjustment, and care of 

the equipment; and 
10. Application and storage of patient specific pharmacological agents. 

A.  Clinical Requirements. Before applying PAMs to a client under this chapter, a 
licensee shall: 
1. Complete 15 contact hours of continuing education relative to electrical PAMs 

which includes a minimum of:
1.5 contact hours specific to ultrasound, and
2.5 contact hours specific to electromuscular stimulation, and

2. After completing all 15 contact hours of education, a licensee shall apply a 
minimum of five client treatments within the context of a therapeutic treatment 
program for each specific modality under the direct clinical education of an 
educator as defined in this chapter.
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.06 Documentation of Education in Electrical Physical Agent Modalities
A.  The occupational therapist or occupational therapy assistant is responsible for 

maintaining verification of education relative to electrical PAMs. 
B. Verification shall include:

1. Identification of the specific courses or training where the therapist learned 
content related to each subject area as specified in Regulation. 04B of this 
chapter;

2. Proof of 15 contact hours of didactic education by virtue of a certificate of 
completion or proof of education if applicable;

3. An official grade report or official transcript to verify academic education;
4. Written verification from an educator that five client treatments have been com-

pleted under direct clinical education for each specific modality; and
5. Additional verification requested by the Board as deemed necessary. 

07. Maintaining Records of Education Documentation
A.  A licensee shall retain verification documentation and direct clinical education 

relative to electrical PAMs for the duration of the licensee’s professional career in 
occupational therapy.

B. A licensee’s submission of any false statement regarding physical agent modality 
competency requirements shall result in formal disciplinary action by the Board. 
(AOTA, 2021) 

Montana 
Application Requirements for Superficial and Deep Modality Certification 
for Montana Occupational Therapy Board Approval
Applicants must submit a course syllabus that specifies how much time was spent 

in instruction/training of each modality (i.e., heat, cold, and sound, electrical and 
topical application of medicine). Applicants must also submit certification of course 
completion with their course syllabus. 

Links to applicable modality statutes and rules: https://leg.mt.gov/bills/mca/
title_0370/chapter_0240/part_0010/sections_index.html

Topical medications Board rules: 24.165.302 
DEFINITIONS 24.165.505 
DEEP MODALITY ENDORSEMENT 24.165.506 
QUALIFYING EDUCATION PROGRAMS 24.165.509 
APPROVED INSTRUCTION 24.165.510 
APPROVED TRAINING 24.165.511 
DOCUMENTATION OF INSTRUCTION AND TRAINING 24.165.513 
APPROVAL TO USE SOUND AND ELECTRICAL PAMs 24.165.514 
QUALIFICATIONS TO APPLY TOPICAL MEDICATIONS—CLINICIAN DEFINED 

Education that is more general in nature can be applied to all superficial and deep 
modalities except for application of topical medications (iontophoresis, phonophore-
sis, etc.). Example, if you have 10 hours of general topics, you can apply the 10 hours to 
superficial, sound and electrical. 

https://leg.mt.gov/bills/mca/title_0370/chapter_0240/part_0010/sections_index.html
https://leg.mt.gov/bills/mca/title_0370/chapter_0240/part_0010/sections_index.html
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Education that is more general in nature includes but is not limited to: 
1. Anatomy 
2. Wound healing 
3. Physiological responses to modalities 
4. The principles of physics related to specific properties of light, water, tempera-

ture, sound, and/or electricity 
5. Theories of pain 
6. Guidelines for treatment with modalities within the framework of Occupational 

Therapy. 
Subject to approval by the board, continuing education may be earned through 

college course work, according to the following limitations: 
(a) The licensee must pass the course, 
(b) One semester credit shall equal 15 contact hours of continuing education, and 
(c) One quarter credit shall equal ten contact hours of continuing education 
NOTE ABOUT PROCTORS: ALL PROCTORS MUST MEET THE REQUIREMENT OF 

BOARD RULE 24.165.510 APPROVED TRAINING (BELOW) 
(1) The term “training” includes proctored sessions provided by example and observa-

tion by a qualified person. 
(2) A qualified person, within the meaning of this rule, is any person who is: 

(a) a licensed occupational therapist: 
(i)  approved by the board to administer superficial PAMs and sound and elec-

trical PAMs for iontophoresis and phonophoresis; and 
(ii)  who has more than one year of clinical experience in either the use of sound 

and electrical PAMs or superficial PAMs; or 
(b)  a licensed health care professional who has more than one year of clinical expe-

rience in the use of sound and electrical PAMs or superficial PAMs.
SUPERFICIAL MODALITIES CERTIFICATION: 16 hours of instruction/training 

in superficial modalities. This course work is also available through the Montana 
Occupational Therapy Association (MOTA), check MOTA for availability http://www.
mtota.org/ 

REQUIREMENTS FOR DEEP MODALITY CERTIFICATION: 
1. SOUND: 20 hours of instruction in sound and five proctored treatments by an 

occupational therapy Board approved proctor in sound modalities; 
2. ELECTRICAL: 20 hours of instruction in electrical and five proctored treatments 

by an occupational therapy Board approved proctor in electrical modalities 
3. TOPICAL MEDICATIONS: To apply topical medications (example: iontophoresis, 

phonophoresis, etc.) 
a) 5 hours of instruction/training in topical drug interaction, adverse reactions 

and factors that modifies response of topical drugs, actions of topical drugs 
by therapeutic classes and techniques by which topical drugs are adminis-
tered.

b) Three or four proctored treatments 
1) One direct application of topical medication and either 
2) Two proctored treatments in phonophoresis 
3) Three proctored treatments in iontophoresis. 

NOTE: Applicants that are Certified Hand Therapists (CHT’s) are exempt from the 
proctored treatment requirements. Please furnish your certificate. (AOTA, 2021)

http://www.mtota.org/
http://www.mtota.org/
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Nebraska 
Occupational Therapy, Physical Agent Modality Certification
Nebraska regulations require Occupational Therapists and Occupational Therapy 

Assistants to obtain certification to administer PAMs. If you want to administer 
Superficial Thermal, Deep Thermal, or Electrotherapeutic Agent Modalities you must 
obtain a certification.

Occupational Therapy Assistants may only be certified to set up and implement 
superficial thermal agent modalities. Occupational Therapists can be certified in one, 
a combination, or all three types of physical modality certifications.

114-005 REQUIREMENTS FOR CERTIFICATION TO APPLY PAMs:
In order to apply PAMs, a licensed occupational therapist or licensed occupa-

tional therapy assistant must be certified by the Department. Any person who wishes 
to administer the modalities must obtain certification pursuant to Neb. Rev. Stat. § 
38-2530. PAMs may be used by occupational therapy practitioners when used as an 
adjunct to/or in preparation for purposeful activity to enhance occupational therapy 
performance. Occupational therapy practitioners must have documented evidence of 
possessing the theoretical background and technical skills for safe and competent use.

114-005.01 Certification for a Licensed Occupational Therapist/Occupational 
Therapy Assistant to Apply PAMs: A licensed occupational therapist must obtain a 
certification to apply superficial thermal agent modalities, deep thermal agent modali-
ties, or electrotherapeutic agent modalities, or a combination thereof. A licensed 
occupational therapy assistant must obtain a certification to apply superficial thermal 
agent modalities. An occupational therapist must not delegate evaluation, reevaluation, 
treatment planning and treatment goals for PAMs to an occupational therapy assistant.

114-005.01A Superficial Thermal Agent Modalities: To receive a certification to 
apply superficial thermal agent modalities, a licensed occupational therapist or occu-
pational therapy assistant must meet the following qualifications:

1. Successfully complete a minimum of six hours of Board approved training or its 
equivalent and pass an end of the course written or computer-based examina-
tion approved by the Board which tests competency in the use of superficial 
thermal agent modalities. The training must include the following:

a. Biophysical and biophysiological changes which occur with cryotherapy;
b. Indications, contraindications, and precautions for the application of cold 

agents;
c. Clinical reasoning involved in the application of cold agents;
d. Commonly used types of cold agents;
e. Application procedures for each cold modality;
f. Definition of the term superficial thermal agent;
g. Differentiation between the two commonly used methods of heat transfer: 

conduction and convection;
h. The four biophysical effects of heat;
i. The physiologic response to tissue secondary to temperature elevation;
j. Differentiation between mild, moderate and vigorous dosages of heat;
k. Indications, precautions, and contraindications that should be considered 

when using superficial thermal agents;
l. Proper clinical applications for hot packs, paraffin bath, Fluidotherapy, 

whirlpool, and contrast bath;
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m. Guidelines for educating the client and/or family in the purpose, benefit 
and potential risk(s) of the modality; and

n. Universal precautions, sterile techniques, infection control, and the use 
of modalities; OR

2. Be certified as a hand therapist by the Hand Therapy Certification Commission 
or other equivalent entity recognized by the Board. Any occupational therapist 
who bases their certificate on their hand therapist certification will receive cer-
tification for all three levels of PAMs; OR

3. Have a minimum of five years of experience in the use of the superficial thermal 
agent modalities and pass the Nebraska PAMs Testing Service Examination 
titled Superficial Thermal Agents Test; OR

4. Successfully complete education during a basic educational program which 
includes demonstration of competencies for application of the superficial ther-
mal agent modalities.

114-005.01A1 An occupational therapy assistant may only set up and implement 
superficial thermal agent modalities under the onsite supervision of an occupational 
therapist certified to administer superficial thermal agent modalities.

114-005.01B Deep Thermal Agent Modalities: To receive a certification to apply 
deep thermal agents, a licensed occupational therapist must meet the following quali-
fications:

1. Successfully complete a minimum of 12 hours of Board approved training or its 
equivalent and pass an end of the course written or computer-based examina-
tion and a practical examination approved by the Board which tests compe-
tency in the use of deep thermal agent modalities. The training must include 
the following:

a. Theory and rationale for the application of therapeutic ultrasound;
b. Differentiation between the parameters for therapeutic ultrasound;
c. Current research trends in the utilization of ultrasound;
d. Clinical decision making in the determination of the appropriate treatment 

parameters for ultrasound;
e. Clinical procedures for the application of ultrasound;
f. Safe use of ultrasound, contraindications and precautions for treatment; 

and
g. Methods for maximizing therapeutic effect in the use of phonophoresis as 

a physical agent modality; OR
2. Be certified as a hand therapist by the Hand Therapy Certification Commission 

or other equivalent entity recognized by the Board. Any occupational therapist 
who bases their certificate on their hand therapist certification will receive cer-
tification for all three levels of PAMs; OR

3. Have a minimum of five years of experience in the use of the deep thermal agent  
modalities and pass the Nebraska PAMs Testing Service Examination titled 
Deep Thermal Agents; OR

4. Successfully complete education during a basic educational program which 
includes demonstration of competencies for application of the deep thermal 
agent modalities.

114-005.01C Electrotherapeutic Agent Modalities: To receive a certification to apply 
electrotherapeutic agent modalities, a licensed occupational therapist must meet the 
following qualifications:
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1. Successfully complete a minimum of 22 hours of Board approved training or its 
equivalent and pass an end of the course written or computer-based examina-
tion and a practical examination approved by the Board which tests competen-
cy in the use of electrotherapeutic agent modalities. The training must include 
the following:

a. Available parameters of electrical stimulation devices and the principles 
and concepts of electricity;

b. Physiological effects of electrical stimulation;
c. Therapeutic goals of electrical therapy;
d. Physiological events associated with electrical stimulation;
e. Distinguishing characteristic and indications and contraindications of 

electrical stimulation;
f. Physiological effects of various parameters of electrical stimulation (for 

example voltage, type, dosage, duty cycle, etc.);
g. Therapeutic relationship of electrotherapy with other therapeutic proce-

dures;
h. Clinical application of electrical stimulation in rehabilitation;
i. Clinical reasoning process used to determine selection of Neuromuscular 

Electrical Stimulation (NMES) and appropriate parameters;
j. Parameters of therapeutic electrical currents;
k. Biophysiological responses to electrical currents;
l. Indications and contraindications for NMES use;
m. Appropriate electrode placement for treatment protocols;
n. Clinical applications for iontophoresis;
o. Definition and differentiation of the clinical application of iontophoresis 

from phonophoresis;
p. Biophysiology and mechanism related to transdermal delivery of medica-

tion;
q. Common medications used in iontophoresis and their pharmacology;
r. Clinical decision making regarding iontophoresis, indications and precau-

tions;
s. The processes in pharmacokinetics: Absorption, distribution, and metabo-

lism;
t. The processes of pharmacodynamics as it pertains to routine drugs used 

in phonophoresis and iontophoresis;
u. Effects of physical agents, exercise, and manual techniques on pharmaco-

kinetics; and
v. The aging process as it relates to pharmacokinetics; OR
w. Other nationally recognized commercially available technologies; OR

2. Be certified as a hand therapist by the Hand Therapy Certification Commission 
or other equivalent entity recognized by the Board. Any occupational therapist 
who bases their certificate on their hand therapist certification will receive cer-
tification for all three levels of PAMs; OR

3. Have a minimum of five years of experience in the use of the electrotherapeu-
tic agent modalities and pass the Nebraska PAMs Testing Service Examination 
titled Electrotherapeutic Agents Test; OR

4. Successfully complete education during a basic educational program which 
includes demonstration of competencies for application of the electrotherapeu-
tic agent modalities.
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114-005.01D The Department will issue to each person who meets the requirements 
for a physical agent modality a certificate to administer PAMs.

114-005.01D1 The certification to apply PAMs will not expire.
114-004.01D2 The Department with the advice of the Board may discipline or deny 

a certificate to practice PAMs for any of the grounds pursuant to 172 NAC 114-011
114-005.03A Certification Examination Procedures: The Nebraska PAMs Testing 

Service Examination will be administered by the PAMs Practitioner Credentialing 
Agency (PAMPCA, LLC), 627 Crofton Park Lane, Franklin TN 37069-6515, (866) 341-4106 
or (615) 794-4106. The superficial thermal agents test is the only examination occupa-
tional therapy assistants are eligible to take. To register for an examination, the appli-
cant must register online at www.pampca.org for the Nebraska PAMs Testing Service 
Examination and select one of the following five testing options:

1. Superficial Thermal Agents Test;
2. Deep Thermal Agents Test;
3. Superficial and Deep Thermal Agents Test;
4. Electrotherapeutic Agents Test; or
5. Comprehensive Physical Agents Modalities Test (includes Superficial, Deep and 

Electrotherapeutic Agents Tests).
If an applicant fails to attain a passing score of 75%, the applicant will be allowed to 

take a second test. If an applicant fails to attain a passing score on the second attempt, 
the applicant will not be eligible to receive the physical agent modality certification 
based on five years’ experience and will need to obtain their certification through a 
Board approved training course pursuant to 172 NAC 114.005.01A, 172 NAC 114-005.01B, 
172 NAC 114-005.01C.

114.005.03B Examination Results: The applicant will receive a letter from PAMPCA 
informing them of their examination results upon the completion of one or a combina-
tion of one of the Nebraska PAMs Testing Service Examinations.

Effective Date NEBRASKA DEPARTMENT OF 172 NAC 114
July 31, 2012 HEALTH AND HUMAN SERVICES 14 (AOTA, 2021)

New Jersey
13:44K-5.1 Scope of Practice of a Licensed Occupational Therapist

7)  The utilization of PAMs, consistent with N.J.A.C. 13:44K-5.4, as an adjunct to, or in 
preparation for, purposeful activities to enhance occupational performance with 
which the licensee is familiar as a result of training and experience.

13:44K-5.4 Use of Physical Agent Modalities by a Licensed Occupational 
Therapist; Delegation to Licensed Occupational Therapy Assistant
a) A licensed occupational therapist may use PAMs as set forth in this section for 

the purpose of enhancing the functional performance of a client. For purposes 
of this section, “PAMs” shall mean those modalities that produce a biophysi-
cal response through the use of light, water, temperature, sound, electricity or 
mechanical devices.

b) A licensed occupational therapist may use superficial thermal agents, such 
as hydrotherapy/whirlpool, cryotherapy (cold packs, ice), Fluidotherapy, hot 
packs, paraffin, water, infrared light and other commercially available heating 
and cooling technologies and mechanical devices, such as vaso-pneumatic and 
continuous passive motion devices. 

www.pampca.org
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c) A licensed occupational therapist shall demonstrate competency, as provided in 
(e) or (f) below, prior to using any of the following advanced PAMs: Diathermy; 
high-voltage galvanic stimulation; micro current stimulation; transcutaneous 
electrical nerve stimulation; neuromuscular electrical stimulation; iontophore-
sis; therapeutic ultrasound; phonophoresis; and cold lasers. 

d) A provider of a training course in the use of advanced PAMs may obtain Council 
approval of the course upon submission of documentation verifying that the 
course satisfies the requirements set forth in (e) below. Council approval for a 
training course shall be valid for one year. Resubmission of course documenta-
tion shall be required for renewal of course approval and whenever a provider 
changes the course content of an approved training course. 

e) A licensed occupational therapist may use advanced PAMs if he or she has com-
pleted a Council-approved training course, which meets the following require-
ments: 
1) The training course shall include at least 30 hours of didactic instruction. 

For purposes of this subsection, “didactic instruction” means live, in-person 
instruction and may include interactive telephonic or electronic instruction, 
but shall not include videotaped or audiotaped instruction. The training 
course shall include: 
i) Four hours of training in the use of heat wave PAMs; 
ii) Sixteen hours of training in the use of electric wave PAMs;
iii)  Six hours of training in the use of sound wave PAMs; and 
iv) Four hours of training in the use of light wave PAMs; 

2) The training course shall include instruction in the following:
i)  Principles of physics related to specific properties of light, water, tempera-

ture, sound or electricity, as indicated by each modality; 
ii)  Physiological, neurophysiological and electrophysiological changes, as 

indicated, which occur as a result of the application of each modality; 
iii)  The response of normal and abnormal tissue to the application of each 

modality;
iv)  Indications or contraindications related to the selection and application 

of each modality; 
v)  Guidelines for educating clients, including instructing about the process 

and possible outcomes of treatment, including risks and benefits; 
vi) Safety rules and precautions related to each modality; 
vii)  Methods of documenting the effectiveness of the immediate and long-

term effects of treatment; 
viii)  Characteristics of the equipment, including safe operation, adjustment 

and care of the equipment; and 
ix) Hands-on application of each modality by each course participant.

Such instruction shall be provided in-person. Interactive telephonic or electronic 
instruction in the application of modalities shall not be permitted; and 

3)  The primary instructor of the course shall be a licensed occupational therapist, 
a licensed physical therapist, a licensed physical therapist assistant or a licensed 
physician. 
f)  A licensed occupational therapist may use advanced PAMs if he or she holds 

a current certification from the Hand Therapy Certification Commission or 
any other national organization that utilizes substantially similar certification 
standards. 
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g) A licensed occupational therapist shall retain documentation relating to his or 
her training in the use of advanced PAMs pursuant to (e) or (f) above and shall 
make such documentation available to the Council upon request. The documen-
tation shall include, if applicable: 
1) The name and address of the person or organization presenting the pro-

gram, workshop or seminar; 
2) The name and address of the facility where the program, workshop or semi-

nar was presented; 
3)  A copy of the program, workshop or seminar syllabus, which includes 

a detailed description of the learning objectives and teaching methods 
employed in the course and the qualifications of the instructor(s); and 

4) A certificate of completion from the program, workshop or seminar sponsor. 
h) A licensed occupational therapist may apply to the Council for approval of a 

course in the use of advanced PAMs that has not been pre-approved by the 
Council. The licensee shall submit the documentation set forth in (g) above to 
the Council for review. 

i) A licensed occupational therapist may delegate the application of the superfi-
cial thermal agent and mechanical device modalities set forth in (b) above to 
a licensed occupational therapy assistant consistent with the requirements of 
N.J.A.C. 13:44K-5.3. Delegation of the application of such modalities to anyone 
other than a licensed occupational therapy assistant shall be deemed profes-
sional misconduct and may subject a licensee to the penalties set forth in 
N.J.S.A. 45:1-21 et seq. 

j)   A licensed occupational therapist may delegate the application of the advanced 
PAMs set forth in (c) above to a licensed occupational therapy assistant con-
sistent with the requirements of N.J.A.C. 13:44K-5.5. Delegation of advanced 
PAMs to anyone other than a licensed occupational therapy assistant who has 
satisfied the requirements of N.J.A.C. 13:44K-5.5 shall be deemed professional 
misconduct and may subject a licensee to the penalties set forth in N.J.S.A. 
45:1-21 et seq. 

k)  A licensed occupational therapist who uses the advanced PAMs set forth in (c) 
above without having satisfied the requirements set forth in (e) or (f) above 
shall be deemed to have engaged in professional misconduct and may be sub-
ject to the penalties set forth in N.J.S.A. 45:1-21 et seq. 

l) A licensed occupational therapist who uses the advanced PAMs set forth in (c) 
above shall submit documentation verifying that he or she has obtained train-
ing in the use of advance PAMs that is substantially similar to the requirements 
set forth in (e) above on or before May 4, 2010. After May 4, 2010, a licensed 
occupational therapist shall meet the requirements set forth in (e) or (f) above 
in order to use advanced PAMs. 

m)  Notwithstanding the fact that a licensed occupational therapist is permitted to 
use advanced PAMs because he or she has satisfied the training requirements 
of this section, a licensed occupational therapist shall not use a specific physi-
cal agent modality device that he or she has not been trained to use until he 
or she is familiar with the device’s proper use and contraindications. Failure 
to comply with this section shall be deemed professional misconduct and may 
subject a licensed occupational therapist to the penalties set forth in N.J.S.A. 
45:1-21 et seq. 
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13:44K-5.5 Use of Physical Agent Modalities by a Licensed Occupational 
Therapy Assistant; Supervisor Responsibilities 
a) A licensed occupational therapy assistant may use the superficial thermal agent 

and mechanical device modalities set forth in N.J.A.C. 13:44K-5.4(b) under the 
supervision of a licensed occupational therapist consistent with the require-
ments of N.J.A.C. 13:44K-5.4. 

b)  A licensed occupational therapy assistant may use the advanced PAMs set forth 
in N.J.A.C. 13:44K-5.4(c) under the supervision of a licensed occupational thera-
pist consistent with the requirements of this section. 

c) Prior to using advanced PAMs, a licensed occupational therapy assistant shall 
have completed a training course that meets the requirements set forth in 
N.J.A.C. 13:44K-5.4(e). 

d) A licensed occupational therapy assistant shall use advanced PAMs only under 
the supervision of a licensed occupational therapist who has: 
1) Met the experience requirements of N.J.A.C. 13:44K-6.2(g); and 
2) Completed a training course that meets the requirements of N.J.A.C. 13:44K-

5.4
e) or who holds a current certification from the Hand Therapy Certification 

Commission or any other national organization that utilizes substantially simi-
lar certification standards consistent with the requirements of N.J.A.C. 13:44K-
5.4

f) A licensed occupational therapist shall supervise the use of advanced PAMs by 
a licensed occupational therapy assistant consistent with the following: 
1) The supervising occupational therapist shall provide close supervision, as 

defined in N.J.A.C. 13:44K-1.2, of the licensed occupational therapy assistant, 
during which time the occupational therapist shall directly observe the 
occupational therapy assistant’s application of each type of modality in a 
patient treatment setting no fewer than five times. Documentation of such 
supervision shall be maintained by the supervising occupational thera-
pist consistent with the requirements of N.J.A.C. 13:44K-6.2(h) and by the 
licensed occupational therapy assistant consistent with the requirements of 
N.J.A.C. 13:44K-6.3(c); 

2) Following the five instances of direct observation of the licensed occupa-
tional therapy assistant’s application of a particular type of modality, the 
supervising occupational therapist shall determine the level of supervision 
required of the occupational therapy assistant, consistent with the require-
ments of N.J.A.C. 13:44K-6.2(e).
i) Notwithstanding (e)2 above, the occupational therapist shall continue to 

provide close supervision for any occupational therapy assistant who 
has been engaged in the practice of occupational therapy for less than 
one year on a full-time basis, consistent with the requirements of N.J.A.C. 
13:44K-6.2(e); and 

3) The supervising occupational therapist shall satisfy all supervisor respon-
sibilities set forth in N.J.A.C. 13:44K-6.2. f) A supervising occupational 
therapist shall not delegate the close supervision of an occupational therapy 
assistant’s use of advanced PAMs, including the direct observation of the 
occupational therapy assistant’s application of the modalities, to anyone 
other than a licensed occupational therapist who has met the requirements 
of (d) and (e) above. 
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g)  A licensed occupational therapy assistant shall retain documentation relating 
to his or her completion of the training course and shall make such documenta-
tion available to the Council upon request. The documentation shall include, if 
applicable: 
1) The name and address of the person or organization presenting the course; 
2) The name and address of the facility where the course was presented; 
3) A copy of the course syllabus, which includes a detailed description of the 

learning objectives and teaching methods employed in the course and the 
qualifications of the instructor(s); and 

4) A certificate of completion from the course sponsor. 
h) A licensed occupational therapy assistant may apply to the Council for approval 

of a course in the use of advanced PAMs that has not been pre-approved by the 
Council. The licensee shall submit the documentation set forth in (g) above to 
the Council for review. 

i) A licensed occupational therapy assistant who uses advanced PAMs without 
having satisfied the requirements of this section shall be deemed to have 
engaged in professional misconduct and may be subject to the penalties set 
forth in N.J.S.A. 45:1-21 et seq.

j) Notwithstanding the fact that a licensed occupational therapy assistant is 
permitted to use advanced PAMs because he or she has satisfied the training 
requirements of this section, a licensed occupational therapy assistant shall 
not use a specific advanced physical agent modality that he or she has not 
been trained to use until he or she is familiar with the device’s proper use and 
contraindications, and until he or she has been directly observed under close 
supervision by a supervising occupational therapist in the application of the 
modality at least five times in a patient treatment setting. Following such direct 
observation, the licensed occupational therapy assistant may use the modality 
under the supervision of a licensed occupational therapist consistent with the 
requirements of (e)2 above. Failure to comply with this section shall be deemed 
professional misconduct and may subject a licensed occupational therapy 
assistant to the penalties set forth in N.J.S.A. 45:1- 21 et seq. (Occupational 
Therapy Advisory Council, 2019)

New Hampshire
Physical Agent Modalities
On October 1, 2005, every occupational therapist/occupational therapy assistant 

must have their PAM’s Certificate to use PAMs. There are no exceptions.
Failure to obtain Governing Board Certification will result in the occupational 

therapist/occupational therapy assistant having to discontinue to use PAM’s as part of 
their occupational therapy practice and be subject to disciplinary action by the Board. 
The use of PAMs without proper certification is a violation of the New Hampshire 
Occupational Therapy Practice Act Chapter 326-C:8.

 ӹ General Instructions: It will be helpful to download the specific Administrative Rule 
Occ 305 PAMs and refer to those when applying for and using PAMs.

 ӹ Education: See Phy 305.05 for Required Professional Education.
 ӹ All applicants must be able to provide evidence of having completed 6 hours of 

training in ultrasound modalities and 15 hours training in electrical stimulation 
modalities.
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There are no fees associated with this certification.
http://www.gencourt.state.nh.us/rules/state_agencies/occ100-500.html 

New Mexico
Statutes 61-12A-4: Occupational Therapy Services

(13)  Application of PAMs and use of a range of specific therapeutic procedures such as 
wound care management; techniques to enhance sensory, perceptual and cogni-
tive processing; and manual therapy techniques to enhance performance skills. 
(AOTA, 2021)

North Carolina
6. Use of Modalities by Occupational Therapists
The Occupational Therapy Practice Act does not specifically mention PAMs. 

Therefore, they are not specifically allowed or disallowed in occupational therapy 
practice. It is the opinion of the NC Board that an occupational therapist may use PAMs, 
in the course of their occupational therapy practice, so long as they are trained and 
competent to do so AND their competency has been demonstrated and documented, 
provided they are billing for occupational therapy services. It is also the opinion of 
the Board that an occupational therapy assistant may use PAMs, in the course of their 
occupational therapy practice, so long as they AND their supervising occupational 
therapist are trained and competent to do so AND their competency has been demon-
strated and documented, provided they are billing for occupational therapy services. 
The burden is on the occupational therapy practitioners to prove that they are compe-
tent to provide the treatment. (AOTA, 2021)

Ohio
4755.04 Occupational Therapist Definitions
As used in sections 4755.04 to 4755.13 and section 4755.99 of the Revised Code:

3)  Interventions and procedures to promote or enhance safety and performance in 
activities of daily living, education, work, play, leisure, and social participation, 
including, but not limited to, application of PAMs, use of a range of specific thera-
peutic procedures to enhance performance skills, rehabilitation of driving skills to 
facilitate community mobility, and management of feeding, eating, and swallowing 
to enable eating and feeding performance;

(6)  Administration of topical drugs that have been prescribed by a licensed health 
professional authorized to prescribe drugs, as defined in section 4729.01 of the 
Revised Code. (AOTA, 2021)

South Dakota
(8) “PAMs,” modalities that produce a biophysiological response through the use 

of light, water, temperature, sound, or electricity, or mechanical devices. PAMs 
include:
(a) Superficial thermal agents such as hydrotherapy/whirlpool, cryotherapy (cold 

packs/ice), Fluidotherapy, hot packs, paraffin, water, infrared, and other com-
mercially available superficial heating and cooling technologies;

http://www.gencourt.state.nh.us/rules/state_agencies/occ100-500.html
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(b)  Deep thermal agents such as therapeutic ultrasound, phonophoresis, and other 
commercially available technologies;

(c)  Electrotherapeutic agents such as biofeedback, neuromuscular electrical stimu-
lation, functional electrical stimulation, transcutaneous electrical nerve stimu-
lation, electrical stimulation for tissue repair, high-voltage galvanic stimulation, 
and iontophoresis and other commercially available technologies;

(d)  Mechanical devices such as vasopneumatic devices and CPM (continuous pas-
sive motion).

SD Codified Law 36-31-6 states: 
(6) Certification: In order to apply PAMs as defined in § 36-3-1, an occupational thera-

pist or occupational therapist assistant shall be qualified pursuant to this subdivi-
sion, as follows:
(a)  Has successfully completed twenty-five hours of AOTA or American Physical 

Therapy Association approved education covering PAMs and completed a 
supervised mentorship to include five case studies on each class of modality to 
be incorporated into patient care; 

(b)  Is certified as a hand therapist by the Hand Therapy Certification commission 
or other equivalent entity recognized by the board; or 

(c)  Has completed education during a basic occupational therapy educational pro-
gram that included demonstration of competencies on each class of the PAMs.

https://sdlegislature.gov/Statutes/Codified_Laws/2061082 

Tennessee
Physical Agent Modality: Content Documentation
Electrical Stimulation Certification
The Occupational Therapy Rules require 25 hours of didactic and laboratory expe-

riences, which include five treatments on clinical patients to be supervised by licens-
ees who hold certification or by a physical therapist.

Please list courses/programs. For each, indicate the total number of hours that you 
would like the Board to consider, the number of hours to be counted toward the specific 
content requirements, and the topic areas that were covered in each course/program. 
Use the letters of the following list to identify required topics.
A. Standards – topics must include:

1) The expected outcome or treatments with therapeutic electrical current (TEC) 
must be consistent with the goals of treatment;

2) Treatment of TEC must be safe, administered to the correct area, and be of 
proper dosage.

B. Correct dosage and mode – topics must include:
1) Ability to determine the duration and mode of current appropriate to the 

patient’s neurophysiological status while understanding Ohm’s law of electric-
ity, physical laws related to the passage of current through various media, as 
well as impedance;

2) Ability to describe normal electrophysiology of nerve and muscle; understand-
ing generation of bioelectrical signals in nerve and muscle; retirement of motor 
units in normal muscle and in response to a variety of external stimuli;

https://sdlegislature.gov/Statutes/Codified_Laws/2061082
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3) Ability to describe normal and abnormal tissue responses to external electrical 
stimuli while understanding the differing responses to varieties of current dura-
tion, frequency and intensity of stimulation.

C. Selection of method and equipment – topics must include:
1) Ability to identify equipment with the capability of producing the pre-selected 

duration and mode;
2) Ability to describe characteristics of electrotherapeutic equipment;
3) Ability to describe safety regulations governing the use of electrotherapeutic 

equipment;
4) Ability to describe principles of electrical currents;
5) Ability to describe requirements/idiosyncrasies of body areas and pathological 

conditions with respect to electrotherapeutic treatment.
D. Preparation of treatment – topics must include:

1) Ability to prepare the patient for treatment through positioning and adequate 
instructions;

2) Ability to explain to the patient the benefits expected of the electrotherapeutic 
treatment.

E. Treatment administration – topics must include:
1) Ability to correctly operate equipment and appropriately adjust the inten-

sity and current while understanding rate of stimulator, identification of motor 
points, and physiological effects desired;

2) Ability to adjust the intensity and rate to achieve the optimal response, based 
on the pertinent evaluative data.

F. Documentation of treatments – topic must include:
1) Ability to document treatment including immediate and long-term effects of 

therapeutic current.

Thermal Agents Certification 
The Occupational Therapy Rules require twenty (20) hours of didactic and labora-

tory experiences, which include ten treatments on clinical patients to be supervised by 
licensees who hold certification or by a physical therapist. 

Please list courses/programs. For each, indicate the total number of hours that you 
would like the Board to consider, the number of hours to be counted toward the specific 
content requirements, and the topic areas that were covered in each course/program. 
Use the letters of the following list to identify required topics. 
A. Standards – topics must include: 

1) The expected outcome or treatments with thermal agents must be consistent 
with the goals of treatment; 

2) Treatment with thermal agents must be safe, administered to the correct area, 
and be the proper dosage; 

3) Treatment with thermal agents must be adequately documented. 
B. Instrumentation – topics must include: 

1) Ability to describe the physiological effects of thermal agents as well as differ-
entiate tissue responses to the various modes of application; 

2) Ability to select the appropriate thermal agent considering the area and condi-
tions being treated; 

3)  Ability to describe equipment characteristics, indications, and contraindica-
tions for treatment, including identifying source and mechanisms of generation 
of thermal energy and its transmission through air and physical matter. 

C. Preparation for treatment – topics must include: 
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1) Ability to prepare the patient for treatment through positioning and adequate 
instruction; 

2) Ability to explain to the patient the benefits expected of the thermal treatment. 
D. Determination of dosage – topics must include: 

1) Ability to determine dosage through determination of target tissue depth, stage 
of the condition (acute vs. chronic), and application of power/dosage calculation 
rules as appropriate. 

E. Treatment administration – topics must include: 
1) Ability to administer treatment through identification of controls, sequence of 

operation, correct application techniques and application of all safety rules and 
precautions.

F. Documentation of treatments – topics must include: 
1) Ability to document treatment including immediate and long-term effects of 

thermal agents.
https://www.tn.gov/content/dam/tn/health/documents/OT_Modality_Application.pdf 

Utah
58-42a-101 Title. This chapter is known as the “Occupational Therapy Practice Act.” 

Enacted by Chapter 240, 1994 General Session 

58-42a-102 Definitions
(b) “Practice of occupational therapy” includes: 

(i) establishing, remediating, or restoring an undeveloped or impaired skill or abil-
ity of an individual; 

(ii)  modifying or adapting an activity or environment to enhance an individual’s 
performance; 

(iii)  maintaining and improving an individual’s capabilities to avoid declining per-
formance in everyday life activities; 

(iv)  promoting health and wellness to develop or improve an individual’s perfor-
mance in everyday life activities; 

(v)  performance-barrier prevention for an individual, including disability preven-
tion; 

(vi)  evaluating factors that affect an individual’s activities of daily living in educa-
tional, work, play, leisure, and social situations, including:

(L)  applying PAMs, managing wound care, and using manual therapy techniques 
to enhance an individual’s performance skills, if the occupational therapist has 
received the necessary training as determined by division rule in collaboration 
with the board. (AOTA, 2021)

West Virginia
2.7. “Mechanical modalities” means the therapeutic application of various forms of 

mechanical energy to the body, including traction and intermittent pneumatic com-
pression (does not include spinal traction). 

https://www.tn.gov/content/dam/tn/health/documents/OT_Modality_Application.pdf
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2.8. “Modality” means the employment of or the method of employment of a therapeu-
tic agent. 

2.9. “Physical Agent Modality (PAM)” means those modalities that produce a response 
in soft tissue through the use of light, water, temperature, sound, or electricity, and 
are used as an adjunct to or in preparation for purposeful activity. 

2.10. “Superficial physical agent modality” means hot packs, cold packs, ice, 
Fluidotherapy, paraffin, water, and other commercially available superficial heat-
ing and cooling devices.

§13-5-3. Physical Agent Modalities in Occupational Therapy
3.1. PAMs may be used by occupational therapy practitioners when used as an adjunct 

to/or in preparation for purposeful activity to enhance occupational performance. 
3.2. An occupational therapist may not delegate evaluation, reevaluation, treatment 

planning, and treatment goals for PAMs to an occupational therapy assistant. 
3.3. Occupational therapy assistants and students of occupational therapy shall use 

modalities and techniques only when the individual has received the theoretical 
and technical preparation necessary for safe and appropriate integration of the 
intervention in occupational therapy. 

3.4 When an occupational therapist delegates the use of modalities to an occupational 
therapy assistant or student, both shall: 
3.4.a. Comply with appropriate supervision requirements as defined in ß13-1-2; and
3.4.b. Assure that their use is based on service competency. 

§13-5-4. Competency Requirements for Occupational Therapy Assistants in 
the Use of Physical Agent Modalities 

4.1. To promote the safe provision of occupational therapy, this section sets forth the 
requirements that must be met before an occupational therapy assistant may apply 
PAMs.

4.2. Occupational therapy assistants may apply superficial thermal and mechani-
cal modalities including, but not limited to, hot packs, cold packs, paraffin, 
Fluidotherapy, and icing, under the general supervision of an occupational thera-
pist, consistent with ACOTE standards for an educational program for occupa-
tional therapy assistants. Requirements which must be met before an occupational 
therapy assistant may apply PAMs. 

4.3. Any occupational therapy assistant who wishes to utilize advanced practice occu-
pational therapy techniques involving deep thermal or electrical modalities under 
the general supervision of an occupational therapist, must maintain documented 
evidence of possessing the theoretical background and technical skills for safe and 
competent use. 

4.4. The occupational therapy assistant is responsible for proving competency in the 
use of specific modalities and techniques. 

4.5. Competency may be displayed through documented educational programs which 
include a method of evaluation and testing the knowledge of the occupational 
therapy assistant, including, but not limited to: 
4.5.a. Accredited educational programs; 
4.5.b.  Specific certification as endorsed by the AOTA or its successor, or as 

approved by the WVBOT; 
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4.5.c.  Successful completion of an appropriate continuing education course which 
includes theory, indications, contra-indications and applications.

4.6. Training shall be completed prior to the use of the specific modality. Documentation 
of training shall be made available to the Board upon request. 
4.6.a.  The Board shall conduct random audits of occupational therapy assistants 

to substantiate competency in PAMs. (Competency Standards for Advanced 
Practice by Occupational Therapists and Occupational Therapy Assistants, 
2010)

Wisconsin
OT 4.02 Scope of Practice

(1) “Occupational therapy,” as defined at s. 448.96 (5), Stats., may include the following 
interventions:
(f) Application of PAMs. Application is performed by an experienced therapist with 

demonstrated and documented evidence of theoretical background, technical 
skill and competence.

Note: An example of standards for evaluating theoretical background, technical 
skill and competence is the position paper on PAMs issued by the AOTA. (AOTA, 2021)
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Learning Objectives
1. Identify the phases of wound healing and the physiological characteristics 

of each phase. 
2. Describe the anatomy of the skin.
3. List the classification systems describing pressure ulcers and wounds.
4. Identify the factors which influence or impair the healing process.
5. Discuss the clinical decision making in assessing wounds and wound healing.
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Terminology
•	 Approximation
•	 Dermis
•	 Epidermis
•	 Epithelialization
•	 Fibroblasts
•	 Full thickness

•	 Granulation tissue
•	 Hypertrophic scar
•	 Inflammation
•	 Keloid
•	 Partial thickness
•	 Picture frame

•	 Proliferation
•	 Purulent
•	 Remodeling
•	 Serosanguineous
•	 Serous
•	 Wound classification

Box 3-1. Definitions

Angiogenesis: Process of new cell growth or budding, producing blood vessels 
during the granulation phase of wound healing.

Collagen: Protein that is the main component of many major parts of the body and 
wound healing.

Contraction: Bringing together of wound edges causing the wound size to become 
smaller.

Exudate (drainage): Fluid from the wound that can be serous (clear, thin watery 
plasma), sanguineous (fresh bleeding in deep, full-, and partial-thickness wounds), or 
purulent drainage (“milky” thick liquid in appearance, can be green, yellow, brown, or 
white in color, often a sign of infection).

Fibroblast: Cell that produces collagen providing connective tissue matrix for 
healing.

Granulation tissue: Red healthy connective tissue with good blood flow that will 
continue to heal.

Ischemia: Loss or deficiency of blood to an area.

Maceration: Softening, whiteness, and breaking down of skin resulting from 
prolonged exposure to moisture.

Necrotic tissue (slough and eschar): Nonviable, dead tissue found in the wound bed 
secondary to loss of blood flow. Dry, black, brown, or leathery looking. Slough is dead 
tissue, cream or yellow in color, stringy (which adheres to the wound bed). Eschar is 
dry, black, hard necrotic tissue.

Osteoblast: Cell that secretes collagen matrix of bone.
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The process of wound or tissue healing is a complex, dynamic sequence of events 
in which the body attempts to replace injured or damaged tissue and structures. 
Wound healing occurs at a cellular and systemic level and is paramount to function 
and therapeutic intervention. Wound healing has been described as consisting of three 
or four distinct phases. Some authors describe three phases as inflammatory, prolif-
eration, and maturation (Gilmore, 1991). Some researchers have added the phase of 
hemostasis to the inflammatory phase, proliferation phase, and maturation phase. For 
ease in understanding the underlying concepts, these phases will be discussed as a 
series of singular events. These phases are dynamic, and though sequential in nature, 
overlap each other with parts of the injury or wound in one phase while other areas 
may be progressing to a more developed cellular phase, such as maturation. An under-
standing of the physiological and histochemical process of healing and its phases is 
critical because the interventions and modalities we use and apply in treatment affect 
this process and influence patient outcomes.

An important component and goal of any occupational therapy intervention is to 
decrease pain following an injury, illness, or disease. Although the patient’s pain is 
one of the outward expressions of the clinical condition, it is important to remember 
that pain is a symptom and that the underlying dysfunction or problem lies in the fun-
damental client factors that affect the patient’s occupational performance. Unless we 
determine the primary cause and address the underlying problem (including pain), we 
are merely compensating for a loss of function or masking the symptoms. Often, many 
of the conditions that we treat have pain as a component and involve the musculoskel-
etal system with concurrent damage to soft tissue structures. It is crucial that clini-
cians understand the individual’s function as well as the underlying dysfunction and 
client factors involved in the clinical condition to determine appropriate interventions 
and timing of those interventions and forces applied. Determining which therapeutic 
modality to use is based on several considerations including the tissue involved; the 
depth of the tissue and injury; the mechanism of injury and forces applied; the stage of 
healing; the patient’s input related to goals, objectives, preference, and tolerance; the 
therapeutic goals; and the impact of the potential physical agents and interventions on 
the biophysiological effects. A thorough understanding of the process of tissue healing 
is crucial to facilitate clinical reasoning and application of physical agent modalities 
(PAMs). Using PAMs will affect the healing process, and by doing so, manipulate the 
unique client factors that affect occupational performance, and which can facilitate 
healing. 

The Healing Process
Injury to a highly vascularized part of the body leads to a series of interconnected 

events known as inflammation and repair. The sequence of events that occur after an 
injury are the body’s attempt to control the negative effects of the injury and to return 
the affected tissue to a normal state. An understanding of the tissue healing process 
and an appreciation of the sequence of events that occurs following injury are neces-
sary to be able to determine appropriate interventions and technologies that may facili-
tate healing and positively influence the process. Wound healing is a complex process 
involving myriad events and is influenced by both physical and psychological compo-
nents. Initial insult or injury to the body causes a series of physiologic responses that 
are overlapping and sequenced, ultimately resulting in normal healing and return of 
function (Figure 3-1). 
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The healing process has been arbitrarily divided into three phases, and at times 
four, that are not distinct but overlap with one another and include inflammation, 
repair/regeneration (proliferation), and maturation. The process of healing is not 
linear, and the progression of healing depends on both intrinsic and extrinsic forces 
that affect the tissue. Though there is variability within each patient, the three phases 
provide a framework for the healing process and facilitate clinical reasoning in deter-
mining appropriate interventions and grading the amount and level of activity or 
force that should be applied during the therapeutic process. A primary goal is to have 
viable tissue and a healed wound with functional return, but not all tissue regenerates 
into normal tissue. When healing is negatively affected, the process of scar forma-
tion occurs, with scar tissue taking the place of healing tissue while providing tensile 
strength to the injured area. However, scar tissue is devoid of physiological function 
and will result in a repair that may become tight or disfiguring, negatively affecting 
movement or organ function. Uncontrolled healing in the hand can be particularly 
problematic, leading to a nonfunctional hand. Influencing wound healing depends on 
the clinician’s understanding of the repair process and the factors that affect the pro-
cess, as well as clinically reasoning through interventions and technologies that may 
impact the outcome (Figure 3-2). 

Skin Anatomy
The skin is composed of two primary layers: The epidermis and the dermis. The 

skin is the largest organ of the body and functions as a barrier between the body 
and the external environment. The epidermis is approximately 0.04 mm thick, and 
the dermis is approximately 0.5 mm thick. The epidermis is the outer epithelial layer 
that provides a protective barrier to injury, contamination, and light. The epidermis is 
avascular and functions to prevent dehydration of the underlying tissues. The dermis 
is vascularized and composed of collagen and elastin fibrous connective tissues that 
give the skin its strength and resilience. The vascular supply of the dermis also nour-
ishes the epidermis and is responsible, in part, for regulating body temperature. Hair 
follicles, sebaceous glands, and sweat glands are in the dermis and help to provide the 

Normal wound healing consists of three overlapping phases

5 10
In�ammation

(4 – 6 days)
Proliferation
(4 – 24 days)

Remodeling
(21 days – 2 years)

15 20 25 30 35

Figure 3-1. The wound healing process. (Reproduced with permission from WoundEducators.com INC. 
[2021]. The phases of wound healing. Retrieved from www.woundIQ.com.)
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secretions that lubricate and keep the skin soft and flexible. Nerve endings are also 
located in the dermis, along with the mechanoreceptors for pain, touch, heat, and cold. 
Subcutaneous layers consisting of fat tissues and connective tissues are located below 
the dermis. These subcutaneous layers protect the underlying tissue and provide insu-
lation, support, and cushioning to withstand pressure and stress.

Skin is the most frequently injured tissue of the body. Skin thickness and appear-
ance will vary according to the anatomical site. We often experience scratches, bruis-
ing, and mild burns to the skin that are healed by the process of epidermal regenera-
tion. In normal skin, there is a balance between the rate of cell division and growth and 
differentiation. Following an injury, the normal homeostasis is disrupted and the body 
attempts to heal the affected area (Chang et al., 2006; Read & Watt, 1988). As part of 
the process, special cells respond to the injury by producing a collagenous glue called 
granulation scar tissue. Maintaining the homeostasis of our skin depends on our body’s 
ability to sense a disruption to the skin or underlying structure, alert the appropriate 
cells to action, and oversee the sequence of repair without complications. 

Our bodies are composed of 14 different types of collagen. Mature scar tissue is 
formed from type-I collagen; however, the greatest contribution to the healing process 
is its ability to imitate the structure of other collagen types. The scar formed in dense 
tissue “senses” the need for strength and attempts to mimic the surrounding tissue 
structure. Likewise, a scar filling a defect in loose, flexible tissue will change in its last 
phase of healing to reproduce, as much as possible, those physical characteristics. 
Thus, in response to certain internal and external influences, scar tissue does differ-
entiate to become quasi-specific to the surrounding tissue (Steenvoorde et al., 2006; 
Figures 3-3 and 3-4).

Wound Classification
There are several wound classification systems used to describe the etiology and 

severity of a wound. The most common classifications used by occupational thera-
pists are from the National Pressure Injury Advisory Panel (NPIAP), which is based 
on the tissue layers and depth of tissue destruction (Van Rijswijk, 1995), and Marion 

Figure 3-2. Hypertrophic and keloid 
scarring in the upper extremity.
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Figure 3-3. Illustration of human skin that includes layered epidermis with hair follicle, sweat, and 
sebaceous glands, and the dermis, epidermis, and hypodermis. (MicroOne/Shutterstock.com.)

Figure 3-4. Skin is the most frequently injured 
tissue of the body. Initial traumatic injury to the 
dorsal aspect of the hand.
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Laboratories red/yellow/black color system, which is based on wound color (NPIAP, 
1989; Wagner, 1981). Some clinical conditions, such as spinal cord injuries, have a high-
er incidence of pressure ulcer occurrence and require the occupational therapist and 
health care team to appreciate the unique circumstances and context of the patient for 
prevention and treatment (Clark et al., 2006; Reddy et al., 2006). 

Pressure Ulcers: Four-Stage System
The NPIAP pressure ulcer staging system is most frequently used to classify ulcers. 

This system of classification is recommended for use with wounds caused by pressure 
or tissue perfusion such as diabetic neuropathic ulcers (Bergstrom, 1994). The NPIAP 
classification uses a four-stage system that describes pressure ulcers by anatomic 
depth and the soft tissue layers that are involved. Pressure ulcers are often referred to 
as bedsores, decubitus ulcers, or pressure sores. Pressure ulcers are caused by localized 
areas of tissue necrosis, which are often associated with compression between a bony 
prominence and an external surface for an extended period. The four-stage system is 
commonly used to describe wound severity and to establish treatment protocols and 
interventions (Eager, 1997; Shea, 1975). A primary difficulty inherent in the stage sys-
tem of wound classification is that identification of the wound cannot be done if the 
area is covered by eschar or necrotic tissue until it is removed. Staging of the wound 
should be used only as a diagnostic tool to describe the severity of the wound, not the 
healing of the wound (Ankrom et al., 2005; Krasner & Weir, 1997)

Depth of Tissue Involvement
Wounds can also be classified according to the depth of the tissue involved and the 

thickness of the skin loss—partial or full thickness. This classification system is most 
often used for skin tears, donor sites, surgical wounds, and burns. Partial-thickness 
wounds involve the epidermal layer and may include the superficial layer of the dermis 
but do not extend through the dermis, the second layer of the skin. Partial-thickness 
wounds heal by regeneration, known as epithelialization, and may be characterized by 
a crust or covering consisting of blood and debris particles.

Because of their superficial nature, partial-thickness wounds heal faster than full-
thickness wounds. Partial-thickness wounds are shallow, moist, and may be painful 
due to the loss of the epidermal coverings with exposure of the nerve endings. The 
wound base often appears as bright pink/red. By contrast, full-thickness wounds 
involve the epidermis, dermis, and subcutaneous tissues. Subcutaneous tissue wounds 
may extend into muscles, fascia, tendons, and bone, depending on the depth of injury. 
Full-thickness wounds may involve necrotic tissue or infection. Full-thickness wound 
healing is a complex process often referred to as secondary intention healing. This 
process consists of three phases: Inflammatory, proliferative, and remodeling. These 
phases of the healing process are not singular events and may overlap. Full-thickness 
wounds heal by secondary intention, which involves fibroplasia or the formation of 
granulation tissue with contraction of the wound (Benbow, 2006; Bielecki et al., 2006; 
Figure 3-5).

Red/Yellow/Black Wound Classification
Wounds that are classified according to their surface color are described using 

the three-color concept of red, yellow, or black. This system is frequently used in the 
clinic due to its simplicity. Red wounds are clean, healing, and granulating appropri-
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ately without complications. The goal is to provide a moist wound environment and 
minimize any damage to the newly formed tissue. Yellow wounds may indicate the pos-
sibility of infection and the need for debridement and cleaning of the area. Yellow may 
also indicate the presence of necrotic tissue. The yellow tissue contains devitalized 
slough, or fibrous exudate, which can promote bacterial growth and infection. The goal 
of treatment at this stage is to remove the exudate and debris. Black wounds indicate 
the presence of necrotic or dead tissue, which provides a medium for bacterial growth 
and proliferation (Figure 3-6).

Figure 3-5A. Initial injury, partial-
thickness wound.

Figure 3-5B. Healing partial-
thickness wound, 5 days post-injury.
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A black wound requires cleaning and debridement of the area and is often encoun-
tered with full-thickness leg/foot ulcers and in patients with gangrene or deep burns. 
Rarely are wounds exclusively one color, and most manifest all three colors depending 
on the amount of necrotic tissue as well as systemic and local influences on the heal-
ing process (Acha et al., 2005; Eager, 1997; Fowler et al., 1999; McGuiness et al., 2005).

Wound Closure
Healthy wounds follow a logical progression of healing in a timely fashion. However, 

external factors (e.g., trauma) or compromised systems and comorbidities (e.g., diabe-
tes) may cause complications and negatively affect the healing process. Other factors 
that may have a negative effect on the healing process include mechanical injury, 
infection, edema, ischemia/necrotic tissue, various topical agents, low oxygen tension, 
and foreign bodies. Regional factors that affect the process of healing include arterial 
insufficiency and neuropathy (Box 3-2).

There are three types of surgical wound healing: Primary closure, secondary clo-
sure, and delayed primary closure. Primary (or intention) closure refers to wounds that 
occur when full-thickness surgical incisions or acute wound edges are approximated 
and sutured together. Primary closure is most often used when there is minimal skin 
loss and the acute wound edges can be approximated or apposed and aligned together 
(Mosti, 2013; Figure 3-7). 

Secondary closure is used on wounds that are open, large, and full thickness. 
Secondary wounds are left open following surgery and display soft tissue loss. The 
healing process with secondary wounds takes longer because the area is allowed to 
heal by production of connective tissue (scar). Delayed primary closure (or tertiary 
intention) occurs when the wound is initially left open for a short period of time fol-
lowed by approximation and closure of the wound. Delayed primary closure most often 
occurs in complex wounds that may be contaminated or may develop infection during 
the acute phase of the healing process (Hermann et al., 1988; Kuroyanagi, 2006; Melis 
et al., 2006; Walters et al., 1990).

In general, the normal healing process in a surgical wound should take approxi-
mately 4 weeks, at which point the area should display granular tissue and be covered 

Figure 3-6. Wound ready for 
debridement followed by skin graft. 
Notice varying colors of the wound. 
The black eschar is nonviable and 
will be removed.
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with epithelial tissue. The wound healing process and rate of healing can be affected 
by the patient’s age, underlying and associated systemic conditions, nutritional status, 
tissue perfusion, and vascularity. Infections within the wound also affect the healing 
process negatively, slowing collagen production. Dry wounds are at a disadvantage 
with regard to the rate of healing. Moist wounds heal at a quicker rate because the 
moist environment facilitates epithelialization and reduces crust or scab formation 
(Bluebelle Study Group et al., 2017). Epidermal cells require a moist surface to migrate 
across the wound surface. There are a wide variety of dressings that can facilitate the 
healing process and the reader is encouraged to explore the options available (Bolton 
& van Rijswijk, 1991; Hermans & van Wingerden, 1990; Poulsen et al., 1991).

Phases of Normal Wound/Tissue Healing 
In a healthy individual, the body’s response to an injury is well ordered and 

sequenced, though the stages of repair may overlap. The healing process has been 
described as having either three or four phases, based on whether epithelialization 
is viewed as a distinct phase of repair or is included under the phase of proliferation 

Box 3-2. Barriers to Healing
•	 Low blood oxygen content
•	 Infection
•	 Lack of perfusion
•	 Sustained pressure
•	 Malnutrition
•	 Systemic disease (e.g., diabetes)
•	 Prescription immunosuppressants

Figure 3-7. Primary wound closure 
where the wound edges are brought 
together and sutured.
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and/or if hemostasis is identified as distinct from the inflammatory phase. Simply put, 
there are three primary phases of healing: Inflammation, proliferation, and maturation. 
These phases of healing are not sequential, linear events, but are overlapping and 
dynamic. The initial phase of healing is the inflammatory phase, which initiates the 
process of healing. The proliferative phase is characterized by histochemical changes 
initiating fibroplasia and the re-epithelization of the wound. The maturation phase is 
when remodeling occurs and is characterized by continued fibroblastic activity and 
deposition of collagen synthesis and lysis leading to the final outcome of the tissue 
(Cooper, 1990; Hunt & Hussain, 1994; Kloth & McCulloch, 1995; Reed & Zarro, 1990).

Phase 1: Inflammatory Phase
The inflammatory phase of healing is the body’s initial response to an injury. 

Inflammation of tissue can occur following injury, surgery, trauma, infection, allergic 
reactions, or disease. With an injury or lesion, blood flows into the injury site. Clotting 
and vasoconstriction (hemostasis) occur at the initial time of injury and decrease 
blood loss. The inflammatory response is both vascular and cellular and is the body’s 
way of ridding itself of bacteria, foreign matter, and dead tissue as blood and other his-
tochemicals flow into the injured area. The inflammatory response occurs quickly and 
is associated with changes in skin color (red, blue, purple), temperature (heat), turgor 
(swelling), sensation (pain), and may include a loss of function. Acute inflammation 
begins immediately at the time of the injury. The acute inflammatory phase lasts for up 
to 72 hours and is completed within 7 days, though a subacute phase of inflammation 
may continue for approximately 2 weeks (Harding, 1990; Table 3-1).

The primary response to a surgical or traumatic injury is hemostasis, during which 
the body seals off ruptured blood vessels in an attempt to stop and limit bleeding. 
Platelets play a primary role in hemostasis, characterized by vascular changes at 
the site of injury in order to compartmentalize the injury and prevent further tissue 
damage and bleeding. Vasodilation, which happens almost immediately, causes an 
increased blood flow to the injured area and contains inflammatory cells and factors 
that debride the devitalized tissue in the area and also fight infection (Han & Ceilley, 
2017). Vasoconstriction occurs with a cascade of events and platelet aggregation along 
the endothelium of the injured blood vessel. These platelets release vasoconstrictive, 
chemotactic cytokines and hormones or growth-promoting substances such as plate-
let-derived growth factor and transforming growth factor beta, which facilitate the for-
mation of fibrin clots, preventing excessive hemorrhage or bleeding (Kiritsi & Nystrom, 
2017). Neutrophils cleanse the wound of bacteria and necrotic tissue within the first 
48 hours followed by macrophages, which break down injured tissue and bacteria and 
release cytokines that stimulate endothelial cell proliferation and angiogenesis.

Table 3-1. Local and Systemic Indices of Inflammation
Local Signs Systemic Signs

•	 Redness
•	 Swelling
•	 Heat
•	 Pain

•	 Fever
•	 Leukocytosis
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Vasodilation causes an increased blood flow to the wound, accompanied by the 
necessary inflammatory cells and factors that fight infection and debride the wound of 
devitalized tissue. The release of vasoactive substances, such as histamine and pros-
taglandins, as well as stimulation of local sensory nerve endings, causes a local reflex 
action leading to vasodilation and increased permeability (Bryant, 1977). This produces 
vasocongestion and leakage of the serous fluid into the wound bed, causing the wound 
to become erythematous, edematous, and warm with exudate. Vasodilation and leakage 
into the wound area continues for several days. Leukocytes or white blood cells also 
migrate to the area. Neutrophils migrate through the blood vessel walls to phagocy-
tose bacteria and other foreign contaminants. Leukocyte migration occurs within 20 
minutes after the initial insult. Monocytes are converted into macrophages entering 
the tissue by day 2. Macrophages are critical for wound healing and engulf the bacteria 
and debris, cleaning the wound and breaking down necrotic tissue. Macrophages play 
an important role in the healing process—secreting growth factors and mediating the 
formation of blood vessels via angiogenesis (Flanagan, 1996). Chemical changes in the 
tissue are due in part to the histamine released by the mast cells and the prostaglandin, 
which is released by the injured cell membrane (Hardy, 1989). The blood serum con-
tains proteolytic enzymes, which degrade necrotic tissue at the wound site and assist 
in cleaning the wound bed, further facilitating the healing process.

The process of inflammation is vital to the healing process, and a balance must be 
achieved to ensure appropriate and timely healing (Schneider et al., 2007; Table 3-2). 
Platelets also play a key role in hemostasis and inflammation by coordinating immune 
cell recruitment and activation. Excessive inflammation caused by platelets may cause 
inflammatory tissue damage due to overproduction of proinflammatory mediators, 
vascular leakage, and neutrophil extracellular traps (Nurden, 2018). The fluid flowing 
into the area causes edema and triggers the process of inflammation. Blood vessels 
dilate in response to the histamine release, with blood and serous transudate causing 
the injured area to become red, hot, swollen, and painful. The edema fills the wound, 
binding the structures together. The edema, which is high in fibrinogen, can mature 
into a dense scar if not adequately resolved, which is why we avoid excessive swelling/
edema in an injury. If too little inflammation occurs, the healing response is slowed or 
delayed; if too much inflammation occurs, excessive scar tissue is produced, which 
may limit range of motion and function. Excessive activity can lead to inflammation-
mediated tissue damage, highlighting the need to balance the platelet response at the 
intersection of hemostasis and inflammation (Jenne & Kubes, 2015; Kim et al., 2017; 
Box 3-3). 

Table 3-2. Sequence of the Inflammatory Response
Vasodilation Occurs in Response to Tissue Injury

•	 Tissues become red and warm.

Capillary Permeability Increases

•	 Exudate flows into the injured tissues.
•	 Tissues become swollen.
•	 Blood clot forms.

Leukocytes Accumulate at the Injury Site (Leukocytosis)

•	 Phagocytosis occurs.
•	 Cellular repair begins.
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Phase 2: Proliferative Phase 
There are several different terms used to describe the proliferative phase of 

recovery, including fibroblastic phase, granulation, and epithelialization phase. In the 
proliferative phase of healing, the area of damage is filled with new connective tissue 
and the wound is covered with new epithelium. The primary components of this phase 
of healing are granulation, epithelialization, and wound contraction with an attempt 
to repair the injured or damaged tissue. This process begins approximately 3 to 5 
days after injury and overlaps the inflammatory phase, continuing until the wound is 
healed, which takes approximately 3 weeks. Epithelialization occurs through a series 
of events, including mobilization, migration, proliferation, and differentiation. Wound 
contraction is also occurring with the formation of red granulation tissue, which con-
sists of newly formed collagen and blood vessels (Messer, 1989). Granulation tissue 
fills in the wound site, binding and protecting the area. Wound contraction decreases 
the size of the affected area and begins approximately 5 days after the injury, peaking 
at approximately 2 weeks. The process of wound contraction closes the wound, result-
ing in a smaller area requiring repair by scar formation. Wound contraction should be 
complete approximately 2 to 3 weeks after the injury. 

Key components of the proliferative phase of wound healing include the laying 
down of a collagen and extracellular matrix, which assists in repair, wound contrac-
tion, and a new network of blood vessels and vascularization necessary for cellular 
nutrition and oxygenation (Yip, 2015). Wound contraction occurs through the action 
of myofibroblasts. Graded range of motion exercises and functional activities assist 
in controlled wound contraction and ensure that the surrounding skin is supple and 
mobile. Myofibroblasts connect to the wound margins, pulling the epidermal layer 
inward and producing the characteristic picture frame beneath the skin (Hardy, 1989; 
Langevin et al., 2006). 

The shape of the wound predicts the speed of contraction, with linear wounds 
contracting rapidly, square or rectangular wounds contracting at a moderate pace, 
and circular wounds being the slowest to close and contract. Fibroblasts are the cells 
responsible for fibroplasia and are stimulated by lactic acid, ascorbic acid, and other 
cofactors that stimulate the fibroblasts to synthesize collagen. Cross-linkage of the col-
lagen tissue provides the wound with its tensile strength and durability. The tensile 
strength of remodeled skin is weaker and will never exceed 75% to 80% (Liao et al., 

Box 3-3. Inflammatory Response to Injury

Cardinal Signs Physiological Rationale

Redness Increased blood flow to the area

Swelling/
edema

Exudation of fluid—oozing or leaking of fluid into the tissue binding 
structures

Heat Increased blood flow, exudation of fluid, release of inflammatory 
mediators, kinins, growth factors

Pain Stretching of pain receptors and nerves by increased interstitial and 
intercellular swelling, inflammatory exudates, release of chemical 
mediators

Loss of function Pain, disruption of tissue structure and cells, metaplasia and fibroplasia
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2005; Schumann, 1982). Cellular activity in the second phase of repair consists of macro-
phage-stimulated collagen synthesis, formation of a network of blood capillaries, wound 
contraction, and wound epithelialization. The second phase of healing is completed 
when epithelialization has resurfaced the wound, a collagen layer has been formed, and 
initial remodeling is complete (Soley et al., 2016; Sorg et al., 2017; Figure 3-8).

Phase 3: Maturation Phase
The maturation phase of wound healing, also known as the remodeling phase, can 

overlap with the earlier phases. Remodeling occurs approximately 2 weeks after the 
injury and may continue for up to 1 year or longer. The remodeling phase is character-
ized by a relative balance of collagen synthesis and collagen lysis, the formation and 
breakdown of collagen. The scar formed during fibroplasia is dense and disorganized. 
During remodeling, the scar may appear rosier than normal and is indicative that 
remodeling is occurring. This phase of remodeling normally provides the scar with its 
maximum tensile strength as well as changes in its appearance (Hardy, 1989). 

Scar tissue consists of disorganized collagen fibers laid down by the fibroblasts, 
randomly arranged, and different from the surrounding tissue. As the wound matures 
during remodeling, collagen lysis increases and the scar becomes more elastic, 
smoother, and the fibers stronger. If collagen synthesis exceeds collagen lysis, hyper-
trophic scarring, also called keloid formation, may occur. Keloid scars extend beyond 
the boundary of the wound and appear raised. Hypertrophic scars occur within the 
area of the wound and may eventually decrease in size and shape (Peacock et al., 
1970). One mechanism frequently used to control the development of hypertrophic or 
keloid scarring is the application of pressure garments. Wearing of pressure garments 
is continued until the process of remodeling is complete. As the process of remodeling 
continues, the collagen fibers are randomly oriented and arranged in a linear and lat-
eral orientation. As the scar continues to mature and the process of collagen synthesis 
and lysis continues, these fibers assume some of the characteristics of the tissue they 
are replacing.

There are two primary theories that explain how collagen fibers become aligned: 
Induction theory and tension theory (Gogia, 1995). Induction theory proposes that the 
scar tissue attempts to mimic the characteristics of the tissue it is healing. Tension 
theory purports that internal and external stresses that are placed on the wound affect 
and align the fibers during remodeling. Tension theory is supported, to an extent, by 
several studies suggesting that adding tension during healing increases the tensile 
strength of soft tissue structures and bone, whereas immobilizing the area produces a 
loss of tensile strength and collagen fiber organization (Arem & Madden, 1976). Tension 
theory, in part, accounts for the use of dynamic splinting, serial casting, continuous 
passive motion devices, positional stretching, neuromuscular electrical stimulation, 
and the use of silastic gel pads and compression garments in the treatment process 
(Hermans & van Wingerden, 1990; Sussman & Bates-Jensen, 1998; Table 3-3).

Factors Affecting Wound Healing
As remodeling continues, the bright pink color of the immature scar softens, 

flattens, and becomes white. Full maturity for a scar may continue for up to 2 years. 
However, there are several factors that may affect the rate and outcome of normal heal-
ing. External and internal factors may delay or impair the healing process during any 
of the three phases of healing, and a balance is required to ensure appropriate healing. 
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The presence of foreign objects or microorganisms also impairs the healing process. 
Common microorganisms that cause infections in wounds include Pseudomonas aeru-
ginosa and Staphylococcus aureus. Clinical signs of an infected wound include increased 
erythema, heat, edema, pus, increased body temperature, pain, purulent drainage, 
and an uncharacteristic odor. The risk of infection can be minimized through proper 
debridement procedures, cleaning, and dressing techniques. The presence of foreign 
bodies, necrotic tissue, and eschar also impairs the healing of the wound and may pre-
dispose the wound to bacterial infection. Surgical debridement of the eschar, necrotic 
tissue, or debris may minimize the adverse effects that the foreign material may have 
on healing (Leininger et al., 2006; Toporcer & Radonak, 2006; Figure 3-9).
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Figure 3-8. Overlapping sequence of the healing process. (Reproduced with permission from Wright, J. 
A., Richards, T., & Srai, S. K. [2014]. The role of iron in the skin and cutaneous wound healing. Frontiers in 
Pharmacology, 5, 156. https://doi.org/10.3389/fphar.2014.00156.)
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Nutrition also plays a key role in the healing process, and a deficiency in any nutri-
ent, such as vitamins A, C, and E, or trace metals, such as zinc or copper, may affect the 
healing process (Berger & Shenkin, 2006; Pollack, 1979, 1982). Systemic diseases such as 
diabetes mellitus, atherosclerosis, AIDS, and other vascular diseases also may have a 
pronounced adverse effect on wound healing. Diabetes mellitus is a major cause of poor 
wound healing. Patients with poorly controlled diabetes have slower rates of healing due 
in part to decreased circulation secondary to atherosclerosis, as well as diabetic neu-
ropathy, which decreases sensation in the extremities, particularly the lower extremity, 
and may lead to ulcerations at pressure points with weightbearing. Systemic medica-
tions such as steroids, nonsteroidal anti-inflammatory drugs, chemotherapeutic agents, 
antibiotics, and anticoagulants will impact the normal healing process (Andreadis, 2006; 
Vince & Abdeen, 2006). The aging process and associated physiological changes which 
occur in older adults slow the healing response. Delayed granulation and a decreased 
inflammatory response are more common in older adults, along with a slow rate of epi-
thelialization and decreased tensile strength (Mulder et al., 1995; Table 3-4).

Table 3-3. Normal Wound Healing and Repair: Sequence of Events
The wound healing process is a nonlinear sequence of events that overlap and begin the 
moment that the injury occurs and can continue for months and extend beyond 1 year. 
Remember: Time frames may vary with each patient and with comorbidities or complications. 
This healing process occurs with both acute and chronic wounds. In chronic wounds, this 
process becomes disrupted and becomes either prolonged or incomplete with loss of normal 
tissue restoration. 

Inflammatory Phase (Immediately After Injury to Two to Five Days)

Hemostasis
•	 Clot development

Epithelialization begins
•	 Cell regeneration
•	 Vasoconstriction
•	 Platelet aggregation

Inflammation
•	 Vasodilation
•	 Phagocytosis

Proliferative Phase (Two Days to Six Weeks)

Granulation
•	 Fibroplasia-collagen fibers
•	 Neovascularization (angiogensis-cell budding)

Wound contraction
•	 Wound edges pull together from outer margin inward

Epithelialization
•	 Scar formation
•	 Collagen fibers gather into large fibers (cross linked)

Remodeling Phase (Six Weeks to Two Years)

New collagen forms (synthesis-lysis balance)
Tissue differentiation
(Tensile strength of repaired tissue 2 years after injury is approximately 80%)
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Documentation
The involvement of the occupational therapist in the management of open wounds 

and wound healing will depend on the clinical site, experience of the occupational 
therapist, and involvement of other medical staff, such as nursing. Occupational 
therapists are often involved in the management of sprains, strains, and acute injuries, 
and those practicing in orthopedics may be more deeply involved in the management 
of wounds and the healing process. It is beyond the scope of this text to describe 
the wide variety and application of the types of dressings available. Occupational 
therapists should be well-versed in the indications and contraindications of each type 
of dressing, from gauze to hydrocolloids. Occupational therapists requiring further 
information on dressings should review the number of excellent texts available on the 
subject.

The primary purpose of wound assessment is to obtain baseline information on 
what the wound looks like prior to treatment intervention. Additionally, clear and 
appropriate documentation demonstrates the effectiveness of the interventions to 
third-party payers. The occupational therapist should use a systematic approach when 
managing wounds. Questions such as What caused the wound? Was it due to pressure, 
laceration, thermal (heat) or nonthermal (cold), chemical, or was it caused by a vascu-

Figure 3-9. Traumatic amputation 
of index finger with eschar and 
nonviable tissue that will be debrided 
to allow for healing to continue. 

Table 3-4. Factors Affecting Healing and Repair
Local Factors Systemic Factors

•	 Infection
•	 Adequacy of blood supply
•	 Foreign bodies
•	 Tissue hypoxia
•	 Repeated trauma
•	 Necrotic tissue

•	 Nutrition
•	 Hematologic abnormalities
•	 Diabetes mellitus
•	 Radiation therapy
•	 Immunodeficiency
•	 Age
•	 Medications
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lar impairment or disease process? Is the wound bleeding? Review the medical record 
for the platelet count and to assist in determining clotting efficiency, or whether the 
patient is taking any medications, such as Coumadin (warfarin) or heparin, that may 
impede clotting. What is the extent and depth of the wound? Is it superficial, partial, or 
full thickness? Does it involve muscle, tendon, or bone? Is there foreign debris or dead 
necrotic tissue present? The presence of eschars may impede the healing process and 
facilitate wound infection. Does the wound show signs of a clinical infection? Are there 
clinical signs such as increased erythema, edema, purulence, body temperature, pain, 
changes in the color of the exudate, or an uncharacteristic or foul odor? Clinicians 
should review any lab work for confirmation on cultures that may have been taken or 
for increased white blood cell count, which may account for infections (Box 3-4).

An appropriate diagnosis and intervention is determined following the evaluation 
of the problem. The patient’s potential prognosis and level of improvement is deter-
mined and aids in identifying appropriate interventions and technologies that will help 
achieve the stated goals (Doenges et al., 1995). Physical agents have been demonstrat-
ed to be effective in influencing and impacting the healing process. In patients with 
open wounds, the use of hydrotherapy to cleanse and debride the wound may be effec-
tive. Electrical stimulation has been shown to assist in debridement as well as facilitate 
epithelialization and contraction of the wound. Ultrasound has been used to promote 
wound healing during the proliferative and remodeling phases and is used extensively 
in the management of soft tissue inflammation (Park & Silva, 2004; Petrofsky et al., 
2005; Unger et al., 1991; Valdes et al., 1999). The use of continuous passive movement 
devices to assist with scar management and to promote healing is well documented, as 
is the use of early controlled mobilization through the application of dynamic splints, 
although a consensus on the best strategy will require further research and study 
(Gelberman et al., 1982; Peterson et al., 1986; Thien et al., 2004; Woo et al., 1981).

Summary
The wound healing process has been described as an overlapping cascade of 

events that includes three primary phases: Inflammation, proliferation, and remodel-
ing. An understanding of the healing process and the stages of recovery is vital for 

Box 3-4. Documenting a Wound Assessment
•	 Anatomical location and area of the wound/injury.
•	 Size of the wound (length, width, depth).
•	 Shape of the wound or injury: Draw or outline the shape or use one of the many 

documentation patterns available. 
•	 Identify presence of dead or necrotic tissue and its color (black, brown, yellow).
•	 Description of the wound exudate (purulent pus, milky), serous (clean, yellowish), 

serosanguineous (pinkish).
•	 Presence of any healthy granulation tissue at the base or epithelialization at the 

wound margins.
•	 Description of the surrounding intact skin: Presence of erythema, heat, pain, edema.
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the occupational therapist to aid in determining functional outcomes and to be able to 
influence the healing process through the potential application of PAM technologies 
and interventions. Identifying an appropriate intervention and treatment plan to man-
age the wound and injury through debridement, facilitating healing through physical 
technologies, selection of appropriate dressings, and engaging an individual in devel-
opmentally and occupationally appropriate activities are all critical to facilitating an 
individual’s return to normal occupational roles and performance.

Case Study
M.J. is a 77-year-old female referred to occupational therapy following a fall that 

occurred at home in the early spring. Though there were no fractures, M.J. struck her 
face during the fall and landed on her right hand, rolling onto the extremity. M.J. is an 
active woman who lives alone and enjoys gardening and canning the fruits of her labor 
in the fall. She is concerned about her inability to fully flex or extend the digits of her 
right hand and the stiffness that has developed in her wrist. Clinical evaluation reveals 
an alert, social female in no apparent distress. Primary complaint is of “stiffness and 
aching” in her right hand and wrist. Examination reveals edema and discoloration over 
the entire dorsal aspect of the hand. The skin is taut, with a purplish-blue color indi-
cating a large hematoma. The right side of the patient’s face also displays a large, dark 
purple-blue hematoma with areas of yellow. There is no drainage noted, but the extent 
of the hematoma and the associated edema are limiting the patient’s active movement 
and prehension patterns. M.J. relates that she is able to dress herself and take care 
of her basic activities-of-daily-living needs, but is having difficulty with fastenings, 
manipulating objects using the right hand, higher level homemaking tasks such as 
cleaning, and activities requiring bilateral use of her hands.

Further evaluation of the patient included grip/pinch strength, prehension pat-
terns, object manipulation, sensation, activities-of-daily-living components and mea-
surements, determination of social support systems, and her adjustment to the injury. 
The treatment plan was established and included hydrotherapy to warm the tissue 
and increase blood flow and for its cellular effects. During the whirlpool treatment, 
M.J. was encouraged to perform gentle exercises for muscle pumping and strengthen-
ing and to prevent edema in the dependent position. Following whirlpool, treatment 
using ultrasound was added to promote absorption of the hematoma. Because of the 
depth of the tissue involvement and size of the area, the hematoma took approxi-
mately 2 weeks to resolve. The treatment protocol for the ultrasound was 3 megahertz 
(MHz), 0.5 W/cm2, pulsed at 20% duty cycle for 6 minutes. A frequency of 3 MHz was 
selected due to the hematoma’s location on the dorsal aspect of the hand and wrist, a 
superficial area. The nonthermal effects of the ultrasound were used to facilitate the 
biologic process of repair through its cellular effect of stable cavitation and/or acoustic 
streaming. Occupational activities preceded the PAMs, with M.J. engaging in a variety 
of activities facilitating active prehension patterns and use of the right hand and wrist.

Clinical Reasoning Questions
1. What precautions and contraindications should you be aware of with this patient 

and condition?
2. How would you monitor the patient’s skin condition and level of edema in the 

extremity and document changes in the areas of injury?
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3. What stage of healing is the patient exhibiting?
4. What other physical agents might be appropriate for this patient and condition?
5. When would you increase the level of activity and movement?
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Pain is one of the most frequent ailments for which individuals seek medical 
attention. Pain is a multidimensional experience, and many of the patients treated by 
clinicians report pain as one of the components that may limit their ability to actively 
participate in their occupational roles and tasks. The physiological response to pain 
can also influence an individual’s occupational performance skills because an outcome 
of pain may be muscle spasm and guarding or protecting the injured area. Pain is a 
multidimensional experience and has psychological, socioeconomic, and physiological 
effects on the individual and community (Talo et al., 1996). However, pain also has a 
valuable and useful protective function, signaling injury or disease, which may prompt 
a variety of actions to stop it and treat the fundamental cause of the pain.

A National and Global Problem
Pain and its treatment, or lack thereof, has become a national issue in the United 

States due to the opioid crisis. Between 2000 and 2015, the opioid crisis in the United 
States grew exponentially, with overdose deaths involving prescription opioids and 
heroin quadrupling and more than half a million individuals dying from drug overdos-
es (National Center for Health Statistics, 2017; Edwards et al., 2013; Staud et al., 2008). 
Facilitating the number deaths quadrupling during this 15-year period was the prolif-
eration of prescription opioids such as oxycodone, hydrocodone, and methadone sold 
to pharmacies, hospitals, and physician’s offices (Rudd et al., 2016). Although there 
has been an increase in opioid prescriptions and use, there has been no concurrent 
decrease in the amount of pain reported by Americans. Acute pain has been described 
as a presenting symptom in more than 80% of physician visits, with chronic pain being 
undertreated in up to 80% of patients in some clinical settings. Pain is also identified as 
a leading cause of disability and health care utilization (Edwards et al., 2013). 

The idea that pain is a disease in and of itself continues to be debated by a variety 
of professional associations. However, there is little disagreement on the impact and 
prevalence of pain in the United States and globally. The European Pain Federation 
Chapters Declaration on pain specified that chronic and recurrent pain is a specific 
health care problem and a disease in its own right (Niv & Devor, 2004). Chronic pain 
and its impact are a global issue, with at least 10% of the world’s population being 
affected by chronic pain, with an additional 1 in 10 individuals developing chronic 
pain (Jackson et al., 2015). There is also an unequal distribution of risk factors and 
pain management for the most disadvantaged individuals in low- or middle-income 

Terminology
•	 Acute pain 
•	 Biopsychosocial approach
•	 Chronic pain 
•	 Neurogenic pain 
•	 Neuromatrix theory
•	 Nociceptors 

•	 Opiate-mediated theory
•	 Pain
•	 Pain perception
•	 Referred pain
•	 Trigger point
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countries, leading to higher levels of persistent pain and often ineffective treatment 
and interventions (Jackson et al., 2015). In the United States, pain affects more individu-
als than diabetes, heart disease, and cancer combined (Kent et al., 2017). A study of 
European residents in 2006 found a prevalence of chronic pain in approximately 19% of 
adults that adversely affected their quality of life (Reid et al., 2011; Box 4-1). 

Theoretical Perspectives
There are a variety of theoretical perspectives of chronic pain, although most per-

spectives include the psychological components of affective, behavioral, cognitive, situ-
ational, and sensory-physical (Crook et al., 2002; Fordyce, 1976; Im, 2006). Theoretical 
perspectives on chronic pain have been categorized as restrictive and include mind-
body dualism, psychological, radical operant-behavioral, and radical cognitive. Other 
theoretical perspectives have been categorized as comprehensive based on the 
European Pain Federation: Gate control, nonradical operant-behavioral, and cognitive-
behavioral (McWilliams & Asmundson, 2007; Novy et al., 1995; Turner et al., 2006). 

Gate Control and Opiate-Mediated Pain
Historically, pain was believed to be directly related to the amount of tissue dam-

age; the more severe the injury, it was thought, the more severe the pain. During World 
War I, however, the components of the gate control theory of pain began to be devel-
oped as physicians noted that some of the soldiers who were terribly disfigured had 

Box 4-1. Pain Incidence Compared to  
Other Clinical Conditions

Clinical Condition Number of American 
Sufferers

Source

Chronic pain 100 million Institute of Medicine of the 
National Academies

Diabetes 25.8 million  
(diagnosed and estimated 
undiagnosed)

American Diabetes 
Association

Coronary heart disease 
(heart attack and chest 
pain)

16.3 million American Heart Association

Stroke 7.0 million American Heart Association

Cancer 11.9 million American Cancer Society
Data source: Institute of Medicine (US) Committee on Advancing Pain Research, Care, and Education. 
(2011). Relieving pain in America: A blueprint for transforming prevention, care, education, and research. 
National Academies Press; 2011; US Department of Health and Human Services. National pain strategy: 
A comprehensive population health-level strategy for pain. https://www.iprcc.nih.gov/sites/default/files/
HHSNational_Pain_Strategy_508C.pdf
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minimal, if any, pain. These initial concepts were further developed by Melzack and 
Wall (1965) during the 1960s with their gate control theory of pain. Melzack and Wall 
(1965) postulated that modulation of peripheral stimuli occurred in the dorsal horn of 
the spinal cord, acting as a gate to the varying amounts of input from the large A-fibers 
that would “close” the gate, and small C-fibers that would tend to “open” the gate. Wall 
and Melzack’s work was an impetus into the advancement of electrotherapeutic agents 
because the use of electrical stimulation of sensory fibers could effectively decrease 
an individual’s pain (Melzack & Wall, 1965).

Advances in imaging and neuroscience also led other researchers to explore the 
influence of pain-mediating chemicals produced by the body known as endogenous opi-
oids. Endogenous opioids affect both the central nervous system (CNS) and peripheral 
nervous system (PNS) through the interaction of specific chemoreceptors and pain-
mediating substances. There are essentially three forms of opioids that have a pain-
mediating effect: Enkephalins, dynorphins, and beta-endorphins; each with a respective 
pain chemoreceptor binding site on the neurons. Enkephalins are found in the dorsal 
horn and are released by spinal interneurons. These histochemicals are transmitted 
by C-fibers from the periphery to the dorsal horn. Beta-endorphins are located in the 
hypothalamus and are released into the bloodstream with stress (Kalliomaki et al., 
2004; Kawakita et al., 2006; McMullan & Lumb, 2006; Perl, 1984; Zhang & Bao, 2006). 

There are many definitions of pain and a variety of clinical phenomena experi-
enced by our patients. Pain has been defined as the emotion that is the opposite of 
pleasure (Sweet, 1959), an “emotional experience” caused by tissue injury or described 
by the patient in terms of tissue damage, or both (Steinbach, 1968). The European 
Pain Federation defines pain as an unpleasant sensory or emotional experience that is 
associated with actual or potential tissue damage or is described in terms of such dam-
age (Hakim, 1995). Musculoskeletal pain often is the primary complaint of individuals 
reporting both acute and chronic pain and is frequently seen in individuals with arthri-
tis (Kazis et al., 1983; Keefe & Egert, 2001). Pain occurs when there is a noxious event 
such as an injury or inflammation to an area of the body. This event or injury causes 
an excitation of nociceptors in somatic or visceral tissue.

Because pain is such a universal human experience and many of the patients 
treated by occupational therapists have pain, an understanding of the primary charac-
teristics of pain and interventions that can affect the pain cycle is critical to our effec-
tiveness as clinicians and our patient outcomes. Chronic pain affects all facets of life 
and society, from its effect on the economy, employment, and health care systems, to 
the effect on an individual’s functional performance in life roles and tasks. By actively 
treating pain in our patients through the technologies and interventions available to 
us, we can more fully integrate our patients into their primary roles and activities, 
improving outcomes as well as the quality of life.

Neuromatrix Theory
The gate control theory of pain articulated by Melzack and Wall in 1965 facili-

tated pain research and the advancements noted in electrotherapy. Many questions 
remained unanswered by the proposed theory, leading Melzack to further refine the 
concepts leading to the neuromatrix theory. The neuromatrix theory addresses the 
influence of the sensory, affective, and cognitive aspects of pain, along with pain trans-
mission and modulation in certain areas of the brain. 
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Melzack’s neuromatrix theory describes a theoretical framework in which the 
body-self is modulated by traditional sensory inputs as well as the stress system and 
cognitive functions of the brain. The body-self neuromatrix consists of the neurologi-
cal network, including the somatosensory, limbic, and thalamocortical components 
that subserve the sensory-discriminative, affective-motivational, and evaluative-
cognitive aspect of an individual’s pain experience (Melzack & Katz, 2013). Each indi-
vidual has a unique neurosignature output that determines the particular qualities and 
properties of their pain experience and behaviors. Inputs that affect this neuromatrix 
in an individual include sensory inputs from the cutaneous, visceral, and somatic 
receptors; visual and sensory inputs that influence the cognitive interpretation of the 
input or situation; phasic and tonic cognitive and emotional inputs from areas of the 
brain; intrinsic neural inhibitory modulation in brain function; and the activity of the 
body’s stress-regulation systems, which include cytokines and endocrine, autonomic, 
immune, and opioid systems. The neuromatrix theory proposes a unique, dynamic 
approach to pain and the associated outcomes seen by occupational therapists 
(Melzack, 1992, 1999a, 1999b, 2001).

Recent advances in neuroscience have provided an additional perspective on 
pain theory and its functional implications. Pain is a multidimensional experience 
that occurs due to characteristic neurosignature patterns of nerve impulses, which 
are generated by a widely distributed neural network—the body-self neuromatrix in 
the brain. The neuromatrix theory of pain proposes that the output patterns of the 
body-self neuromatrix initiate perceptual, homeostatic, and behavioral responses 
after injury, pathology, or chronic stress. The neuromatrix theory purports that pain 
is produced by the output of a widely distributed neural network in the brain rather 
than by the sensory input evoked by injury, inflammation, or pathology. An individual’s 
unique neuromatrix is genetically determined and modified by sensory experience and 
is the mechanism that generates the neural pattern and produces pain. The output of 
the neuromatrix can be modified and is influenced by multiple factors, of which the 
somatic sensory input is one (Melzack, 1999a, 2005; Figure 4-1). 

Figure 4-1. Understanding pain in humans. (A = affective, C = cognitive, S = sensory; Reproduced with 
permission from Melzack, R. [2001]. Pain and the neuromatrix in the brain. Journal of Dental Education, 
65[12], 1378-1382.)
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Biopsychosocial Approach
Pain perception is a multifaceted reaction based on anatomical, physiological, 

chemical, and psychological factors. These interrelated factors have led to the develop-
ment of a biopsychosocial approach to the conceptualization and treatment of persis-
tent pain. Biopsychosocial approaches view pain as a complex experience affected by 
sensory input, but also closely influenced and related to behavioral, cognitive-affective, 
and environmental factors. These three variables can influence and be influenced by 
changes in a competing set of variables. Variables that may influence an individual’s 
perception and level of pain may include such factors as pain-related catastrophizing, 
perceived social support, pain beliefs, and pain coping. The biopsychosocial variables 
and approach provide a more comprehensive perspective on pain consistent with the 
underlying values of occupational therapy. 

Biopsychosocial or psychoeducational treatment approaches can be used adjunc-
tively to traditional medical therapy, such as in patients with rheumatoid arthritis or 
in those patients whose clinical condition may lead to disability or role impairment, 
or who are struggling to cope and function independently. There are three primary 
elements to these approaches: Education, stress reduction, and cognitive behavioral 
therapy. Education is used to provide information about the disease or condition, and 
in the case of rheumatoid arthritis, for example, may include information and educa-
tion about joint protection techniques, pacing of activities, work simplification, splint-
ing, graduated movement and exercise, and use of heat and cold. Stress reduction pro-
grams are also used and may include relaxation response training, progressive muscle 
relaxation, mindfulness mediation, and biofeedback. Cognitive behavioral therapy 
is used to facilitate coping skills through altering pain-related cognitions, refocusing 
attention and distraction, goal-setting and self-reinforcement, and implementing pain 
coping strategies (Barsky et al., 2010). 

The biopsychosocial model of pain theorizes that pain perception is influenced by 
the dynamic interactions among the biologic, psychosocial, and sociocultural factors. 
For example, a young, newly diagnosed patient with rheumatoid arthritis becomes 
withdrawn, depressed (a cognitive-behavioral variable), and is in denial (a cognitive 
behavioral variable). She is resistant to help and is unwilling to take her medication, 
which can decrease the disease activity and symptoms (a biological variable). Because 
of her lack of follow-through and resistance to treatment, she becomes dependent on 
her spouse, family, and friends (an environmental factor), limiting her occupational 
behaviors and roles. Because of the influence and dynamic interaction between these 
competing variables (cognitive-behavioral, biological, and environmental), the patient 
experiences high levels of pain (Fillingim, 2005; Keefe & Egert, 2001; McWilliams & 
Asmundson, 2007; Osborne et al., 2007). 

To effectively treat the patient with persistent pain, the clinician must recognize 
the influence and interactions of the factors underlying the biopsychosocial approach 
and develop strategies and interventions related to each area. The patient and their 
condition must be viewed holistically within their occupational context. Treating the 
symptoms of pain with transcutaneous electrical nerve stimulation (TENS) or other 
technologies and interventions without addressing the underlying influence of the 
environmental, cognitive behavioral, or biological variables and their interaction will 
result in less than adequate outcomes. TENS is a common intervention used to modify 
the perception of pain. TENS can play an important role in the treatment and manage-
ment of pain and can be an effective adjunct to conventional occupational therapy 
intervention. However, to fully enhance the patient’s functional independence and out-
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comes, TENS should never be used in isolation or in place of traditional occupational 
therapy interventions without regard to the greater contextual psychosocial situation 
and dynamics.

Pain Pathways
Pain is a multidimensional phenomenon that profoundly affects an individual psy-

chologically, socioeconomically, and physiologically. Patients experiencing chronic 
or acute pain may be depressed, anxious, withdrawn, or irritable, and may display a 
variety of maladaptive behavioral responses. Pain is a protective response and is the 
body’s way of informing the individual that something is wrong or that there may be 
potential tissue damage. The body responds to trauma through a complex series of 
reactions, including those associated with the sympathetic response of the autonomic 
nervous system (ANS), the fight-or-flight response. 

Nociceptors are sensory receptors specific to pain and are located in the skin, vis-
cera, cardiac, and skeletal muscles that respond to different stimulus inputs and iden-
tify potential or actual tissue damage (Bonica, 1990; Sherrington, 1906). Nociceptors 
may also be affected by the release of endogenous pain-producing substances into 
the tissue, including potassium, serotonin, bradykinin histamine, prostaglandins, and 
substance P, which then cause a cascade of effects (Lariviere et al., 2005; McMullan & 
Lumb, 2006; Perl, 1984; Zhang & Bao, 2006). Nociceptors are sensitive and responsive 
to mechanical distortion, variations in the chemical components in the tissue fluid, 
and to thermal changes. These specialized receptors possess variable thresholds—
some high, some low—and respond to the stimulus signal identifying and alerting 
actual or potential damage to the tissue (Godfrey, 2005; Torebjork & Hallin, 1973; Zhang 
& Bao, 2006). 

Nociceptors are free nerve endings that carry the action potential by the primary 
afferent (sensory) neuron, either small, myelinated A-delta fibers or small, unmyelin-
ated C-fibers (Figure 4-2). A-delta fibers carry sharp, well-localized pain signals, while 
C-fibers carry poorly localized burn and ache sensations and are easily injured due to 
nonmyelination. The small, myelinated A-delta fibers conduct the impulses at a faster 
rate than the C-fibers and stimulation of them may cause a localized, sharp pricking 
pain sensation. Stimulation of the unmyelinated C-fibers causes a dull, poorly local-
ized, burning sensation, and they are easily injured due to lack of myelination (Whitten 
et al., 2005). Neural activity is carried by these two primary pathways to the higher 
centers in the brain. The A-delta fibers and C-fibers terminate at various levels in the 
spinal cord in the dorsal horns. Wide, dynamic range neurons and nociceptive-specific 
neurons receive input from the A-delta fibers and C-fibers, assisting in discriminating 
the type of pain. These wide dynamic range cells are also known as T (transmission) 
cells (Dubner & Bennett, 1983; Henry, 2004).

Pain pathways have both an afferent and efferent component (Box 4-2 and Figure 
4-3). There are several ascending tracts (pathways) that transmit pain signals to the 
brain. Axons of most of the transmission cells cross over, ascending as the lateral spi-
nothalamic tract terminating in the thalamus, which acts as a switchyard, forwarding 
the pain signal to areas of the brain involved with sensation, ANS, motor response, 
emotion, stress, and behavior. These areas of the brain include the somatosensory 
cortex (the physical sensation region), the limbic system (emotional feeling region), 
and the frontal cortex (thinking region). The interactive effects of these regions of 
the brain define the patient’s perception and response to pain (O’Neill et al., 2012). 
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Figure 4-2. Nociceptors are free nerve endings that transmit pain signals along 
the A-delta fibers or small, unmyelinated C-fibers. (From DISCOVER BIOLOGY, FIFTH 
EDITION by Anu Singh-Cundy and Michael L. Cain. Copyright © 2012, 2009, 2007 
by W. W. Norton and Company, Inc. 2002, 2000 by Sinauer Associates, Inc. Used by 
permission of W. W. Norton & Company, Inc.)
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Box 4-2. Characteristics of  
Ascending Nociceptors: A-Delta Fibers and C-Fibers

Type A-delta fibers C-fibers

Size Large Small

Nerve Diameter 2 to 5 micrometer (μm) 0.2 to 1.5 μm

Myelination Myelinated Unmyelinated

Signal Conduction 
Velocity

Fast, 11.2 meters per 
second (m/sec)

Slow, 0.92 m/sec

Stimulus Cold, pressure, and acute 
pain signals

Dull, poorly localized pain 
(chemical, mechanical, 
thermal)

Impulse Conduction Fast withdrawal reflex Slow, dull, aching, constant 
pain
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One pathway terminates in the somatosensory cortex, which perceives pain informa-
tion as sharp, discriminative, and localized to a specific area of the body, and is respon-
sible for the automatic reaction to pain stimulus. Other signals are carried by the spino-
reticulothalamic pathway, which terminates in the reticular formation of the brainstem 
and thalamus. Axons of this pathway also connect to the midbrain and to structures of 
the limbic system, basal ganglia, and cerebral cortex. This pathway carries information 
that is perceived as diffuse, poorly localized somatic and visceral pain (Hanegan, 1992; 
Henry, 2004; Kalliomaki et al., 2004; McMullan & Lumb, 2006). Descending inhibitory 
fibers located in the higher brain centers release neurotransmitters, including norepi-
nephrine, serotonin, and enkephalins, which moderate and affect the flow of afferent 
impulses. These inhibitory or descending tracts are activated by endogenous opioids 
and other neurotransmitters (Charman, 1989; Fields et al., 1991; Gillman & Lichtigfeld, 
1985; Figures 4-4 and 4-5).

Figure 4-3. Acute and chronic pain processes and pathways. (Na+ = sodium; K+ = potassium.) (Reprinted 
from [Figure 1] Whitten CE, Donovan M, Cristobal K. Treating Chronic Pain: New Knowledge, More Choices. 
Perm J 2005;9[4]:9-18, The Permanente Journal © 2005 with permission from The Permanente Press. http://
www.permanentejournal/)
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Figure 4-4. Pain sensation from the peripheral nociceptors travels 
to the dorsal horn of the spinal cord, where the gate opens or 
closes, transmitting the impulse to the thalamus and relaying to the 
somatosensory area of the brain, the limbic system, and the frontal 
cortex. The resulting signal is also efferent and may modulate the pain 
signal. (Reproduced with permission from O’Neill, J., Brock, C., Olesen, 
A. E., Andresen, T., Nilsson, M., & Dickenson, A. H. [2012]. Unravelling 
the mystery of capsaicin: A tool to understand and treat pain. In A. 
C. Dolphin (Ed.), Pharmacological Reviews, 64[4], 939-971. https://doi.
org/10.1124/pr.112.006163.)
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Types of Pain 
Pain is multi-faceted and complex. Pain has an adaptive, biological imperative as a 

protective tool to prevent or decrease tissue damage or injury, but can also become a 
pathologic condition with severe impact on function and quality of life issues. Because 
of pain’s impact on performance and its association as a diagnostic clue with pathol-
ogy or underlying etiology of the disease or impairment, clinicians need to address the 
functional imperative and interventions to decrease its impact. An individual’s percep-
tion and experience of pain is a dynamic interplay between sensory, emotional, and 
behavioral components, and can be unique. 

The European Pain Federation was the primary organization that identified a uni-
versally accepted definition of pain and classification of chronic pain syndromes. The 
European Pain Federation developed the following definition of pain in 1979, which 
is still used today: “Pain is an unpleasant sensory and emotional experience associ-
ated with actual or potential tissue damage or described in terms of such damage” 

Figure 4-5. Activation of peripheral pain receptors (also called nociceptors) by noxious 
stimuli generates signals that travel to the dorsal horn of the spinal cord via the dorsal root 
ganglion. From the dorsal horn, the signals are carried along the ascending pain pathway 
or the spinothalamic tract to the thalamus and the cortex. Pain can be controlled by 
nociception-inhibiting and nociception-facilitating neurons. Descending signals originating 
in the supraspinal centers can modulate activity in the dorsal horn by controlling spinal 
pain transmission. (Reproduced with permission from Häuser, W., Ablin, J., Fitzcharles, M.-A., 
Littlejohn, G., Luciano, J. V., Usui, C., & Walitt, B. [2015]. Fibromyalgia. Nature Reviews Disease 
Primers, 1, Article 15022.)
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(Cohen et al., 2018). Pain can be categorized as acute, chronic, or referred, and can 
signal potential or actual tissue damage. Theories related to understanding pain led to 
advances in clinical interventions to modulate pain. Research into electrotherapy for 
pain control was facilitated by Wall and Melzack’s research on the gate control theory 
of pain. There are different types of pain that are classified as acute or chronic, based 
on their duration.

Acute/Chronic/Referred Pain
Pain is associated with a variety of injuries and diseases with corollary costs 

related to health care utilization, lost productivity, lost school days, effect on income, 
and decreased quality of life (Institute of Medicine, 2011). Pain is characterized as 
chronic or acute. Acute pain, which lasts from seconds to days, has a biologic func-
tion, warning the individual of potential injury, tissue damage, or that something is 
wrong. Chronic pain lacks the biological imperative of acute pain, recurs at intervals 
or persists beyond the stage of healing, and is of long duration. Chronic pain is often 
associated with the psychological components of anguish, apprehension, depression, 
or hopelessness. Pain that is perceived to be in areas other than where the nociceptors 
(pain receptors) were stimulated is known as referred pain.

A commonly accepted, though incomplete, definition of chronic pain is pain that 
persists beyond the normal time of healing (Merskey & Bogduk, 1994). Although this 
definition has historically been helpful to distinguish between pain as a symptom of 
an underlying disease and more complex long-lasting pain states, it does not identify 
this condition as a distinct disease state. Though the classification of pain may dif-
fer, there are two primary classifications of pain—acute and chronic—though some 
researchers identify referred pain as a third type. Dependent upon the etiology and 
clinical manifestations of the condition, each level or type of pain will require a unique 
therapeutic intervention.

Acute Pain
Acute pain has been described as the pain most closely associated with tissue 

damage and nociception, and it is a biological imperative for the body to respond. 
Acute pain usually occurs with a rapid onset and is considered a warning signal by the 
body that tissue damage or injury is about to occur or has already occurred. There 
is most often an underlying etiology, and because acute pain signals tissue damage, 
use of therapeutic physical modalities would be indicated as part of the treatment 
approach to the condition (Travell, 1976).

Pain often begins with traumatic or surgical damage, injury, or illness to tissue or 
nerves in the periphery, leading to a release of neurotransmitters and chemical media-
tors within the spinal cord and central sensitization. The damaged tissue releases 
intracellular chemical mediators, such as histamine, serotonin, prostaglandin, brady-
kinin, and hydrogen ions, that cause localized inflammation. Injury to the tissue and 
release of these histochemicals sensitize the nociceptors and cause a modification of 
the nerve’s threshold (Baron et al., 2013). Nociceptors release a neuropeptide known 
as substance P (pain) that sends the electrical impulse through the afferent fiber 
to the spinal cord. This response to an injury or infection initiates an orchestrated 
sequence of events and histochemical changes that begin the healing process in which 
the signs of inflammation include redness, swelling, increased local temperature, and 
pain. Inflammatory cells surround the areas of tissue damage and produce cytokines 
and chemokines, which mediate healing and tissue regeneration. These substances 
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also are irritants that can change the fundamental properties of the primary sensory 
neurons that surround the injured area, essentially hypersensitizing them, leading to 
central sensitization and chronic pain (Baron et al., 2013). 

Chronic Pain
The term chronic pain is being replaced with persistent pain and refers to pain that 

lasts longer than one would expect or prefer. Persistent pain is pain that continues for 
extended periods of time or is consistently recurrent. Persistent pain is all consuming, 
affecting all areas of the individual’s occupational behaviors and negatively affecting 
quality of life. Persistent pain is most effectively treated through use of a dynamic pro-
cess of physical agent technologies, behavior modification techniques, patient educa-
tion, medication, and general conditioning. Chronic or persistent pain is often poorly 
localized, with the underlying cause not being fully understood or clear to the patient 
or clinician. Evidence supporting the exclusive use of physical agent technologies in 
consistently relieving pain in patients with chronic pain conditions is not definitive 
and requires a creative, nonlinear, multimodal, individualized approach (Allen, 2006; 
Figure 4-6).

Referred Pain
Referred pain is felt at a site distant from the site of origin and likely has a neural 

foundation causing it. A therapeutic approach to low back pain, for example, is based 
on the nature of the symptoms, the patient’s response to the symptoms and treat-
ment strategies, and has been described as acute, persistent, and chronic (DeRosa 

Figure 4-6. Chronic pain transmission. (ATP = adenosine triphosphate; CGRP = calcitonin gene-related 
peptide; H+ = hydrogen.) (Adapted from Matthews, L. [2013, April 15]. Chronic pain and the spinal cord—New 
research reveals link. PainNeck.Com. https://painneck.com/chronic-pain-spinal-cord-research-reveals-link/.)
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& Porterfield, 1992). The underlying mechanism of referred pain is thought to have 
a neural basis involving convergence of specific pathways and connections in the 
brain. Rather than being specific in terms of location of a noxious stimulus, referred 
pain provides more ambiguous feedback with pain occurring (referred) in a different 
area. Conceptually, the higher cortical centers of the brain become “confused” as to 
the exact location of the noxious stimulus leading to referred pain (Murray, 2009). 
Muscular referred pain often occurs on a specific area of each muscle in a predictable 
pattern. Referred pain in deep muscles or muscles of the trunk is often located on 
the trunk via the spinal cord and is theorized to be due to central hyperexcitability. 
Referred pain that occurs in superficial muscles and muscles that move the limbs 
(limb girdle-arms/legs, neck, etc.) may elicit referred pain due to the “connective tis-
sue” theory, which is based on the dynamic maximal skin tension area through con-
nective tissue (Han, 2017). Referred pain may also be an indicator for sensitization of 
the pain system (Domenech-Garcia et al., 2016). 

Referred pain occurs in a location or body part different from the original source 
of the injury or disease. Irritable points in the muscle that referred pain were identi-
fied by Travell (1976) as “trigger points.” A trigger point is a small, localized, hyper-
sensitive area located in the muscle or fascia. Trigger points can be clinically located 
primarily through palpation. Patients will often be able to localize and identify trigger 
points when questioned. If the trigger point is stimulated by pressure, heat, or cold, 
the pain is referred to a remote site. A diagnostic criterion for trigger points includes 
tenderness in a hyperirritable spot within a palpable taut band, a local twitch response 
elicited by snapping palpation, and elicited referred pain with palpation. Patients 
with myofascial pain syndrome will have myofascial trigger points located within taut 
bands of skeletal muscle fibers (Fernandez-de-Las-Penas, Alonso-Blanco, Cuadrado et 
al., 2006; Fernandez-de-Las-Penas, Alonso-Blanco, & Miangoiarra, 2006; Hong, 2006). 
Trigger points can be stimulated by acute overload, overwork, fatigue, cooling, and 
through direct trauma to the muscle. Patients will often report localized deep tender-
ness, which is frequently associated with a tight band of skeletal muscle or in the 
muscle fascia. The trigger point is identifiable as pain upon palpation or compression.

Neurogenic or Neuropathic Pain
An understanding and identification of the sources of pain are components of effec-

tively utilizing TENS and physical agent technologies. The European Pain Federation 
has identified five sources of pain: Peripheral neurogenic pain, peripheral nociceptive 
sources of pain, CNS-mediated pain, ANS-mediated pain, and the affective motivational 
component. Peripheral neurogenic pain is caused by the involvement of the neural 
tissues resulting in mechanical and physiological changes in the body. Clinically, 
these changes are observed as limitation in movement, pain, paresthesia, or sensory 
changes. Peripheral nociceptive pain is accompanied by inflammation secondary to the 
release of chemical mediators such as prostaglandins, histamines, and bradykinins. 
Peripheral nociceptive pain sources are often the target of involved tissues and may 
be mechanical in origin, resulting in local dysfunction. The peripheral neurogenic and 
peripheral nociceptive sources of pain are those most often encountered by the clini-
cian and respond most successfully to therapeutic intervention and physical agent 
technologies. 

Most people have experienced nociceptive pain, which is typically related to a 
specific stimulus such as a hot or sharp sensation or the result of aching or throbbing 
that signals tissue irritation, impending injury, or an actual injury. Nociceptors are 
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receptors located in the skin, viscera, cardiac, and skeletal muscle that receive and 
transmit painful stimuli. When nociceptors are activated in an affected area, signals 
are transmitted to the brain via the peripheral nerves and spinal cord. However, com-
plex spinal reflexes may also be activated, which are followed by perception, cognitive, 
and affective responses, and possibly voluntary actions. Visceral pain is a subtype of 
nociceptive pain but tends to be sudden and often poorly localized, whereas somatic 
pain is more constant and well localized. Neuropathic pain can occur when there is 
an illness or injury in the PNS or CNS. Neuropathic pain will present as burning, lanci-
nating, or electric shock–like sensations and can be the result of nonpainful stimulus, 
such as light touch, as with persistent allodynia. Neuropathic pain may last for many 
months or even years after the damaged tissues have healed even though the pain sig-
nals no longer represent an ongoing or potential injury. Neuropathic pain is frequently 
chronic, and treatment is often more complex. 

If the pain is nociceptive or neuropathic, the next step is to evaluate the cause or 
specific source of the pain, and to determine if it is reversible. An ongoing or impend-
ing injury is considered nociceptive pain and accurate determination and treatment 
of the problem becomes a critical matter. The initial evaluation should determine the 
fundamental pathology: Whether there is an underlying sprain, tear, fracture, infection, 
obstruction, or foreign body, and whether the inflammation is caused by an underly-
ing arthritic or autoimmune disorder. However, myofascial pain may indicate there are 
abnormal acute or chronic muscle stresses. Clear, concise, and accurate differential diag-
nosis is crucial to clinical reasoning and in determining the appropriate intervention.

Impact of Persistent or Chronic Pain on Health and Function
Pain has been shown to be multidimensional, affecting an individual physiologi-

cally and emotionally. When an individual has persistent or chronic pain, there are 
adverse effects on the individual’s overall health and well-being, with negative effects 
on occupational performance and success. Chronic or persistent pain triggers the 
body’s stress response and the acute signs of sympathetic activation, including 
increased heart rate, sweating, and muscle guarding as well as increased levels of 
cortisol, adrenaline, and other hormones that increase heart rate, breathing rate, and 
blood pressure. These autonomic responses may continue intermittently or may stop, 
but the body continues to be under stress. This response can occur in individuals suf-
fering from musculoskeletal disorders that may initiate the chronic painful response, 
or following surgery or a minor injury that has healed. How an individual responds to 
an injury often determines the outcome.

Continued or chronic pain may also persist beyond the point of physiological heal-
ing, further complicating the healing response and positive outcomes. Individuals who 
are fearful of pain or reinjury, or who seek out a physical cause and surgical or medical 
intervention for an injury, often have a worse recovery than those individuals who con-
tinue to participate in their supervised activity and movement. Limiting activity and 
movement increases muscle tension and apprehension, leading to a cyclic response of 
decreased activity, muscle and disuse atrophy, deconditioning and exhaustion, sleep-
lessness, and depression, reinforcing fear of moving and participating in tasks and 
activities in a negative cycle of pain, decreased function, and quality of life.

Central Sensitization: Chronic Pain
Some patients will move from an acute episode of pain to a longer lasting, more 

complex and sensitive presentation of chronic pain that modifies the PNS and CNS. 
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Some individuals become hypersensitive to the stimuli that cause pain. This is known 
as central sensitization. Patients presenting with central sensitization will display pain 
hypersensitivity, tactile allodynia, and pressure hyperalgesia limiting movement both 
passively and actively and decreasing performance and functional independence.

Central sensitization manifests as pain hypersensitivity, particularly dynamic tac-
tile or mechanical allodynia, secondary punctate or pressure hyperalgesia, aftersensa-
tions, and enhanced temporal summation (Figure 4-7). Mechanical or tactile allodynia 
is a condition where the individual experiences intense and debilitating pain caused 
by an innocuous stimulus like the touch of clothing or even light touch. Hyperalgesia 
refers to an increased response to painful or noxious stimulus. The underlying mecha-
nistic basis for enhanced sensitivity has not been fully identified but has been asso-
ciated with nerve damage and peripheral and central sensitization (Lolignier et al., 
2015). Peripheral sensitization is an increased sensitivity to an afferent nerve stimulus. 
The physiologic wind-up phenomenon begins at the skin, with reduced thresholds and 
potentiation along the peripheral nerves culminating in a hypersensitivity response 
from the spinal cord (dorsal horn) and the brain. Peripheral sensitization may lead to 
an increased sensitivity to heat and touch, which is known as primary hyperalgesia or 
primary allodynia. Patients with peripheral sensitization may even find gentle touch to 
the skin or even clothing painful, creating difficulty for participation in the therapeutic 
process.

Figure 4-7. Central sensitization occurs with continued stimulation and activation of primary afferent 
C-fibers leading to a strengthening of the pain response and nociceptive transmission. Pain impulses 
continue with peripheral and central sensitization leading to neuroplasticity with maladaptive changes in 
the neural pathways occurring. (Reproduced with permission from Woolf, C. [2011]. Central sensitization: 
Implications for the diagnosis and treatment of pain. Pain, 152[3], S2-S15. https://doi.org/10.1016/j.
pain.2010.09.030.)
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Central sensitization results from many factors, including repetitive stimulation of 
primary afferent pain carrying C-fibers. C-fibers are narrow, unmyelinated nerve fibers 
that conduct pain signals slowly and adapt or respond slowly, with pain described as 
“slow” or “burning-like,” and continues over an extended period of time. Continued 
stimulation and activation of the primary afferent C-fibers causes a strengthening 
of the response and nociceptive transmission. As the pain impulses continue due to 
peripheral and central sensitization, neuroplasticity occurs with maladaptive changes 
in the nervous system occurring. Patients with chronic or persistent pain display struc-
tural brain changes and abnormal functioning of the inhibitory pain-modulation system 
(Seifert & Maihofner, 2011). 

Assessment of Pain
When evaluating a patient’s complaint of pain, it is important to remember that 

pain is a multifaceted experience, rather than a bodily function, and it must be placed 
within the greater contextual picture. An individual’s psychological and mental fac-
tors, as well as situational factors, can either trigger or extinguish the pain experi-
ence. These additional factors can modify the individual’s perception of pain through 
their influence on the spinal processing of pain through the descending inhibitory and 
faciliatory neural pathways. Suffering should not be considered synonymous with pain 
because there may be different intensities of pain for similar injuries as well as differ-
ing degrees of suffering, distress, and emotional impact on each individual. There may 
be daily, monthly, and seasonal patterns associated with pain that provide additional 
clues about the etiology of the pain. For example, a patient with arthritis may report 
that their pain is worse in the mornings or during cold, damp seasons. A patient with 
migraine headaches may report patterns associated with a variety of factors such as 
stress or menstrual cycling. It is crucial to ask about any aggravating or alleviating 
factors that may lead to exacerbation or even reduction of the pain. By understanding 
such activities, a more accurate diagnosis may be obtained, which will assist in refining 
the appropriate treatment intervention (Chen et al., 2005; Evans et al., 2005; Im, 2006; 
Oddson et al., 2006; Stimmel et al., 2006; ten Klooster et al., 2006). 

To accurately assess the nature and origin of the patient’s pain, a thorough patient 
history should be a component of the evaluation that includes a description of the 
pain, how the pain developed, the location of the pain and whether it has spread, the 
pattern of the pain over time, the patient’s level of function and impairment, any pre-
vious attempted treatments, and the patient’s impression about the effectiveness of 
previous treatments. The words and phrases that the patient uses to describe the pain 
can assist in determining the type of pain and its emotional impact on the individual. 
Associated symptoms such as nausea, sweating, flushing, or sensations of hot or cold 
in the affected area may indicate an autonomic or sympathetic component of the pain. 
Because individuals will have different perceptions about the intensity of pain, obtain-
ing this information is very important to help gauge the effect of the pain and monitor 
any changes (Fillingim, 2005; McLean et al., 2005).

Having a primary understanding of pain-mediation principles facilitates the clini-
cal reasoning process in determining the appropriate intervention for pain control and 
management. A complete evaluation that assesses pain and function, identifies move-
ment abnormalities, evaluates anatomical tissue structures, and assists in identifying 
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realistic treatment goals and interventions. Pain is a very subjective experience, and 
clearly identifying the type, location, and sensation of pain in a patient can become 
problematic. Utilizing both subjective patient and objective descriptions of pain 
measures assists in determining the treatment approach, potential response to inter-
vention, and clinical efficacy. Therapists must also assess the affective motivational 
component and sources of pain that may influence the evaluation, treatment, prog-
nosis, and outcomes. There are several pain-related scales and instruments that are 
often specific to a particular discipline such as dental surgery (e.g., the Visual Analog 
Scale [VAS], the Dental Discomfort Questionnaire). Aside from the patient’s subjective 
reporting of pain, there are two primary tools that can be used by clinicians to pro-
vide a more objective mechanism of reporting: The McGill Pain Questionnaire (MPQ) 
and the VAS (Ceran & Ozcan, 2006; Chang et al., 2006; Kievit et al., 2006; McWilliams & 
Asmundson, 2007; Pallant et al., 2006; Poole et al., 2006).

McGill Pain Questionnaire
The MPQ is frequently utilized during the initial evaluation. It consists of three 

parts and includes body diagrams to assist the patient in identifying and locating the 
area or areas of pain as well as determining whether the pain is internal, external, or 
both. The MPQ also includes a Pain Rating Index, which consists of a collection of words 
grouped into categories. The patient is given a standardized list of adjectives and asked 
to select the word that best describes the pain. The MPQ provides the patient with a 
method of describing the pain and intensity of pain related to activity. Due to the ability 
to score the MPQ, it provides the clinician with a quantitative method of assessing pain 
in a patient. Sometimes the patient is also told to keep a diary of the pain, but this may 
be counterproductive because it can be a continual reminder of the pain (Byrne et al., 
1982; Chang et al., 2006; Klepac et al., 1981; Melzack, 1975; Yakut et al., 2007). 

Visual Analog Scale
There are several types of pain scales that can provide the clinician with primary 

information on the patient’s response to pain. Utilizing a pain scale provides a mecha-
nism to determine changes and patterns in the level and/or type of pain experienced 
by the patient. The VAS is the most frequently used method to assess pain intensity 
and any changes that occur over time. The VAS provides the clinician with a quick 
and relatively accurate method for patients to rate their pain. Visual and analog scales 
have a 10-cm line marked on a paper with the descriptors: “Pain as bad as it could be” 
on the left and “no pain” on the right side of the line. Patients are asked to mark along 
the line to indicate the amount or intensity of pain they are experiencing. This scale 
can be administered before and after treatment sessions, and the therapist measures 
the distance along the continuum to provide a method of rating the patient’s response. 
Because of the ease of application, if used consistently, the VAS can assist the clini-
cian in monitoring patient progress and response to treatment interventions (Table 
4-1). The same assessment can be given verbally by asking the patient on a scale of 0 
to 10, with 0 representing no pain and 10 being the worst pain level, to indicate how 
much pain they are experiencing. The FACES Assessment for Children offers a similar 
method for young patients as the scale displays cartoon-like pictures of faces in vari-
ous degrees of distress, and the child is asked to choose the one that best represents 
the pain. The Wong-Baker FACES Pain Rating Scale was also developed to assess pain 
in children.
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Summary
An understanding and appreciation of pain in our patients provides the clinician 

with an additional clue in the clinical reasoning process. Pain is a component of many 
of the soft tissue injuries that can be treated with physical agent technologies. Along 
with pain, the patient may display any number of occupational performance com-
ponents, including altered sensation, edema, muscle guarding, weakness, or loss of 
movement.

Recognizing pain patterns associated with different sources of pain and under-
standing the patient’s altered biomechanics and musculoskeletal compensations will 
facilitate treatment outcomes and enhance appropriate occupational interventions.
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Learning Objectives
1. Describe the forms of cryotherapy and their application. 
2. Discuss the biophysiological changes that occur with cryotherapy.
3. Describe indications, contraindications, and precautions for the application 

of cold agents. 
4. Demonstrate clinical reasoning in the clinical application of cooling agents.
5. Describe the subjective sensations patients will experience with cryotherapy 

and cooling of the tissue.
6. Describe the procedures used for the clinical application for cold modalities. 
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Cryotherapy, or cold therapy, is a common modality frequently used by clinicians in 
the treatment of acute injuries or trauma for decreasing spasticity, spasms, or in reduc-
ing edema. Cryotherapy is the application of any substance to the body resulting in a 
withdrawal or abstraction of heat from the body, effectively lowering the temperature 
of the tissue. Cryotherapy has been used historically in medicine since the ancient 
Greeks and derives its name from the Greek word for cold, “cryos.” When used thera-
peutically, superficial cold techniques exert their effect on the tissue to depths of 1 to 
2 cm. As with any other physical technology, cryotherapy is most effectively used as 
an adjunct or preparatory to the treatment process to facilitate occupational perfor-
mance (Allen, 2006; Hubbard et al., 2004). Cold is easily applied and therapeutically 
decreases tissue temperature and metabolic rate, as well as causing vasoconstriction, 
which decreases blood flow.

Cold is often used clinically and by patients at home in the treatment of acute inju-
ries or to decrease pain, swelling, and inflammation associated with common musculo-
skeletal injuries and overuse. Cryotherapy can have an influence on key inflammatory 
events at a cellular and physiological level after an acute soft tissue injury, though the 
research and understanding continues to develop (Bongers et al., 2016). Whole-body 
cooling and the use of cooling techniques pre- and post-exercise are also commonly 
used to modify core body temperature and improve exercise performance (Bleakley et 
al., 2014). Indications for the use of cryotherapy include the presence of edema, post-
exercise edema and pain, arthritic exacerbations or flare-up, acute bursitis or tendini-
tis, spasticity, acute or chronic pain secondary to muscle spasm, and post-exercise to 
maintain soft tissue elongation. 

The standard protocol of protection, rest, ice, compression, elevation (PRICE) 
is commonly used for acute injuries. Cold agents reduce local metabolic activity of 
underlying tissues, slow nerve conduction, and, by its direct effect on muscle spindle 
activity, reduce muscle spasm and guarding. The therapeutic effect of icing exerts a 
physiological effect on tissues to a depth of 1 to 2 cm. Application of cold can inactivate 
trigger points after a muscle is injected. Cold has been used effectively in neuromus-
culoskeletal rehabilitation as a facilitative modality to induce or stimulate movement.

History
The ancient Greeks and Romans recorded applications of cold as treatment for a 

variety of health-related problems using naturally forming ice and snow as the modal-
ity. Cold modalities were used as early as the 1800s following surgery, a practice 
commonly used even today following orthopedic procedures or surgery. Today, the 

Terminology
•	 Conduction 
•	 Convection 
•	 Cryoglobulinemia 
•	 Cryotherapy 
•	 Evaporation 

•	 Hemodynamic
•	 Hyperemia
•	 Ice massage
•	 Superficial cooling
•	 Thermal conductivity 
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application of cold is a common and practical treatment for trauma, acute or subacute 
injuries, musculoskeletal conditions, postoperative care, and following intense exer-
cise. Application of cold to the body produces many biophysiological changes and 
can relieve pain, decrease the inflammatory response and associated swelling that 
may occur following injury, and decrease bleeding or hemorrhage. Clinically, there are 
many specific indications for applying cold; these include the presence of edema, post-
exercise edema and pain, arthritic flare-up, acute bursitis or tendinitis, spasticity due 
to central or peripheral nerve damage such as strokes or spinal cord injuries, acute or 
chronic pain secondary to muscle spasm, and to maintain soft tissue elongation after 
exercise (Aiello, 2004; Allen, 2006; Gracies, 2001; Kuznetsov et al., 2004). As with any 
other physical technology, cryotherapy is most effectively used as an adjunct to the 
treatment process or preparatory to an occupational task or activity.

The application of cooling to the body has multiple effects, both systemic and 
localized. Applications of cold agents exert several biophysiological changes in the 
underlying tissue. Small, myelinated pain fibers are first to be affected by the reduc-
tion in temperature, resulting in analgesia. The reason for this may be explained by 
a decrease in blood flow to the targeted tissue affecting the inflammatory process 
and ultimately curtailing edema formation. This results in a decrease in pressure on 
nerves and consequently a decrease in pain. Cold application has a hemodynamic 
effect on the circulation of the blood, as well as affecting neuromuscular and meta-
bolic processes within the body. Cold agents reduce the local metabolic activity of 
underlying tissues, slow nerve conduction, and, by its direct effect on muscle spindle 
activity, reduce muscle spasm and guarding. Application of cold can also influence 
trigger points associated with the myofascial pain that limits movement and function. 
Superficial thermal agents can inactivate trigger points and can be used effectively 
as a facilitative technique for stimulating movement in musculoskeletal rehabilitation 
(Kerschan-Schindl et al., 1998; Lehmann, 1990). 

Historically, cryotherapy has been used in sports, exercise medicine, and for acute 
trauma using ice packs or cold-water immersion baths, targeting localized tissue or 
systemically, through ice bath immersion. With the greater awareness and involve-
ment of the general population in fitness, health and wellness, and commercial growth 
of spas, whole-body cryotherapy has also become a popular method of cryotherapy 
and is being marketed commercially (often by non-clinically trained or licensed 
individuals) for pain, recovery of delayed muscle soreness, and other medical condi-
tions, many of which are unsupported by research. Whole body cryotherapy involves 
exposing the body to vapors that reach ultra-low temperatures ranging from -200 °F to 
-300 °F. (U.S. Food and Drug Administration, 2016; Figure 5-1). The U.S. Food and Drug 
Administration urges that caution should be used because there have been fatalities 
documented and possible hazards include frostbite, burns, and eye injuries from the 
extreme temperatures. There is also the possibility of asphyxiation due to the closed 
room that can cause a decrease in the oxygen levels, resulting in hypoxia, which can 
cause a loss of consciousness (Bleakley et al., 2014; Bongers et al., 2016; Office of the 
Commissioner, Food and Drug Administration, 2016). 

Conduction, Convection, and Evaporation
Cryotherapy refers to a variety of cold applications that can be applied to the body. 

When cold is applied to the skin, which is warmer, heat is removed or lost from the 
body, a concept known as abstraction. The most common forms of heat transfer used 
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clinically in cryotherapy are conduction and evaporation. Application of cryotherapy 
for less than 15 minutes causes superficial cooling of the skin and the subcutaneous 
tissues. Holding the cold application for longer periods of time or applying a more 
intense form of cooling can promote greater depth of penetration to the muscle tissue, 
approximately 5 cm. 

The primary considerations for the magnitude of the biophysiological effects of 
cold (or heat) are dependent on: 

 ӹ Rate (or intensity) of the cooling agent
 ӹ Duration (length of time) of the application of the modality
 ӹ Volume (or area/circumference) of the treatment area
 ӹ Thermal conductivity of the tissue (or the amount of adipose tissue in the treat-

ment area)
There are many techniques and methods of applying cold agents to tissue, includ-

ing ice massage, cold or ice packs, cold baths, cold compression units (Figure 5-2), and 
vapocoolant sprays. Transmission of cooling occurs through the primary mechanisms 
of conduction, convection, and evaporation. When the source of the cold is in direct 
contact with the tissue surface and there is a difference in the temperature between 
the source and the tissue surface, energy is transferred through conduction (Cohn 
et al., 1989). Conduction involves heat transfer where there is an exchange of thermal 

Figure 5-1. Whole-body cryotherapy. (Reproduced with permission 
from U.S. Food and Drug Administration. [2016, July 5]. Whole 
body cryotherapy [WBC]: A “cool” trend that lacks evidence, poses 
r isk s .  ht tps: //w w w.fda.gov/consumers/consumer-updates/
whole-body-cryotherapy-wbc-cool-trend-lacks-evidence-poses-risks.)
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energy between two materials in physical contact. For example, if a cold physical 
agent is applied to the skin, the transfer of heat is from the patient’s extremity to the 
cooling agent, thereby reducing the temperature of the skin under the physical modal-
ity. At this point of contact, molecular activity is slowed, and a specific physiologic 
response is achieved. Convection is the transfer of heat through the circulation of a 
specific medium consisting of a different temperature. In convection, heat transfer 
occurs through the contact of the body part between a circulating medium of another 
material consisting of a different temperature. In cryotherapy, this could occur through 
the application of a cool or tepid whirlpool, where the cooler water is kept in motion 
around the body part. 

Another form of energy transfer is evaporation. Evaporation occurs when a liquid 
is changed to a gas. This change from liquid to gas requires energy in the form of heat 
to occur. In the use of vapocoolant sprays, the heat necessary to produce this change 
comes from the skin surface effectively cooling the tissue. The most common example 
of this is sweating, which is a way that the body cools itself. Vapocoolant sprays are 
often used to decrease pain following minor procedures such as venipuncture, shave 
biopsy, or needle insertion (Galdyn et al., 2015).

In therapy, cold sprays such as Fluori-Methane (Gebauer Co.) or ethyl chloride 
have been used to reduce pain and muscle spasms. These vapocoolant (skin refriger-
ant) sprays are intended for topical application in the management of myofascial pain, 
restricted motion, muscle spasm, and for minor sports injuries (Figure 5-3). These 
sprays can be used over acupressure or trigger points, as well as along referred pain 
routes. Vapocoolant agents are sprayed directly onto the skin in a liquid state. The 
liquid absorbs heat from the skin and facilitates the chemical reaction, thereby cool-
ing the skin. The effect is only at the most superficial depths of the skin and affects 
primarily the A nerve fiber. This can affect the pain and muscle spasm responses as 
described by the gate control theory of pain. The amount of cooling depends on the 
dosage or length of time the cooling spray is applied. As with any thermal agent, the 
dosage is related to and varies with the duration of the application (Davies & Molloy, 
2006; Sheehan, 1950; Travell, 1952; Zappa et al., 1991; Zappa & Nabors, 1992).

Figure 5-2. Cold compression unit. (Robert Przybysz/Shutterstock.com.)
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Tissue Temperature Variation
Superficial cooling of the tissue lowers tissue temperature to varying degrees and 

is most often used with neuromuscular and musculoskeletal conditions or following 
an acute injury. Superficial cold lowers the tissue temperature and can produce anal-
gesia, decrease edema, reduce muscle spasm, and lower metabolic activity. Tissue 
temperature change and the associated biophysical effects of the cooling are related 
to the time of exposure, the method used to cool the tissue, and thermal conductivity 
of the tissue. 

Thermal conductivity refers to the rate at which the tissue transfers heat by con-
duction and the efficiency of a tissue to conduct heat. The thermal conductivity of a 
material can be expressed in cal/sec or by cm2 × °C/cm. The thermal conductivity of 
bone and muscle is approximately 0.0011 cal/sec, while fat has a thermal conductivity 
of 0.0005 cal/sec. Muscle, which has a high water content, conducts heat more effi-
ciently than adipose or fat tissue, which acts as an insulator (Anderson & Martin, 1994; 
Ducharme & Tikuisis, 1991; Hatfield & Puch, 1951; Wolf & Basmajian, 1973). Therefore, 
obese patients with large amounts of adipose tissue may not achieve the same bio-
physical effects when cold is applied, requiring a longer exposure time to the interven-
tion. However, caution needs to be used when considering the length of exposure to 
the cold agent because changes in the skin’s temperature occur very quickly. Damage 
to the skin and tissue may occur before the desired biophysical effects are achieved. 
Conversely, patients with minimal adipose tissue may respond to the cold application 
more quickly and with more systemic effects. Application of cold to individuals who 
have a history of frostbite or systemic cold injury should be avoided (Imray et al., 2009)

Caution must be used when considering the length of exposure to the cold agent. 
Significant changes in skin and superficial tissue temperature occur very quickly, 
whereas significant changes in muscle temperature are more gradual (Merrick et al., 
2003). This has significant clinical implications, as intermittent cooling may allow 

Figure 5-3. Vapocoolant cold sprays. (showcake/Shutterstock.com.)
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muscle to reach lower temperatures while reducing the potential damage to skin and 
superficial tissue. Following cold application, skin will rewarm rapidly while muscle 
will continue to cool (White & Wells, 2013).

Fat will act as an insulator to the transfer of the energy and cooling. Prolonged 
exposure to cold can also produce various injuries due to the inability of the body 
to adapt to the cold or extremes in temperature. These injuries can be localized to a 
specific area or body part, systemic hypothermia affecting the body, or a combination 
of both. Tissue temperature can decrease due to heat loss by radiation, evaporation, 
conduction, or convection. Hypothermia, or systemic cold injury, occurs when the 
core body temperature has decreased to 35 °C (95 °F) or less (Shenaq & Gottlieb, 2017). 
Frostbite can occur due to direct tissue freezing leading to cellular ice crystal forma-
tion with cellular dehydration and later, during rewarming, microvascular occlusion 
(Ingram & Raymond, 2013; Figure 5-4).

Deeper subcutaneous tissue, such as muscles and joints, will require a longer 
exposure to the cooling agent to effect biophysical changes in the tissue. Cooling of 
the tissue is dependent in part on the type of tissue. The depth of the tissue will also 
influence the biophysical changes and length of time needed to cool the tissue. In a 
healthy individual, skin temperature will rapidly decline during the first 3 minutes of 
application and will reach minimum temperature after only 8 to 9 minutes of applica-
tion (Janwantanakul, 2009; Figure 5-5).

Cryotherapy Effects
Application of cold can have hemodynamic, neuromuscular, and metabolic effects 

on the body. Tissue cooling when used as an adjunctive modality can contribute posi-
tively to the therapeutic effect by producing analgesia, reducing edema, decreasing 
muscle spasms, and reducing the metabolic activity of the cooled tissues (Lehmann et 
al., 1970). Analgesia is the absence of sensibility to pain leading to relief of pain without 
loss of consciousness or awareness of surroundings. 

Figure 5-4. Effect of cryotherapy on tissue temperature and biophysiological 
changes.
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The intensity and rapidity of analgesia is dependent upon the mechanism of 
application of the cooling agent. The application of a cryotherapy technique to the 
skin will result in a characteristic subjective response in most patients, which can 
assist in determining the therapeutic range of cold application on tissue temperature. 
Cold application produces four distinct stages of sensation that lead to an anesthetic 
response. The initial stage of cooling is marked by an intense cold sensation with the 
skin reddening (hyperemia). This is followed by a burning sensation, followed by a 
deep aching feeling, finally leading to analgesia. This sensory process usually occurs 
within 10 to 20 minutes, depending on the modality used. Applications using a higher 
intensity, such as ice massage, will require less time and should be discontinued when 
the point of analgesia is reached. Physiological changes occur at approximately 80.6 °F 
(Figure 5-6). 

The application of cold must be monitored closely to avoid overexposure to the 
cold agent and to prevent the potential tissue damage caused by frostbite. When the 
body is cooled to around 15 °C, vasoconstriction occurs. As the tissue is cooled further 
to 10 °C, the “hunting response” occurs, which is periodic cold-induced vasodilation 
occurring in 5- to 15-minute intervals in an attempt to bring increased blood flow to 

Figure 5-5. Frostbite. A 16-year-old adolescent boy with frostbite injury of the right hand before 
(A and C) and after (B and D) treatment with tissue plasminogen activator (t-PA) thrombolysis. 
Photographs of the right hand show severe frostbite injury involving the second through fifth 
digits with sparing of the thumb and 5 months after t-PA thrombolysis and wound care with 
almost complete viability of the tissue. (Reproduced with permission from Tavri, S., Ganguli, S., 
Bryan, R., Jr., Goverman, J., Liu, R., Irani, Z., & Walker, G. T. [2016]. Catheter-directed intraarterial 
thrombolysis as part of a multidisciplinary management protocol of frostbite injury. Journal of 
Vascular and Interventional Radiology, 27[8], 1228-1235. https://doi.org/10.1016/j.jvir.2016.04.027.)
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the skin (Imray et al., 2011). As tissue cooling continues, the hunting response fails, and 
pain sensation is lost between 7 °C and 9 °C. If cooling is not discontinued at this time, 
ice crystals will form in the interstitium and frostbite will occur (Ingram & Raymond, 
2013). Rapid freezing, defined as >10 °C·min-1 drop in temperature, leads to intracellular 
crystal formation and immediate cell death (Jurkovich, 2007).

There are a variety of methods for applying cold to targeted tissue. Cold treatment 
can be applied by means of commercially available ice packs, chemical gel packs, and 
cold packs. These products are prescribed for clinic as well as home use. Cold modali-
ties can be made for home application by using a bag of ice chips, frozen chunks of ice 
(typically frozen in 5- to 12-ounce cups), or as an “ice slush” (one part alcohol and three 
parts water mixed and stored in a baggie). The type of cold modality you use depends 
on the desired effect (Figure 5-7). 

Tissue temperature change and the subsequent biophysical effects of cooling are 
directly related to the time of exposure, the method used to cool the tissue, and the 

Figure 5-6. Subjective sensory response 
of cold application. The sensory stages 
of cryotherapy application occurs within 
10 to 20 minutes. 

Figure 5-7. Ice massage for 
epicondylopathy. 
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conductivity of the tissue. The therapeutic effect of icing exerts a physiological change 
on tissues to a depth of up to 2 cm. There is no set time frame in which one progresses 
through the stages of tissue cooling leading to analgesia, and the time frame will vary 
depending on a number of factors including the amount of adipose tissue, fluid, and 
location of the targeted tissue. Generally, individuals with thicker subcutaneous tissue 
require longer periods of time to achieve a therapeutic response, whereas individuals 
who are thin and have less adipose tissue require less time. Treatment times can range 
from as little as 5 minutes to upward of 45 minutes depending on the area treated, the 
depth of penetration to be achieved, and the cooling method employed (Anderson & 
Martin, 1994; Barber, 2000). 

Biophysiological Response to Cooling
When cold material is placed on the skin, the immediate hemodynamic effect is 

constriction of the cutaneous blood vessels. This occurs through activation of the 
cold receptors, which in turn stimulate the smooth muscle of the blood vessel walls 
to contract. Vasoconstriction continues if the duration of the cold application is less 
than 15 minutes. Vasoconstriction decreases and limits blood flow to the area being 
treated. The initial effect of vasoconstriction occurs in the tissue where the cold is 
being applied for a localized effect. This cooling process inhibits the production of 
histamine and prostaglandins, which trigger the vasodilatation response of blood ves-
sels. Concurrently, there is an increase of blood viscosity that results in a resistance 
to blood flow. The net effect of vasoconstriction is that the body attempts to compart-
mentalize the treatment area, limiting the amount of blood that is cooled as well as 
preventing warmer blood from being shunted into the area, raising the temperature 
through the convective effect of blood flow (Conolly et al., 1972). 

Nerve Conduction Velocity
Application of cold has a direct effect on the nerves and nerve endings causing 

the analgesic effects through counter irritation and by reducing the metabolic activity 
of the tissue (Lehmann et al., 1970). All nerve fibers are affected by the application of 
cold, but the small, myelinated pain fibers are the first to be affected. As the tissue 
temperature is lowered, there is a concurrent decrease in nerve conduction velocities 
along with a reduction in acetylcholine production. As exposure to cold is lengthened, 
there is an associated increase in the recovery cycle of the nerve following excitation, 
along with an increase in the refractory period. Changes in nerve conduction velocity 
can occur rapidly—within 5 minutes of applying a superficial cooling agent. In healthy 
individuals, cold application applied for 5 minutes will take approximately 15 minutes 
to reverse the effects of nerve conduction velocities. 

As the duration of application increases, there is a subsequent increase in the time 
it takes for the conduction velocities to recover. When cold is applied for 20 minutes, 
it will take approximately 30 minutes or more to recover normal nerve conduction 
velocity. Assessing an individual’s grip/pinch strength or fine motor object manipula-
tion following the application of cold would be counterproductive and inaccurate. The 
analgesic effect of cryotherapy can be used to the therapists’ advantage by involving 
the patient in activities and occupations that may be limited due to pain but avoid 
overuse or activities that might exacerbate the underlying condition. The analgesic 
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effect of cold intervention may also decrease a patient’s need for pain medication and 
can be part of a home program with patient and family education. The analgesic effect 
can cause difficulties if the patient and therapist fail to monitor the amount of activity 
as the body’s normal protective mechanism of pain sensation is compromised. Care 
must be taken to monitor the activity level to ensure that further trauma does not 
occur through overuse (Cohn et al., 1989; Conolly et al., 1972; Levy & Marmar, 1993).

Hemodynamic Effects
When cold is applied for periods of time longer than 15 minutes, the body may 

respond with vasodilation. Vasodilation is a reaction in which blood vessels increase 
in size. Vasoconstriction of the arterioles and venules occurs during the application of 
cold for 15 minutes or less. The initial effect of vasoconstriction occurs in the tissue 
where the cold is being applied. This cooling process inhibits the production of hista-
mine and prostaglandins, which trigger the vasodilatation response of blood vessels. 
Concurrently, there is an increase of blood viscosity that results in a resistance to 
blood flow. The effect of vasoconstriction is that the body attempts to compartmental-
ize the treatment area, limiting the amount of blood that is cooled as well as preventing 
warmer blood from being shunted into the area, raising the temperature through the 
convective effect of blood flow (Conolly et al., 1972). Increased blood viscosity also 
limits interstitial fluid movement and aids in controlling bleeding and fluid loss follow-
ing an acute injury.

There are some inconsistencies related to the occurrence of cold-induced vaso-
dilation, though it occurs with greater frequency in the distal extremities when cold 
is applied longer than 15 minutes and below 1 °C (Levy & Marmar, 1993). The body’s 
alternating response of vasoconstriction and vasodilation has been coined the hunt-
ing response. The hunting response has been described as a delayed vasodilation of 
arterioles following a period of cooling. If the cold technique is applied for long periods 
of time (greater than 15 minutes and when tissue temperatures reach 50 °F [10 °C]), 
the body may react by causing vasodilation for a short period of time (usually 4 to 6 
minutes). Vasodilation in turn is followed by vasoconstriction for an additional period 
(usually up to 30 minutes). 

Application of cold to tissue also decreases the amount of oxygen available to the 
tissue. Cooling of the tissue decreases oxygen-hemoglobin dissociation, with a subse-
quent increase in oxyhemoglobin of the blood under the area of application. This, in 
part, causes the redness that is often seen when applying cold to tissue. Application of 
cold, which causes vasodilation, has a net effect of decreasing oxygen delivery to the 
targeted body part (Healy et al., 1994; Webb et al., 1998).

Cold can also cause a decrease in edema in some patients. Following an acute 
injury, there is an increase in fluid and proteins and increased interstitial pressure, all 
contributing to edema in the affected tissue, which further compromises the circula-
tory flow that leads to a secondary hypoxia. Cold application decreases the metabolic 
activity of the affected tissue, reducing the need for energy and oxygen requirements 
of the surrounding tissue, allowing them to survive without suffering from hypoxic 
damage (Knight, 1995). Application of cold causes vasoconstriction by sympathetic 
reflex and through cold’s effect on the smooth muscle of the blood vessels. Reduction 
of edema appears to be most effective when combined with compression (Conolly et 
al., 1972; Licker et al., 1996; Sloan et al., 1988). Vasoconstriction of the arterioles and 
venules occurs following application of cold for 15 minutes or less. In patients with 



128  Chapter 5

acute trauma, application of cold is most effective when combined with compression 
and elevation (Healy et al., 1994; Levy & Marmar, 1993). To lower the possibility of ther-
mal damage to postoperative patients, application of a less intense cold 3 to 4 times 
daily for 20 to 30 minutes in combination with compression and elevation should be 
considered.

Metabolic Effects
Cryotherapy can affect the inflammatory response following a soft tissue injury 

through its influence at a cellular and physiological level. Application of cryotherapy 
decreases or slows metabolic reactions that occur during inflammation and healing. 
Because of this, cold applications should be used judiciously. Cooling selected tissues 
can affect the healing process by delaying the production of metabolites that are 
needed for this process. Cooling also has the effect of interrupting the inflammatory 
process, which can either impede the healing process or enhance it, depending on the 
condition of the tissues involved.

Immediately following a soft tissue injury, the body attempts to heal the tissue 
with an inflammatory response.  This phase of healing is characterized by the cardinal 
signs such as heat, redness, pain, and edema. Secondary damage can occur to the cells 
surrounding the injured area and may involve both enzymatic and ischemic mecha-
nisms, leading to the collateral damage.  One of the cellular effects of cold application 
is the reduction of the metabolic rate of the injured tissue and surrounding area. It is 
theorized that by decreasing the metabolic needs of the cells, they are better able to 
tolerate the ischemia that occurs during the immediate phase following injury, thus 
preventing further cell damage or cell death. Though the underlying mechanism of 
action is not clearly articulated, cryotherapy can have an effect on the key inflamma-
tory events at both the cellular and physiological issue following acute soft tissue inju-
ries and should be a primary consideration for intervention (Bleakley & Davison, 2010).

Intra-articular enzymatic activity may be decreased following application of cold. 
Reduction of metabolic activity can reduce energy requirements, which may facilitate 
and account (in part) for cold’s efficacy in the acute phase of injuries. Because of the 
biophysical effects of cooling on the healing process, cold is the thermal intervention 
that should be used following an acute injury (24 to 72 hours). Applying cold to the 
area immediately following injury will decrease pain, inflammation, edema, and muscle 
spasm. Use of cryotherapy as part of the treatment protocol in treating musculoskele-
tal trauma and post-orthopedic surgical swelling and pain is well documented. Benefits 
of applying cold after injury or surgery include a reduction in the need for pain medica-
tion, decreased pain, decreased edema, improved range of motion (ROM), decreased 
spasm, reduction of exercise induced muscle soreness, and quicker return to activity 
(Hedenberg, 1970; Johnson & Leider, 1977; Journee & de Jonge, 1993; Kerschan-Schindl 
et al., 1998; Major et al., 1981; Tachibana, 1987; Zankel, 1966). 

Muscle Tone
Muscle spasm can have a detrimental effect on occupational performance through 

the experience of pain and limited ROM. A cooling agent can be applied over a muscle 
spasm to decrease the spasm. The cold temperature affects the muscle spindle mecha-
nism as well as the sensory wrappings of the spindle, thereby decreasing the spasm. 
The effect of cooling on spasticity appears to be due to a decrease in gamma motor 
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neuron activity and a subsequent decrease in afferent spindle and Golgi tendon organ 
activity (Bell & Lehmann, 1987; Boes, 1962). With a decrease in muscle spasm, the 
patient may gain movement and ROM and be better able to resume routine functional 
activities (dos Santos & de Oliveira, 2004). 

Cryotherapy also can be used to temporarily decrease spasticity in patients with 
upper motor neuron lesions, while applications for 10 to 30 minutes or longer may 
decrease clonus and resistance to passive stretch. Longer applications of cold (e.g., 
up to 30 minutes) are more effective to decrease spasticity and should be considered. 
Spasticity requires a cooling period of between 10 and 20 minutes before spastic mus-
cle decreases in tone, facilitating movement. Spasticity reduction following prolonged 
cooling generally lasts for up to 1 hour, during which time occupational activities 
should be engaged (Kesiktas et al., 2004; Lee et al., 2002; Miglietta, 1973). 

Cryotherapy may be able to help stabilize inflammation as well as reduce pain and 
muscle tension when applied in patients following rotator cuff reconstruction. It was 
also found that application of cold to the shoulder postsurgically led to better sleep at 
night, fewer postsecondary injuries during the rehabilitation period, and a decrease in 
pain and swelling (Singh et al., 2001; Speer et al., 1996). 

Cooling the tissue affects spastic muscle as well as normal muscle tone. It is 
important to note that if a hand or forearm segment is cooled to less than 80.6 °F, grip 
strength and the ability for sustained muscle contraction will be reduced. With cool-
ing of the upper extremity, most patients will experience a decrease in the ability to 
perform fine motor activities. Engaging individuals in occupations requiring fine motor 
dexterity may be problematic and frustrating for the patient. Measuring grip or pinch 
strength following superficial cooling of the tissue may negatively affect accurate 
results. The use of cold packs or ice massage when combined with static positional 
stretch or contract-relax techniques can be an effective countermeasure for muscle 
spasms. Generally, 10 to 20 minutes of cooling time should be enough to decrease the 
muscle spasm in most individuals, unless they are obese (Abuziarov et al., 1992; Allison 
& Abraham, 2001; Petrilli et al., 2004; Price & Lehmann, 1990). 

Edema 
Treatment of edema following injury or disease is of paramount concern for thera-

pists. “Protection, Rest, Ice, Compression and Elevation, or [PRICE], adds the concept 
of ‘protection’ to the traditional [RICE] protocol formula. Protecting the injured area 
from further damage is crucial to the healing process” (Tripp, 2014). A cold modality 
should be the physical agent of choice for the first 24 to 48 hours following acute injury 
or surgery. Cryotherapy can be an effective intervention and can be used to control 
the development of edema, particularly when edema is associated with acute inflam-
mation. The application of a cooling modality should be applied to the injured area for 
20 to 30 minutes per 2-hour period for the first 6 to 24 hours after trauma. Ice packs 
are usually applied for up to 30 minutes and are helpful because they conform to body 
contours and produce comfortable and safe pain relief. 

Cold application produces vasoconstriction of blood vessels due to a sympathetic 
reflex response that affects the smooth muscles of the blood vessels. Vasoconstriction 
of the arterioles and venules occurs during the application of cold for 15 minutes or 
less. Cryotherapy decreases the intravascular fluid pressure by decreasing blood flow 
into the affected area and by increasing the blood viscosity. Cryotherapy also affects 
capillary permeability by decreasing histochemical release during the inflammatory 
phase of healing. Cooling is most effective at reducing edema when combined with 



130  Chapter 5

compression. For postoperative patients, to decrease thermal damage to a surgi-
cal repair, applications of a less intense cooling agent 3 to 4 times daily for 20 to 30 
minutes, combined with compression and elevation, would be beneficial (Barry et 
al., 2003; Cohn et al., 1989; Dover & Powers, 2004; Gibbons et al., 2001; Holmstrom & 
Hardin, 2005).

Clinical Application to Musculoskeletal Injuries
Musculoskeletal injuries with associated pain are a common health problem in the 

United States and in industrialized countries. Musculoskeletal injuries cause disability 
and pain and negatively affect quality of life and participation. With the aging of the 
U.S. population, musculoskeletal diseases are becoming more prevalent every year, 
along with associated negative economic costs. Globally, musculoskeletal conditions 
such as arthritis and back pain affect more than 1.7 billion individuals and are con-
sidered the second greatest cause of disability in the world, and is the fourth largest 
impact on overall health on death and disability internationally (U.S. Bone and Joint 
Initiative, 2014). Acute musculoskeletal injuries cause pain, but understanding the 
biophysiology of the injury assists in understanding the effect cryotherapy has on the 
inflammatory process.  

Acute muscular injuries are due to direct or indirect trauma such as falls, sprains, 
or collisions with subsequent bruising at the location of the injury. The bruising or 
contusion is caused in part by damage to the underlying capillaries, muscle fibers, 
and connective tissues. The initial injury sets off a cascade of histochemical inflam-
matory events that leads to edema, hyperalgesia, and erythema, which, if unchecked, 
can increase tissue damage and delay the healing process (van den Bekerom et al., 
2012). Indirect trauma can also occur due to the tensile forces that disrupt the muscle 
fibers damaging them. These injuries can occur with a sprain, which is a tearing of 
the ligaments, or a strain, which is a stretching or tearing of the muscle or tendon 
due to excessive forces. Delayed onset muscle soreness (DOMS) and acute strain to 
the muscle causing damage can be due to eccentric overload of the muscles (Page, 
1995). Trauma due to these compressive or disruptional forces are often referred to 
as microtrauma or microtearing, leading to the inflammatory process and healing. 
The fundamental mechanism for DOMS is not clear; however, the physiological events 
occurring with exercise-induced muscle stress and the subsequent damage that 
occurs involve the metabolic, biophysiological issues, and mechanical factors (Tee et 
al., 2007). Athlete recovery-adaptation of DOMS is of concern with the performance of 
highly trained athletes. 

The therapeutic process for soft tissue or musculoskeletal conditions progresses 
through the acute recovery phase (inflammatory phase), a subacute or intermediate 
phase (proliferation), and advanced strengthening phase (maturation), leading to a 
focus and return to sport or activity. The primary concerns during the acute recovery 
phase are to facilitate tissue healing, decrease pain and inflammation, avoid second-
ary tissue injury, and minimize the effects of immobilization. The initial therapeutic 
approach to sprains, strains, and microtrauma leading to the inflammatory process is 
use of cold in association with PRICE.

Cryotherapy is the recommended modality of choice immediately following an 
injury and during the acute inflammatory phase (0 to 72 hours). There are several 
physiological responses that occur with application of cold. Cold will decrease swell-
ing, bleeding, inflammation, and pain by decreasing the metabolism of the affected tis-
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sues. Cryotherapy can be used therapeutically in the treatment of injuries, pathology, 
and diseases as well as postsurgically. There are several indications for using cooling 
as an adjunctive modality to prepare your patient for involvement in occupation. The 
most common use of cryotherapy is in the treatment of acute injury or during the 
inflammatory process. The inflammatory process occurs approximately 24 to 48 hours 
post-injury. As mentioned previously, the acronym PRICE is effective in decreasing 
many of the effects of acute musculoskeletal trauma. Cooling of the tissue decreases 
the rate in which the chemical reactions occur that are associated with the acute 
inflammatory process. Decreasing affected tissue temperature causes vasoconstric-
tion and increases the viscosity of the blood, limiting interstitial fluid movement and 
controlling bleeding and fluid loss following an acute injury. 

Cold has a direct effect on nerves and nerve endings and causes analgesia through 
counter-irritation (as described in the gate control theory of pain) by decreasing meta-
bolic activity within the tissue. Small, myelinated pain fibers are first to be affected by 
the reduction in temperature resulting in analgesia. The reason for this is a decrease 
in blood flow to the targeted tissue, which affects the inflammatory process and limits 
edema formation. This results in a decrease in pressure on nerves and consequently a 
decrease in pain. The analgesic advantage is that the therapist can involve the patient 
in activities and occupations, which may have been limited due to the pain. However, 
care must be taken to prevent further injuries during this period because the pain 
threshold has been changed. Although the analgesic effect may decrease the need for 
pain medication, the therapist must monitor the patient’s activity level to ensure that 
further trauma does not occur through overuse. A false sense of security due to pain 
relief can possibly lead to aggravating the original condition or even a new injury.

With a decrease in temperature, there is a concurrent decrease in nerve conduc-
tion velocities and in acetylcholine production. A decrease in nerve conduction veloc-
ity after 5 minutes of cooling will generally recover in individuals with normal circula-
tion within approximately 15 minutes. After 20 minutes of cooling, reversing the effect 
on delayed nerve conduction velocity will take about 30 minutes or longer. This should 
be kept in mind during treatment and when assessments are being conducted. The 
inflammatory process lasts approximately 24 to 48 hours following an acute injury. As 
the area heals and the inflammatory process slows, the superficial temperature of the 
area should resolve and decrease. The surface temperature of the area can be a good 
indicator of the healing process. If the temperature of the area remains elevated, this 
may indicate an infection or may be indicative of more severe trauma, chronic overuse 
syndromes, or inflammatory disease such as arthritis. In these cases, referral to the 
attending physician is warranted. As the inflammatory process resolves, application 
of cold should be discontinued to avoid impeding the second and third phases of the 
healing process and limiting histochemical and metabolic reactions. 

Cold Agent Applications
There are several methods and techniques that clinicians can use to administer 

cryotherapy. Cold packs, ice massage, cold-water immersion baths, cool whirlpools, 
ice towels, and vapocoolant sprays are the most commonly used cryotherapy agents 
in the clinical setting. Each one is effective to meet the physiological and therapeutic 
objectives associated with the relief of pain and the decrease in the inflammatory 
process. The standard protocol of PRICE is effective in decreasing the effects of acute 
musculoskeletal trauma. Patients will feel a variety of sensations when applying cold; 
the intensity and rapidity of the sensation may depend on the mechanism of applica-
tion used (Figure 5-8).
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Cold Packs
Cold packs are commonly used in cryotherapy. Cold packs are available com-

mercially or can be made at home using a homemade alcohol pack, crushed ice in a 
plastic bag, or simply a frozen bag of peas. Cold packs are an effective and inexpensive 
method for administering cold to an area. Selecting the type of cold pack to be used 
should be based on its ability to conform to the extremity or area to be treated. Use 
of cold packs is also advantageous because the therapist can target large or multiple 
areas for treatment and combine elevation and icing to facilitate edema reduction. 
When used for musculoskeletal injuries, the cold pack ideally should cover the entire 
muscle from origin to insertion, though this is not always possible.

The cold pack can be applied directly to the area, it may be wrapped in a wet or 
dry thin towel, the area being treated can also be covered with a paper towel, or the 
modality can be placed in a pillowcase and then applied. An insulating material should 
always be used when the ice pack is placed over a bony prominence. If a distal extrem-
ity such as a hand, wrist, or elbow is the targeted tissue, the extremity can be covered 
with a bandage wrap, compression wrap (e.g., Tubigrip [ConvaTec]), or a stockinette, 
followed by the placement of thin wet or dry cloth towels or paper towels acting as an 
interface between the tissue and the cold pack so the modality is not directly on bare 
skin. Bandage wraps or other elastic-type wraps (e.g., Coban tape [3M]) or cellophane 
can be used to maintain and hold the position of the cold pack on the area being treat-
ed. Depending on the size and location of the area being treated, it may be necessary 
to stabilize the modality to prevent the icepack from sliding off. Compression wraps 
such as elastic wraps or Cramer’s Flex-i-Wrap (a cellophane-type plastic wrap) can be 

Figure 5-8. PRICE regimen for acute injuries. 
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applied around the extremity and over the modality to secure it and to increase greater 
surface area. Some research has found that during an ice-bag application, external 
compression with elastic wrap was more effective than Flex-i-Wrap at decreasing intra-
muscular tissue temperature and may be a more appropriate choice for use with acute 
injuries (Tomchuk et al., 2010).

Cold packs can be left on for an average of 10 to 20 minutes with close monitoring 
of the skin to prevent tissue damage from too rapid or prolonged cooling (Figure 5-9). 
Monitor the patient’s response to the application and monitor any bony prominences. 
If additional protection is needed to the body segment being treated, consider using 
stockinette, Tubigrip, bandage wraps, or compression wraps under the cold pack. 
Leave the cold pack on for an average treatment time between 10 to 20 minutes and 
monitor the skin to prevent tissue damage from too rapid or prolonged cooling. The 
amount of adipose tissue present will affect the level and rate of tissue temperature 
change and must also be a consideration when determining length of application 
(Myrer et al., 2001; Figure 5-10). 

Figure 5-9. Cold pack application. (Image Point Fr/Shutterstock.com.) 

Figure 5-10. Cold pack treatment. (Praisaeng/Shutterstock.com.) 
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Cold Pack/Ice Pack Clinical Application
The initial consideration is to determine if a cold pack is the appropriate treatment 

for your patient based on the phase of healing. Identify any precautions or contraindi-
cations. Ask the patient if they have had previous cryotherapy treatment applications 
and review the procedure. Collect your supplies. You will need a damp towel and a cold 
pack. Assess the area to be treated. You will want to determine the status of light touch 
sensibility, circulation, presence of open wounds or rashes, skin irritation, and ROM. 
Remove jewelry and clothing from the treatment area.

Keep the extremity well supported. Remember, bony prominences and those areas 
where pressure may occur will conduct the cold quicker than other areas. If neces-
sary, drape patients with towels or sheets to preserve their modesty and protect their 
clothing.

1. Wrap the cold pack in a thin towel, pillowcase, or paper towel so the medium is not 
directly on the patient’s skin.

2. Inform your patient before you place the cold pack on the body segment. Wrap 
the cold pack in place and secure if necessary to prevent slippage. Set your treat-
ment timer for 15 to 20 minutes (or the treatment time you determine as best for 
your patient, 10 to 20 minutes total). Remember to monitor the patient’s skin and 
response to the cold during this time. 

3. Ask your patient what they are subjectively feeling at the end of 2 minutes and 
again at 5 minutes. Make consistent visual checks of the treated area for any 
adverse effects or patient response. If the skin begins to develop welts or if the 
color of the extremity changes from red to an absolute white within the first 4 
minutes, stop the treatment.

4. When the treatment is completed, remove the cold pack and dry the area with a 
towel. Remove draping material and assist patient with dressing if appropriate. 
Have the patient continue with the therapeutic intervention as outlined in the 
treatment plan.

Ice Massage
Ice massage is the application of ice on the skin or targeted area of treatment and is 

most often used to anesthetize an area or to apply cold to a trigger point. Because the 
ice is applied directly to the skin, smaller, localized areas are more effectively treated. 
As with any cryotherapy application, the size of the area to be treated and the amount 
of adipose or fat tissue needs to be taken into consideration before applying the inter-
vention. Ice cubes or water placed in a paper or Styrofoam cup and frozen are the most 
frequently used methods of application, although commercial cryo-probes kept in the 
freezer are available. As always, care must be taken to prevent cryo-trauma to the area 
being treated (Isabell et al., 1992; van Linschoten & den Hoed, 2004).

The patient should be positioned comfortably with the area to be treated exposed 
and draped with a towel to absorb the melting water. The ice cube or ice cup is slowly 
rubbed in small, rhythmic circles, maintaining direct contact with the skin through-
out the treatment. The patient should be informed of the stages of cold, burning, and 
aching, followed by numbness, indicating analgesia. The patient should be repeat-
edly questioned to identify which stage of cooling is occurring. When the patient 
reports numbness or analgesia, it is generally safe to continue for approximately 1 
more minute. Rarely should ice massage exceed 7 minutes in length; most often, treat-
ment should last from approximately 3 to 10 minutes depending on the size of the 
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area being treated. Intermittent applications may enhance the therapeutic effect of 
ice in pain relief after acute soft tissue injury (Bleakley et al., 2006; Hocutt et al., 1982; 
Hubbard & Denegar, 2004; Thorsson, 2001). 

Ice Massage Clinical Procedure
Ice massage is one of the most frequently applied physical agents used to anes-

thetize a relatively small area or to disrupt the pain cycle of a trigger point. It is most 
effective when the area of treatment is superficial, localized, and relatively small. As 
the ice cup melts during application, you will want to position your patient comfortably 
and drape the area with a towel to catch and absorb the melting ice. 

To effectively perform ice massage, use of ice cups or frozen water popsicles are 
frequently used. These may be made by  freezing water in small cups or by applying 
a tongue depressor into a water cup before completely freezing. The stick is conve-
niently used as a handle when the frozen water is removed from the cup. Ice massage 
is performed by slowly rubbing or moving the modality in small, rhythmical circles, 
maintaining direct contact with skin at all times. 

The treatment regimen continues even after the patient reports that the treatment 
area is numb, indicating an analgesic effect. Depending on the size and area being treat-
ed and as a general rule, you do not want an ice massage to exceed 10 minutes because 
frostbite and tissue damage may occur due to the intensity of the cold. Patients will 
usually experience numbness within a 3- to 10-minute time frame (Barrett & O’Malley, 
1999; Ownby, 2006; Sevier & Wilson, 1999; Waters & Raisler, 2003; Zemke et al., 1998). 

Application Procedure
1. Define the patient’s problem and have them help you set the goal for this inter-

vention. Decide if an ice massage is the most appropriate modality. Outline the 
contraindications and precautions relative to your patient, educate them to the 
procedure, and answer any of their questions.

2. The patient should be placed in a well-supported and comfortable position with 
the body part to be treated exposed. Remove jewelry and clothing from the area 
to be treated. If necessary, drape the patient with towels or sheets to preserve the 
patient’s modesty and protect clothing from melting ice.

3. Evaluate the area to be treated for light touch sensibility, circulatory status, and 
include pulses and capillary refill. Ensure that there are no open wounds or rashes 
and evaluate the body part or extremity for ROM.

4. To prepare the ice for application, pull it from its container and rub the ice with 
your hand to smooth any hard edges. Before you begin the ice massage, inform the 
patient that you are about to begin. If this is the first application, you can apply the 
ice massage for about 10 seconds, remove it, and ask the patient if they have any 
questions regarding the procedure. This will provide the patient with the initial 
sensory feedback and understanding of the procedure.

5. Begin rubbing the ice in back-and-forth and circular motions on the body segment 
being treated. You do not have to add extra pressure to the ice because you do 
not want to decrease any blood flow unnecessarily. Keep the ice moving up to 
10 cm per second. If the ice is melting and running over areas that you do not want 
cooled, catch the runoff with an extra towel. 

6. After approximately 2 minutes, ask the patient how they are doing. There are 
four stages the patient will experience: (A) An intense feeling of cold, (B) a sting-
ing/burning sensation, (C) followed by an aching sensation, and (D) leading to 
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numbness. If after 4 to 5 minutes you notice the skin color turning from red to an 
absolute white, discontinue treatment. Note how long it takes for the patient to 
report analgesia or numbness.

7. Continue with the ice massage until the desired outcome has occurred, but not lon-
ger than 10 minutes as a general rule. When the patient experiences analgesia and 
your treatment time is complete, discontinue the ice massage and dry the area. 

8. Assess the area with a light touch to make sure anesthesia has been achieved. 
Discard the ice.
The patient is now ready to continue with your therapeutic intervention as out-

lined in the treatment plan.

Cold/Ice Water Immersion Baths and Cool Whirlpool
Cold water baths or cool whirlpools are most often used for edema reduction and 

used in conjunction with string wrapping or compression wrapping and garments. 
These techniques are often effective and used for digital or hand injuries. An advantage 
to the use of cold or ice baths is the fact that there is complete contact of the cooling 
agent on the tissue being treated as the extremity is completely immersed in the water. 
Cool whirlpools can be effective as part of wound debridement due to the agitation 
of the water, particularly in edematous hand injuries. When used in upper extremity 
injuries, a disadvantage to the use of cold or ice baths and whirlpool is the dependent 
position of the hand and extremity. To counteract the effects of the dependent posi-
tion, patients should be advised to continue hand pumping and exercise throughout 
the treatment. Having patients periodically elevate the extremity above the level of 
their heart with the pumping of the hand will help to facilitate venous return. 

Treatment application depends on the therapeutic goal as well as the amount 
of adipose tissue present in the extremity. Therapeutic water temperatures may be 
between 35 °F and 75 °F, or 13 °C and 18 °C. Treatment duration is between 15 to 20 
minutes, though colder temperatures will require a corresponding decrease in dura-
tion (Mizushima et al., 2006; Morton, 2007; Petrofsky et al., 2006).

Ice Towels
Ice towels are another mechanism for draping the cold around the targeted area 

and can be made easily at home. They are also an economical way to apply cold to 
tissue. Ice towels may contain ice chips or shavings, or may be dipped in ice water, 
wrung out, and wrapped around an extremity. Because the towels cool quickly, they 
will need to be changed frequently, often every 5 to 6 minutes. An advantage to the 
use of ice towels is the ability to circumferentially cover an extremity. Because of their 
ability to drape around and over the extremity, they may be more effective than other 
mechanisms at reducing spasticity. A drawback to ice towel application is that they 
melt quickly. As they melt, they may be uncomfortable for the patient and therapist 
due to the melting water and inconvenience.

Cold Compression Units
Cold compression units, such as the Cryotemp (Jobst Corporation) and the Game 

Ready system (CoolSystems, Inc), are refrigerated units that circulate cooled water and 



Cryotherapy  137

air over an extremity through a sleeve. These refrigerated units are similar in principle 
to the workings of a refrigerator or freezer cooling unit. The temperature can be adjust-
ed by the therapist and can remain constant throughout the length of the treatment. 
The temperature of the water can be set between 10 °C and 25 °C (50 °F and 77 °F), 
effectively cooling the targeted area. The cooled medium is circulated through a sleeve 
or garment that surrounds the targeted extremity. Cold compression units combine an 
edema compression pump with the advantages of cold and may be effective at edema 
reduction. Cold compression units are most often used following surgery to control 
postoperative inflammation and edema and to facilitate ROM. Following surgery, the 
compression sleeve is fitted over the affected extremity in the recovery room and the 
cold compression unit is sent home with the patient. The use of cold compression units 
for postoperative edema has been found to be more effective than the use of more con-
ventional ice application alone. Cold compression units can also be used for treating a 
variety of musculoskeletal injuries. Most patients can tolerate 50°F for 15 to 20 minutes. 

A disadvantage to the use of cold compression units is the cost of the equipment. 
Care must also be taken with regard to the amount of pressure applied, and they may 
be contraindicated for the treatment diagnosis (Barber, 2000; Barrett & O’Malley, 1999; 
Gibbons et al., 2001; Holmstrom & Hardin, 2005). 

Advantages of this technology are that it allows application of cold and compres-
sion simultaneously and can be easily and effectively controlled by the therapist or 
physician. 

Vapocoolant Sprays
Vapocoolant sprays were initially used in the treatment of trigger points. Janet 

Travell developed the “spray and stretch” technique used to facilitate elongation of 
muscle with passive stretch. There have been two commercially available sprays: Ethyl 
chloride and Fluori-Methane. Ethyl chloride is a local anesthetic but is flammable 
and volatile, and may explode if heated or dropped. Fluori-Methane spray contained 
a fluorocarbon, which was banned in January 1996 due to the Clean Air Act of 1990 
limiting the release of fluorocarbons in the environment. One of the primary manu-
facturers has developed a new product, Gebauer’s Spray and Stretch, which replaced 
their earlier Fluori-Methane product and is nonflammable and nonozone depleting. 
Vapocoolant sprays contain a pressurized liquid that provides a fine stream spray and 
cooling effect. This chemical is sprayed on the area of the skin being treated. Due to 
its chemical composition and properties, the chemical evaporates, cooling the skin for 
short periods of time. The rapid cooling acts as a counterirritant stimulus to cutaneous 
thermal afferents and causes a reduction in the resistance to stretch. The spray can 
be applied to a trigger point area or to the entire length of the muscle in a sweeping, 
unidirectional motion with the muscle being positioned in a passive stretch (Collure, 
1976; Davies & Molloy, 2006; Kinawi, 1952; Lacour & Le Coultre, 1991; Newton, 1985; 
Travell, 1952). Vapocoolant sprays are used by many athletes and may be effective in 
the treatment of acute muscle spasms. However, their effectiveness may be relatively 
short lived (10 to 15 minutes), and the spray can be expensive (Gulick et al., 1996; Isabell 
et al., 1992; Yackzan et al., 1984; Zappa et al., 1991). In addition, the technique is very 
therapist dependent, requiring direct contact and support of the therapist throughout 
the intervention. 
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Precautions
Cold is an effective intervention with physiological effects lasting several hours. 

Rewarming cooled tissue takes approximately 20 minutes. Although cold is relatively 
easy to apply and is indicated in several treatment conditions, care should always be 
used in its application. During and following cryotherapy application, it is important 
for the therapist to monitor the patient’s skin condition and response closely. A cold 
gel pack should never be directly placed on the skin because the temperatures at the 
skin interface can be subfreezing. Application of the cold pack should never be for lon-
ger than 20 minutes. Application of cold for periods longer than 20 minutes or when 
improperly applied or monitored can lead to tissue damage or death due to freezing 
of the tissue. Improper application of cold can cause tissue death due to vasoconstric-
tion, ischemia, and thromboses. Tissue damage can occur if tissue temperature is 
cooled to 15 °C (59 °F). Frostbite occurs when the skin temperature drops to between 
-4 °C and -10 °C (39 °F and 14 °F) or lower. Extended application of cold to tissue may 
also cause temporary or permanent nerve damage or changes in nerve conduction. 
Aside from their volatility, caution should be used with vapocoolant sprays because 
they can freeze the skin on contact. When the patient reports numbness, indicating 
analgesia, the patient’s protective sensation is removed, and the patient should be 
cautioned against overuse or reinjury to the area. In distal extremities such as hands, 
edema may result if cryotherapy is too severe, due in part to the increased permeabil-
ity of the lymph vessels (Dover et al., 2004; Drez et al., 1981; Keskin et al., 2005; McGuire 
& Hendricks, 2006; Quist et al., 1996; Rudzki & Grzywa, 1978; Tsang et al., 2003). 

Cold should not be used in patients with specific cold sensitivities such as cold 
urticaria, cryoglobulinemia, and Raynaud’s disease. Sensitivity to the cold may be 
indicated by the development of itching, hives, sweating, and the development of 
wheals with reddened borders and blanched centers. Patients with cold urticaria may 
also develop a massive histamine release and subsequent systemic reactions includ-
ing increased heart rate, decreased blood pressure, and syncope. Cryoglobulinemia 
is characterized by an abnormal blood protein, which forms a gel when it is exposed 
to cold. Patients with Raynaud’s phenomenon may have episodes of pallor, cyanosis, 
rubor, numbness, tingling, or burning to the digits. 

Cold should never be applied to areas of compromised circulation, such as periph-
eral vascular disease, over an area with impaired circulation, in hypertensive patients, 
or to patients who have had frostbite in the area that is being treated. Application 
of cold to these areas may exacerbate the condition due to vasoconstriction and 
increased blood viscosity. Cold should also not be applied over a deep, open wound 
due to the negative effects of decreased circulation and metabolic rate, effectively 
slowing or delaying the healing process. Patients with impaired sensation or mentation 
also require careful monitoring. These individuals may be unable to indicate the level 
of cooling or sensation, and the therapist must closely monitor the patient’s response 
and observe the skin for changes in color and effect.

Contraindications
Cryotherapy is generally considered a safe and effective treatment intervention. 

Cryotherapy is contraindicated for some conditions, while caution should be used 
with others. As with any modality or treatment approach, if the patient’s condition is 
worsening or not improving within two or three sessions, the treatment approach and 
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intervention should be reconsidered. Cold therapy is contraindicated for any medical 
condition in which vasoconstriction will aggravate symptoms, such as impaired circu-
lation, peripheral vascular diseases, hypersensitivity to cold, impaired sensation, open 
wounds, skin conditions (e.g., psoriasis), and infections. Some patients with hypersen-
sitivity to cold can experience a histamine-like response evidenced by skin changes 
marked by slightly elevated patches, redness, or paleness and may be accompanied 
by itching and discomfort. Cooling agents should not be used with patients who have 
been diagnosed with cold urticaria, cryoglobulinemia, and Raynaud’s disease (Kaplan 
& Garofalo, 1981; Shelley & Caro, 1962). 

Cold urticaria is also called cold hypersensitivity or cold allergy. When cold is 
applied to the skin, a patient may experience adverse reactions, either during or after 
treatment. The more commonly experienced reactions include gentle to violent local 
skin reaction such as wheals (a hive-like reaction). Some patients may develop vari-
ous systemic reactions due to large release of histamine, such as sneezing, dysphasia, 
increased heart rate, decreased blood pressure, and syncope. 

Cryoglobulinemia is a reaction to cold application in which there is an abnormal 
collection of blood proteins that forms a gel in small vessels. This can result in a dis-
ruption of blood flow and possibly cause tissue ischemia. In a worst-case scenario, the 
patient may develop gangrene in the tissue or extremity (Box 5-1). 

Raynaud’s phenomenon, the more common idiopathic form of paroxysmal digital 
cyanosis, is due to a regional or systemic disorder (Figure 5-11). Raynaud’s disease 
occurs in the distal extremities and is characterized by pallor, cyanosis, rubor, numb-
ness, tingling, or burning sensation of the digits. This reaction can be precipitated by 
emotional upset or by cold and variations in temperature. Raynaud’s phenomenon is 
most frequently seen in young women. The symptoms are bilateral and symmetrical in 
individuals with Raynaud’s disease, but in those patients with Raynaud’s phenomenon, 
the response generally occurs only in the cooled extremity. Raynaud’s phenomenon 
and subsequent physiological reactions may be associated with other syndromes such 
as carpal tunnel or thoracic outlet, or following traumatic injuries (Bentley-Phillips et 
al., 1976; Dover et al., 2004; Leigh et al., 1974; Nadler et al., 2004). 

Never apply a cooling agent to someone with compromised circulation, peripheral 
vascular disease, hypertension, or a history of frostbite. Circulatory conditions and 
impairments are often associated with peripheral vascular disease, trauma, or the 

Box 5-1. Cryotherapy Precautions
•	 The physiological effects can last several hours, and rewarming of the extremity 

tissues takes at least 20 minutes.
•	 Monitor the patient’s skin closely to ensure that there are no adverse reactions.
•	 Numbness indicates analgesia. The patient’s protective sensation is removed and 

patient cautioned.
•	 Side effects include itching, hives, sweating, and wheal areas with reddened borders, 

blanched centers.
•	 Never apply gel packs or ice packs directly to the skin surface and never longer than 

20 minutes.
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healing process and are often accompanied by edema. It is important to determine the 
cause of edema and to distinguish between edema secondary to inflammation rather 
than that due to poor circulation. In general, inflammatory conditions causing edema 
are characterized by heat or redness to the area, whereas circulatory disorders may be 
distinguished by the coolness and pallor of the skin. Frostbite is a recognized danger 
when applying cold modalities and the skin condition must be monitored. Incorrect 
application may also cause nerve palsy, though they may resolve without any signifi-
cant sequelae. Most of these complications can be avoided by not using ice for more 
than 30 minutes and by guarding superficial nerves in the area (Collure, 1976; Drez et 
al., 1981; Graham & Stevenson, 2000; Jonderko et al., 1988; Keskin et al., 2005; Khajavi 
et al., 2004; McGuire & Hendricks, 2006; O’Toole & Rayatt, 1999; Quist et al., 1996; Wilke 
& Weiner, 2003).

Documentation
Though cold is easily and safely applied, patients should always be monitored 

closely for reactions to the treatment. Any form of cryotherapy should never be used 
for longer than 1 continuous hour; skin condition and the patient’s response should 
always be monitored. Documentation should include the treatment parameters, includ-
ing duration, site of application, and the method used to apply the cold. Other consid-
erations include the patient’s subjective comments, subjective and objective response 
to the treatment, and any changes or revisions to the patient goals. Any changes in the 
patient’s occupational performance and abilities should also be documented (Table 
5-1). Documentation must always comply with local, federal, and institutional regula-
tions and requirements. 

Figure 5-11. Raynaud’s phenomenon. Note the 
change in coloration in the middle finger.  
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Case Study
A 38-year-old, right-hand–dominant woman has a primary complaint of pain in the 

left elbow with recent onset of 24 hours. She states that she “banged the outside” of 
her elbow against the doorframe when carrying groceries into her house. She reports 
“constant” pain in the elbow and rates the pain as a 6 to 7 out of 10, with magnification 
of the pain with use. She describes the pain as radiating down toward her fingers and 
she is unable to lift heavy objects. Medical history is unremarkable; she has no known 
allergies and no current medications. The patient is an active woman who is employed 
as a cashier at a local retail store. Her occupational tasks require her to manipulate 
items across the price scanner and then place them into bags. 

Examination of the elbow and the proximal posterior forearm reveal temperature 
variation, with the area warmer to the touch than the noninvolved side. Circumferential 
measurements are greater on the affected side. ROM measurements are within normal 
limits, though movements are guarded, and the patient does not use the extremity 
unless necessary. There is point tenderness over the lateral epicondylitis and pain 
associated with the wrist loaded in extension. Grip and pinch strengths are decreased 
secondary to pain. There is discoloration with bruising noted at the elbow where the 
impact occurred. Treatment goals are to decrease pain, improve pain-free ROM, and 
improve strength. Initial treatment protocol includes application of an ice pack to the 
affected area. The patient is also instructed in a home exercise program of icing to the 
area to decrease the edema and inflammation. Three megahertz (MHz) ultrasound 
at 20% duty cycle at 0.2 W/cm2 for 6 minutes is also used as part of the treatment to 
decrease the inflammatory process and facilitate healing. Monitoring the patient’s 
home exercise program and compliance is crucial to determine any changes to the 
goals and treatment protocol. Engagement in occupational activities requiring gentle 
flexion and extension to the elbow are also included in the protocol after the physical 
agents. Use of wrist splint and Epi-Strap (MedSpec) will be considered as part of her 
initial evaluation and appropriate measurements taken. Alternative treatment interven-
tion includes the use of iontophoresis with dexamethasone. 

Clinical Reasoning Questions
1. What precautions and contraindications should you be aware of with this patient 

and condition?
2. How would you monitor the patient’s skin and response to application of cryotherapy?
3. What stage of healing is the patient exhibiting?
4. What other physical agents might be appropriate for this patient and condition?
5. When would you increase the level of activity and exercise resistance?

Table 5-1. Cryotherapy Contraindications
•	 Monitor blood pressure because cold can cause a temporary increase in systolic and 

diastolic blood pressure.
•	 Avoid use in patients with impaired circulation or hypersensitivity to cold.
•	 Avoid application directly over wounds that are 2 to 3 weeks post-injury.
•	 Avoid prolonged placement over superficial nerves.

Note: Always monitor patient’s skin condition.
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Learning Objectives
1. Describe the mechanism of action for the transfer of heat into the tissue. 
2. Describe the various forms of heating agents used therapeutically. 
3. Discuss the relationship between thermal applications and occupational 

performance.
4. Identify the factors that influence tissue temperature elevation.
5. Discuss the biophysiological effects of heat and its impact on the healing 

process.
6. Specify the indications for clinical use and identify precautions or contrain-

dications when using superficial thermal agents.
7. Demonstrate clinical reasoning in the selection and use of superficial ther-

mal agents.
8. Demonstrate clinical decision-making skills in the clinical application of 

hydrotherapy, Fluidotherapy (Chattanooga Group), hot pack, contrast bath, 
and paraffin.
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The use of superficial thermal agents as a component of the rehabilitation process 
has a long history, extending back to the Greeks and the use of the sun for its healing 
properties. More recently, superficial thermal agents such as hot packs have been 
misused and misapplied, often causing serious injury and tissue damage to individu-
als when applied without the requisite knowledge and clinical reasoning necessary. 
There are even facilities that have removed the equipment from the premises due 
to inappropriate use and misapplication leading to injuries. Because of their relative 
availability, they are often used by patients at home for a variety of reasons, most fre-
quently to make an injury or sore joint feel better, as when a heating pad is applied. It 
is not uncommon to see patients who have applied a heating pad at home and fallen 
asleep describe a subsequent burn due to the prolonged application and compression 
over the targeted tissue. Understanding the appropriate therapeutic parameters and 
biophysiological effects of therapeutic heat (or cold) is a critical step in the safe appli-
cation of these modalities (Szekeres et al., 2017).

Thermotherapy is the application of either heat or cold that results in a biophysi-
ological change in tissue temperature, either tissue temperature elevation or tempera-
ture decrease. The underlying reason for applying heat, for example, is to change the 
cutaneous, intra-articular and core temperature of soft tissue to facilitate the heal-
ing process and to decrease symptomology (Kumaran & Watson, 2015). In addition, 
patients invariably enjoy thermal heat applications due to its effect on (beta) nerve 
receptors, which override the nerve pathways associated with pain and its second-
ary association with relaxation. As with any physical agent, thermal modalities are 
always used as an adjunctive addition to the therapeutic process and are never used 
singularly or unilaterally without a larger occupational performance context. Clinically, 
thermal heat agents are often used for their effect on musculoskeletal or soft-tissue 
injuries and will have the opposite biophysiological effect of cold on tissue metabo-
lism, blood flow, inflammation, edema, and tissue extensibility (Arankalle et al., 2016; 
Hurley & Bearne, 2008; Figure 6-1).

Superficial thermal agents transfer energy either to or from body tissue that is 
located close or near the surface layer of the skin. Transfer of energy between the 
superficial agent and the tissue occurs due to a temperature gradient. The physiologi-
cal response of heating tissue is classified as being superficial or deep, depending on 
the depth of penetration into the underlying tissue. Heat can be transferred to the 
tissue through the mechanisms of radiation, conduction, convection, conversion, and 
evaporation. Therapeutic ultrasound (which utilizes sound energy converted to kinetic 
energy to produce a thermal effect in tissue) and diathermy devices (which use electri-
cal or magnetic currents) are considered deep heating agents. Hot packs, heating pads, 
Fluidotherapy, and paraffin baths are examples of superficial heating agents and will 
penetrate to a depth of approximately 2 cm (Aiello, 2004; Bleakley & Davison, 2010). 
Therapeutic ultrasound will be discussed in Chapter 7. 

Terminology
•	 Conduction 
•	 Convection
•	 Dependent position
•	 Radiation

•	 Superficial thermal
•	 Systemic effect
•	 Thermotherapy



Thermal Modalities: Therapeutic Heat  151

Mechanisms of Heat Transfer
Superficial thermal agents such as hot packs or paraffin penetrate to a depth of 1 

to 2 cm, whereas deep thermal agents such as diathermy or therapeutic ultrasound 
penetrate to a depth of 5 cm (Nadler et al., 2004). Due to the limitation in depth of 
penetration, it is critical to understand the depth of the targeted anatomical structures 
involved in the clinical condition being treated. 

The transfer of energy (heat or cold) into the underlying tissue is dependent on 
several critical factors that will affect the physiological response. These factors include 
the depth of the tissue being treated, the temperature variation or difference between 
the thermal modality and the tissue temperature, the length of exposure or time the 
thermal modality is being applied, the thermal conductivity of the targeted tissue and 
area, and the intensity of the thermal agent (the degree of hot/cold being applied). 
Thermal conductivity refers to the intrinsic properties of a material or body part to con-
duct heat. Higher thermal temperatures (heat) are related to higher molecular energy, 
which means the molecules are moving more vigorously. Energy is transferred from 
the more active molecules to the less active (cold) molecules. The tissues in the human 
body vary in conductivity, with blood and fluids having the greatest conductivity, and 
skeletal muscle and bone possessing varying levels of conductivity (Logan et al., 2017). 

Adipose tissue acts as an insulator and limits the transfer of energy into the tar-
geted structures underneath it. Because of its insulating properties, individuals with 

Figure 6-1. Gate control theory of pain. (joshya/Shutterstock.com.)
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high levels of adipose tissue may not reach the same level of therapeutic temperature 
range, so care should be taken when applying heat. For example, using a hot pack to 
increase tissue extensibility in a patient with adhesive capsulitis (frozen shoulder) will 
likely be ineffective because the articular capsule of the glenohumeral joint is deep and 
covered by the deltoid muscle, and adipose tissue in patients who are obese, which 
acts as an insulator, prevents the transfer of energy. To achieve a therapeutic biophysi-
ological effect, the tissue temperature must be elevated and sustained between 104 °F 
and 113 °F. Biophysiological effects at this therapeutic range will increase cell metabo-
lism and increase blood flow and soft tissue elasticity. Clinically, application of super-
ficial heat increases the tissue temperature and is used to increase the extensibility of 
collagen tissue, decrease muscle spasm, decrease pain, increase metabolic rate, and 
yield the subjective comfort many patients experience (Bongers et al., 2016; Lehmann 
& deLateur, 1990; van den Bekerom et al., 2012).

Heat modalities, or thermotherapy, are used clinically for their biophysiologi-
cal effect on the underlying tissue and structures, leading to an increase in skin and 
superficial cutaneous temperature. By elevating tissue temperature of the skin and 
soft tissue, heat causes vasodilation, which increases blood flow. Heat and cold are 
often used adjunctively with musculoskeletal and soft tissue injuries. With tissue tem-
perature elevation, the oxygen uptake increases along with metabolic rate and tissue 
extensibility. This also increases activity of destructive enzymes such as collagenase, 
which increases the catabolic rate and facilitates tissue healing.

Superficial heat modalities have been defined as the therapeutic application of any 
modality to the skin resulting in an increase in skin and superficial subcutaneous tis-
sue temperature. Superficial heat is contraindicated during the first 24 to 36 hours fol-
lowing an acute injury if hemorrhage and edema are noted. During the subacute phase 
of healing, superficial heat can be applied to facilitate the healing process. It is impor-
tant for the therapist to consider the position of the extremity during the application 
of superficial heat agents because dependent positions of the extremity may ultimately 
contribute to edema. When tissue structures are anatomically deeper, alternative 
methods of heat therapy must be considered that involve the conversion of another 
form of energy to heat. An example of deep heat is therapeutic ultrasound, which con-
verts sound energy into kinetic energy, leading to a rise in deeper tissue temperature. 
Diathermy is another deep heating agent and will be discussed in later chapters. There 
are two primary methods of thermal heat transfer used by clinicians: Conduction and 
convection. Other mechanisms for heat or energy transfer that are used less often by 
clinicians include conversion, evaporation, and radiation (Zhang et al., 2015).

Conduction
Conduction occurs with a change in tissue temperature due to an exchange of 

energy between two materials that are in direct contact with each other and have dif-
fering temperatures (one hot/one cooler). When a medium with a higher temperature 
is in direct contact with an area with a lower temperature, there will be a transfer of 
energy to the area with a lower temperature, raising its temperature until there is an 
equal distribution of heat. For example, if a modality such as a hot pack is applied 
to the skin to achieve a specific physiologic response, the heat will transfer from the 
agent to the patient’s extremity, thereby increasing the tissue temperature. In conduc-
tion, the excess heat from the modality is absorbed into the underlying tissue. When 
cryotherapy or cold is applied to the tissue, heat is transferred from the skin and area 
being treated into the cooler ice pack. The degree of temperature variance between 
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the thermal agent that will be applied and the underlying tissue where heat is being 
transferred is an important characteristic that must be taken into consideration by 
the clinician. If the transfer of heat from the thermal agent to the tissue is too slow, 
the desired therapeutic effect may not be achieved. Conversely, if heat is transferred 
too rapidly, it could burn the patient. Understanding the balance between the physi-
ological condition of the patient’s tissue and the temperature variance is critical for the 
safe application of any thermal agent. Commonly used physical agents used to transfer 
heat through conduction include hot packs, paraffin baths, heating pads, and chemical 
heat wraps, such as the ThermaCare HeatWraps (Pfizer Inc.; Akin et al., 2004; Ottawa 
Panel, 2004). 

Convection
Convection is the transfer of heat/cold through the movement of thermal energy 

around an extremity. When heated air or water molecules move across the body part 
being treated, a temperature variation will result due to the higher temperature cre-
ated by the air or water. As the molecules move across the body part, temperature 
variation occurs because the higher temperature of the air or water will transfer to the 
lower temperature of the patient’s extremity (Aiello, 2004). This process of molecular 
movement differs from conduction because the medium is continuously moving over 
the body part and the warm (or cold) thermal elements are in direct contact with 
the treatment area. With conduction, the same medium remains in constant contact 
with the treatment area and as the medium begins to cool, its efficiency decreases. 
Commonly used equipment that use this form of energy transfer are designed to 
maintain the temperature of the medium, which provides a consistent thermal applica-
tion over extended periods of time. Physical agents that are utilized to transfer heat 
through convection include Fluidotherapy and whirlpool baths (Figure 6-2).

Radiation
Radiation as a mechanism for heating tissue is rarely used. Radiation is the trans-

mission of energy in the form of light waves or particles, such as the warming lights 
seen in restaurants. The energy in radiation involves the movement from a warmer 
source to a cooler one. Clinically, infrared lamps were used to heat specific areas of the 
body and to increase the temperature of the tissue. These were placed over the body 
part being treated and did not have direct contact with the individual’s skin or tissue. 

Basic Principles
The therapeutic use of heat and cold has a long history in medicine and reha-

bilitation for a variety of goals and is frequently used for musculoskeletal injuries. 
Dependent on the clinical condition, the goal of these modalities may be to decrease 
pain and facilitate healing to return injured tissue to its preinjury function and activ-
ity. A primary consideration in determining which form of therapeutic temperature 
should be used is the phase of healing that the targeted tissue is in. General physiologi-
cal effects of cryotherapy or the application of cold include vasoconstriction, which 
causes a decrease in intramuscular temperature, blood flow, edema, inflammation, 
muscle spasm, nerve conduction velocity, and metabolic rate.
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A primary reason for applying a heat agent is to increase the temperature of soft 
tissue to a specific therapeutic range so that a physiological response will be achieved. 
Heat will increase skin, intramuscular, and joint temperature, increase capillary per-
meability and blood flow (thereby decreasing fluid viscosity), increase metabolic rate 
and oxygenation, decrease joint stiffness, increase tissue extensibility, and facilitate 
muscle relaxation. Heat agents can also reduce pain and muscle spasm (Matsumoto et 
al., 2006; Tao & Bernacki, 2005).

The therapeutic range for a physiological effect on soft tissue heating occurs 
between 104 °F and 113 °F. If soft tissue is heated less than 104 °F, cell metabolism will 
not be stimulated adequately to achieve a therapeutic response. If tissue temperature 
exceeds 113 °F, cell catabolism and death will occur (Ersala et al., 2001; Krusen, 1950). 
Factors affecting the physiological response to heat include the intensity of the heat, 
based in part on the modality being used to apply the heat, the length of exposure, and 
the overall surface area being treated. These factors must be taken into consideration 
by the therapist prior to applying a superficial heat modality to avoid achieving a sys-
temic rather than localized reaction. Superficial heating agents usually will penetrate 
the skin between 1 to 2 cm. At a depth of 1 cm, the soft tissue temperature will elevate 
by 6°, whereas at a depth of 2 cm, the temperature will only elevate by 2° (Borrell et 
al., 1980; Lehmann & deLateur, 1990; Figure 6-3). 

Increasing soft tissue temperature and stretching are commonly done in sports, by 
weekend athletes, and by the general population for its perceived benefits including the 
positive sensory effect. Recent research studies comparing the physiological effects 
on soft tissue and range of motion (ROM) provide support for these uses clinically. 
The therapeutic application of heat affects the viscoelastic properties of soft tissues in 
preparation for physical activity. Research supports the contention that heating of the 
soft tissue increases ROM at joints in both the upper and lower extremity. Heat also 
improved the therapeutic effects of stretching when compared to stretching alone. 
Improvement and increases in ROM were noted when heat and stretch were continued 

Figure 6-2. Fluidotherapy.
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over extended periods of time, days, or months (Nakano et al., 2012). Conversely, there 
is evidence that stretch alone did not have clinically significant effects on joint mobil-
ity in individuals with or without neurological conditions if performed for less than 
7 months, nor did stretch have clinically significant short-term effects on quality of 
life or pain in individuals without neurological conditions (Harvey et al., 2017). When 
used adjunctively with developmental and therapeutic stretching, heat has been dem-
onstrated to be effective for increasing ROM in clinical and sport settings. Clinicians 
need to creatively apply heat agents in conjunction with functional tasks, movements, 
and activities to facilitate outcomes (Bleakley & Costello, 2013).

Positional heating and stretching, placing the extremity/tissues in an elongated 
position, has been found to be effective. There is also support for the use of positional 
stretching and heating concurrently, rather than waiting until after the application of 
heat. Patients with musculoskeletal impairments may benefit from superficial thermal 
agents and positional stretch prior to engagement in activity to improve ROM and 
performance. Mobilization procedures require less force to elongate the tissue and 
improve viscoelasticity when superficial heat is applied before the procedures, and 
temperature elevation without stress does not improve the therapeutic extensibility 
of tissue deformation (Conroy & Hayes, 1998; Robertson et al., 2005). Utilizing heat 
and movement facilitates deformation of the tissue, more effectively resulting in tis-
sue elongation and deformation, particularly when applied consistently as a part of 
the therapeutic intervention. For some diagnoses and conditions frequently seen by 
occupational therapists, application of heat may be advantageous to the target tissue, 
facilitate occupational performance and movement, improve function, and support 
more effective outcomes. 

Figure 6-3. Factors affecting biophysiological response to heat.
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Acute Musculoskeletal Injuries
The clinical or home use of superficial thermal agents is often in response to mus-

culoskeletal injuries or disorders concurrent with pain and can result in extensive dis-
ability in industrialized countries (U.S. Bone and Joint Initiative, 2016). Despite the high 
prevalence of musculoskeletal pain, it is undertreated, which can have a long-term 
effect on the individual, leading to chronic pain and the associated socioeconomic 
consequences. With the opioid crisis in the United States, recognition and treatment of 
acute pain is a primary consideration. Transitioning to chronic pain results from inad-
equate treatment of acute pain, which then becomes severe and persistent, leading to 
sustained activation of peripheral nociceptors and loss of inhibitory interneurons. This 
causes long-term central sensitization of second-order spinal neurons resulting in a 
chronic, unremitting pain response (Voscopoulos & Lema, 2010).

Musculoskeletal disorders are injuries and disorders that affect movement or 
the musculoskeletal system, which includes soft tissue structures such as muscles, 
tendons, ligaments, nerves, spinal disks, blood vessels, and nerves. Injuries to these 
anatomical structures and the musculoskeletal system affect the individual’s ability to 
move effectively without pain and negatively affects their ability to carry out occupa-
tional tasks and activities (Table 6-1). 

Acute musculoskeletal injuries occur through a variety of mechanisms and can 
be caused by direct or indirect trauma to the tissue and structures. Direct trauma can 
result from falls, sprains, or high- or low-velocity collisions in contact sports, which 
invariably lead to contusions or bruising caused by ruptured blood capillaries and 
pooling of the coagulating blood. Indirect trauma involves passive injuries to anatomi-
cal structures due to tensile overstretch, through injury due to eccentric overloading 
of the muscle, which can cause an acute strain and delayed-onset muscle soreness. 
Inflammation occurs in the injured tissue along with edema, hyperalgesia, and erythe-
ma, which can lead to further tissue damage and delay healing if untreated (Iammarino 
et al., 2018; van den Bekerom et al., 2012; van den Bekerom et al., 2014). Strains caused 
by indirect trauma often occur due to excessive force applied to a muscle, leading to a 
disruption or micro-tearing of myofibers of the muscle.

Pharmacological and nonpharmacological interventions are used to treat mus-
culoskeletal injuries. Pharmacological treatment often includes nonsteroidal anti-

Table 6-1. Musculoskeletal Disorders 
•	 Carpal tunnel syndrome
•	 Ligament sprain
•	 Rotator cuff tendinitis
•	 Digital neuritis
•	 Mechanical neck/back 

syndrome
•	 Osteoarthritis 
•	 Bone fractures
•	 Repetitive strain injuries 

•	 Tendinitis
•	 Thoracic outlet 

syndrome
•	 Epicondylitis
•	 Trigger finger
•	 Degenerative disc 

disease
•	 Rheumatoid arthritis
•	 Bursitis
•	 Lower limb disorders 

(affecting hips, knees, 
and legs)

•	 Muscle/tendon strain
•	 Tension neck syndrome
•	 Radial tunnel syndrome
•	 DeQuervain’s syndrome 

(thumb)
•	 Ruptured/herniated disc
•	 Fibromyalgia
•	 Compartment 

syndromes 
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inflammatory drugs (NSAIDs) such as acetaminophen, aspirin, ibuprofen, and other 
over-the-counter drugs, skeletal muscle relaxants, and antispasticity drugs. Oral or 
injected corticosteroids are also used, and for intractable pain, opioids may be pre-
scribed (Machado et al., 2017; Qaseem et al., 2017). In addition to NSAIDs, patients 
and therapists utilize nonpharmacological interventions to decrease pain and edema, 
facilitate healing, and return to functional performance and movement. There is often 
confusion as to whether heat or cold should be used, as well as a lack of appreciation 
by clinicians of the mechanism of action for each modality. Understanding the physi-
ological effect of the modality on the injured tissue is necessary to select the appropri-
ate modality as well as the timing and duration of use.

Physiological Response to Temperature Variation
Application of heat to the body or area of injury results in an increase in tissue 

temperature. There are a variety of methods that can be used to apply the heat includ-
ing superficial applications that penetrate to a depth of 1 to 2 cm. Readily available 
methods include electric heating pads, hot water bottles, heated wraps, heated stones, 
microwavable packs filled with grain or rice, poultices, hot towels, hot baths, sauna, 
steam, infrared heat lamps, and paraffin. The physiological effects of heat on the body 
and tissue include pain relief, increased blood flow and metabolism, and increased 
tissue extensibility of connective tissues. Pain relief is accomplished through neural 
transduction of the heat. 

Neural transduction refers to the physical stimulus of the heat being converted 
into an action potential transmitted toward the central nervous system for integration 
as a part of sensory processing. Neural transduction of heat is mediated by transient 
receptor potential vanilloid 1 (TRPV1) receptors, which are activated by noxious heat. 
The transient receptor potential (TRP) receptors are located in the primary afferent 
neurons, the spinal cord, and the brain. TRP channels such as TRPV1 are involved in 
the regulation of the nociceptive transmission (Malanga et al., 2015). It is hypothesized 
that activating these receptors in the brain through the application of heat may modu-
late the antinociceptive descending pathways, effectively blocking the detection of a 
painful or injurious stimulus by sensory neurons (Kang et al., 2015; Kumamoto et al., 
2014). Increased tissue temperature stimulates vasodilation, increasing blood flow to 
the tissue along with histochemical components oxygen, and nutrition to the area of 
injury, which also facilitates healing (Strickler et al., 1990). The metabolic rate of treat-
ed tissue with heat increases, which may also facilitate the healing process. Changes in 
the viscoelastic properties of collagenous tissues such as tendons and ligaments, may 
also occur with the application of heat, improving ROM of the treated area (Malanga 
et al., 2015; Figure 6-4).

Heat is converted into an action potential and transmitted to the central nervous 
system as a component of sensory processing (see Figure 6-4). Stimuli activate the TRP 
channels, which enhance release of other neurotransmitters involved in modulating 
nociception and pain.

Physiological changes to the tissue are safe and effective when they involve a sub-
cutaneous tissue temperature increase between 0 °F and 14 °F (deLateur et al., 1978; 
Lehmann et al., 1974). Physiological response in the underlying tissue is dependent 
on three primary factors: (1) The rate at which the temperature is added to the tissue 
(the intensity), (2) the duration of tissue temperature elevation (how long the tissue 
is heated or cooled), and (3) the area or volume of the tissue exposed (Hecox et al., 
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2006). Thermal temperatures are considered either mild or vigorous. A mild applica-
tion of heat occurs when the tissue temperature elevation is less than 40 °C or 104 °F. 
A dose of heat is considered vigorous when the temperature of the tissue is elevated 
between 40 °C and 45 °C (104 °F and 113 °F). Cell catabolism or tissue damage occurs 
when tissue temperature is elevated beyond 113 °F (Lehmann & deLateur, 1990). 

Regardless of the intensity of the thermal application, care must be taken when 
applying heat to patients or in recommending heating units for home use, such as 
electric heating pads. Many patients believe that they are supposed to feel warmth 
or heat and fail to either check their skin frequently during the application or layer 
the treatment area with some type of insulation (towel) to avoid overheating the area. 
A study of burns in medical institutions found that contact burns occurred most fre-
quently resulting in deep burns (second and third degree; Cho et al., 2015). Consistent 
with other research, hot packs were the most common cause of burns, followed by 
laser therapy and heating pads. Clear, concise instructions for home use in printed 
form is necessary to ensure patient safety and appropriate application. In the clinic, 
patients should be closely monitored and skin checked after 5 minutes of application 
and frequently after that until completion of the treatment. Safety guidelines should 
also be in place for any facility or department that will be using thermal heating agents. 

A significant factor that influences the physiologic response of a superficial ther-
mal agent is its conductive nature. The effect of conduction on the underlying tissue can 
be partially regulated by the therapist through the use of different application proce-
dures or techniques. For example, increasing or decreasing the coupling media, such 
as using layered towels with hot packs, can either provide additional insulation to pre-
vent overheating of the tissue or increase the heat by using a damp towel. Positioning 
hot packs by draping them over the extremity and securing them with an ACE wrap 
to increase overall contact with the tissue will facilitate the conductive effect of the 

Figure 6-4. Neural transduction of heat. (Reproduced with permission from Kumamoto, E., Fujita, T., Jiang, 
C.-Y. [2014]. TRP channels involved in spontaneous L-glutamate release enhancement in the adult rat spi-
nal substantia gelatinosa. Cells, 3[2], 331-362.) 
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heat (or cold). Placing a body part on top of a hot pack or heating agent, particularly 
a bony prominence, may influence conduction and increase the possibility of burns or 
discomfort and should be avoided. 

Diabetes has become a growing health problem, with over 100 million individuals 
living with diabetes or prediabetic. Approximately 10% of the US population is consid-
ered diabetic. Diabetes contributes to other serious health conditions including heart 
disease, stroke, nerve and kidney diseases, and vision loss and is associated with 
obesity, weight gain, and a sedentary lifestyle (Haufe et al., 2017; Rosenfeld et al., 2018). 
Diabetes and the subsequent weight gain or obesity with adipose tissue can influence 
the amount of heat (or cold) transferred and its physiological effect. Adipose tissue 
acts as an insulator, effectively limiting the depth of heat penetration to the underlying 
tissue (Petrofsky et al., 2006; Petrofsky & Laymon, 2009). Simply put, obesity serves as 
an insulation function and must be a consideration when applying superficial thermal 
modalities (Speakman, 2018). Deeper structures also may require longer durations 
or consideration of a deeper form of thermal agent such as ultrasound. Anatomically 
deep structures will require longer application of the modality, usually 20 minutes to 
achieve a therapeutic dose of heat with the subsequent physiological effects. Tissues 
more superficially located such as the dorsum of the forearm or hand will conduct the 
heat more readily, heating the tissue more quickly. If tissue temperatures elevate to 
levels greater than desired, these factors and their influence on heat transfer must be 
taken into consideration, as well as the rate at which the heat is being delivered (Earley, 
2000). 

A mild dose of heat, or heat applied for shorter periods of time (e.g., 10 minutes), 
will limit the amount of heat energy transferred, resulting in minimal change in tissue 
temperature and less of a physiological response. This may provide the patient with a 
sensory response of warmth, rather than a physiological change to the tissue, but can 
be used to prepare a patient for more aggressive activities to decrease anxiety prior 
to therapy. Patients frequently ask about treatment they can do at home when being 
treated for musculoskeletal conditions. Application of warm water soaks, low tempera-
ture heating pads, hot water bottles, and others are often safe, effective home interven-
tions that can be recommended for a mild or moderately warm sensory response. Use 
of thermal patches available over the counter also provide a therapeutic range of heat 
and have been shown to be effective in decreasing low back pain as well as wrist pain. 
A vigorous dose results in a marked increase in blood flow with a tissue temperature 
rise of 107 °F to 113 °F (Hecox et al., 2006). This dosage may be beneficial to ischemic 
conditions and is typically used when heat is indicated and increasing edema in the 
treatment area is not a concern. Tissue temperature elevation beyond 113 °F can be 
unsafe and may cause tissue damage. It is crucial to educate patients with sensory 
paresthesia to monitor their skin condition when applying any heat agent in the clinic 
or at home and inform them to use caution when around flame or high temperature 
appliances such as stoves or ovens so that burning or tissue damage does not occur. 
Special care and instruction are crucial if these individuals will be using any form of 
home program involving the application of heat to the tissue (Figure 6-5). 

When heat is applied, the vascular protective response of vasodilation occurs. 
When the temperature of an area is elevated, there is an increase in the blood flow to 
the region, with cooler blood flowing into the area to dissipate some of the heat pro-
duced. The blood flow to the treatment area acts as a convective agent, attempting to 
reduce the heating of the tissue. If the heat is applied too rapidly, the excess heat is not 
dissipated quickly enough, and tissue temperature elevation occurs with stimulation 
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of the nociceptors and potential tissue damage (Baker & Bell, 1991). The convective 
effect of the blood assists in the regulation and removal of heat from the body. If the 
temperature of the tissues rises faster than the body can dissipate the heat, tissue 
temperature increases.

Biophysical Effects
The primary physiological effects of superficial heat agents are analgesic, vascu-

lar, metabolic, and extensibility. These physiological responses provide the basis for 
heat application when therapeutic levels of heat are used. The biophysical effects 
of thermal heat agents are also reflected in the patient goals and intent to use them. 
Thermal agents, as outlined in the AOTA Position Statement (2018), are always used 
as an adjunctive method to facilitate movement or performance in occupational tasks 
and activities. Therapeutic levels of heat have been characterized as being either mild 
or vigorous. Mild levels of heating occur when the tissue temperatures are less than 
104 °F (40 °C), while vigorous heating is achieved with tissue temperatures between 
104 °F and 111.2 °F (40 °C and 45 °C; Lehmann & deLateur, 1990). The physiological 
effect systemically or locally is based on the primary factors of the rate (speed) the 
modality is applied, the intensity (level of heat/cold) of the medium, and the volume 
(area of tissue) that is being treated. The type or form of superficial thermal agent is 
less significant related to the physiological outcomes, but these three factors will affect 
the body’s response to the thermal agent being applied.

Often, superficial thermal modalities are used to decrease pain, to improve ROM, 
decrease muscle spasm or guarding of an extremity or joint, and to improve tissue 
extensibility. Because of their relative ease of use and availability, these interventions 
can be self-administered and are frequently used at home, though clinicians should 
provide patient and family education outlining treatment parameters and precautions 
to avoid misuse and the possibility of burns or tissue damage (Figure 6-6). 

Figure 6-5. Therapeutic range of heat.
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Analgesic Effect
Heat application decreases pain through several pathways. The analgesic effect 

of heat involves reducing pain symptomatology, although the mechanism of action is 
not completely understood. Heat application acts selectively on free nerve endings, 
tissues, and peripheral nerve fibers—either directly or indirectly—reducing pain and 
elevating pain tolerance (De Jong et al., 1966; Schmidt et al., 1979). Pain signals are 
transmitted by A-delta fibers and C-fibers transferring the pain signal afferently from 
the nociceptors to the spinal cord. The use of heat in a therapeutic range stimulates 
the superficial sensory receptors in the skin, which blocks transmission of pain sig-
nals through its effect on the A (A Beta) sensory nerves, overriding the pain signals 
and input to the “gate” mechanism located in the dorsal horn of the spinal cord. This 
spinal gating closes in response to the heat application, limiting transmission of the 
pain signal to the higher ascending tracts. Stimulation of the A-beta fibers may also 
cause counterirritation. This concept is seen when an individual bangs their elbow 
on a corner and responds by rubbing the area and injury. Rubbing the area provides 
both pressure and a sensory response, stimulating the A-beta fibers that override pain 
signals and cause spinal gating to occur. This concept also explains why massage can 
be effective when used as a component of treatment with muscle spasms or musculo-
skeletal injuries and the use of topical gels and ointments (Kukimoto et al., 2017; Smith 
et al., 2018). 

In addition to the effects of massage, the addition of counterirritants such as lido-
caine, ketoprofen, capsaicin, menthol, and other NSAIDs desensitize the nociceptive 

Figure 6-6. Pain-spasm cycle.
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sensory nerves. Counterirritants chemically stimulate or irritate the more superfi-
cial sensory receptors in the skin, particularly the receptors for thermal sensations. 
Stimulation or irritation of these sensory receptors also may inhibit the afferent pain 
signals and lead to spinal gating. Neurological effects also occur with counterirritation 
of these receptors, with topical analgesics decreasing muscle tone and spasm (Derry 
et al., 2017; Rafanan et al., 2018; Figure 6-7). 

The vascular effects of heat can aid in pain relief and in decreasing muscle spasm 
or trigger points. Muscle spasm or trigger points lead to a cyclical pattern of pain/
spasm. Muscle spasm or trigger points cause a localized ischemic response, with 
decreased blood flow to the area causing metabolic retention, decreased oxygen, 
nutrition, and pain. The vascular effects of heat application can aid in pain relief and 
decrease the muscle spasms that a patient may be experiencing. With the application 
of heat to the area, blood flow is increased, resulting in removal of the muscle metabo-
lites and a reduction in muscle spindle sensitivity to stretch. Since the blood flow will 
increase as a result of the heat, the outcome will be the removal of the local muscle 
metabolites and the reduction of the muscle spindle’s sensitivity to stretch with sub-
sequent pain and frequently muscle spasm. It also should be noted that most muscle 
tissue will not be directly affected by superficial heating modalities because they lie 
too deeply. When a decrease in pain occurs, there is likely to be a concurrent improve-
ment in functional ability and occupational performance. 

Figure 6-7. Impact of counter irritants on spinal gating and pain modulation. (Reproduced with permis-
sion from Kulkarni, Y. A., Suryavanshi, S. V., Auti, S. T., Gaikwad, A. B. [2017]. Chapter 9—Capsicum: A natural 
pain modulator. In R. R. Watson & S. Zibadi [Eds.], Nutritional modulators of pain in the aging population 
[pp. 107-119]. Elsevier.)
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Vascular Effect
When a thermal agent is applied to an area of the body, the immediate response 

to systemic or local mild stress will be an increase of blood flow to the area being 
treated. As blood flow is diverted from the body core to the peripheral area being 
treated, blood flow and wall shear-stress in the arteries in the area treated increases. 
Heating induces a blood flow–dependent increase and skin vasodilation (Arankalle et 
al., 2016; Green et al., 2010; Gwynne & Newton, 2006; Hurley & Bearne, 2008). As the 
tissue temperature increases, the blood vessels will dilate in response; blood vessels 
that are more superficial will dilate greater than the deeper blood vessels. Although 
the increased blood will act as a mechanism to counteract the increased temperature, 
the additional flow will also bring an extra supply of oxygen, nutrients, and antibod-
ies to the affected area (Chiesa et al., 2015). Adipose tissue will act as an insulator 
and increased blood flow to the area can also remove heat due to the circulatory flow 
of the cooler blood to a vascularized area. For this reason, caution should be used 
and monitoring of the patient’s response is important when applying thermal agents. 
Patients who are older or frail, young children, and individuals who are obese should 
be monitored closely, including blood pressure, heart rate, respiration, and skin condi-
tion to ensure there is no negative systemic effect occurring (Petrofsky & Lind, 1975; 
Petrofsky et al., 2006).

Metabolic Effect
The application of heat to the body essentially is the exact opposite of the physi-

ological outcomes with cold or cryotherapy. Heat application ramps up the physi-
ological response and can facilitate the healing process due to an increase in blood 
flow, oxygenation, and nutrition to the tissue. With an increase in tissue temperature, 
there is a concurrent increase in metabolic activity due to the cellular response. For 
example, if the temperature increases 10 °F, the cells’ metabolic rate will increase two-
fold. Associated with the metabolic increase is a demand for additional oxygen as well 
as the creation of metabolites (as a by-product of cell metabolism). Increased blood 
flow to the area aids in removal of cellular by-products through venous return. A 6 °F to 
14 °F tissue temperature rise facilitates the release of substances, such as histamines 
and prostaglandins into the bloodstream, resulting in vasodilation and increased 
blood flow. This increase in blood flow reduces ischemia, muscle spindle activity, and 
tonic muscle contractions, thereby reducing pain (Lehmann et al., 1974; Lehmann & 
deLateur, 1990; Samborski et al., 1992). The metabolic effects of heat can aid in pain 
relief and tissue repair when the healing tissue progresses into the proliferative phase 
of healing. Vasodilation with increased blood flow (perfusion) to the treatment area 
leads to an increase in oxygen, antibodies, leukocytes, nutrients, and enzymes and is 
thought to facilitate tissue healing (Petrofsky et al., 2011; Petrofsky et al., 2013). Pain 
is decreased by the removal of by-products of the inflammatory process. Nutrition is 
enhanced at the cellular level and cellular repair occurs. Metabolites associated with 
chronic swelling and fibrotic joint changes are also reduced due to the application of 
heat to localized tissue (Petrofsky et al., 2013). 
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Extensibility Effect
Thermal heat applications for soft tissue can assist in increasing the collagen 

extensibility. Raising tissue temperatures between 104 °F and 113 °F for approximately 
10 minutes will also facilitate soft tissue extensibility when paired with positional 
stretch. Heat-induced changes to the soft tissue can lead to changes in the viscoelas-
tic properties of collagenous tissues, resulting in an increase in ROM, particularly 
when paired with positional heat and stretch techniques (Bleakley & Costello, 2013). 
Elevation of tissue temperature and viscoelasticity of the connective tissues promotes 
elongation of the connective tissue following heat and stretch (Hardy, 1989; Hardy & 
Woodall, 1988; Reid, 1992; Sapega et al., 1981). Application of heat to the targeted area 
may be useful for stretching cutaneous scar tissue, superficial joint capsules, and ten-
dons. The connective tissue response involves an improvement in the properties of 
collagen and the extensibility of tissue when combined with passive or active mobiliza-
tion, dynamic splinting, and engagement in occupation. Joint stiffness is reduced and 
ROM may be improved. 

 For most musculoskeletal or neuromuscular conditions, all phases of wound heal-
ing, except the initial inflammatory stage, may benefit from the various forms of heat 
application. Therapeutic dosages used clinically include moderate to vigorous forms of 
heat. Clinical interventions should provide the desired dosage based on temperature 
selection and conduction factors.

Evaluation
The initial evaluation and patient interview are crucial elements of the clinical 

reasoning process. The patient interview is necessary to determine acuity of the injury 
or condition, as well as to identify any potential precautions or contraindications that 
may preclude the use of thermotherapy. Consideration of the stage of healing and 
the tissues involved is a key component to determine whether cold or heat should be 
applied. Acute injuries, primarily between the onset of the injury and up to 72 hours 
after, are considered primarily in the inflammatory stage of healing. Cold applications 
are used during this phase of healing to facilitate the healing process, decrease edema, 
and move the tissue into the repair and regeneration process. A common question that 
clinicians have is whether to use heat or cold in subacute or chronic stages of healing. 
The answer is up to the discretion or comfort of the patient. Some individuals respond 
well to cooling when used therapeutically during the proliferative or maturation phase 
of healing, while others prefer heat. From a physiological standpoint, heat should 
be used when the therapeutic goals are consistent with the physiological response 
required to achieve those goals and to modify the healing tissue (Bleakley & Davison, 
2010; Costello et al., 2016; Hubbard & Denegar, 2004).

Indications
Many of the musculoskeletal and neuromuscular conditions that are commonly 

seen by clinicians will benefit from superficial heat application. Heat can be used to 
decrease pain and stiffness, improve ROM and flexibility, increase tendon excursion, 
improve synovial viscosity, and promote healing and relaxation (Earley, 2000). Heat 
should be the initial consideration for those clinical conditions that are primarily in 
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the proliferative phase of healing or the maturation phase of healing. Individuals with 
decreased ROM secondary to guarding, trigger points, or pain may also benefit from 
localized application of heat agents. A secondary consideration is the depth of the tar-
geted treatment tissue. Superficial agents will penetrate to a depth of 1 to 2 cm, which 
limits their effectiveness with deeper anatomical structures. Deep thermal agents such 
as ultrasound penetrate to a depth of 5 cm and should be used with deeper soft tissue 
structures (Logan et al., 2017; Box 6-1).

Precautions
Most thermal applications are safe and effective when applied appropriately and 

cautiously. As with any modality, the use of superficial thermal agents is only one 
component of the therapeutic process and should be preparatory as an adjunct to 
engagement in occupation, activity, or movement. The potential for burning the skin 
is a primary concern and should be closely monitored with all patients. Special care 
and consideration must be taken for any patient who presents with decreased or loss 
of sensation in the extremity, compromised circulation, or confusion or inability to 
articulate discomfort or pain to the clinician. Increased edema due to the application 
of heat occurring in a dependent and passive position of the upper extremity may 
be a primary drawback of heat application. Proper positioning of the extremity, the 
therapeutic modality, and application of any mobilization or positional heat/stretch 
techniques should be considered prior to application to avoid any adverse reactions. 
Additionally, whenever possible, incorporating active movements or exercises during 
the application of the modality may reduce positional dependent edema in the extrem-
ity (Szekeres et al., 2017; Szekeres et al., 2018). 

Patients who are unable to respond to questioning, are confused, or are comatose 
would not be appropriate candidates for superficial heat modalities. The clinician 
should monitor the patient’s response to the heat agent at all times by asking the 
patient for any subjective feedback, as well as visually checking the skin condition 
if the modality allows (Earley, 2000). Treatment should be discontinued immediately 
if the patient reports any pain, burning sensation, abnormal redness, or response to 

Box 6-1. Indications of Superficial Thermal Agents
•	 Subacute and chronic inflammation
•	 Subacute or chronic pain
•	 Subacute edema removal
•	 Decreased ROM
•	 Resolution of swelling
•	 Myofascial trigger points
•	 Muscle guarding
•	 Muscle spasm
•	 Subacute muscle strain
•	 Subacute ligament sprain
•	 Subacute contusion
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the heat to avoid burning of the skin and tissue damage. Careful observation of older 
adults, individuals who are obese, individuals who are frail, or children by monitoring 
of blood pressure, respiration, skin color, overt physiological signs such as sweating, 
or discomfort should be routine. Application of heat should be discontinued if the 
patient displays any pain; symptoms of shock including distress or drop in alertness, 
weakness, pale and clammy skin, or bluish lips and fingernails; or local signs related 
to heat overexposure such as increased redness, peeling skin, swelling, or blistering 
(Lohman et al., 2011). 

 When superficial heat applications are recommended as part of a home treatment 
program, it is crucial that the patient be provided clear verbal and written instructions 
in the proper application and length of treatment time of the modality, as well as being 
able to identify potential adverse reactions to the application. Patients often think that 
thermal heat modalities are “supposed to be hot” and may ignore the initial signs of 
burning, so ensuring that they are educated in the precautions and astute enough to 
discontinue the treatment can prevent problems when these interventions are used at 
home (Box 6-2). 

Contraindications
Determining whether to use heat as an adjunct to treatment often depends on the 

type and depth of the tissue to be treated; the intensity of the heat modality available; 
the patient’s circulatory status, comorbidities, and sensitivity to temperature varia-
tions. Heat should not be used with patients who have appreciable circulatory impair-
ment, loss of sensation or mentation, undetermined edema, or during the acute, inflam-
matory phase of healing. Heat is typically used for its local effects, although there are 
systemic responses that occur from a localized application of heat. Heat is dissipated 
from local tissue due to the convective action of the circulating blood. In individuals 
with circulatory impairment, the body is unable to dissipate heat as efficiently as in 
those who are healthy. The patient may experience an increased heart rate from the 
systemic effects of the heat application as well (Box 6-3). 

Modality Selection
Superficial heat agents should serve as an adjunctive modality that will prepare 

patients for involvement in purposeful occupations, activities, and movements. 
Indications for use of superficial thermal agents include, but are not limited to, the 
treatment of joint ROM, stiff joints, subcutaneous adhesions, soft tissue contractures, 
chronic arthritis, osteoarthritis, subacute and chronic inflammation, cumulative 
trauma, wounds, neuromas, and sympathetic nervous system disorders. Applying heat 
or cold and changing tissue temperature has a variety of therapeutic effects through 

Box 6-2. Superficial Thermal Agent Precautions
•	 Monitor blood pressure, respiration, and skin color.
•	 Discontinue if increased redness, petechiae, and blistering are observed.
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the primary changes in metabolism, nerve transmission, hemodynamics, and mechani-
cal properties (Bleakley et al., 2004). The underlying concept for application or use 
of thermal interventions (hot or cold) is to transfer or remove heat energy from the 
body. As heat is transferred to the body, the physiological response will be dependent 
on the rate, volume, and duration of the treatment and may be considered being mild 
or vigorous dosages. Tissue temperatures less than 104° (40°C) are considered a mild 
application of heat, whereas temperatures that range between 104 to 112°F (40 to 45°C) 
are considered more vigorous (Lehmann & deLateur, 1990). Tissue will respond to the 
heat application by increasing blood flow to the capillaries of the skin, turning the 
exposed area red (erythema). Higher levels of heat and tissue temperature above 113°F 
can lead to cell catabolism, pain, and tissue damage, so monitoring patients’ skin and 
temperature is critical when using thermal agents.

Occupational therapists have always used physical agent modalities preparatory 
or as an adjunct to movement or engagement in activity and occupation. Research 
related to this concept supports our contention that application of heat prior to engag-
ing in movement or activity is more effective than not preparing the tissue (Bleakley 
& Costello, 2013). Research demonstrates that heating tissue prior to movement or 
stretching, immediately increased ROM at a number of joints along with improved 
outcomes and therapeutic effects of stretching even after only a single treatment when 
compared to stretching alone, without preparation of the tissue (Aijaz et al., 2007; 
Hetherington et al., 1992). There was a cumulative effect of preparing the tissue as 

Box 6-3. Superficial Thermal Agent Contraindications
•	 Impaired sensation (superficial, skin graft, scar, or inability to determine temperature 

changes) 
•	 Poor thermal regulation
•	 Tumors/cancer
•	 Acute inflammation, including acute edema
•	 Deep vein thrombophlebitis
•	 Pregnancy—full immersion (the systemic effects of circulating blood on a fetus are 

unclear, superficial application over an extremity can be used)
•	 Bleeding tendencies
•	 Infection
•	 Primary repair of tendon or ligament
•	 Advanced cardiac disease
•	 Semicomatose or impaired mental status (or patients with speech and language dif-

ficulties, they may not be able to inform or understand the therapists directions)
•	 Rheumatoid arthritis (vigorous dosages of heat may facilitate proteins that act as cata-

lysts to increase enzyme activity, exacerbating joint inflammation; Schmidt et al., 1979)
•	 Acute musculoskeletal conditions
•	 Compromised circulation
•	 Peripheral vascular disease
•	 Skin anesthesia
•	 Open wounds or skin conditions 
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increases in ROM were reported when heat and stretching were consistently repeated 
over an extended period of days, weeks, or months. Using heat intentionally and clini-
cally prior to implementation of therapeutic interventions should be a consideration. 
Applying a thermal agent and waiting 15 to 20 minutes until stretching or engaging in 
movement or activities may not be the most effective use of the modality and its physi-
ological impact. Positional heat and stretch activities should be a consideration when 
the underlying goal is to increase ROM or tissue extensibility. Adipose tissue also acts 
as an insulator and hinders the transfer of energy from reaching effective therapeutic 
levels (Petrofsky & Laymon, 2009) and the depth of tissue may require a deeper ther-
mal agent such as ultrasound or diathermy to achieve therapeutic levels (Robertson & 
Baker, 2001; Robertson et al., 2005). 

Modality selection will depend on a number of factors, based in part on the patient’s 
diagnosis and condition, comorbidities, age, findings on the initial evaluation, acuity 
and stage of healing of the involved tissue, and the therapeutic goals of the assess-
ment. Appropriate selection of thermotherapy is related to the goal and therapeutic 
objective of superficial heat use, the location, depth and type of tissue, surface area of 
the involved structure, and the desired dosage or tissue temperature. Other consider-
ations related to thermal agents include the amount of adipose tissue; whether moist 
or dry heat is desired; positioning of the extremity in a nondependent, dependent, or 
intermittently dependent position; and whether active or passive patient participa-
tion is desired. Consideration of the acuity or stage of healing tissue, acute, subacute, 
or chronic is a critical cue to determine the intensity and form of heat to be applied 
(superficial or deep thermal). If depths greater than 1 cm are desired, ultrasound may 
be indicated (Michlovitz & Wolf, 1990). The effect that the heat application will have 
upon tissue will depend on the temperature of the application site and the type of 
modality used (Borrell et al., 1980; Lehmann & deLateur, 1990). Common applications 
of heat used by occupational therapists include hot water immersion, whirlpool baths 
or hydrotherapy, Fluidotherapy, hot packs, paraffin wax, contrast baths, and warm 
water soaks (Bleakley & Costello, 2013). 

Clinicians often wonder which form of thermal agent should be used clinically. The 
choice of modality should be based on the available evidence, though as with most 
therapeutic interventions in occupational therapy or physical therapy practice and 
research, large, randomized controlled trials are lacking. Most of the recommenda-
tions for the use of heat or cold therapy with musculoskeletal conditions are based 
on empirical or anecdotal experience due to lack of evidence demonstrating efficacy 
(French et al., 2006). Consideration for thermal applications with patients should be 
based on the available evidence and clinical experience as well as determination of the 
acuity of the injury and clinical condition. Based on this, it is recommended that cold/
cryotherapy be used in the setting for acute injuries with inflammation while heat can 
be applied for muscular pain and soreness, as well as in those cases where there is 
joint pain and stiffness (Costello et al., 2016; Malanga et al., 2015; Szekeres et al., 2017). 

Clinical Applications
Whirlpool

The use of whirlpools has a long history as a component of rehabilitation. Clinicians 
specializing in orthopedics/hand therapy may have greater use of the smaller hand 
whirlpools to assist with wound care and healing. Common goals and uses of whirl-
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pool therapeutically are to remove gross contaminants, to remove toxic debris such 
as surface bacteria, to improve circulation, to decrease wound pain, to decrease sup-
puration (the formation of pus), to decrease heat/fever, to soak and soften dressings for 
removal, and to facilitate healing (Tao et al., 2013). Whirlpool bath or hydrotherapy can 
be used when a mild, moderate, or vigorous dosage of moist heat is desired. The body 
part being treated is immersed into a tank of water that is agitated by a jet of water and 
air via an electric turbine. This form of hydrotherapy is most often used as a part of 
wound care, though there are other benefits to the use and application of water. One 
of the properties of water is buoyancy, which helps in producing a gravity-eliminated 
environment. This environment can be therapeutic for graded active mobilization of an 
affected body part such as a patient with a wrist fracture which has been immobilized 
for several weeks (Szekeres et al., 2017). An advantage to the use of whirlpool bath 
is that the therapist is able to see and have immediate access to the body part being 
treated. Water temperature can be controlled and set to the desired temperature. The 
agitation of the water can also be adjusted to meet the unique needs for wound healing 
or debridement.

For wound debridement, a warm temperature or neutral (body temperature, 98 °F) 
is sufficient in order to prevent bleeding, or edema and its concurrent difficulties. The 
amount of water agitation can be controlled and can be adjusted to act as a soft tissue 
massage and/or a resistance for exercise. If open wounds or excessive skin dryness or 
maceration are present (commonly seen after cast removal), a whirlpool bath can be 
used for cleaning and debridement, which further aids in the healing process (Tao et 
al., 2013). Careful consideration of the phase of healing and integrity of the tissues is 
necessary to avoid excessive force or agitation which could cause damage to the heal-
ing tissue. The use of hydrotherapy as a means of mechanical debridement will help 
remove necrotic and devitalized tissue, exudates, and dirt or foreign contaminants in 
the wound bed itself. Chronic ulcers or wounds are the type of injury most often treat-
ed for debridement using whirlpool and should be placed in the whirlpool in neutrally 
warm water (92 °F to 96 °F) for approximately 10 to 20 minutes (McCulloch & Kloth, 
1997). As with any open wound, care should be used to prevent aggressive agitation of 
the water that might shear off or mechanically debride new tissue growth. Use of an 
antimicrobial agent should be added to the water to prevent infection from contami-
nants and the whirlpool should be thoroughly cleaned after each use (Bohannon, 1985; 
Niederhuber et al., 1975; Solomon, 1985). Whirlpool baths allow the patient to partici-
pate in a variety of active movements while in the whirlpool and thus may be prevent 
some of the difficulties associated with more passive forms of heat application. 

A potential disadvantage in using a whirlpool bath is the dependent position of the 
extremity within the whirlpool bath. This dependent position—the hand/arm below 
the level of the heart—may cause an increase in edema. If edema is a concern, it may 
not be desirable to maintain the extremity below the level of the heart. To counteract 
this, the patient should be instructed to intermittently elevate the body part, such as 
the hand, and raise it above shoulder level. If feasible, this should be complemented 
by pumping or actively opening and closing the hand as well as flexing and extending 
the wrist. Though edema conceptually may be a possibility with most heat modalities 
due to the increased blood flow caused by vasodilation, there has been little research 
related to its effect. A study comparing edema or hand volume for patients with distal 
radius fractures following application of whirlpool or hot packs found a significant 
difference between the two groups immediately after the heat application with those 
receiving whirlpool experiencing greater volume (Szekeres et al., 2017; Szekeres et al., 
2018). However, after 30 minutes of a hand therapy session, there was no longer a signif-
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icant difference in volume, or at the end of the study 3 weeks later. Whirlpool can be a 
consideration and intervention when used with distal radius fractures and when incor-
porated as a component of the therapeutic approach (Szekeres et al., 2017). If the water 
is being used for exercise or movement to improve ROM, tepid water temperatures 
(79 °F to 92 °F) can be used to prevent fatigue. This temperature is also used when the 
patient will be immersed completely in a tank or therapy pool. A hot whirlpool (99 °F 
to 104 °F) is effective for decreasing pain and/or to increase the extensibility of soft 
tissue. Whirlpool temperatures should never exceed 110 °F as the higher temperature 
will cause cell catabolism and burns. Always make sure that your whirlpool has a ther-
mometer in the water which is accurate and easily read to avoid higher temperatures 
which may cause burns or discomfort. Optimal length of treatment is approximately 
15 to 20 minutes.

With the finding that volumetric changes using whirlpool were minimal for patients 
with distal radius fractures, a follow-up study to compare the effect of whirlpool and 
hot pack on wrist ROM for patients with distal radius fractures was also undertaken. 
Findings indicated that there was a greater increase in ROM using the whirlpool than 
with hot pack application (Szekeres et al., 2018). A benefit of using whirlpool was that 
movement could be performed actively during the heating process, which was hypoth-
esized to affect the ROM of the wrist positively for wrist flexion and extension when 
compared to hot pack application. It should be noted that both groups demonstrated 
improvements in ROM at the end of the study with no significant difference between 
groups. An additional consideration and theory is that due to the superficial nature of 
the thermal change in tissue temperature, a more likely cause of the improvement in 
ROM, may be due to the thermal agents’ effect on decreasing the pain response, there-
by allowing patients to engage and move more fully through ROM without eliciting a 
protective, guarding response and cocontraction (Bleakley & Costello, 2013; Szekeres 
et al., 2017). 

A disadvantage to using whirlpool is the time required for set up and cleaning of 
the tank in order to avoid cross contamination and infection. This process may be 
too time consuming in busy clinics. Whirlpool baths are an effective modality to use 
with open or chronic wounds, status post fracture (where stiffness and excessive skin 
dryness is present), inflammatory conditions (with tepid water), peripheral vascular 
disease, and peripheral nerve injuries (Table 6-2). 

Table 6-2. Effective Whirlpool Temperatures 
Water Temperature Sensation Clinical Condition

104 °F (Never exceed a 
temperature > 110 °F)

Hot! Monitor patient closely 
for systemic and skin 
changes

Soft tissue extensibility, 
chronic conditions, localized 
areas

99 °F to 104 °F Very warm to hot Pain, osteoarthritis, 
rheumatoid arthritis 
(nonacute)

92 °F to 96 °F Neutral warmth Wounds, chronic wounds, 
decubitus, peripheral 
vascular disease, circulatory 
disorders

79 °F to 92 °F Tepid Exercise, full body 
immersion, active movement
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Fluidotherapy
Fluidotherapy can provide a variety of dosages of dry heat. Fluidotherapy provides 

a dry, stable heat transfer across the surface of the extremity or tissue being treated 
for a variety of therapeutic goals including desensitization, reduction in pain, and ROM. 
Fluidotherapy uses a dry cellulose medium (Cellex) to circulate temperature-regulated 
air using convection over an extremity (Vardiman et al., 2013). Because of the medium, 
Fluidotherapy also can be used for desensitization due to the tactile stimulation and 
agitation of the medium. Fluidotherapy combines the physiological effects of heat and 
tactile stimulation, which increases superficial skin temperature and can be adjusted 
to increase the agitation of the medium and to increase the thermal heat effect with 
higher temperatures increasing superficial skin temperature (Borrell et al., 1980). It 
has been hypothesized that the elevated temperatures available with Fluidotherapy 
compared to either paraffin or aqueous heat transfer may provide a nerve conduction 
advantage for large fiber afferents. Heat from the medium, combined with the tactile 
stimulation of the cellulose on the large-diameter afferent axons with a concurrent 
increase in blood flow and metabolic rate, may work synergistically to “close the gate” 
in the dorsal horn, decreasing pain (Kelly et al., 2005). 

Higher skin and tissue temperatures due to the vigorous activity of the medium and 
higher temperature of dry heat may also increase soft tissue extensibility and decrease 
joint stiffness when combined with active or passive treatments and movement. 
Analgesic effects can be obtained with lower temperatures and other physiological 
effects are achieved at higher temperatures. Fluidotherapy uses fine particles suspend-
ed in a hot air stream to heat the extremity (Borrell et al., 1980). The fine particles are 
made of ground cellulose from corn husks. The temperature of the circulating air and 
medium is controlled by a thermostat on the machine. This type of treatment can be 
used on the distal extremities, primarily the hands and feet. The combination of heat 
and the tactile stimulation’s effect on nerve conduction velocity on the sensory nerve, 
may also provide an analgesic effect, decreasing pain (Vardiman et al., 2013). 

The mechanism of action and ability to maintain a consistent temperature and 
agitation of the medium over an extended period of time, also produces positive 
physiological benefits and can be used clinically. Most standard modality treatments 
continue for approximately 20 minutes to achieve their therapeutic goals or objective, 
but superficial thermal agents are often difficult to maintain a consistent therapeutic 
temperature range. Because Fluidotherapy produces a vigorous level of heat that can 
be held stable over an extended period of time, vigorous heating can be achieved if 
treatment continues for 30 or even up to 40 minutes or more. Vardiman and colleagues 
(2013) found that Fluidotherapy application produced temperature increases to lower 
therapeutic levels within 10 minutes, moderate levels by 20 minutes, and peak tem-
peratures were achieved between 70 and 90 minutes, effectively elevating extremity 
tissue temperature to increase tissue extensibility and decrease pain and joint stiffness 
(Kumar et al., 2015; Vardiman et al., 2013). Fluidotherapy will increase intramuscular 
temperature to a therapeutic level, provide a sensory effect useful for desensitization, 
and pressure oscillations that may decrease edema (Vardiman et al., 2013). 

Complex regional pain syndrome (CRPS) is a painful and debilitating condi-
tion characterized by pain which is disproportionate to the underlying injury and is 
accompanied by autonomic, sensory, and motor abnormalities. CRPS can also occur 
poststroke and occurs in patients surviving stroke between 21% to 31%. Biomechanical 
factors and shoulder instability as well as microtrauma have been identified as pos-
sible risk factors following a stroke (Chae, 2010; Paci et al., 2005). Other pathophysiol-
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ogy of poststroke CRPS has been suggested to be a combination of frozen shoulder or 
rotator cuff tears of the shoulder as well as soft tissue injury of the wrist caused in 
part by the hemiplegic nature of patients with stroke (Kim et al., 2016). Effective treat-
ment for CRPS is problematic and difficult. Fluidotherapy has shown promise as an 
effective adjunctive treatment for CRPS poststroke. Three weeks of Fluidotherapy at 
40 °C, for 20 minutes, continuous mode, demonstrated decreased pain and edema with 
improved ROM (Sezgin Ozcan et al., 2019). 

An advantage of using Fluidotherapy is the ease of implementation and the consis-
tency of the temperature of the circulating air. Fluidotherapy provides heat, a sensory 
effect useful for desensitization, and pressure oscillations that may decrease edema. 
The machine can be purchased with either single or dual accessibility, features which 
allow the therapist access to the patient’s extremity while in the unit, allowing for pas-
sive ROM, joint mobilization, and manipulation. The accessibility feature also allows 
the treatment of up to two patients at a time. The force of the air and particles circu-
lating within the machine can be graded via the blower speed. The force of the blower 
speed allows for mobilization to take place during the treatment process. Many thera-
pists use Fluidotherapy for the desensitization effect that it provides with abnormally 
hypersensitive areas. Benefits of Fluidotherapy have been reported for pain, ROM, 
acute injuries, swelling, and increasing blood flow. Careful consideration and caution 
should be used with any open wounds, lesions, or infections when considering use of 
Fluidotherapy and may be contraindicated. Any open wound must be covered with 
a protective barrier and dressing to prevent exudates from contacting the medium. 
Protective barriers should be applied prior to inserting the extremity into the entry 
port to prevent cross contamination of the media or the wound and other superficial 
thermal agents considered. 

A potential disadvantage of Fluidotherapy is that the extremity is maintained in 
the dependent position. The clinician must be prudent in using this modality, particu-
larly if edema is evident. If edema is a concern, Fluidotherapy should be used with the 
patient engaging in functional movement of the extremity, using a pumping action of 
the hand to counteract any adverse effects of the heat dosage and dependent position. 
A second issue relates to housekeeping duties. If a high volume of patients is treated 
throughout the day, particles from the machine often end up on the floor and may 
become slippery. It is also recommended that the media be replaced on a consistent 
basis dependent upon the amount of use. 

The first step in using Fluidotherapy is to preheat the unit to 105 °F to 118 °F. The 
blower speed should be adjusted to provide the desired air and particle flow within 
the machine. The body part being treated should be clean and free from jewelry. Open 
wounds should not be placed in the unit. If any small open wounds or lacerations are 
present, the therapist needs to make sure they are adequately and securely covered 
before treatment begins. The length of treatment is typically 20 minutes though longer 
times can be used when the patient is closely monitored. Patients who are allergic to 
corn or have sensitivities to dust should be monitored for any discomfort or difficulty 
breathing. 

Hot Packs
Hot packs are one of the most frequently used modalities clinically for superfi-

cial heating. Superficial thermal modalities are commonly used by patients at home 
and as an initial response to injury or generalized aches and pains. Hot packs are a 
form of moist heat. When compared to dry heat, moist heat is more efficient at warm-
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ing the body. In moist heat conditions, there is higher skin surface heat conductivity 
and greater skin blood flow (Igaki et al., 2014). Heat is used to increase circulation; 
increase metabolism; and decrease pain, muscle spasms, and joint or soft tissue stiff-
ness (Hawkes et al., 2013; Iwasawa et al., 2016; Szekeres et al., 2017). At a depth of 1 
cm, moist hot packs can increase tissue temperatures by 2.2 °C to 3.8 °C from baseline 
(Draper, 1998; Halvorson, 1990). When tissue temperature is elevated to this level, the 
physiological changes leading to increased tissue extensibility, improved ROM and 
decreased muscle spasm occur (Knight et al., 2001; Robertson et al., 2005). Hot packs 
are a form of moist heat. When compared to dry heat, moist heat is more efficient at 
warming the body. In moist heat conditions, there is higher skin surface heat conductiv-
ity and greater skin blood flow (Igaki et al., 2014).

Hot packs transfer heat through conduction, and though commonly used in clin-
ics, also can cause burns and tissue damage when used inappropriately. The thermal 
application is effective up to a depth of 1 cm and can elevate the subcutaneous soft 
tissue temperature nearly 39 °F. Although heat can extend to a depth of 3 cm, it will not 
have the same therapeutic effect as at lesser depths (Draper et al., 1998; Greenberg, 
1972). Hot packs consist of a silica gel medium covered by a canvas pouch and are kept 
in a thermostatically controlled cabinet containing water. The temperature maintained 
within the hydrocollator is between 165 °F and 175 °F, high enough to kill any bacteria 
that may collect on the canvas pouch. It is a good practice to measure and track the 
temperature of the hot pack water on a daily basis and to keep a log in case there are 
any burns to patients or questions by external accreditors as to the temperature. At 
a minimum, the temperature of the water should be kept in a log and monitored and 
checked weekly. 

When the hot pack has been properly heated, the high temperature rate can be 
maintained for 30 to 45 minutes after removing the pack from the hydrocollator. Hot 
packs are typically used to provide moderate or vigorous doses of moist heat and 
come in a variety of sizes. Depending on the area that will be treated, hot packs can 
effectively treat larger areas of the body and are able to form over body contours 
such as the shoulder or neck. The temperature of the hot pack is typically between 
104 °F to 113 °F when it is removed from the hydrocollator. Hot packs are cooler than 
water because of the properties that make up the various materials of this heat agent. 
Generally, a new hot pack will require 2 hours of immersion in the hydrocollator unit 
to achieve its therapeutic temperature and effect. After each application, it will require 
approximately 30 minutes to reheat the pack before it can again reach a therapeutic 
temperature level.

Hot packs are generally easy to use and require minimal maintenance. The water 
in the hydrocollator tank should be monitored for temperature and depth, with water 
added as needed to completely cover the hot packs. The water should be changed on a 
consistent basis to avoid contamination or breakdown of the hot packs. The tempera-
ture of the water should be documented on a minimum of a weekly basis to ensure that 
the effective therapeutic range is not exceeded. The hydrocollator unit can be drained 
and cleaned as needed. Because of the high temperature of hot packs, any direct con-
tact with the skin will result in immediate pain and potential damage (including burns) 
to the soft tissue. To avoid burns, a coupling medium should be placed between the hot 
pack and skin that consists of at least six layers of dry Turkish towels. These towels are 
also beneficial in creating air pockets that can serve as added insulation. When treat-
ing a patient, dry towels should always be utilized as the coupling medium because 
heat will transfer at a more rapid rate if the heated towels are damp. Many clinics use a 
combination of a commercially available terrycloth hot pack cover (which is the equiva-
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lent of approximately two to three layers of towels) combined with additional towels. 
Because hot packs cool rapidly when removed from the hydrocollator unit, they are 
somewhat safer to use because they will become increasingly cooler as the treatment 
time progresses. In addition, they are easy to remove, thereby facilitating skin checks 
and the ability to be quickly removed by either the patient or therapist if they become 
too hot. Hot packs are considered a passive form of treatment since patients are not 
actively involved during the application. However, a positional sustained stretch of 
the tissue being treated can be accomplished during the heating process if necessary. 
Hot packs are beneficial in helping to reduce pain and muscle spasms and to improve 
connective tissue extensibility (Michlovitz & Wolf, 1990; Perret et al., 2006; Robertson 
et al., 2005). 

A disadvantage to using hot packs is that the larger size hot packs can be heavy 
and are contraindicated if too uncomfortable for the patient. Additionally, the area 
being treated is covered, making it difficult for the therapist to visually monitor the 
patient’s skin integrity. Depending on the treatment site and the size of the hot pack, 
extra padding may be required if the patient is placing undue pressure over a bony 
prominence or body part (Michlovitz & Wolf, 1990). Hot packs have also been used in 
the treatment of myofascial trigger points, decreasing pain through the physiological 
response affecting blood flow, decreasing pressure pain threshold, and suprathermal 
thresholds (Benjaboonyanupap et al., 2015). When applying hot packs, patients should 
always be supplied with a bell to alert the clinician if the hot pack becomes too hot or 
if the patient feels pain or discomfort. As discussed earlier, care must be taken with 
patients with large amounts of adipose tissue, frail older adults, and children (Box 6-4). 

Contrast Bath
Contrast baths are frequently used in therapy for a variety of reasons, though the 

research and support for their use is primarily anecdotal and research is minimal. The 
technique involves the repetitive application of cold and then heat in an alternating 
pattern. Research supports the application of cryotherapy, which causes a decrease 
in skin, subcutaneous, and muscle temperature, which leads to vasoconstriction of 
the blood vessels and a decrease in inflammation and swelling through a decrease 
in the metabolism metabolite production (Bleakley et al., 2014; Bouzigon et al., 2016). 
Research supporting the use of heat therapeutically, has increased tissue temperature, 
increased metabolite production, increased muscle elasticity, increased blood flow, 
decreased muscle spasm, and decreased pain (Hsu et al., 2013; Knight et al., 2001; 
Kumaran & Watson, 2015). Theoretically, contrast baths decrease edema, increase 
blood flow, and decrease pain and joint stiffness through the alternating mechanisms 
of vasoconstriction and vasodilation of blood vessels (Breger Stanton et al., 2009).

A contrast bath involves the alternating placement of an extremity between water 
that has been either heated or cooled so that the extremity alternates between periods 
of vasoconstriction and vasodilation. Contrast baths are frequently used to decrease 
edema in an extremity and to improve peripheral blood flow (Stanton et al., 2003). 
Concurrently, contrast baths may also reduce pain and stiffness and aid in the healing 
process (Lehmann & deLateur, 1990). Contrast baths provide mild to moderate levels 
of heat and are frequently used to control subacute or chronic inflammation as well as 
for some musculoskeletal conditions. It is important to monitor the patient’s reaction 
to the extremes of temperature variation due to the autonomic reaction that can occur, 
affecting blood pressure and heart rate. This issue is particularly important for those 



Thermal Modalities: Therapeutic Heat  175

patients who will be using contrast baths as part of a home program to decrease or 
control their symptoms. The clinical intention of contrast baths is to facilitate a pump-
ing type action through the alternating vasoconstriction and vasodilation. However, 
there is little to support this theory, and it may be that there is more of a superficial 
capillary response as the larger, deeper blood vessels do not constrict or dilate since 
the effect is more superficial (Morton, 2007; Myrer et al., 1994; Petrofsky et al., 2006; 
Smith & Newton, 1994; Stanton et al., 2003). 

There are a variety of protocols that have been used in research studies with dif-
ferences noted in the method of the clinical application, the time and order between 
alternating between the cycles of hot and cold immersion, and in the overall time of the 
treatment application in total. Though some of the research has looked at total body 
immersion following athletic events and to prevent delayed-onset muscle soreness, 
other uses have focused on a single extremity, which is the typical application used 
in occupational therapy, primarily with the intent to decrease edema and hand/upper 
extremity volume. Application and treatment utilizing contrast baths involve alternat-
ing the affected extremity between warm and cold water. This can be accomplished by 
filling two containers with water, one with warm water between 100 °F and 110 °F and 
one with cold water, typically at a temperature between 50 °F and 70 °F. Though there 
may be some variation in the research, the general consensus for the temperature for 

Box 6-4. General Instructions for Hot Pack Application
•	 The hot pack should be removed from the tank using tongs to prevent burning of the 

therapist’s hands. The excess water should be allowed to drain into the tank and the 
hot pack quickly placed into the hot pack cover.

•	 The hot pack is wrapped in several layers of cloth toweling and/or commercial hot 
pack covers to prevent burns.

•	 Be aware that pressure from positioning will cause conductive heating. To decrease 
conduction, reposition the body part and add additional toweling. To improve 
conduction, further secure hot pack with Thera-Band (Performance Health) or towel-
ing over the body part being treated (e.g., shoulder).

•	 Treatment length is approximately 20 minutes.
•	 Allow hot pack to reheat for at least 30 minutes before using it again.
•	 Check the patient’s status and ask the patient how the treatment feels after the first 

5 minutes of treatment.
•	 Remove the hot pack and towels to check the skin for signs of burning, excessive 

redness, or blistering.
•	 Clinical note: If there is evidence of overheating, discontinue treatment immediately 

and briefly apply a cold pack to stop the overheating response.
•	 At the end of the 20-minute treatment session, remove the hot pack and towels and 

again ask the patient how the treatment session felt.
•	 When inspecting the skin, the treated area should appear slightly red and be warm to 

the touch.
•	 The hot pack should then be placed in the hydrocollator and reheated for 30 minutes 

before using it again.
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cold was 50 °F to 59 °F (10°C to 15°C) and heat between 100 °F to 104 °F (38 °C to 40 
°C), though the higher temperatures are often used to (theoretically) provide a more 
drastic contrast between temperatures (Hing et al., 2008). 

Although various protocols exist, the general guidelines are to have the patient 
immerse the part being treated in warm water for 10 minutes. After 10 minutes in warm 
water, the patient should place the body part in cold water for 1 minute. The patient 
then returns to warm water for 4 minutes and then cold water for 1 minute. This 4:1 
cycle is completed two additional times. When a contrast bath is used as a superficial 
heat agent, the patient should end the treatment in 4 minutes of warm water, providing 
30 minutes of total treatment (Lehmann & deLateur, 1990). Other variations suggest 
placing the extremity in the hot bath for a relatively short period initially and then 
gradually increasing the length of time in the hot water during subsequent treatment 
sessions. Most of the recommended ratios are either 3:1 or 4:1 and may begin with cold. 
Depending on the condition and goals, the treatment can be modified and may include 
ending in the cooler water. As with any thermal modality, it is important to monitor 
the patient’s skin condition during and following the application, as well as pulse, res-
piration, and blood pressure (Smith & Newton, 1994). Additional research is needed to 
determine the overall physiological effects and efficacy of contrast baths. Anecdotal 
and clinical use are the primary support for the use of contrast baths, but evidence-
based research requires greater validation of the intervention (Stanton et al., 2003).

Warm Water Soak
Warm water soaks can be used when mild or moderate dosages of heat are indi-

cated. This type of thermotherapy provides circumferential heat to the fingers and 
allows the patient to mobilize the hand and fingers while soaking in order to improve 
ROM and decrease subacute and chronic edema. This form of hydrotherapy is ideal for 
a home program. The temperature is typically initiated at 99 °F to 110 °F. The water is 
in a container into which the person’s extremity fits. A 15- to 20-minute immersion is 
generally indicated. If edema is a concern, the patient may be instructed in controlling 
this by actively moving the part being treated while in the dependent position (e.g., 
flexing and extending the fingers), or to intermittently elevate the extremity above 
their heart. As with any home program, the patient should be instructed to monitor 
the temperature of the water to prevent potential burns.

Paraffin Bath
The paraffin bath provides moderate to vigorous dosages of heat to a localized 

area and smaller joints. Paraffin baths have been shown to be an effective modality 
with arthritic patients as well as those with systemic sclerosis (Helfand & Bruno, 1984; 
Robinson et al., 2002; Sandqvist et al., 2004). Paraffin is primarily used to decrease 
stiffness and improve ROM. It is frequently used to treat chronic arthritic conditions 
and also offers pain control. Healed amputations, arthritis, and strains/sprains are 
just a few conditions that may benefit from paraffin baths. It is important to monitor 
the temperature of the paraffin using a thermometer to prevent thermal burns before 
application. The paraffin bath must be thermostatically controlled to ensure patient 
safety. The heated storage unit contains a mixture of paraffin and mineral oil. The 
temperature of the paraffin is typically between 118 °F and 135 °F (Malick & Kasch, 
1984), but should be kept at approximately 125 °F for upper extremity use. Paraffin 
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has a lower specific heat than water, so the paraffin will feel cooler to the patient than 
water at the same temperature. Mineral oil contained in the paraffin lowers the melt-
ing point and allows for ease of removal of the paraffin from the body part. A ratio of 
approximately 6 parts wax to 1 of mineral oil provides an optimum mix for ease of use 
and to lower the effective melting point of the wax. 

A primary advantage of paraffin is that it allows for an even distribution of heat 
to the treatment surface, which is effective in reducing stiffness and pain. This form 
of heat also reduces the viscosity of the synovia, reducing the stiffness associated 
with arthritis. When using paraffin with rheumatoid arthritis, it is imperative that one 
refrain from administering a vigorous heat dosage. The temperature of the paraffin 
should be maintained at the lower range. The provision of paraffin is easy, efficient, 
and rather inexpensive. Passive or positional stretching of joints can be accomplished 
with an elastic-type wrap. This form of treatment can be used in conjunction with the 
paraffin to maximize the benefits of mobilizing connective tissue.

The disadvantage of paraffin is that it cannot be easily used on all body parts. 
Although paraffin does gradually cool after being applied, there is no mechanism to 
control the temperature of the paraffin once it is applied to the skin. Because it is dif-
ficult to regulate the temperature, the risk of burns is substantially higher than other 
forms of heat. Paraffin should not be used with open wounds or over joints that are 
acutely inflamed. Paraffin maintains a therapeutic temperature for approximately 
20 minutes (Michlovitz & Wolf, 1990).

Paraffin can be applied in a variety of ways, including wrap/gloving, immersion, 
dip, brush, and pouring methods. The most common form used in clinics is the dip-
ping method. Before any of the methods of application are applied, it is crucial that the 
therapist check the temperature of the paraffin and assess the patient’s skin condition 
and sensation. The body part should always be thoroughly washed before any appli-
cation, particularly the dip method. Any rings and jewelry should be removed before 
using paraffin. 

Wrap/Gloving Technique
This method may be the most popular method of paraffin application by the occupa-

tional therapist. The therapist should first observe the temperature of the paraffin unit’s 
thermometer for safety, demonstrate the technique, and then ask the patient to slowly 
place their fingertips into the paraffin. The patient is then instructed to immerse the part 
into the bath while avoiding contact with the bottom and the sides of the paraffin unit. 
The patient’s hands should be slightly flexed and abducted to facilitate patient comfort. 
The patient should be instructed to maintain the position of the hand to prevent the 
paraffin from cracking the layers and potentially causing burns, as higher temperature 
paraffin will flow underneath the initial layers and become trapped, causing increased 
temperatures. Once this first dip is completed, the patient is instructed to immedi-
ately remove the extremity and allow it to air dry for a few seconds prior to immersing 
once again. The dip process, referred to as gloving, is repeated approximately 10 times 
depending on the patient’s tolerance to the heat. The therapist then wraps the part in 
a large plastic bag and a cloth towel is wrapped around to serve as an insulating layer 
to retain the heat. The extremity should be placed in a comfortable position, preferably 
elevated to prevent edema from occurring. Typical treatment time lasts 20 minutes. At 
the conclusion of treatment, the paraffin should be removed and discarded.
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Immersion Technique
At an elevated therapeutic temperature of 125 °F to 135 °F, this technique will 

provide a vigorous dosage of heat. The patient dips an initial layer of paraffin on their 
hand until it solidifies. The patient then immerses and leaves their hand in the paraffin 
bath for approximately 10 to 20 minutes. It is vital that the patient’s skin condition is 
monitored to prevent burns from occurring.

Dip Immersion Technique
Depending on the therapeutic temperature of the paraffin, this will provide a 

moderate or vigorous dosage of heat. This involves the gloving method noted earlier. 
Instead of wrapping the body part as the final step, the area being treated remains 
within the paraffin bath.

Brush Technique
This process involves using a paintbrush to brush 8 to 10 coats of paraffin onto 

an area that cannot be dipped, such as the lateral epicondyle at the elbow area. The 
treated area is wrapped with towels for approximately 20 minutes. A moderate dosage 
of heat can be obtained.

Pouring Technique
This process involves carefully pouring the paraffin over the targeted area. The 

pouring technique can be used for many of the same reasons that you would use 
brushing. It may also be indicated when treating the hand, especially if the patient is 
unable to immerse their hand into the bath.

Following any of the paraffin techniques, the wax should be removed over the tank 
and discarded. The paraffin in the tank should be replaced whenever it is noted to be 
soiled. Many patients will consider purchasing a home paraffin unit, particularly those 
with chronic arthritic conditions and pain. These units are relatively inexpensive and 
maintain the paraffin mixture at approximately 125 °F. Patients should be cautioned 
to use a laser, meat, or candy thermometer to monitor the actual temperature of the 
paraffin before using the home equipment.

Documentation
Typically, treatment information is organized into a SOAP (Subjective, Objective, 

Assessment, Plan) note format. The examples included in this chapter only summarize 
the thermotherapy component, they do not represent a comprehensive treatment 
note. Documentation should include the following treatment parameters: 

 ӹ Treatment duration
 ӹ Site of application
 ӹ Type of heating agent used 
 ӹ Patient positioning 
 ӹ Objective response to the treatment 
 ӹ Patient’s subjective comments
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Example 1: Postoperative Rotator Cuff Tear 
S: Pt (patient) reports increased pain in L (left) shoulder following rotator 
cuff repair. Pt states, “I have not been using my LUE (left upper extremity) as 
instructed by the surgeon.”

O: 

A: Decreased pain and increased ROM noted when MHP applied during PROM.

P: Continue to apply MHP during treatment sessions for decreased pain as evi-
denced by increased tolerance to PROM. 

Example 2: Post–Open Reduction and Internal Rotation,  
Post-Hardware Removal 

S: Pt reports increased stiffness and pain in R (right) wrist following an ORIF 
(open reduction and internal rotation). 

O: 

A: Pain and stiffness appear to be biggest limiting factors of ROM. Pt appears 
to have increased AROM when completed in Fluidotherapy.

P: Continue to complete AROM exercises in Fluidotherapy to decrease stiffness.

Treatment 5/15/2022

PROM (passive range of motion) PROM completed by therapist with pt in supine 
for the following movements:
•	 ER (external rotation)
•	 FF (forward flexion)
•	 Abduction

Modalities Moist heat pack (MHP) applied during ER PROM 
for increased tissue extensibility and pain 
reduction. 

Treatment 5/15/2022

AROM (active range of motion) Pt completes the following exercises 2 sets x 15 
reps while in Fluidotherapy to decrease stiffness 
and increase tissue extensibility:
•	 Wrist flexion 
•	 Wrist extension
•	 Radial deviation
•	 Ulnar deviation 
•	 Supination
•	 Pronation
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Summary
Superficial thermal agents can be an effective adjunct to occupational therapy 

treatment. Although these modalities and interventions are commonly used in occu-
pational therapy practice, there is a degree of risk, such as burning the patient, which 
needs to be taken into consideration. Monitoring both the therapeutic temperature 
of the interventions before applying them and the patient’s skin should be a primary 
concern for the therapist throughout the procedure. Engagement in purposeful occu-
pation is the primary therapeutic medium of occupational therapists and superficial 
thermal agents are an adjunct to occupation. As clinicians, we have the challenge of 
appropriately integrating thermal agents into clinical practice. Though thermal agents 
are widely used and accepted, therapists must be competent and proficient with them 
to safely and effectively use them in clinical practice. Superficial heat agents facilitate 
tissue healing and extensibility and decrease pain by affecting the neurovascular, neu-
romuscular, and metabolic processes of the body. For many patients, thermotherapy 
can prepare them for active engagement in the therapeutic occupation. 

Case Study
Doug is a 33-year-old father of three young children. He incurred a traumatic injury 

to his dominant right hand while working at a local hospital within the maintenance 
department. He sustained musculoskeletal, vascular, and nervous tissue injuries, in 
addition to amputation of his third and fourth distal phalanges. One week following 
surgery, Doug was referred to occupational therapy for wound management and dress-
ing, ROM (as tolerated), and splinting.

Initially, treatment consisted of whirlpool at a tepid temperature of approximately 
90 °F. Mild agitation was allowed. This process was favorable to cleaning the hand and 
wounds and also facilitated the healing process. Within the subacute stage of healing, 
approximately 3.5 weeks postsurgery, the wounds closed, and greater ROM was war-
ranted. Whirlpool continued to be the modality of choice due to the minimal edema 
that was present. The physiological effects of mild heat coupled with the intermittent 
ability of countering the effects of edema with elevation and active ROM were the 
determinants for modality selection at this phase. Immediately following superficial 
heat application, therapeutic occupations were implemented. During the subacute 
stage, skin integrity continued to improve, edema was considerably decreased, and all 
aspects of the musculoskeletal injuries were healed.

Fluidotherapy was determined to be the thermal agent of choice, providing mod-
erate to vigorous doses of heat while allowing Doug to actively mobilize his hand 
and fingers during treatment. He also benefited from the desensitization effects of 
the modality, which normalized his hyperesthesia. The dependent position of the 
extremity during the 20-minute treatment was no longer a concern. Finally, as Doug 
participated in functional job-simulated activity, he recognized the positive thermal 
benefits of heat to the persistent stiffness that he was experiencing. Paraffin was then 
used prior to his engagement in therapeutic occupation. The thermal effects of paraffin 
were complemented by a sustained passive composite finger flexion stretch that was 
obtained with Coban wrap (3M) as a part of treatment. 

Superficial thermal agents allowed Doug to maximize his participation and perfor-
mance in treatment, and he quickly returned to his position within the maintenance 
department without restrictions. Doug’s scenario demonstrates how occupational 
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therapy intervention (from the most acute stages to return to work) can provide 
remedial and compensatory treatment such that an individual can fully return to their 
occupational roles.

Clinical Reasoning Questions
1. What clinical complications can occur with this type of injury?
2. What other physical agents might be appropriate to use with this patient?
3. What would happen to the healing tissue if aggressive agitation was used during 

the whirlpool?
4. What stage of healing is this patient progressing through?
5. What is occurring at a cellular level with the application of the physical agents?
6. What precautions and contraindications should you be aware of with this patient?
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Learning Objectives
1. Describe the theory and principles of therapeutic ultrasound.
2. Discuss current clinical and research trends in the use of therapeutic 

ultrasound. 
3. Explain the biophysiological changes that occur with ultrasound.
4. Compare and contrast clinical parameters used in therapeutic ultrasound, 

for thermal and nonthermal applications.
5. Discuss the clinical applications for the use of therapeutic ultrasound.
6. Identify contraindications and precautions for therapeutic ultrasound.
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Background 
Ultrasound is one of the most frequently used physical agents clinically, but also 

one of the least understood by clinicians with often conflicting research supporting its 
use and application. Ultrasound technology has advanced rapidly and has been used 
for a variety of medical applications including shock wave therapy, acoustic hemo-
stasis, tumor ablation, imaging, drug delivery, and for invasive and noninvasive pro-
cedures. Ultrasound acts on tissue through several mechanisms, including thermal, 
shockwave, and cavitation mechanisms, resulting in different therapeutic responses 
(O’Reilly & Hynynen, 2015). Historically, ultrasound was primarily used as a deep heat 
modality, although advances in technology and research have broadened the clinical 
application to include physiological benefits when applied at a nonthermal level for 
healing of soft tissue and management of musculoskeletal injuries. Ultrasound is used 
as an adjunctive or preparatory modality or therapeutic intervention to occupational 
therapy treatment to facilitate occupational performance and function.

 By definition, ultrasound is acoustic energy that is inaudible by the human ear 
due to a frequency greater than 20 kilohertz (kHz). The frequency band for medical 
ultrasound is 800,000 to 3,000,000 hertz (Hz; 0.8 to 3 megahertz [MHz] and which is 
clinically used at 1 MHz and 3 MHz; Figure 7-1). 

Clinicians have been using low-intensity pulsed ultrasound (LIPUS) or nonther-
mal ultrasound with increasing frequency in order to facilitate the healing process, 
speed recovery, and to decrease pain (Kennedy et al., 2003; Oh et al., 2005; Samosiuk 
et al., 1999; Uhlemann, 1993; Walmsley, 1988). Ultrasound has two primary purposes 
and effects in rehabilitation: To heat deeper tissues and to heal tissue through its 
mechanical, nonthermal effects. Historically, occupational therapists have employed 
paraffin or hot packs to heat selected tissues, though these modalities primarily affect 
superficial tissue and penetrate only to a depth of approximately 1 to 2 cm (McDiamid 
& Burns, 1987). Therapeutic ultrasound is an additional treatment method that can 
be a beneficial adjunct to the occupational therapy process and that can be used to 
selectively heat deeper, collagen-rich structures or to facilitate the healing process 
(Figure 7-2).

Terminology
•	 Acoustic streaming
•	 Beam nonuniformity ratio
•	 Cavitation
•	 Duty cycle
•	 Frequency
•	 Intensity

•	 Longitudinal wave
•	 Nonthermal effect
•	 Phonophoresis
•	 Shear wave
•	 Thermal effect
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Figure 7-1. Ultrasound frequencies. (Reproduced with permission from Cravotto, G. & Cintas, P. [2006]. 
Power ultrasound in organic synthesis: Moving cavitational chemistry from academia to innovative and 
large-scale applications. Chemical Society Reviews, 35[2], 180-196. https://doi.org/10.1039/B503848K.)

Figure 7-2. Ultrasound unit.
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Classification
Therapeutic ultrasound is a thermal modality that can be used to heat structures 

superficially (0 to 2 cm) or at greater depths (up to 5 cm). The nonthermal component 
of ultrasound facilitates tissue healing rather than causing a thermal or heating effect 
on the tissue. Ultrasound uses acoustic or sound energy, which creates pressure 
waves that are transmitted into the underlying tissue. There are two primary frequen-
cies available for use in the United States for therapeutic ultrasound: 1 MHz (1 million 
cycles per second) and an additional setting of 3 MHz. Therapeutic ultrasound pro-
duces tissue change through both a thermal and nonthermal effect and can be used 
as an adjunct to occupational performance incorporated into the therapeutic process. 
Thermal agents have two primary classifications: Superficial and deep. Superficial 
thermal agents elevate tissue temperature to a depth of approximately 1 to 2 cm. 
Therapeutic ultrasound is considered a deep-heating thermal agent capable of elevat-
ing tissue temperatures to a depth of 5 cm or more (Draper et al., 1995). A frequency of 
1 MHz will provide deeper penetration of the sound energy to a depth of 5 cm, whereas 
a frequency of 3 MHz will provide a more superficial effect, affecting tissue to a depth of 
1 to 2 cm. The sound energy dissipates in strength as it moves through tissue, becom-
ing attenuated until it becomes dissipated. Therapeutic ultrasound has two primary 
purposes: To elevate tissue temperature and to provide nonthermal secondary cellular 
effects. The nonthermal clinical applications to heal tissue affect the healing process 
of the inflammatory, proliferative, and remodeling phases (Crum et al., 2010). To safely 
and effectively use ultrasound in the treatment process, it is necessary to understand 
its history, principles, physiological effects, indications, and contraindications.

History
Ultrasound consists of acoustic energy and has been used in medicine for diag-

nosis, imaging, tissue destruction (ablation), and in rehabilitation to heat or facilitate 
the healing process in soft tissue. In 1880, Pierre and Jacques Curies discovered that 
certain crystals, such as quartz, lithium sulfate, and zinc oxide, generated an electrical 
charge when mechanically compressed. The Curies discovered that the crystals pro-
duce positive and negative electrical charges when they expand and contract, known 
as the piezoelectric effect. An indirect or reverse piezoelectric effect is the contraction 
or expansion of a crystal that occurs in response to electrical voltage being applied. 
The reverse piezoelectric effect is the production of mechanical energy secondary to 
the application of an electrical charge across the crystal. The polarity changes cause 
the crystal to oscillate and deform in response to the electrical current. Ultrasound 
uses the reverse piezoelectric effect to produce high-frequency sound waves. The 
application of alternating current makes the crystal vibrate at the frequency of the 
electrical oscillation, generating a variety of frequencies (Williams, 1983).

The effects of ultrasound on biological systems were not well known until the sink-
ing of the Titanic and World War I. During this period of technological advancement, 
researchers were attempting to devise methods for underwater navigation as well 
as for detecting submarines that were sinking Allied shipping vessels. Researchers 
used a pulsed technology, or an echolocation system, to locate or identify undersea 
objects. This hydrophone system was further refined during the intervening years 
between World War I and II and became SONAR (sound navigation and ranging), an 
active system used to echolocate objects underwater and as a navigation system. 
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When researchers were developing these devices, they found that when a piezoelectric 
transducer emitted ultrasonic waves into the ocean following excitation, the amplitude 
of the acoustic waves was often strong enough to kill marine animals and small fish. 
Even with advances in technology and computerization, the strength of these SONAR 
systems demonstrates their strength and physiological effect on marine mammals 
such as short beaked dolphins and whales. Scientists have concluded that the sophis-
ticated and technologically advanced acoustic systems currently used for antisubma-
rine warfare are the likely cause for a number of dolphin and whale deaths due to their 
effect on their echolocating systems (Fernández, et al., 2013; Filadelfo et al., 2009).

Researchers continued to explore the biologic effects on tissues exposed to 
these high-frequency sound waves during the 1930s and 1940s, with the application 
of ultrasound for medical treatment occurring in Germany and then in the United 
States (Buchtala, 1952; Kuitert & Harr, 1955). Early researcher Paul Langevin noted 
the destruction of fish in the sea and pain in his hand when he placed it in a water 
tank insonated with high-intensity ultrasound (Kuitert & Harr, 1955). The earliest 
experiments used ultrasound waves to destroy brain tissue in animals. By the 1940s, 
some clinicians were using ultrasound as a “cure-all” for a variety of issues including 
eczema, asthma, arthritic pains, urinary incontinence, elephantiasis, and even angina. 
However, there was little research or scientific evidence to support these claims and 
the development of diagnostic ultrasound was hindered by subsequent cynicism and 
concern over these unfounded claims.

As the use of therapeutic ultrasound in rehabilitation became more common 
for both thermal and nonthermal applications, research parameters varied widely, 
leading to some evidence supporting its use and some research that contradicted or 
conflicted with the findings (ter Haar, 1987; ter Haar et al., 1987). This has led to con-
fusion and contradictory recommendations due to lack of consistency in design and 
variability in research dosages used in the studies, requiring clinicians to remain cur-
rent with research related to ultrasound (Crum et al., 2010; Draper & Robertson, 2002; 
Robertson & Baker, 2001). 

Ultrasound Equipment
The basis for current ultrasound equipment was derived from the Curies’ work on 

crystal oscillation and voltage polarization. The standard ultrasound unit consists of a 
power supply, oscillator circuit, transformer, coaxial cable transducer, and ultrasound 
applicator. Therapeutic ultrasound units usually have a generator that uses alternat-
ing current as a power source, converting this electrical energy into ultrasonic energy. 
With therapeutic ultrasound machines, the crystal is located inside the applicator, 
which is called a transducer. The crystal consists of natural quartz or a synthetic mate-
rial that vibrates by contracting and expanding in response to alternating current. 
Each crystal has a unique, naturally occurring vibration frequency to which the elec-
tronics of the ultrasound unit are matched. Because of this, ultrasound transducers 
are not interchangeable between units. However, some of the current manufacturers 
have solved this problem and are producing interchangeable sound heads.

The vibration of the crystal generates pressure waves that affect the tissue. The 
crystal deforms in response to the changes in the direction of the flow of the current 
and is proportional to the amount of voltage applied to the crystal. In therapeutic 
ultrasound, these pressure waves are transmitted to a small volume of tissue, which 
causes the molecules to vibrate. Ultrasound travels poorly through air, so a lubricant is 
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used that allows the energy to be dispersed into the underlying tissue. The nonthermal 
aspects of ultrasound are primarily due to acoustic streaming, microstreaming, and 
cavitation, which alter the permeability of the cell membrane. 

Physical Principles
The biophysiological effect of ultrasound has historically been considered to occur 

in two primary areas: Thermal or nonthermal effects, essentially, heat or no heat. The 
nonthermal effects of ultrasound are caused by the mechanical effects of the ultra-
sound energy that also occur in thermal applications. The ultrasound energy (acoustic 
energy) is modified through manipulation of several ultrasound equipment parameters 
including intensity, duty cycle (pulsing the energy), frequency, and time. In therapeutic 
ultrasound, the sound energy that is produced occurs as the electronics of the ultra-
sound machine modify the electrical energy and transmit it to the crystal located in 
the transducer of the sound head. These sound waves correspond to the frequency 
range of the ultrasound machine. The measurement used for identifying frequency is 
Hz. One Hz is equivalent to one cycle per second, or one wave. The frequency range 
for humans is 16 to 20,000 Hz, with frequencies above that considered ultrasound. 
The most common frequencies for therapeutic ultrasound are 1 MHz (1 million Hertz 
or sound waves), and 3 MHz (3 million Hertz or waves). A frequency of 1 MHz is con-
sidered a low frequency, which is most often used to treat deeper tissues up to 5 cm, 
while a higher frequency of 3 MHz can be used to treat superficial tissues penetrating 
to a depth of 1 to 2 cm. 

Ultrasound energy occurs when alternating electrical current is applied to the 
crystal, causing it to expand and contract (vibrate) in relationship to the amount of 
electrical current, causing acoustical or sound waves. The ultrasound unit creates 
sound waves that can be visualized as being similar to waves in a pond created when 
a stone is tossed into the middle, with the waves expanding away from the center until 
the energy is dissipated. The peak and trough of the sound waves mirror the phases 
of compression and rarefaction of the crystal. These sound waves are transmitted to 
the underlying tissue of the treatment area (Figure 7-3).

Sound from the transducer, which is transmitted into the air, is reflected and must 
be directed into the tissue through the use of a coupling medium. The sound energy 

Figure 7-3. Example of the acoustical 
sound waves created by ultrasound, 
decreasing in intensity as the waves 
diverge from the center. (Reproduced 
with permission via GNU Free 
Documentation License, Version 1.2 or 
any later version published by the Free 
Software Foundation. Roger McLassus.)
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must enter the skin and underlying tissue, which has significantly higher molecular 
density than the surrounding air that dissipates or reflects 100% of the sound wave at 
the interface between the skin and the sound head. To ensure that the energy enters 
the skin and underlying tissue, a small amount of coupling medium (ultrasound gel) is 
applied to the skin, creating an interface between the skin and sound head, preventing 
reflection and loss of the sound energy. As the sound enters the underlying area, tissue 
with high collagen content such as bone, periosteum, ligaments, joint capsules, fascia, 
and tendons, also referred to as soft tissue, slows and absorbs the sound energy. There 
are a variety of coupling media that can be used in ultrasound, including water-based 
lotions and gels, which are the preferred interface. Although oils, creams, and other 
topical lotions have been used, their effectiveness is questionable in terms of allowing 
the energy to cross the skin barrier (Casarotto et al., 2004; Poltawski & Watson, 2007; 
Figure 7-4).

With the higher frequencies used in ultrasound, the sound waves are more colli-
mated, diverging less and traveling in a cylindrical beam with the flow of the molecules 
parallel to each other, or longitudinally. The sound wave is propagated through the tis-
sue by mechanical compression and decompression of the molecules, vibrating in uni-
son with the sound energy. Due to the rapid generation of the sound waves, molecules 
in the wave’s path are pushed back and forth by the alternating phases of successive 
waves. This type of wave—moving in one direction, compressing and decompressing 
the molecules in its way—is known as a longitudinal or compressional wave. The lon-
gitudinal wave continues to travel through the tissue until the energy is absorbed or 
dissipates. Each cycle of an ultrasound wave consists of two phases: A compressional 
phase, where the molecules are being pushed together, and a decompression phase 
known as rarefaction, where the molecules become separated and are farther apart. 
The compression and rarefaction move in conjunction with the peaks and troughs of 
the ultrasound energy or wave. Rarefaction occurs during the trough, or lull in the 
wave action, while compression occurs during the peak or height of the wave. As the 
sound energy is cyclically produced (1 MHz or 3 MHz), the molecules underlying the 
ultrasound head vibrate and move in conjunction with the energy wave.

Ultrasound can be transmitted, absorbed, reflected, and refracted depending on 
the type of tissue that the energy affects and the angle of the wave. The rate at which 

Figure 7-4. Sound energy and skin. (Reproduced with permission from Prentice, W. E., Quillen, W., & 
Underwood, F. [2018]. Therapeutic modalities in rehabilitation (5th ed.). McGraw-Hill Education.) 

Source: William E. Prentice, William Quillen, Frank Underwood: Therapeutic Modalities in Rehabilitation, 5e
Copyright © McGraw-Hill Education. All rights reserved.
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the sound wave travels is dependent, in part, on the density or closeness of the mol-
ecules of the specific tissue. There is an inverse relationship between absorption and 
penetration. If the tissue molecules are widely dispersed, there is a low absorption of 
the sound energy, and the depth of penetration is greater. If the molecules of the tissue 
are close together or compressed, the rate at which the sound will travel will be slower 
as the energy is absorbed because the molecules resist compression (Figure 7-5). 

Because human tissue varies, the sound wave will be weakened due to the molecu-
lar density of the tissue, causing resistance or impedance to the flow of the energy. 
Attenuation refers to a decrease in the intensity of the energy due to either absorption 
of the energy by the tissue or scattering or dispersion of the sound wave caused by 
reflection or refraction. Refraction occurs when the sound wave is redirected at an 
interface, continuing through the tissue in a different direction. Reflection occurs when 
the ultrasound strikes an area with different characteristics and impedances (Zohdi 
& Krone, 2018). Ultrasound energy also can be effectively transmitted through fat 
because the molecules are less dense. 

At the tissue-bone interface, nearly all the energy is reflected or absorbed. The 
extent of the physical characteristics and difference between the tissues will affect the 
degree of reflection and refraction as well as the angle of return. If the reflected wave 
reverses course and returns toward the transducer on the same path it took into the tis-
sue, it may interact with the sound waves that are traveling away from the sound head 
down into the tissue, causing the energy to summate, creating an area of intense energy 
in the tissue (Novaes et al., 2018). When this summative effect occurs, it is known as a 
standing wave. Standing waves can be prevented from occurring by moving the sound 
head during treatment (ter Haar et al., 1987). When the particle movement is at right 
angles to the propagation of the wave, a transverse or shear wave is created. This occurs 
in solid substances where the molecules are closer together such as bone. Liquid sub-
stances, which have weaker intramolecular bonds, are less able to transmit the shear 
wave. Clinically, shear waves occur when a pressure wave reaches a bone with the wave 
being generated along the periosteum. This shear wave may cause heating of the outer 
covering of the bone, and if the sound head is not moved, it can cause a standing wave 
and periosteal heating (Arnheim, 1989; ten Eikelder et al., 2016; Figure 7-6).

Each tissue in the body has a different density, and each will transmit and absorb 
ultrasound according to its unique acoustical properties. Researchers have identified 
the acoustic absorption coefficient of various body tissues. Acoustic absorption refers 
to the ability of the tissue taking in the sound energy and retaining it as compared to 

Figure 7-5. Ultrasound transmission.
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reflecting the energy. The energy as it is absorbed can be transformed into heat. Body 
fluids, such as blood and water, have the lowest impedance and acoustic absorption 
coefficient. Conversely, bone has the highest impedance and acoustic absorption coef-
ficient, making it a good absorber of ultrasound energy (Lehmann et al., 1978; Piersol 
et al., 1952). It is through understanding the tissue healing process, understanding the 
phases of healing, and appreciating the acoustic absorption properties of body tissues 
and their response that therapeutic ultrasound becomes an important adjunct to the 
treatment process (Table 7-1).

Energy Distribution
The therapeutic effect of tissue heating is due to the distribution of energy in the 

ultrasound field. The width or spread of the acoustic energy is affected by the frequen-
cy and size of the crystal. The larger the sound head or transducer (and, therefore, the 
crystal), the greater the divergence of the energy field. Ultrasound sound heads come 
in three primary sizes: 10 cm, 5 cm, and 2 cm that are used for small tissue areas such 
as fingers. Selecting the appropriate size sound head is a consideration and should be 
consistent with the overall treatment area. If the sound applicator is larger than the 
treatment area with poor contact and areas of the sound head moved off of the tissue 
and into the air around the area, the ultrasound machine may detect non-contact, and 

Table 7-1. Acoustic Impedance Level 
Tissue Type Impedance (kg/m@sec x 106)

Fat 1.38

Water 1.5

Blood 1.61

Muscle 1.7

Bone 7.8

Figure 7-6. (A-C) Propagation through tissues. (B: MicroOne/Shutterstock.com.)

A B C
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as the sound head becomes overheated, will turn off to prevent damage to the elec-
tronics (Figure 7-7).

The area of the transducer that produces the sound waves, the ultrasound head, is 
known as the effective radiating area (ERA). A larger soundhead focuses the ultrasound 
energy beam, while a smaller soundhead has a tendency to disperse the sound energy 
as it diverges from the soundhead. Ultrasound using a frequency of 1 MHz also causes 
greater divergence of the energy when compared to a 3 MHz frequency. 

There is also variation of the energy within the sound wave caused by several 
mechanisms, with peaks and troughs of the sound wave occurring in the near field and 
far field and areas of higher intensities occurring within the sound beam. This varia-
tion in intensity of the sound energy is known as the beam nonuniformity ratio (BNR) 
and is indicated on the transducer by the manufacturer. The BNR is a ratio of the maxi-
mum intensity of the transducer to the average intensity produced across the face of 
the transducer. In effect, the BNR describes the “highs and lows” of the sound energy 
of an ultrasound transducer. A lower BNR indicates that the beam intensity across the 
ERA is more uniform (Figure 7-8).

The SPI is the maximum intensity of the ultrasound appearing at any point in the 
beam. The spatial average intensity (SAI) is the average intensity over the area of the 
beam of energy. The intensity is higher in some areas of the ultrasound beam than 
others. The relationship between the SPI and the SAI is the BNR and must be reported 
by the manufacturer for each ultrasound machine (Kimura et al., 1998; Stewart et al., 
1974). These higher intensity areas within the ultrasound beam are a primary cause 
for the “hot spots” that may occur during ultrasound application. These hot spots are 
prevented, in part, by keeping the sound head moving throughout the treatment. The 
therapist should make note of the BNR. Ideally, the lower the BNR, the more uniform 
the output with less potential for burning or discomfort. A patient’s response to ther-
mal ultrasound is critical, with modifications being required should the patient report 

Figure 7-7. Chattanooga Ultrasound 
Applicators are available in four sizes, 
10 cm, 5 cm, 2 cm, and 1 cm squared.  
Chattanooga brand applicators are 
pre-calibrated, waterproof, and ergo-
nomically designed sound heads that 
operate at 1- and 3-MHz frequencies 
and are equipped with coupling indica-
tors. (Reproduced with permission from 
Chattanooga Group.)
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a burning, hot, or painful sensation because that would indicate an area of high inten-
sity that could be causing periosteal heating and discomfort (Box 7-1).

Intensity
Intensity describes the strength of the acoustic energy at the site of application. 

The intensity is one of the most critical factors that determines the amount of force 
or strength of the ultrasound wave. The SAI is determined by measuring the acoustic 
power (watts) of the applicator and dividing it by the ERA (ERA sq.cm) of the transduc-

Figure 7-8. Spatial peak intensity (SPI). (Reproduced with permission from 
Nelson, T. R., Fowlkes, J. B., Abramowicz, J. S., Church, C. C. [2009]. Ultrasound 
biosafety considerations for the practicing sonographer and sonologist. 
Journal of Ultrasound in Medicine, 28[2], 139-150. https://doi.org/10.7863/
jum.2009.28.2.139

Box 7-1. Ultrasound Parameters/Settings
•	 Frequency: 1 MHz or 3 MHz
•	 Duty cycle: 20%, 50%, 100%
•	 Intensity: 0.1 to 2.5 W/cm2

•	 Time: 1 to 15 minutes
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er (W/cm2). On most therapeutic ultrasound equipment, the intensity is identified as 
the power in watts, or as the SAI, W/cm2. The intensity is the most significant factor in 
determining a tissue response, described as the force of the sound wave. As a general 
rule, the greater the intensity, the greater the resulting tissue temperature elevation. It 
should be noted that the calibration and power output of the ultrasound machine may 
vary greatly, which can adversely affect outcomes and patient comfort (Artho et al., 
2002; Daniel & Rupert, 2003). Mechanical timers may also vary in accuracy and should 
be tested.

If the actual output power and surface temperature varies, treatment effectiveness 
may be compromised and the possibility for damage or skin irritation may also occur, 
which is a consideration for those patients with sensory compromised skin (Kollmann 
et al., 2005; Rivest et al., 1987; Snow, 1982). The intensity of an ultrasound unit should 
always be decreased if the patient experiences discomfort at any time. Complaints of 
an “aching,” “shooting,” or “stabbing” pain are indications that the intensity should be 
decreased, or the sound head should be moved more rapidly (Fyfe & Parnell, 1982). 
A wide variety of intensities have been indicated for numerous conditions cited in the 
research, but there are no hard and fast rules that govern intensity selection. As such, 
patient response during the treatment application must be a consideration. A patient 
may feel deep warmth and heating during application of higher intensities; at this 
point, the intensity should be decreased in order to maintain a comfortable, gentle 
heating sensation (Draper, 1998). However, during the application of nonthermal ultra-
sound, the patient will likely not feel anything. 

Duty Cycle
The duty cycle or pulse ratio is used to determine the overall amount of acoustic 

energy that a patient receives and is determined by the ratio of the amount of time the 
acoustic energy is on and then cycled off. This cycle also is a vital factor in determin-
ing the amount of energy delivered and tissue response to the sound wave. The duty 
cycle is frequently seen as a percentage or ratio of the on-time of the pulse (i.e., the 
duration the unit is on) to the pulse period. A pulse ratio of 1:1 would provide an equal 
distribution of energy. A 50% duty cycle would provide twice as much acoustic energy 
as a 25% duty cycle because the on-time is twice as long. The temporal peak intensity 
is the maximum intensity of the sound wave during the on phase of pulsed ultrasound. 
The temporal average intensity is the intensity average over a given time span, which 
includes both on- and off-time (Hekkenberg et al., 1986). Selection of continuous or 
pulsed ultrasound is dependent on the pathology, the stage of wound healing, and the 
amount of area to be treated (Stewart et al., 1980). Essentially, all current ultrasound 
machines can provide the ultrasound waves in either a continuous or pulsed mode. 

During continuous ultrasound, the sound energy is being produced and transmit-
ted without interruption. On some machines, continuous ultrasound may be labeled 
100%, or continuous. Continuous ultrasound is most often used for a thermal or heat-
ing effect. Many ultrasound machines have preset pulsed duty cycles of 50%, 20%, 
and 10%. If the sound energy is periodically interrupted for short periods of time, the 
sound energy is described as being pulsed. During the period of time that the ultra-
sound energy is being interrupted (pulsed duty cycle), the overall average intensity of 
the ultrasound will be decreased. Because the ultrasound machine is not continuously 
delivering ultrasound energy, the overall effect is that there will be less energy being 
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administered to the underlying tissue. As such, pulsed ultrasound reduces the overall 
heating of the tissue and is often used with lower intensities, leading to a nonthermal 
or mechanical effect that is used clinically to facilitate soft tissue healing. Heating of 
the tissue can occur, however, in either continuous or pulsed ultrasound if the intensity 
is increased sufficiently in the higher ranges, whereas nonthermal effects occur when 
the intensity is lowered to 0.1 or 0.2 W/cm2. Clinically, the therapist must determine 
whether the treatment is intended to heat or heal the tissue and select the appropriate 
intensities, duty cycles, and parameters based on the therapeutic goals. Duty cycles of 
50% provide more energy to the underlying tissue and with higher intensities can pro-
vide a thermal or heating effect, though the heating effect can be modified by decreas-
ing the intensity to lower levels for a warming effect.

Physiological Effects
Thermal or Continuous-Mode Ultrasound

The physiological effects of tissue heating are the same regardless of how the heat 
is applied. One of the primary advantages in using therapeutic ultrasound is the ability 
to target selected treatment sites and tissue at varying depths. A frequency of 1 MHz 
will provide therapeutic effects to a depth of 5 cm, whereas a frequency of 3 MHz will 
penetrate to a depth of 1 to 2 cm. As the frequency increases (3 MHz), the energy is 
absorbed more rapidly by the underlying tissue, leading to a more superficial effect. 
Dense tissues that are high in collagen, such as muscle, nerves, scar tissue, and bone, 
absorb the ultrasound in greater amounts. The overall effect of ultrasound energy 
is dependent on the variables and interaction of the frequency, duty cycle, intensity, 
treatment area, and time. Physiological heating with either a 1-MHz or 3-MHz frequency 
has been found to be time and dose dependent (Draper et al., 1993; Draper et al., 1999; 
Draper et al., 2010). A frequency of 3 MHz increased tissue temperature at a faster rate 
than a frequency of 1 MHz (Draper et al., 1995). 

Dosage and treatment parameters for ultrasound have varied in the research and 
for specific clinical conditions, leading to suboptimal ultrasound parameters that are 
unlikely to provide therapeutic benefits for soft tissue disorders (Ainsworth et al., 2007; 
Alexander et al., 2010; Chinn et al., 2010; Robertson & Baker, 2001). Clinically, increas-
ing the various parameters—duty cycle, time, and intensity—will provide the tissue 
with additional energy and physiological response. The duty cycle is a critical variable 
in determining overall energy, depending on whether ultrasound energy is on con-
tinuously (100%) or intermittently (pulsed—10%, 20%, or 50%). Pulsing the ultrasound 
decreases the average intensity of the energy over time, while using a 100% continuous 
duty cycle provides continuous energy to the tissue (Chinn et al., 2010; Robertson & 
Baker, 2001). 

Although research on ultrasound appears to vary widely, there are some consid-
erations related to recommendations for future research. Studies using higher doses 
of ultrasound energy and with greater frequency over a consistent schedule had bet-
ter outcomes than studies using lower doses and inconsistent parameters. Treatment 
parameters delivering at least 2250 joules (J) up to approximately 4228 J of energy 
each treatment session and implementing treatment protocols and schedules over a 
consistent period totaling more than 5 hours appear to be starting points for physi-
ological changes in soft tissue disorders of the shoulder, although additional research 
is needed (Alexander et al., 2010). Clinical reasoning and experience also play a role in 
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the clinical application of ultrasound and determining whether ultrasound will aid in 
the treatment of soft tissue injuries. Determining the amount of energy that should be 
administered clinically and in research can be problematic but provides a parameter 
for clinical consideration (Tygiel, 2010). Although some clinicians may downplay the 
role of ultrasound for its thermal application, the effectiveness on soft tissue condi-
tions and pathology has not been evaluated using the most favorable therapeutic 
parameters and it may be premature to conclude that ultrasound is not effective and 
should not be used (Childs, 2007; Draper & Robertson, 2002; Wong et al., 2007).

Historically, ultrasound was used for its thermal or heating effect. However, as 
technology advanced, research related to the use of ultrasound for its nonthermal 
healing effects has grown, with greater appreciation and research of the mechani-
cal effects of the modality. To achieve a thermal effect, intensities between 0.01 to 
2.5 W/cm2 are used in a continuous mode between 6 to 8 minutes or longer, depending 
on the overall area or volume of tissue to be treated. A larger treatment area (e.g., a 
shoulder) may require a longer application to achieve a more rapid thermal or heat-
ing effect. When ultrasound is used in a continuous mode for its thermal effect, it is 
considered a deep-heating modality. Patients and some clinicians often think that the 
ultrasound transducer produces heat and sends it to the tissue through conduction. 
In fact, the ultrasound beam does not itself transmit heat. Heat accumulates in the 
underlying tissue by the conversion of kinetic energy, which is absorbed from the 
sound wave in continuous-mode or high-intensity ultrasound, causing the molecules 
to vibrate. Energy is also absorbed from the ultrasound beam in proportion to the 
density of the tissue. Protein-dense structures such as scar tissue, joint capsules, liga-
ments, tendons, and bones are primarily composed of collagen fibers that accumulate 
heat readily and selectively absorb the ultrasound energy. Because of the propensity 
of protein-dense structures to absorb the ultrasound, therapists can selectively heat 
dense or deep lying tissues (Binder et al., 1985; Piersol et al., 1952; Robertson & Baker, 
2001; Wells, 1977). Due to the extensive capillary network, muscles lose heat more 
quickly than these denser structures and cool more quickly. The nonthermal effects 
of ultrasound occur when the ultrasound energy is pulsed with a low intensity, produc-
ing a mechanical effect in the form of acoustic streaming that occurs within the tissue 
being treated (Gallo et al., 2004). 

Cavitation
Ultrasound causes a variety of responses at the cellular level due to its thermal or 

nonthermal biophysiological effects. It is up to the therapist to determine which effect 
is warranted based on the clinical condition and expected outcome. These thermal or 
nonthermal effects occur due to the interaction of the ultrasound energy at the cellular 
level. Cavitation is the formation and collapse of gas- or vapor-filled cavities in liquids 
and occurs in relation to the compression and rarefaction cycles of the ultrasound. 
Cavitation causes an expansion and compression of these small gas bubbles that may 
be present in blood or tissue fluids located in the ultrasound beam’s path. Cavitation 
occurs as a result of the pressure changes caused by the sound wave generation. 
Ultrasound has the potential to cause two types of cavitation: Stable and unstable. 
Stable cavitation, which occurs as a result of pulsing the ultrasound energy, or when 
using a 3-MHz frequency, allows these bubbles to expand and contract in response 
to the ebb and flow of the ultrasound energy. Stable cavitation results in acoustic 
microstreaming, which allows for nonthermal mechanical effects to occur at the cel-
lular membrane. 
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Thermal effects of tissue heating can also occur due to cavitation. Micron-sized 
gas bubbles are present in the body fluids within the sound wave. With the application 
of higher intensity ultrasound, these bubbles can reach a critical size and collapse, 
causing unstable cavitation. In unstable cavitation, energy is released into the sur-
rounding tissue, causing an increase in temperature and damage to the tissue, blood 
cells, and other tissue located within the sound wave. Unstable cavitation occurs more 
frequently with 1-MHz ultrasound than with 3-MHz ultrasound and can be avoided by 
using higher frequencies and preventing the development of hot spots caused by the 
therapist failing to move the sound head consistently and developing standing waves.

Several physiological effects occur in tissue when thermal modalities, including 
thermal ultrasound, are used. Clinically, thermal ultrasound is used to increase joint 
range of motion (ROM), facilitate tissue healing, decrease muscle spasm, decrease 
pain, decrease chronic inflammatory process, decrease stiffness, decrease edema, 
and facilitate function (Casimiro et al., 2002; Citak-Karakaya et al., 2006; Ebenbichler 
et al., 1998; Morrisette et al., 2004). Because of the ability to selectively set the param-
eters for ultrasound, occupational therapists can effectively target specific tissues 
and structures to take advantage of the thermal effects of ultrasound in the healing 
process. Thermal ultrasound will increase soft tissue temperature as much as 0.2 °C 
when administered at 1 W/cm2 at 1 MHz, and by as much as 0.6 °C using a frequency of 
3 MHz (Figure 7-9). A lower intensity (approximately 3 times less) should be used dur-
ing a 3-MHz application because much of the sound energy produced will be absorbed 
superficially to a depth of approximately 1 to 2 cm, with higher energy levels concur-
rently causing a potentially greater increase in tissue temperature (Draper et al., 1995).

Nonthermal or Mechanical Ultrasound
When the heating effects of ultrasound are decreased by applying very low-

intensity ultrasound or by pulsing the sound energy, cellular or mechanical changes 
occur. The physiologic effects of nonthermal ultrasound are often more significant 
to the therapist than thermal ultrasound in manipulating the wound-healing pro-
cess. Nonthermal ultrasound causes a destabilization of the cell membrane, causing 
increased cellular permeability, diffusion, and a cascade of second order effects. Use 
of pulsed or nonthermal ultrasound has been clinically shown to facilitate tissue repair 

Figure 7-9. Transmission of ultrasound 
through homogenous tissue. The sound 
wave travels longitudinally into the 
underlying tissue—longitudinal wave.
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(Dyson & Suckling, 1978; Ennis et al., 2006; Fyfe & Bullock, 1985). The nonthermal 
effects of pulsed ultrasound occur at the cell membrane due to mechanical vibrations 
causing cavitation, acoustic streaming, and micro-massage. The radiation force that 
occurs during the compression phase of pulsed ultrasound deforms the cell mem-
brane, massaging the cell. Stable cavitation also occurs with the gas bubbles expand-
ing and contracting in relation to the compression and rarefaction phases of the sound 
wave (Apfel, 1989). Stable cavitation causes eddy currents in the fluid surrounding the 
vibrating bubbles, exerting a force and stress on nearby cells. The mechanical effects 
of pulsed ultrasound or low intensity pulsed ultrasound are thought to affect the rates 
of cellular diffusion, increase cell membrane permeability, and nerve conduction and 
accelerate collagen synthesis (de Brito Vieira et al., 2012).

The unidirectional movement of the fluid within the pressure field is known as 
acoustic streaming and causes structural changes in the cell and an increase in cell 
permeability (Lehmann & Herrick, 1953). The destabilization of the cellular membrane 
allows the second-order effects of nonthermal ultrasound to occur. Changes in the cell 
membrane facilitate the diffusion of ions and metabolites, such as calcium ions and his-
tamine, across the cell. Calcium is a messenger for protein synthesis, while histamine 
is found in platelets within mast cells and granular leukocytes and is influential in the 
vascular and cellular events of inflammation. Secondary effects of pulsed ultrasound 
include an increase of phagocytic activity of macrophages, an increase in the number 
and motility of fibroblasts with enhanced protein synthesis, increased granular tis-
sue, and angiogenesis facilitating wound contraction. Research has also indicated that 
LIPUS can accelerate fracture healing in tibial, Colles, and scaphoid fractures; increase 
the maturation of bone; and decrease healing time (Chan et al., 2006; Claes et al., 2005; 
Claes & Willie, 2007; Giannini et al., 2004; Heckman et al., 1994; Ito et al., 2000; Malizos 
et al., 2006; Mayr et al., 1999). High-intensity thermal ultrasound parameters could 
disrupt the bone healing process and should not be used.

Contrary to the popular belief that ultrasound is most effective for its thermal 
effects, the nonthermal secondary effects of pulsed ultrasound have a great impact 
on the wound healing process and may be more significant than the thermal effects. 
There continues to be some question as to the mechanism of action, though modula-
tion of the extracellular matrix and histochemical factors have been cited as addi-
tional mechanisms of action (Bandow et al., 2007; Hill et al., 2005; Mukai et al., 2005). 
Ultrasound can facilitate resolution of the inflammatory phase of healing, as well as 
stimulate fibroblastic activity and maturation (Leung, M. C., et al., 2004). In contrast, 
high-intensity ultrasound (1 MHz, 1.5 w/cm2) can disrupt tissue repair and aggravate 
symptoms during the acute phase of healing, while LIPUS can facilitate bone healing 
(Busse et al., 2002; Dudda et al., 2005; Pilla et al., 1990). Use of ultrasound for healing 
of contusions or to facilitate skeletal muscle regeneration is equivocal, with further 
research needed to clarify parameters and clinical applications (Binder et al., 1985; 
Markert et al., 2005; Wilkin et al., 2004). 

LIPUS has been shown to facilitate tendon-bone healing. Animal research also 
indicates that LIPUS started at postoperative day 7 had a greater effect on tissue-bone 
healing compared with waiting longer periods following injury (Lu et al., 2016). In gen-
eral, the effects of nonthermal ultrasound on tissue healing occur with short treatment 
durations and lower parameters of 0.1 and 0.2 W/cm2 doses, pulsed at a 20% duty cycle. 
Effective fracture healing usually requires an application time of approximately 20 min-
utes. A frequency of 1 MHz will provide deeper penetration (up to 5 cm) than 3 MHz (1 
to 2 cm). To best facilitate tissue repair, treatment sessions should be repeated every 
24 to 48 hours. 
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Applications and Indications
Ultrasound can be safely and effectively used to treat a variety of clinical condi-

tions seen by the occupational therapist. Many of the therapeutic parameters and 
applications used in clinic settings have been based on clinical experience or anecdot-
al evidence and there is great variability. Much of the research in ultrasound is based 
on animal studies and there are no guarantees that clinical outcomes will be the same. 
Therapeutic parameters and research design in many studies are problematic as well. 
In addition, there may be variance in ultrasound devices and output which may affect 
treatment parameters and therapeutic effects (Artho et al., 2002; Merrick et al., 2003).

Further research to determine efficacy and consistency of therapeutic param-
eters is necessary to strengthen therapeutic use and application of ultrasound. The 
research does, however, provide a frame of reference and starting point for thera-
peutic application. As with any intervention, a thorough evaluation of the patient is 
required to identify problems and to set treatment goals. Ultrasound should not be 
used independently of other treatment approaches and should be used to affect the 
healing process. Attention should be paid to the depth and anatomic location of the 
injury, the area and type of tissue that is to be treated, and any medical or surgical 
interventions that have taken place. Consideration of any potential precautions or 
contraindications is necessary prior to application with ultrasound being modified 
or monitored closely in patients presenting with precautions and not used in those 
cases identified as having contraindications. Clearly identifying the site and depth of 
the pathology is important because the desired depth of ultrasound penetration will, 
in part, determine the frequency. For example, in treating a patient with epicondylitis, 
the tissue is superficially located, and a frequency of 3 MHz would be more effective 
in achieving the therapeutic benefits of ultrasound. When thermal effects are not war-
ranted (e.g., in an acute or subacute condition or a superficial pathology located near 
a bony prominence), low intensities should be used. Draper (2014) identified several 
misconceptions and parameters (unsupported by research), including treatment area, 
duration of the application, errors in intensity, and frequency selection, which must be 
clinically reasoned through rather than using preset parameters.

One of the primary tasks for the therapist is to determine whether to stimulate the 
healing process through low-intensity or pulsed ultrasound, or whether tissue heating 
is desired through high-intensity, continuous ultrasound. This is where the therapist 
should consider whether the goal of treatment is to “heat” the tissue or heal the tissue. 
The initial treatment should be of shorter duration than subsequent treatments, and 
acute conditions should be treated for shorter periods of time than chronic conditions. 
Smaller areas of tissue also require less treatment time than larger areas, particularly 
to achieve thermal effects (Michlovitz, 1996). Ultrasound may be used before initiating 
functional activity due to its pain-relieving effects. The sequence of ultrasound use in 
the treatment process is based in part on the identified goals, treatment approach, and 
desired outcomes determined from the evaluation. The nonthermal mechanical effects 
of ultrasound, acoustic streaming, and cavitation have been demonstrated to increase 
the inflammatory phase of wound healing (Tsai et al., 2011), facilitate ion transport, 
increase cellular permeability (Dinno et al., 1989), increase fibroplasia and protein 
synthesis, and modify extracellular ion movement (Ackerman et al., 2019; Doan et al., 
1999; ter Haar et al., 1987). Other research indicates that LIPUS also accelerates the 
healing of ligaments and tendons, which leads to denser, stronger, and better aligned 
collagen fibers (Ng & Fung, 2007) when applied at early healing stages (Fu et al., 2008; 
Geetha et al., 2014). Pulsed ultrasound use following zone II flexor tendon repair may 
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also be considered because the research has determined that results were comparable 
to early mobilization protocols. Working with the attending surgeon and using caution 
is always recommended in applying ultrasound heating and stretching of healing ten-
don injuries to avoid laxity or breakdown of tendon repairs.

Tissue Lengthening
Often, the goal of thermal ultrasound is to increase soft tissue length. The ther-

mal effect of ultrasound varies dependent on the various parameters used but is 
also correlated to the degree of tissue warming. The ultrasound energy penetrates 
the underlying tissue, with the molecules absorbing the energy and oscillating in 
response, which causes the tissue warming. Because the parameters of the ultrasound 
allow for variations in the amount of energy delivered, the clinician must determine 
which therapeutic goal is desired in order to deliver an appropriate level of ultrasound 
energy to the tissue. Research has found that a mild increase in tissue temperature by 
1 °C to 2 °C has been demonstrated to cause a 13% increase in the metabolic rate for 
every degree Celsius (Cambier et al., 2001; Lehmann et al., 1970). Moderate doses of 
heat with an increase of 3 °C to 4 °C have been determined to decrease pain muscle 
spasm, and chronic inflammation and increase blood flow. Higher doses of thermal 
ultrasound that increase tissue temperature by 4 °C are needed to increase collagen 
tissue extensibility and to facilitate ROM and movement through increased flexibility of 
the tissue, while requiring less force to stretch the targeted tissue (Acevedo et al., 2019; 
Chan et al., 1998; Draper, 1998; Montgomery et al., 2013). Because physical agents are 
always used as a precursor to activity and function or preparatory to an occupational 
task, the application of thermal ultrasound is an effective way to prepare the tissue 
for the additional forces applied that occur as part of an activity of occupational task. 
Selection of an appropriate movement or activity that facilitates the physiological 
changes that occur with the application of ultrasound is a component of the clinical 
reasoning necessary to ensure successful outcomes.

How the tissue is stretched (positional stretch, splinting, functional activities, joint 
mobilization techniques) is less important than the fact that heated tissues should be 
stretched gently through the pain-free range soon after the application of ultrasound. 
When using any thermal heating agent, there is a short window of opportunity. The 
treated tissue stays heated for approximately 5 to 10 minutes, followed by a cool-down 
period (Acevedo et al., 2019). This means that any joint mobilization, passive or active 
stretch, or manipulation of the tissue to increase extensibility should be performed 
during this time frame (Draper et al., 1995). This window of opportunity should be 
considered when using dynamic splints as well.

A positional or static stretch is also possible while applying ultrasound for its ther-
mal effects, depending on the joint and structures being sounded (Draper & Ricard, 
1995; Rose et al., 1996). During the remodeling phase of healing, the collagen fibers are 
further differentiating and aligning themselves along the lines of stress and function. 
Uncontrolled scar formation in the soft tissue, tendons, ligaments, or joint capsules 
can cause limitation of movement and joint contractures. Because of its ability to 
penetrate to deeper levels and due to the propensity of the scar tissue to respond to 
sound energy, ultrasound can be an effective method to heat these tissues. To increase 
tissue extensibility, continuous ultrasound at higher intensities such as 1.0 to 2.5 W/
cm2 will result in more vigorous levels of heat with application times between 5 and 10 
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minutes. Because of the short window of opportunity available before the tissue cools, 
therapeutic interventions, such as stretching, massage, and joint mobilization, should 
be implemented during or immediately after sounding the tissue. 

Pain
Pain is a common adjunct to underlying conditions that occupational therapists 

treat clinically. Ultrasound is most commonly used to treat a condition that has asso-
ciated pain. Many of the research studies in which ultrasound was used for other 
conditions had a concurrent decrease in pain symptomology. Pain may be decreased 
in these individuals as the underlying diagnosis is treated. Conceptually, use of ultra-
sound may modify pain perception or transmission through the activation of free 
nerve endings when used with thermal ultrasound (Williams et al., 1987). There have 
been a variety of conditions that have used ultrasound to decrease pain, including 
shoulder pain, plantar fasciitis, bursitis, ankle sprains, reflex sympathetic dystrophy, 
lateral epicondylitis, myofascial trigger points, pelvic pain, and other soft tissue inju-
ries (Okaro & Condous, 2005). Although there is no consistency regarding ultrasound 
parameters and mechanism of action as to the pain reduction, the primary treatment 
parameters for ultrasound intervention varied from 0.5 to 3.0 W/cm2 with treatment 
times varying between 3 to 10 minutes, and most using continuous ultrasound. There 
is wide variability of the therapeutic parameters for ultrasound to control pain and the 
underlying mechanism of action may be due to improving circulation, accelerating the 
phase of inflammation and healing of the soft tissues, or changes in nerve conduction 
velocity. The therapist should monitor the patient’s progress and response and modify 
therapeutic parameters accordingly (Casimiro et al., 2002).

Osteoarthritis is a frequent cause of pain, decreased occupational function, and 
disability in adults, with the prevalence increasing due to an aging population. A 
Cochrane systematic review determined that therapeutic ultrasound could be benefi-
cial for patients with osteoarthritis of the knee, but there was uncertainty regarding 
the extent of the effects on pain and function (Rutjes et al., 2010). Another systematic 
review found additional evidence for the use of therapeutic ultrasound with osteoarthri-
tis and determined that ultrasound was beneficial for decreasing pain and improving 
function in individuals with knee osteoarthritis, and that both continuous and pulsed 
modes could be used (Wu et al., 2019). Additionally, treatment duration should not be 
limited to a specific time period such as 4 or 8 weeks, but should be dependent upon 
the specific needs and requirements of the patient (Zhang et al., 2016). Ultrasound was 
found to be effective in decreasing pain and improving function in patients with knee 
osteoarthritis but was limited to short-term benefits when applied for a shorter period 
of time. Therapeutic parameters used were 1.0 W/cm2, 1 MHz continuous ultrasound 
for 8 minutes to each knee, 16 minutes in total, 5 days per week. Although there were 
short-term improvements, further research is needed to determine the optimal dose 
and treatment plan as well as to determine if the same effect would occur in other 
osteoarthritic joints (Coskun Benlidayi et al., 2018). Clinicians should take into con-
sideration the clinical diagnosis and the goals of the patient and adjust the treatment 
accordingly. If the intent is to heat the tissue, some research advocates for increasing 
the intensity to the point when the patient subjectively feels the warmth caused by the 
ultrasound. The intensity can be increased or lowered if pain occurs and the treatment 
modified in length accordingly (Draper, 2014).
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Inflammation
The inflammatory phase is one component of the process of healing, which includes 

hemostasis, inflammation, phagocytosis, proliferation, and maturation. Inflammation 
occurs approximately from the first day to the seventh day, during which macrophages 
remove cellular debris and wastes and modify the extracellular components, with the 
initiation of fibroplasia occurring around the fifth day of injury (Moura Júnior et al., 
2014). Ultrasound may be used to treat inflammatory conditions, both acute and chron-
ic, with the mechanism of action being increased blood flow facilitating healing, and 
for pain reduction through the heating mechanism. Research has demonstrated ultra-
sound’s ability to facilitate tissue regeneration and repair, increase protein synthesis, 
improve blood flow, decrease muscle tone, activate the calcium cycle, stimulate nerve 
fibers and peripheral nerves, increase ROM and tissue extensibility in collagen-rich 
tissues, decrease muscle spasm and pain, and decrease chronic inflammation (Lake et 
al., 2008; Millar et al., 2008).

Some research has demonstrated improvement of function and decreased pain 
and tenderness with bicipital tendinitis, and therapeutic parameters of 1.0 to 2.0 W/
cm2 at a 20% duty cycle facilitate improvement in epicondylitis (Binder et al., 1985; 
Green et al., 2003; Robertson & Baker, 2001). Pulsed ultrasound at 2.3 W/cm2 has also 
been found to stimulate inflammation of acute ligament injury and should be a consid-
eration in the treatment of acute inflammation of soft tissue injuries (Leung, K. S., et al., 
2004; Leung, M. C., et al., 2004). Another unique animal study that utilized topical fish 
oil in repairing tendons found that combining fish oil as the medium with ultrasound 
produced significant improvement in structural stiffness tensile strength following 4 
weeks of treatment (Chan et al., 2016). Additional research is needed to determine 
effectiveness and parameters in human subjects, however.

Tissue Healing
A variety of studies have indicated that ultrasound can facilitate tissue healing in 

vascular, dermal ulcers and in surgical skin incisions. There is conflicting evidence 
that ultrasound facilitates the healing of chronic wounds such as leg ulcers, dia-
betic foot ulcers, or pressure sores. Reviews of randomized controlled studies on the 
treatment of these chronic wounds using ultrasound were equivocal, though some 
researchers found that low-frequency, low-dose ultrasound could be helpful in cases 
not responding to conventional interventions (Cullum et al., 2001; Flemming & Cullum, 
2000; Peschen et al., 1997; Swist-Chmielewska et al., 2002). Other research by Dyson 
and Suckling (1978) found that pulsed ultrasound at 20% duty cycle to the wound mar-
gins facilitated the healing process. Effective therapeutic parameters appear to be at 
a 20% duty cycle, 0.8 to 1.0 W/cm2 intensity at 3 MHz with the treatment applied for 
approximately 3 to 10 minutes (Baba-Akbari et al., 2006; McDiamid, 1985). 

Surgical incisions have also been treated with pulsed ultrasound using the param-
eters of 0.5 to 0.8 W/cm2 intensity, pulsed 20%, 3 to 5 times per week. Conceptually, it 
is thought that using pulsed ultrasound facilitates the process of angiogenesis or cell 
budding, a crucial component of the healing process leading to the formation of new 
circulatory loops in the injured tissue (Young & Dyson, 1990). Pulsed ultrasound has 
been demonstrated to increase the strength of the healing wound, as well as decreas-
ing pain and hematoma size in gynecological surgical wounds and episiotomies. 
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Chronic, thickened, and painful scars secondary to episiotomy were successfully treat-
ed months and years after the surgery using pulsed ultrasound (Fieldhouse, 1979).

Therapeutic ultrasound in a pulsed mode has also been shown to promote tendon 
healing. Research has indicated that the use of ultrasound will increase the overall 
tensile strength of the tendons as well as improving ROM and facilitating scar matura-
tion (Best et al., 2016). Ultrasound to facilitate tendon healing was applied immediately 
after the injury, leading to the overall improvements. The majority of studies have used 
a dose (between 0.5 to 1.5 W/cm2) intensity continuous at a 1- or 3-MHz frequency for 3 
to 5 minutes and have been a mixture of animal and human studies. Ng and colleagues 
(2003) found that both low- and high-dose ultrasound accelerated the healing process 
of ruptured tendons in rats. They used an intensity of between 1.0 and 2.0 W/cm2 for 4 
minutes (Ng et al., 2003). Leung, K. S., and his colleagues (2004) also found that pulsed 
ultrasound may enhance ligament repair through the histochemical changes that 
occur, causing an increase in transforming growth factor beta-1. It is recommended 
that lower-intensity doses may be more appropriate to prevent aggravating the inflam-
matory process and tissue. 

Nonthermal ultrasound has also been demonstrated to reduce fracture healing 
time and stimulate bone growth in tibial diaphyseal fractures, in Colles’ fractures, 
and on distraction osteogenesis. The mechanism of action of nonthermal ultrasound 
appears to be through stimulation of osteoblastic cells during the healing process. 
(Heckman et al., 1994; Naruse et al., 2003; Stein & Lerner, 2005). Low-dose ultrasound 
of 0.15 W/cm2, 20% duty cycle, 1 MHz for 15 to 20 minutes daily has been shown to facili-
tate fracture healing and should be a consideration. There are currently commercial 
home units that can also be used for fracture healing.

Selecting Thermal or Nonthermal Ultrasound
The clinician must determine whether the intent of using ultrasound is to heal or 

heat the tissue, which is based on the phase of healing and the underlying clinical 
condition. The total area to be treated is another consideration, as is depth of the 
involved tissue. Other factors that may impact the effect on an individual include the 
type of tissue, density and location, as well as the properties of the surrounding ana-
tomical structures and body composition that may affect blood flow and dispersion of 
the heating effect. Consideration of the clinical diagnosis and the phase of healing and 
any premorbid or associated comorbidities may also affect the outcome of therapeutic 
ultrasound.

Research has indicated that clinicians generally err on the side of applying ultra-
sound for too short a period and with too low an intensity. Determining the desired 
therapeutic effect will assist in identifying the parameters for treatment. To heat tissue 
and raise tissue temperature, a 1-MHz frequency will increase temperature 0.2 °C per 
minute, whereas a 3-MHz frequency will increase the rate 0.6 °C per minute (Cruz et al., 
2016; Draper, 2014). Because thermal ultrasound increases tissue extensibility, if the 
therapeutic goal is to increase ROM or to manipulate scar tissue, a 1-MHz frequency 
may require between 10 to 15 minutes of application, while a 3-MHz frequency may take 
3 to 5 minutes, depending on the overall area being treated. 

In general, acute conditions are best treated with lower-intensity dosages of 
between 0.1 and 0.5 W/cm2. With intensity this low, the patient is unlikely to feel any 
warmth. Subacute conditions can be treated using a low-intensity dosage of 0.5 to 
1.0 W/cm2 and by increasing the duty cycle to 50% to provide more energy without an 
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intense thermal or heat effect. For chronic conditions or to achieve a thermal change 
in the tissue, a setting of between 1.0 and 2.0 W/cm2 should be used with a duty cycle 
of 100% (Table 7-2). The patient may experience some degree of warmth but should not 
report any pain, discomfort, or burning. If this occurs, the intensity should be reduced 
immediately, and the sound head should be moved more quickly. An inadequate 
amount of ultrasound gel may cause an uncomfortable tingling sensation or vibration. 
Adding additional gel or applying the ultrasound in water may reduce the patient’s 
discomfort (Balmaseda et al., 1986; Draper et al., 1993; Reid & Cummings, 1973; Figure 
7-10).

The nonthermal effects of ultrasound, particularly when delivered at 20% duty 
cycle 0.2 W/cm2, will provide the nonthermal, mechanical effects and will clinically 
facilitate tissue healing. Low-intensity ultrasound will increase intracellular calcium, 
increase mast cell degranulation, increase chemotactic factor and histamine release, 
increase skin and cellular membrane permeability, and increase the rate of fibropla-
sias. Because of the effect of nonthermal ultrasound on macrophage motility and 
effectiveness, nonthermal ultrasound should be considered during the inflammatory 
stage of healing.

Figure 7-10. The applicator should be moved 
in a circular motion over the treatment area. 
Effective area that can be treated is equal to 
twice the size of the sound head.

Table 7-2. Guide to Initial Ultrasound Application 
Nonthermal Mild Heating Therapeutic Heating

Inflammatory or 
Acute Care

0.2 W/cm2

10% to 20% duty cycle

Proliferative or 
Subacute Phase

0.2 to 0.8 W/cm2

50% duty cycle

Remodeling or 
Chronic Phase

0.8 to 2.0 W/cm2

100% duty cycle



Therapeutic Ultrasound and Phonophoresis  209

Thermal ultrasound is commonly used to treat a variety of subacute or chronic 
clinical conditions. Although the selection of thermal ultrasound is commonly deter-
mined by the necessity to heat tissue, the nonthermal effects occur concurrently. 
However, the thermal effects of ultrasound are used primarily for increasing tissue 
extensibility or for the reduction of pain. Thermal ultrasound parameters vary using 
higher intensities from 0.8 to 2.5 W/cm2 with a 100% duty cycle. Intensities at this 
level will provide a thermal heating effect to the tissue and is commonly used to treat 
chronic conditions. Subacute conditions can be treated by using decreased intensity 
and decreased duty cycle. This will provide a greater amount of energy to the tissue, 
but the effects will be less thermal, a mild form of heating. Parameters between 0.3 and 
0.9 W/cm2 and 50% duty cycle would provide a less vigorous dose of ultrasound and 
less of a thermal effect while retaining the characteristics of the mechanical benefits. 
It should be noted that the research supporting ultrasound varies greatly and is lim-
ited by poor research design and a plethora of therapeutic parameters. The clinician 
should consider the stage of healing and determine the underlying cause of the condi-
tion—the differential diagnosis—to ensure that the correct parameters of ultrasound 
are selected. Further research will help to clarify clinical parameters and use of thera-
peutic ultrasound with specific diagnoses. 

Phonophoresis
The skin is the largest organ in the body and its primary function is to protect the 

tissues and limit interaction between internal body structures and the external envi-
ronment. There are several benefits to using a transdermal pathway for therapeutic 
purposes and to deliver medication. Advantages to a transdermal route include main-
tenance of a stable plasma level of drugs, avoiding gastrointestinal degradation and 
upset, and limiting hepatic effects due to lack of first-pass metabolism that occurs in 
the liver (Ebrahimi et al., 2012; Saliba et al., 2007). Phonophoresis is a noninvasive use 
of therapeutic ultrasound to facilitate the delivery of topically applied drugs, most fre-
quently corticosteroids, hydrocortisone acetate, and dexamethasone sodium, as well 
as other medications such as erythromycin and lidocaine (Akinbo et al., 2007; Ansari 
et al., 2013; Ansari et al., 2015; Dohnert et al., 2015). Animal research has also indicated 
potential for transmission of other medications such as ibuprofen, piroxicam and 
diclofenac sodium, hyaluronan, Panax notoginseng, and aloe vera (Ng & Wong, 2008; 
Srbely, 2008). Phonophoresis allows the application of medication through a safe and 
painless technique similar to iontophoresis, which uses a low level electrical current. 

Phonophoresis is the use of therapeutic ultrasound to enhance transdermal drug 
absorption. It appears that phonophoresis actively transports the medication into 
the underlying targeted tissue through both a thermal and nonthermal mechanism. 
Original studies suggested that the underlying mechanism for drug delivery was due 
to cavitation, in which the ultrasound causes formation of gaseous microbubbles in the 
outer layer of the skin that would rupture allowing penetration of the drug (Uddin et 
al., 2021). Cavitation also increases the permeability of the stratum corneum and has 
therapeutic physiological effects such as increased blood flow, increased nutrition and 
oxygenation to the area, an increased metabolic rate, and an effect on the arrangement 
and regeneration of collagen in connective tissues. The medication used in phono-
phoresis must cross the stratum to reach the underlying area (Cardoso et al., 2019; 
Robertson & Baker, 2001). Ultrasound, particularly thermal ultrasound, appears to 
increase the permeability of the stratum corneum, allowing the medication to diffuse 
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across it due to the higher concentrations and gradient pressure under the transducer 
(Cardoso et al., 2019). Regardless of the medication used, more ultrasound energy is 
transmitted when using higher frequencies (3 MHz), although additional research is 
needed to identify other treatment parameters (Cage et al., 2013). 

Phonophoresis has been used clinically with great frequency as therapists attempt 
to affect the healing process. There have been inconsistencies regarding the effective-
ness of phonophoresis in the research because of the variability in outcomes, due in 
part to the mechanism of delivery and differing parameters. Ultrasound in the form of 
phonophoresis has been shown to accelerate the tissue repair process and induce the 
transdermal delivery, enhancing the percutaneous penetration of a variety of topical 
medications including hydrocortisone and diclofenac sodium gel, although the mecha-
nism remains unclear (Koeke et al., 2005; Rosim et al., 2005). The variability of the 
treatment parameters—intensity, continuous vs. pulsed, frequency, duration—often 
conflict. However, it is clear that ultrasound exerts thermal, mechanical, and chemical 
effects on tissue. The primary factor often neglected or overlooked by clinicians is the 
type of transmission media utilized. 

Transmissivity of ultrasound is directly related to the conducting gel being utilized, 
with wide variability noted. In comparing 19 media, Cameron and Monroe (1992) found 
only six that transmitted at 80% of water or greater, including plain ultrasound gel 
(96%), ultrasound lotion (90%), mineral oil (97%), 0.05% betamethasone in ultrasound 
gel (88%), Thera-Gesic cream 19% methyl salicylate (97%), and Lidex gel, 0.05% fluoci-
nonide (97%). None of the hydrocortisone powders or creams in any percentage trans-
mitted the ultrasound energy effectively, and the most commonly used hydrocortisone 
creams in the clinic—1% or 10% hydrocortisone in a thick, white cream base—did not 
transmit ultrasound at all (Table 7-3). Dexamethasone sodium phosphate mixed with a 
sonic gel has been found to transmit ultrasound more effectively than hydrocortisone 
acetate and can be formulated by a pharmacist. These preparations do not transmit 
the ultrasound effectively and the energy is subsequently reflected back into the 
transducer, which may cause overheating and damage of the transducer (Cameron & 
Monroe, 1992).

Many of the popular analgesic creams, such as Bio-Freeze (Performance Health) 
and Flexall (Chattem), are also used in the clinic as coupling agents with the intention 
of decreasing pain perception. Some manufacturers have marketed their analgesic 
creams for use as an ultrasound couplant with the added benefit of decreasing pain 
through an analgesic effect (Myrer et al., 2000). Even when the mixtures are combined 
with ultrasound gel in a 50:50 ratio or even 80:20 ratio, their use may impede the vigor-
ous heating that is desired (Draper & Prentice, 2002). Commonly used topical medica-
tions that are suspended in aqueous gels (blue/green/pink/clear gels) have been found 
to be more effective at transmitting the ultrasound energy. The thicker white, cream-
based topical analgesic agents are less effective when applied using a 1-MHz frequency 
and may block ultrasound transmission, effectively limiting the therapeutic effects of 
the ultrasound energy (Cage et al., 2013). 

There is a variety of research related to the use of ultrasound in the delivery 
of nonsteroidal anti-inflammatory drugs (NSAIDs) as well as therapeutic gels and 
lotions. The mechanical effects of pulsed ultrasound have demonstrated effectiveness 
in transmitting lidocaine gel, producing a greater anesthetic effect than continuous 
ultrasound, as did exercise and Lofnac gel phonophoresis (with diclofenac and methyl 
salicylate as active ingredients; Ojoawo et al., 2015). NSAIDs applied using phonophore-
sis for low back pain was also found to be more effective than conventional treatment 
alone (Gurney et al., 2011; Ebrahimi et al., 2012). Pulsed ultrasound with a topical lido-
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caine gel also had a greater anesthetic effect when compared to continuous ultrasound 
(Ebrahimi et al., 2012). Another advantage of using phonophoresis for drug delivery is 
that the medication stays more localized in the area being treated rather than having a 
systemic effect. Research using phonophoresis and ketoprofen, another NSAID, found 
higher local concentrations due to the increase in transdermal delivery caused by the 
ultrasound (Cagnie et al., 2003). Use of phonophoresis in the delivery of ibuprofen in gel 
form was also found to be more effective in patients with knee osteoarthritis than using 
the cream form of ibuprofen (Coskun Benlidayi et al., 2018). The addition of movement 
and exercise with Lofnac gel phonophoresis was also demonstrated to be more effec-
tive in patients with chronic low back pain than exercise and ultrasound alone (Ojoawo 
et al., 2015). Phonophoresis applied with a combination of NSAIDs and myorelaxants 
was also found to be more effective than routine therapeutic ultrasound with regularly 
used gel on patients with acute low back pain (Altan et al., 2019; Box 7-2). 

Table 7-3. Ultrasound Transmission by Phonophoresis According to Media
Transmission Relative to Water (%)     Media/Products That  

Transmit Ultrasound Well

97% .................................................................................  Lidex gel, fluocinonide 0.05%
97% .................................................................................  Thera-Gesic cream (Mission Pharmaceutical), 

methyl salicylate 15%
97% ................................................................................. Mineral oil
96% ................................................................................. Ultrasound gel
90% ................................................................................. Ultrasound lotion
88% .................................................................................  Betamethasone 0.05% in ultrasound gel
Media Products That Transmit Ultrasound Poorly

36% .................................................................................  Diprolene ointment (Schering-Plough),  
beta-methasone dipropionate 0.05%

29% .................................................................................  Hydrocortisone powder 1% in ultrasound gel
7% ...................................................................................  Hydrocortisone powder 10% in ultrasound gel
Media/Product With Zero Transmissivity

0% ...................................................................................  Terra-Cortil ointment (Pfizer), hydocortisone 1%
0%  ..................................................................................  Eucerin cream (Beiersdorf)
0% ...................................................................................  Hydrocortisone cream 1%
0% ...................................................................................  Hydrocortisone cream 10%
0% ...................................................................................  Hydrocortisone cream 10%, mixed with equal 

weight ultra-sound gel
0% ...................................................................................  Myoflex cream, triethanolamine salicylate 0.1%
0% ................................................................................... Triamcinolone acetonide cream 0.1%
0% ................................................................................... White petrolatum

Other

68% ................................................................................. Lidocaine hydrochloride (Chempad-L)
98% ................................................................................. Polyethylene wrap
Adapted from Cameron, M. H., & Monroe, L. G. (1992). Relative transmission of ultrasound by media customarily 
used for phonophoresis. Physical Therapy, 72(2), 145.
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Most of the medications commonly used with phonophoresis are anti-inflamma-
tory medications, such as hydrocortisone, cortisol, or dexamethasone; analgesics, 
such as lidocaine; or NSAIDs, such as diclofenac gel. Many of the medications used by 
therapists for phonophoresis are controlled substances, and the therapist must have 
a prescription from the physician to use these medications. Therapists should check 
their state licensing board rules and regulations related to this issue as well as deter-
mining if there are institutional limitations in place. 

Before applying any medication, it is important to consider the patients’ reaction 
to these medications and whether they have any known allergies to the medication, 
as well as determining the interactive effects of any current medication they may be 
taking. A dressing such as plastic wrap that seals the area and prevents the escape 
of moisture should be applied after the treatment and may increase the effectiveness. 
Pretreating the skin with heat, moistening, or trimming long hair on skin should pre-
cede application of the phonophoresis. An intensity of 1.5 W/cm2 should be used for 
both the thermal and nonthermal effects of the ultrasound with the application of low-
intensity ultrasound (0.5 W/cm2) for treating open wounds or acute injuries. Ultrasound 
facilitates percutaneous penetration of the topical diclofenac gel (although the mecha-
nism remains unclear), stimulates the acceleration of tissue repair processes, and 
induces the transdermal delivery of hydrocortisone in a therapeutic concentration on 
the tendon (Byl, 1995; Cameron & Monroe, 1992; Koeke et al., 2005; Rosim et al., 2005). 

Box 7-2. Transmissivity of Gel-Based Preparations

Transmissivity of Gel-Based Preparations

Frequency 1 MHz 3 MHz

Arnica Gel 97% 110%

Biofreeze 60% 79%

Capzasin 70% 93%

Cobroxin 76% 91%

Solarcaine 70% 101%

Transmission of Cream-Based Preparations

Arnica Cream 67% 74%

Australian Dream (Nature’s 
Health Connection, Inc.)

54% 80%

Bengay 37% 55%

MediPeds Footcare 126% 101%

Neuragen PN 76% 90%

Octogen 38% 47%

Thera-Gesic 52% 73%
Cage, S. A., Rupp, K. A., Castel, J. C., Saliba, E. N., Hertel, J., & Saliba, S. A. (2013). Relative acoustic 
transmission of topical preparations used with therapeutic ultrasound. Archives of Physical Medicine and 
Rehabilitation, 94(11), 2126-2130. https://doi.org/10.1016/j.apmr.2013.03.020
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Research supports the use of phonophoresis as an additional method for delivering 
topical medications for select clinical conditions. There is variability inherent in the 
research related to the mechanism of action for phonophoresis, with support for both 
thermal and high doses of ultrasound and for low-intensity pulsed, mechanical mecha-
nisms. Clinicians should always consider the primary goal for selecting ultrasound as 
a component of the intervention process, then determine which medication might be 
of benefit, utilizing the underlying ultrasound parameters as the mechanism of action. 
Reviewing and staying current with the body of research is also a necessity when using 
phonophoresis.

Clinical Application Procedures 
Direct application of ultrasound to the tissue requires that a thin layer of couplant 

gel be applied to the area to ensure adequate contact between the ultrasound head and 
tissue. Any air pockets between the applicator and tissue should be avoided, with the 
sound head size selected based on the treatment area. Smaller treatment areas such 
as fingers and elbows require a smaller sound head, such as 2 cm or possibly 5 cm. 
Warming the ultrasound gel will not affect the therapeutic effects of the ultrasound 
because thermal effects of the ultrasound occur through the mechanical vibration 
of the cells. Warming the sound gel in one of the available commercial warmers may 
improve the comfort to the patient when the gel is applied to the tissue. Because of the 
variety of sound heads available, most of the clinical applications using ultrasound can 
be done directly to the tissue. A water immersion technique can be used if the treated 
area is smaller than the diameter of the sound head available or if the area is irregular 
with bony prominences. A bladder technique or commercially available gel pack can 
also be used for these areas if an appropriate size sound head is not available. The 
gel pack will transmit the ultrasound energy into the underlying tissue as effectively 
when a gel coupling agent is applied to both sides of the gel pack. If water immersion 
techniques are used for a thermal effect, the transducer should be moved parallel to 
the treated area and the intensity should be increased to ensure adequate heating of 
the tissue (Klucinec et al., 2000). 

Because of the irregularity of the ultrasound beam and energy distribution, mov-
ing the sound head during the application of ultrasound is necessary to prevent focal 
hot spots. As the sound head is moved throughout the treatment area, the ultrasound 
beam is averaged out, providing a more balanced heat application. Moving the sound 
head will prevent the development and potentially damaging effect of standing waves 
and periosteal heating. The transducer should be moved in slow, overlapping circular 
motions at 4 cm per second, with the total treatment area approximately twice the size 
of the sound head (Kramer, 1984). If the sound head is moved too rapidly, or is not kept 
parallel to the surface area, the effects of the ultrasound will be lessened. Moving the 
transducer too rapidly will also decrease the overall absorption of the sound energy 
and may decrease the effects. The transducer should be kept in direct contact with the 
skin and tissue being treated and moved in slow, circular motions with an adequate 
amount of firm pressure applied that is comfortable to the patient. As always, if the 
patient complains of pain or discomfort, the therapist should revise application by 
lowering the intensity or modifying the parameters, adding additional gel, or by moving 
the sound head (Figure 7-11). 
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Bacterial Contamination of Ultrasound Treatment Heads and  
Gel Sources 

Infection and cross contamination are always concerns when using equipment 
in the clinic. Ultrasound is often used in the treatment of musculoskeletal injuries, 
postsurgically, with open lesions, and with a variety of patients. The ultrasound 
transducer comes in direct contact with the ultrasound gel or lotion that is placed on 
the patient. The ultrasound coupling gel when it is applied and transferred between 
patients can often contact the patient and can transmit microbial agents between 
patients. In sampling ultrasound treatment heads and the coupling gel containers, 
Spratt and colleagues (2014) found that over 50% of the bottles were contaminated. 
The ultrasound heads also tested positive for contamination 35% of the time (Spratt et 
al., 2014). Proper use of disinfectants and cleaning techniques are necessary to avoid 
cross-contamination and bacterial contamination between patients. The ultrasound 
equipment should be cleaned with an alcohol-based cleaner and not simply wiped off 
with a patient’s towel or tissue. Clinicians should check with their infection control 
department for further guidance to obtain an appropriate disinfectant. Disinfecting 
sprays and wipes will help prevent contamination. HR Pharmaceuticals has also devel-
oped an individual ultrasound gel cap that fits over the ultrasound transducer and is 
packaged for sterile application. The HR Ultrasound Gel 1.25 oz. OneShot is a sterile 
single-use option designed to decrease the possibility of cross contamination when 
using ultrasound.

Lotions, gels, and frequently used medications for phonophoresis or soft-tissue 
mobilization or massage also have been of concern related to bacterial contamination 
and should be monitored, stored, replaced, and cleaned consistently. Contamination 

Figure 7-11. Ultrasound application. Note: The sound head to localize the sound energy and the use of 
gel to ensure adequate contact during treatment. A 3-MHz frequency is used for superficial tissue, and a 
1-MHz frequency is used for deeper tissues.
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in lotions has included Escherichia coli, Pseudomonas, Staphylococcus, and Bacillus 
(Okeke & Lamikanra, 2001). The threads, inner lip, and the center of the lotion con-
tainers have an increased likelihood of bacterial contamination (Spratt et al., 2019). 
Spratt and colleagues (2019) found that bacterial contamination in the lotions and 
creams used for soft tissue mobilization or massage, and the containers used in a 
similar fashion containing the ultrasound gel or lotion, suggests that they could cause 
cross-contamination of patients due to the bacterial pathogens leading to health care-
associated infections. In assessing the coupling gels used for therapeutic ultrasound, 
use of the GelShot (Richmar), had antimicrobial properties toward Staphylococcus 
aureus and could be a mechanism to limit cross-contamination between patients when 
using ultrasound.

Treatment Frequency and Documentation
Ultrasound is an effective, easy-to-apply technology. Most often, ultrasound is 

administered once a day or every other day. It can be safely used while there is contin-
ued improvement in the patient’s condition. As with any treatment intervention, ongo-
ing reassessment of the patient’s condition, response to intervention, and attainment 
of goals and outcomes is necessary. There are no hard and fast answers regarding 
the number of treatment sessions using ultrasound. Clinically, many therapists have 
adhered to a course of 9 to 12 sessions as long as improvement is noted. The patient’s 
condition is then monitored for approximately 2 weeks. If the condition worsens dur-
ing that time, an additional series of treatments can be implemented, or therapeutic 
parameters modified. Ultrasound treatment can continue while there is noted improve-
ment in the patient’s condition and functional abilities. Acute conditions may require 
more frequent treatments over a shorter time frame, whereas chronic conditions may 
require a longer period of treatment time but fewer treatments (McDiamid & Burns, 
1987). For chronic conditions, ultrasound can be applied on alternating days, continu-
ing as long as improvement is noted. 

Some clinical conditions, such as Dupuytren’s contractures, may require an 
extended period of treatment. It should be noted that there are no controlled stud-
ies indicating that extended periods of treatment are detrimental, particularly if the 
patient continues to make progress. Treatment time is based on four primary factors: 
Area of tissue to be treated, intensity, frequency, and level of desired heating. If the 
volume of the treated area is comparable to approximately three times the size of the 
sound head, the duration should be increased. Higher intensities also may decrease 
the treatment time. If vigorous heating is required, then higher intensities or longer 
durations at lower intensity should be applied. Although there is an inverse relation-
ship between depth of penetration and frequency—3 MHz providing a more superficial 
effect and 1 MHz penetrating deeper—there is also more energy provided to the tissue 
when using higher frequency levels. The result will be faster heating of the structures 
being treated using thermal settings at a frequency of 3 MHz, so duration of the appli-
cation should be decreased by approximately one-third. In determining duration of 
application, treatment goal, therapeutic effect, and tissue type are important variables 
that must be considered. More vigorous levels of heat require either longer durations 
of application or higher intensity levels when using a frequency of 1 MHz. Review of 
clinical treatment parameters should be part of an ongoing reasoning process based 
on both subjective and objective information gathered during the treatment sessions.
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Clear and accurate documentation is necessary to assure continuity between 
therapists and third-party intermediaries. When documenting ultrasound, therapists 
should note the patient’s position, the area being treated, the technique being used 
(moving sound head, immersion), the frequency (1 MHz or 3 MHz), pulse ratio, inten-
sity, sound head size, and the duration of the treatment. Clearly documenting the 
sequence of the treatment protocol and the activities and techniques involved, as well 
as the patient’s response to the intervention, is also important. Any adverse reactions 
or subjective comments should be reported. 

Precautions and Contraindications
As with any treatment modality, careful observation of the effect of the interven-

tion is important. Therapeutic ultrasound should never be applied over the eye, over 
the heart, over the pregnant uterus, or over reproductive organs. Due to the possibil-
ity of metastasis and increased tumor growth at therapeutic parameters, sonifica-
tion to malignant tissue should be avoided. Care should also be used when applying 
ultrasound over areas with decreased circulation or over areas of thrombophlebitis 
due to the possibility of clotting or dislodging a thrombus. Growth plates in children 
should be avoided if possible, particularly when using higher intensities (De Deyne 
& Kirsch-Volders, 1995; Sicard-Rosenbaum & Danoff, 1993; Sicard-Rosenbaum et al., 
1995). Continuous ultrasound should be avoided in acute or post-acute conditions due 
to the thermal effects of the ultrasound on the tissue. 

Many of the precautions and contraindications for the use of therapeutic ultra-
sound are related to the thermal effects of ultrasound. Therapists should avoid using 
a stationary transducer technique due to an increased risk of hot spots in the sound 
field. Patients should not feel the ultrasound and should not experience discomfort 
during the session. If the patient complains of pain, it is usually an indication of peri-
osteal heating. Decreasing the intensity or moving the transducer more quickly should 
prevent patient discomfort. Patients with surgical metal implants and those with 
prosthetic joint implants or replacements can safely receive therapeutic ultrasound 
if appropriate application techniques are followed. There is the possibility of a stand-
ing wave developing in metal implants, as the metal reflects approximately 90% of the 
ultrasound. Plastic is similar to bone in its response to ultrasound and absorbs a large 
percentage of the ultrasound. Clinicians must use the proper application techniques 
of moving the sound head over the area to be treated and setting the correct treat-
ment parameters. In general, it is safe to apply ultrasound over implanted materials if 
proper techniques and precautions are followed (Kotenber & Ambrose/Mosher, 1986; 
Lehmann, 1980; Skouba-Kristensen, 1982; ter Harr, 1987). Care must also be taken when 
applying ultrasound to areas around the heart and in those patients with cardiac pace-
makers; the physician should be consulted prior to using ultrasound over these areas 
or with cardiac pacers. Thermal ultrasound should also be applied carefully if the 
treatment area has decreased sensation or the patient has limitations due to language, 
cognitive, or sensory issues (Box 7-3).

Summary
Therapeutic ultrasound can be an effective adjunct in the occupational therapist’s 

treatment repertoire. The ability of ultrasound to increase tissue extensibility, decrease 
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pain and muscle spasm, and facilitate tissue healing and repair make it a vital addition 
to the treatment program for selected patients and conditions. The occupational thera-
pist using ultrasound as an adjunct to treatment should have a thorough understand-
ing of the physics, biophysical effects, precautions, and contraindications involved to 
achieve the maximum benefit of the effects of ultrasound. Continued research related 
to dosage and treatment parameters will help to refine clinical applications. 

Case Study
Jim is a 32-year-old man employed as a production worker on the midnight shift 

at a small injection molding factory. He lives in a rural town with his wife, a 10-year-
old son practicing for the softball team, and two daughters aged 5 and 7 years, who 
are involved in gymnastics and dance. Jim’s wife works full-time at a local agricultural 
plant. Jim is an active outdoors type who enjoys gardening, fishing, and bike riding. He 
is responsible for getting the kids off to school, taking care of the household, making 
dinner, and helping the kids with their homework when they return from school. Jim 
has experienced a major trauma in his life that will affect his role as a provider and 
have a negative effect on all his occupational roles over the course of the next 12 to 
16 weeks.

Jim was referred to occupational therapy by his orthopedic surgeon following an 
accident at work. Jim does not know exactly what caused the accident, but when he 

Box 7-3. Precautions and Contraindications for  
Therapeutic Ultrasound

Precautions Contraindications (Most Often Associated 
With the Thermal Effects of Ultrasound)

•	 Over metal implants
•	 Over epiphyseal growth plates or 

immature bone
•	 Areas with sensory loss or 

decreased sensation
•	 Over plastic or cemented implants
•	 Subcutaneous or bony 

prominences
•	 Care should be used in the vicinity 

of a cardiac pacemaker and 
implanted devices

•	 Patients with decreased 
mentation, cognition, or unable to 
communicate

•	 Avoid stationary transducer

•	 Patients with vascular disease, deep vein 
thrombosis, emboli, atherosclerosis

•	 Patients with hemophilia not covered by 
factor replacement

•	 Over the eye, sex organs, over the uterus 
during pregnancy

•	 Over stellate ganglions
•	 Over the spinal cord following 

laminectomy
•	 Directly over external metal implants
•	 Over pacemakers, the heart, or implanted 

electronic devices
•	 Cancer, areas of malignancy
•	 Over rash, eczema, areas of skin irritation
•	 Carotid sinus
•	 Over anesthetic areas
•	 Over areas that have been irradiated
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reached over to remove a small part wedged in the press, the press fired. The press 
came down squarely on the dorsal surface of his dominant right hand, crushing the 
dorsal aspect of the hand and lacerating the extensor tendons of his index, middle, 
and ring fingers.

Jim is still shaken when he talks about the accident and the subsequent surgery to 
repair his tendons. The physician immobilized the digits for almost 2 weeks secondary 
to a wound infection, and unfortunately Jim waited an additional week to schedule an 
occupational therapy appointment. Jim’s hand is discolored, edematous, and painful, 
with limited functional or passive movement. Although he is thankful that he did not 
lose his fingers, Jim’s life and roles have dramatically changed. Jim wants to know if he 
will ever be able to use his hand again or return to work; the Workers’ Compensation 
coordinators, as well as the orthopedic surgeon, ask the same question.

How do we facilitate healing to expedite the return to occupational roles in so 
traumatic an injury? One approach is to incorporate therapeutic ultrasound into the 
traditional treatment. Jim’s case is not unusual for many occupational therapists treat-
ing orthopedic injuries. The approach that we, as occupational therapists, use with 
these types of patients is unique, however. It is the occupational therapist’s holistic 
focus and careful consideration of the media and methods used as part of the treat-
ment process that places us in an excellent position to utilize physical technologies, 
including therapeutic ultrasound, as part of our treatment repertoire.

Jim’s Response to Ultrasound
Jim presented with several deficit areas, including decreased tendon gliding over 

the metacarpophalangeal joints, wound infection with decreased healing, and an 
inability to perform functional activities and occupations requiring bilateral manipula-
tion or lifting. Circumferential measurements, ROM, grip and pinch strength, sensory 
testing, wound and scar evaluation, and assessment of functional activities were all 
component areas that were assessed and documented. His goals included increasing 
tendon gliding, increasing ROM, improving prehension patterns and functional use of 
the hand, improving functional abilities, and returning to competitive employment and 
rates of production.

Therapeutic ultrasound was selected as an adjunct to Jim’s treatment due to the 
small area of injury and because of the tendency for the collagen-rich tendon and joint 
capsules to selectively absorb the sound energy. Because the tissue area was superfi-
cial, the ultrasound frequency selected was 3 MHz/0.2 W/cm2, pulsed at 20% duty cycle 
for 5 minutes. The smallest transducer (2 cm) was selected to localize the sound ener-
gy. A low intensity was chosen because of the subacute nature of the condition and for 
the nonthermal benefits to facilitate the wound healing process. Low intensity was also 
used because of the reflection at the tissue-bone interface, which could increase the 
intensity by a small amount. Therapeutic ultrasound preceded active motion, incorpo-
rating flexion and limited excursion, active and full passive movement into extension 
in order to enhance tendon gliding and to facilitate the healing process.

As Jim improved and as the treatment sessions progressed, measurement of 
change was documented, and ultrasound parameters were revised to achieve a ther-
mal effect to facilitate tissue elongation. The frequency continued to be 3 MHz, but 
intensity was increased to 1.0 W/cm2 at 100% duty cycle. The lifting requirements and 
prehension patterns needed to safely and effectively perform his job requirements also 
were incorporated into Jim’s treatment plan. Jim eventually returned to competitive 
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employment, was able to play catch with his son again, and resumed his occupational 
roles as husband, father, provider, and caretaker of the children. Therapeutic ultra-
sound played an important and vital part of his overall treatment program.

Clinical Reasoning Questions
1. When would you choose to use thermal ultrasound rather than nonthermal 

ultrasound?
2. How would you select the appropriate frequency for this condition?
3. What precautions and contraindications would you need to be aware of before 

using ultrasound in the treatment process?
4. What other physical agent modalities might be beneficial in this case?
5. What is happening physiologically to the tissue during the application of ultrasound?
6. How do you determine the appropriate length/time of ultrasound application? 
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Learning Objectives
1. Describe foundational principles, terminology, and concepts of electricity.
2. Identify the waveforms of electrical stimulation and their characteristics.
3. Describe the physiological effects of electrical stimulation on the body.
4. Explain the rationale for selecting appropriate electrical stimulation parame-

ters for effective and safe delivery of electrotherapy to achieve identified goals.
5. Discuss the types and selection of electrodes and their placement to achieve 

clinical outcomes.
6. Demonstrate clinical reasoning in the selection and use of electrotherapy to 

achieve therapeutic goals and objectives.
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Background
The use of electric current to stimulate muscle contraction has a long and colorful 

history dating as far back as 48 A.D. when a Roman physician named Scribonius Largus 
used torpedo fish in the treatment of chronic headache and gout. During the late 1700s, 
Luigi Galvani revealed through experimentation that a frog’s legs jumped when stimu-
lated by static electric charges from lightning conducted through copper downspouts 
and railings. Over the years, numerous claims of medical cures attributed to electricity 
have surfaced. Some were propagated by the “snake oil salesmen” of the time. Others 
have had a more thorough grounding in science and research leading to contemporary 
applications of electricity in medicine and rehabilitation. For example, Kratzenstein 
reported the use of electrification to treat a paralyzed limb, Seiler reported treating 
scoliosis patients, and Deluc pioneered the concept of ion transfer through bodily tis-
sues by experimenting on rabbits (Geddes, 1984; Hunter et al., 1995; Licht, 1983).

Electrical current is caused by the flow or movement of free electrons from one 
atom to another. Current is determined by the number of electrons passing through a 
cross-section of a conductor in 1 second, is measured in amperes, and is abbreviated 
as amps. In the United States in the late 1880s, the choice to power the country between 
alternating current (AC) vs. direct current (DC) was controversial and was referred 
to as the War of the Currents between Thomas Edison and Nikola Tesla (Klein, 2008). 
Tesla developed and advocated for the use of AC, which reverses direction between 
a positive/negative charge a specific number of times per second (60 in the United 
States; Carlson, 2013). The primary advantage of AC is that by using a transformer, it 
can be converted to a variety of voltages. Edison developed DC, which runs continually 
in a single direction, similar to a battery or fuel cell. Unlike AC, DC could not be eas-
ily converted to higher or lower voltages. Initially, DC was the standard current in the 
United States until George Westinghouse licensed Tesla’s AC induction motor patent 
and was awarded a contract to generate electricity from Niagara Falls. The final deci-
sion to use AC as the primary form of current in the United States was resolved when 
the Niagara Falls Power Company lit up the city of Buffalo, New York, on November 16, 
1896 (Lantero, 2013; Sulzberger, 2013). 

Terminology
•	 Action potential
•	 Alternating current
•	 Biphasic
•	 Capacitance
•	 Conductance
•	 Decay time
•	 Depolarization
•	 Direct current
•	 Duty cycle
•	 Electrical stimulation 

for tissue repair

•	 Electrode 
•	 Frequency
•	 Functional electrical 

stimulation
•	 Impedance
•	 Modulation
•	 Monophasic
•	 Neuromuscular electrical 

stimulation
•	 Phase duration

•	 Polyphasic
•	 Propagation
•	 Pulsatile current
•	 Pulse duration
•	 Pulses per second 
•	 Reactance
•	 Resistance
•	 Rise time
•	 Wave form
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Both AC and DC are used throughout the world today, with computers, lighting, 
solar cells, and electric vehicles running on DC or battery power. Advances in technol-
ogy have also led to the ability to convert DC to higher or lower voltages, which is why 
both forms of electrical current are used clinically. Each form of electrical current also 
has a unique effect on the biophysiology of the body, which is a consideration when 
used for specific therapeutic goals and objectives. Three primary types of electri-
cal current output are typically used in the clinical setting: DC, AC, and pulsatile or 
pulsed current (PC), which simply modifies the waveform of either AC or DC (American 
Physical Therapy Association, 1990). A variety of electrical waveforms (e.g., pulsatile, 
waveform shapes, modulated, nonmodulated) are available for clinical use depend-
ing on the manufacturer and equipment, many of them preset with the equipment. 
Choosing the correct waveform and settings can be confusing because little research 
exists to support one type over another. Because patient response and tolerance to 
electrical stimulation is highly subjective, the selection of waveform should primarily 
be based on patient comfort. 

Growth in the use of electrical stimulation has accelerated since 1965, in part 
due to research conducted by Melzack and Wall (1965) and application of their gate 
control theory of blocking pain. Advances in technology, biomedical engineering, and 
microprocessors have also contributed to an increased use of therapeutic electrical 
current, in part due to manufacturers who continue to develop smaller, more portable 
units with greater options for the clinician and easier use for patients. Research in the 
clinical use of electrotherapy has also grown, contributing to its use with a variety of 
clinical conditions.

To better understand the application of electrotherapy, clinicians must possess a 
basic knowledge of commonly used terminology and principles of electricity. There are 
numerous methods of applying electrical stimuli on patients to accomplish a variety of 
therapeutic goals, and proper use of electrical terminology is essential. Common types 
of clinical electrical stimulation include neuromuscular electrical stimulation (NMES) 
for muscle reeducation and strengthening; functional electrical stimulation (FES), 
which is electrotherapy used as an orthotic type substitute for a functional activity or 
movement; electrical muscle stimulation (EMS), which is used to stimulate denervated 
muscle tissue; and electrical stimulation for tissue repair (ESTR), which is used for 
edema control and wound care. Transcutaneous electrical nerve stimulation (TENS) 
is the form of electrotherapy applied for pain control. Iontophoresis uses low-level DC 
as an active transdermal drug delivery system. Forms of electrotherapy commonly 
used by clinicians include: NMES, TENS, FES, High-Voltage Pulsed Current (HVPC), and 
iontophoresis (American Physical Therapy Association, 1990; Figure 8-1).

NMES is the use of pulsed AC to stimulate a motor response by depolarizing intact 
peripheral nerves. FES and functional neuromuscular stimulation are alternative meth-
ods of applying NMES and act as orthotic substitutes to assist in functional activities 
such as stabilizing a joint or extremity, grasping an object, or for foot drop. NMES is 
clinically used to reduce muscle spasm, increase muscle strength, facilitate muscle 
reeducation and movement, and to decrease edema by creating a “muscle pumping” 
action through intermittent or pulsed delivery of current. Pulsed electrical stimulation 
may also be used by some manufacturers to describe their equipment. Pulsed simply 
means that the electrical current is modified or manipulated to turn on/off and is used 
foundationally in NMES. 

TENS is an acronym commonly recognized as being a synonymous term for the 
use of electrical stimulation to reduce pain, even though technically it encompasses 
all forms of electrical stimulation. The application of TENS requires use of electrodes 
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applied to the surface of the skin to deliver electricity across the dermal layers. The 
goal of treatment is to reduce pain either by sensory analgesia or through the release 
of chemical endorphins, depending on how the parameters of current are modulated. 

High-voltage galvanic stimulation (HVGS) or HVPC is electrical stimulation com-
monly used for tissue repair (ESTR) and pain control and refers to a type of stimu-
lator using an interrupted monophasic twin-peak waveform with an output greater 
than 150 volts (V). ESTR has been used in the treatment of chronic and acute edema, 
chronic and acute pain, wound healing, muscle spasm, and to decrease muscle atro-
phy. Stimulation of muscle pumping also affects venous circulation and stimulation of 
sympathetic neurons and may cause vasodilation.

Iontophoresis is an active transdermal method of delivering medication to the 
underlying tissue. Iontophoresis is the induction of topically applied ions into body tis-
sue through the application of low-voltage, direct galvanic electrical current. Because 
iontophoresis is used to apply specific medication through the skin, it is typically used 
for treatment of inflammatory conditions such as tendinitis, bursitis, myositis, and 
scar tissue modification, though other drugs can be administered with this delivery 
system (Box 8-1). 

Determining the type and characteristics of therapeutic electrical current for 
patient treatment is dependent on the clinical condition and pathology involved, 
desired functional outcomes, the primary goals of therapy, and the interest and goals 
of the patient. Common uses for electrotherapy in the clinical setting include muscle 
or neurological reeducation, muscle strengthening, restoration or enhancement of 
functional motor use and movement, pain modulation, improving ROM, tissue and 
wound repair, decreasing inflammation, edema control, drug delivery, and stimulation 
of denervated muscle following neurological injury.

Figure 8-1. Type of electrotherapeutic agents.
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(Bracciano, 2012).
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Electrical Current Output
Direct Current

DC is the unidirectional flow of electrons being either positively or negatively 
charged. DC is also referred to as galvanic current to describe the uninterrupted, uni-
directional flow of charged particles. The direction of the current flow, from a nega-
tive electrode to a positive electrode or vice versa, can be selected depending on the 
options available on the electrical stimulation unit being used. With DC, there is always 
one electrode that is the anode (+) and one electrode that is always the cathode (-) for 
the entire time the current is flowing. Due to the unidirectional flow of the current, 
there is a buildup of electrical charge that can cause a chemical reaction or effect 
on the tissue under the electrode. Most often, this is seen as a redness or irritation, 
although an alkaline reaction can also occur.

The polarity of electrical current selected for treatment remains unchanged unless 
it is altered either manually or automatically by the electrical device. The most com-
mon depiction of DC flow is a square wave and a straight horizontal line indicating 
that current is flowing in a continuous manner until the circuit is disconnected or the 

Box 8-1. Clinical Applications of Electrotherapy

Type Current Therapeutic Goals

NMES AC Stimulation of innervated muscle to increase 
strength, range of motion (ROM), decrease 
spasticity or trigger points, disuse atrophy, 
and muscle/neurological reeducation 

FES AC Use of electrical stimulation as an orthotic 
substitute to perform functional movements 
or activities

TENS AC Use of transdermal electrical stimulation for 
pain modulation

Interferential 
current (IFC)

AC Stimulation of nerves for pain modulation 
and to facilitate deeper physiological 
response

EMS DC Stimulation of denervated muscle/nerve to 
facilitate healing and maintain viability

ESTR DC Use of electrical stimulation for facilitating 
wound healing, decrease edema, and 
improve circulation

HVGS DC Stimulation of denervated muscle, 
facilitation of wound healing, edema 
reduction, and pain modulation

Iontophoresis DC An active transdermal method using direct 
electrical current to drive medicated ions 
into the underlying tissue 
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battery is turned off (Forester & Palastanga, 1981). Clinicians must use caution with 
DC because it has the potential to cause chemical reactions in body tissues, especially 
the dermal layers. An acidic reaction can occur at the anode due to oxidation of the 
anions, and an alkaline reaction can occur at the cathode. Although patients must be 
monitored for these potentially negative effects, they may be beneficial in situations 
where scar tissue modification is a priority. High volt, HVGS, ESTR, and iontophoresis 
are all clinical examples of the use of DC for electrical stimulation.

DC can also be used to directly stimulate denervated muscle with the goal of pre-
venting or reducing muscle fiber atrophy (Binder, 1981). EMS to evoke muscle contrac-
tion can be used to decrease muscle atrophy and as a substitute for neural input dur-
ing denervation (Koh et al., 2017). Findings from animal studies have indicated that use 
of direct EMS of denervated muscles can substitute for innervation and preserve or 
restore the properties of muscles affected by injuries involving denervation of nerves 
(Eberstein & Eberstein, 1996).

Use of electrical stimulation on wound healing occurs due to the effect of elec-
trical fields on angiogenesis and granulation during the second phase of healing 
with increased collagen production due to HVGS’s effect on DNA synthesis, affecting 
fibroblast proliferation (Bourguignon & Bourguignon, 1987; Bourguignon et al., 1989). 
Electrical stimulation facilitates healing of the epidermis due to the migration of 
keratinocytes that migrate toward the cathode (Zaho et al., 2004). Use of DC can be a 
therapeutic approach for clinical management of delayed and chronic wounds (Ud-Din 
et al., 2015). DC is also used to facilitate the movement of ionized medication through 
the skin by iontophoresis, which will be covered more thoroughly in a later chapter 
(Box 8-2). 

Alternating Current
AC is a type of current characterized by a continuous change in direction of elec-

tron flow and is the current typically used to supply electricity for common household 
appliances. The flow of electrons is bidirectional (i.e., alternating between positive 
and negative) and can be interrupted or alternately turned on or off, depending on the 
device and goals of patient treatment. Due to the constant alternation in direction of 
charged particles, there is an absence of net charge in either positive or negative elec-
trons at either pole. As a result, AC is characterized as having the absence of a positive 
or negative pole because there is an equal balance between the two charges. 

Box 8-2. Direct Current: Galvanic
•	 Continuous unidirectional flow of charged particles, duration of at least 1 second.
•	 Polarity does not alternate or change during the event. One electrode is always 

positive (+), anode, and one is always negative (-), cathode.
•	 There is a buildup of the electrical charge as the current is moving in one direction, 

which causes a chemical effect on the tissue under the electrode. 
•	 High volt, HVGS, ESTR, and iontophoresis are clinical forms of DC used. 
•	 Monophasic forms refer to DC, but are typically pulsed to minimize the chemical 

effect.
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The terms biphasic waveform and bidirectional current have both been used to 
describe AC. Minimal chemical effects occur on body tissues as a result of using AC 
due to a lack of accumulation of either negative or positive electrons. Hertz (Hz) is a 
term used to measure the number of times electrical current reverses direction in a 
period of 1 second (e.g., cycles per second). A 1 megahertz (MHz) current means elec-
tron flow changes direction and polarity 1 million times per second (Box 8-3).

Pulsatile Current
Most electrical stimulators deliver current using one of three pulsatile waveforms: 

Monophasic, biphasic, or polyphasic. The type of waveform being delivered by an elec-
trical unit may be identified by reviewing the technical section of the owner’s manual. 
It is important to remember that selecting the appropriate type of electrical current 
to use in the clinic depends on the desired treatment outcomes. For example, differ-
ent electrical stimulation parameters are required to treat or modulate pain, reduce 
muscle spasm, facilitate muscle contractions, decrease edema, or promote wound 
healing. A variety of electrical waveforms (e.g., pulsatile or waveform shapes) are avail-
able for clinical use depending on the manufacturer and equipment. The selection of 
pulsed waveform can be confusing to the clinician because little research exists to 
validate use of one form over another. Therefore, most clinicians choose a waveform 
based predominately on patient response to the sensation of the stimulation and their 
perceived comfort (Figure 8-2). 

The term pulsatile or PC is used to describe modulations or changes made to elec-
trical current where electron flow is periodically interrupted. PC can flow in a unidi-
rectional (monophasic) or bidirectional (biphasic) pattern. The current is interrupted 
for only brief periods of time (e.g., milliseconds [ms] or microseconds [µs]). With PC, 
the flow of electrons is turned on and off in rapid fashion and can be visualized best if 
one imagines the flashing sensation of a strobe light. The current, in effect, is pulsed 
over time, and the reaction on the tissue depends on whether the parameters are set 
for a unidirectional or bidirectional effect (Kloth & Cummings, 1990). PC is the most 
frequently used form of current used clinically and can be delivered and manipulated 
as a single pulse or grouped together into a pulse train (Box 8-4).

Box 8-3. Alternating Current: Biphasic
•	 Continuous alteration of voltage level and direction; direction changes minimum of 

once per second.
•	 Electrodes alternate polarity between positive/negative with each cycle, preventing 

buildup of charge under the electrodes.
•	 Frequently used in IFC or Russian current.
•	 AC waves can be symmetrical or asymmetrical.
•	 Clinical applications of AC include Russian current, NMES, FES and TENS.
•	 AC can also be pulsed (systematically turned on/off). 
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Electrical Waveforms
The geometric or visual representation of an electrical current flow or stimulus 

is known as the waveform (Alon & De Domenico, 1987). The geometric shape of the 
wave characterizes the amplitude or strength of the current and the pulse duration, or 
length of time of each stimulus. The basic properties of the electrical current flow are 
the amplitude (e.g., intensity) and the duration (or pulse length) of the current. The iso-
electric point is the level that sets the baseline where the electrical potential between 
the two poles is considered equal, or zero, with no current flow. The amplitude is the 
level or distance that the impulse rises above or below (positive or negative respec-
tively) the baseline. The pulse duration is the horizontal distance or length required to 
complete the shape of the electrical flow. Pulse width is a term used synonymously with 
pulse duration, but standardization of electrical terminology now precludes its use. 
The total area within the waveform represents the volume of current being delivered 
to the tissue (Lake, 1992). 

Most electrical stimulators deliver current using one of three pulsatile waveforms: 
Monophasic, biphasic, or polyphasic. The type of waveform being delivered by an elec-
trical unit may be identified by reviewing the technical section of the owner’s manual. 

Box 8-4. Pulsatile Current
•	 Current can be unidirectional (DC) or bidirectional (AC).
•	 Flow of electrons can be interrupted.
•	 Pulses can be configured to flow individually or in a series (burst). 
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Figure 8-2. Types of current: (1) DC, (2) 
AC, (3) PC, and (4) classifiers of interrupted 
DC, on phase of AC, or one phase of a 
pulse. (Illustration by Kim Bartlett, used 
with permission.)
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Selecting the appropriate electrical current to use in the clinic depends on the desired 
effects for patient treatment. For example, a therapist may use a biphasic waveform in 
treating a shoulder subluxation in a patient who has suffered a cerebrovascular acci-
dent. A patient who is being treated for epicondylitis and inflammation may require the 
use of a monophasic waveform in the delivery of medication to the area using iontopho-
resis (Figure 8-3). Changes to the waveform and electrical current is known as current 
modulation and is used to create specific output wave patterns for a unique physiologi-
cal effect or to prevent the nerve from accommodating to the electrical current.

Current Modulation
Modulating electrical current occurs when there is a random alteration in any 

parameter of electrical output, including amplitude, pulse duration, or rate/frequency. 
All forms of electrical current can be modulated—AC, DC, and pulsatile. Depending on 
the equipment, electrical parameters can be modified individually or in combination. 
Modulating the parameters of electrical current may be accomplished manually by the 
clinician or automatically by the electrical device (depending on the manufacturer) in a 
preset mode. The most common therapeutic purpose for intentionally modulating elec-
trical current is to increase comfort and to prevent physiological accommodation to 
prolonged stimulation. One form of modulation is the ramping of the current to change 
the pulse intensity or duration (Karnes et al., 1992). A pulse consists of one or multiple 
phases and is classified as such. 

Monophasic
All waveforms can activate peripheral nerves, but specific waveforms may be used 

for their physiological effects. A monophasic waveform has one phase to a single pulse 
with a unidirectional flow of electrons. Current flows in only one direction and is either 
negative or positive in polarity, which is above the isoelectric zero, the separation that 
occurs between the positive and negative areas where there is no net charge (zero). 
Monophasic and symmetrical biphasic waveforms produce greater force with muscle 
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Figure 8-3. Pulsatile waveform 
classifications: Monophasic, biphasic, 
and polyphasic. Biphasic waveforms 
can be symmetrical or asymmetrical 
and balanced or unbalanced. 
(Illustration by Kim Bartlett, used with 
permission.)
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contraction and are less fatiguing than polyphasic waveforms. Clinical uses for mono-
phasic current include wound healing, direct stimulation of denervated muscle, and 
delivery of medication transdermally through iontophoresis. 

Biphasic
Biphasic current consists of two opposing electrical phases (positive and negative) 

constructing a single pulse. The pulse is bidirectional, with the lead phase of the pulse 
above the baseline and the second phase below the baseline. A symmetrical biphasic 
pulse occurs when the two phases deviate from the baseline in an identical and equal 
amount (e.g., one phase in a positive direction and one phase in the negative direction 
have equal area under the graph). The two phases of the pulse are equal in magnitude 
and duration and therefore produce a zero-net charge. 

An electrical pulse is characterized as being asymmetrical biphasic when the 
positive and negative phases are not identical. In this case, a net electrical charge is 
created by the asymmetric waveform, and physiological effects on tissue are made 
possible due to a buildup of positive and negative ions. This type of pulse is an unbal-
anced asymmetrical biphasic waveform. Many commercial neuromuscular stimulation 
and TENS units are capable of producing both balanced and unbalanced asymmetri-
cal biphasic waveforms; however, the symmetrical biphasic waveforms are generally 
found to be more comfortable for patient use. Asymmetrical biphasic waveforms are 
used more often for stimulation of the small muscles of the upper extremity, with the 
negative electrode being placed over the motor nerve because it is more active than 
the positive electrode. This application provides a better isolation of specific, small 
muscles. A symmetrical biphasic waveform is more efficient for stimulation of large 
muscles such as the quadriceps, hamstring, or muscles of the back or when combined 
muscle function is required (e.g., wrist and finger extension). Symmetrical waveforms 
tend to be more comfortable to the patient and are often easier and more efficient in 
treating multiple motor points or for large muscle contraction.

Polyphasic
Polyphasic waveforms consist of a burst of three or more electrical phases. A burst 

is a series of pulses delivered as a single charge. Some experts claim that this type of 
current is clinically unique, but there are no documented physiologic advantages to 
using this type of current, which is often perceived by humans as a single pulse (Ward 
& Shkuratova, 2002). Polyphasic pulses of current are used in electrical generators 
that also produce medium frequency currents such as interferential stimulation and 
Russian stimulation. These electrical currents employ a train of pulses, separated by 
an interpulse interval, to deliver current to tissue in what is termed burst frequency. 
Each burst of polyphasic current technically consists of multiple pulses but is consid-
ered a single burst unit for the purpose of describing the rate (frequency) of current. 
For example, an electrical device delivering current at 30 polyphasic burst pulses per 
second would be equivalent to saying a current is delivering 30 single pulses per sec-
ond for the purpose of describing the rate of electrical current. The difference between 
the two currents is that the pulses being delivered in burst format are actually com-
posed of multiple pulses (polyphasic) separated by an interburst interval, whereas the 
non-medium frequency current would be delivering single pulses (i.e., not polyphasic) 
for its rate (Bennie et al., 2002). 
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Medium Frequency Current 
Interferential 

IFC utilizes alternating, low-frequency current that has been modified and uses two 
medium frequency currents: One that is preset by the equipment (the carrier frequen-
cy) and the other that is adjusted by the clinician. The primary clinical applications for 
the use of interferential frequency are pain relief, decreasing edema, increasing blood 
flow, and muscle stimulation. These two medium frequency currents are transmitted 
through the tissues almost simultaneously, allowing the electrical current paths to 
cross and “interfere” with each other. This interference between the two currents cre-
ates a “beat” frequency, which can vary between 1 to 150 Hz. The beat frequency is 
adjusted from the machine and is adjusted based on the clinical need. For example, a 
motor response or muscle contraction to tetany is between 20 to 50 pulses per second 
(pps), while 50 to 150 pps are used for pain management, and 1 to 5 pps may be used 
for acupuncture-like pain relief. The electrical current is gradually increased until 
there is a sensory or motor response depending on the therapeutic parameters set. 
Treatment time is usually between 10 and 20 minutes long (Fourie & Bowerbank, 1997; 
Hou et al., 2002; Hurley et al., 2001; Minder et al., 2002). IFC uses four electrodes in a 
quadripolar configuration, which allows for a centralization of the electrical current 
over the treatment or painful area. 

Russian Stimulation 
Russian stimulation was initially developed for use by the Russian Olympic team 

as a method of improving athletic performance by increasing muscle mass and force 
gains. Russian current uses a stimulator that delivers a medium-frequency 2500 Hz, 
polyphasic AC waveform burst at 50 Hz (10 µs on and 10 µs off) to patients’ tolerance. 
The original therapeutic format using Russian current followed a pattern of 10 seconds 

of burst stimulation followed by 50 seconds rest, repeated for 10 minutes (Figure 8-4). 
The pulse or burst occurs at a relatively low frequency, depolarizing the sensory and 
motor nerves leading to contraction. More contemporary applications of this burst 
form of electrical stimulation are known as burst-mode AC. This form of stimulation 
also has been found to modulate pain and discomfort due to an analgesic effect. A 
typical training protocol using Russian current consists of a 10/50/10 intervention: 10 
muscle contractions holding for 10 seconds, followed by 50 seconds off-time, with 10 
cycles, repeated for 10 times daily (Ward & Chuen, 2009; Ward & Lucas-Toumbourou, 
2007; Figure 8-5). 

Electrical Parameters 
A variety of electrical stimulation units are available on the market today. Selecting 

the appropriate piece of equipment to use for patient treatment is based in part on the 
clinical goals, the equipment available, and the perceived comfort of the waveform. 
Although patient compliance and comfort will vary, the symmetrical biphasic wave-
form appears to provide the highest tolerance and comfort level (Baker, 1979; Karselis, 
1973). Three parameters associated with the electrical waveform and muscle force 
production must be taken into consideration when selecting an appropriate electro-
therapeutic unit for clinical use: Amplitude, duration, and rate (Figure 8-6).



238  Chapter 8

Figure 8-5. Russian current. 
(Reproduced with permission 
from Singh J. Medium 
frequency currents. In: Manual 
of Practical Electrotherapy. 
Jaypee; 2011.)

Figure 8-4. Common waveforms used on 
electrotherapy equipment.
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Figure 8-6. (A) Peak amplitude and (B) peak-
to-peak amplitude. (Illustration by Kim Bartlett, 
used with permission.)
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Amplitude
The maximum amount of current or voltage delivered during a single phase of 

a pulse is known as the peak amplitude. Increasing the amplitude will also increase 
the total average current output of the unit. Average current is defined as the total 
current per unit of time and is determined by averaging the current amplitude over 
the duration or length of the waveform. Milliamperes (mA) or microamperes (µA) are 
the measurements used to describe the peak amplitude in current, although some 
manufacturers use voltage (volts) as the preferred measure. The amplitude of electri-
cal current is more commonly known as pulse intensity. The peak amplitude measures 
the magnitude of the stimulus during a monophasic pulse and is characterized as the 
amount of current flow from the point of zero output to a point of maximum output, 
either in the positive or negative direction. Peak-to-peak amplitude is measured from 
the point of maximal positive charge to an adjacent point of maximal positive charge 
when describing a biphasic (AC) waveform. 

Pulse Width or Duration
Pulse duration or pulse width is the amount of time that elapses between the onset 

of one phase in an electrical pulse to the endpoint of the second phase in the same 
pulse, including the intrapulse interval. Pulse duration is measured in microseconds 
(µs), a unit of time equal to one millionth (0.000001 or 10−6 or 1 ⁄1,000,000) of a sec-
ond. Where monophasic current is being delivered, the phase and pulse duration are 
synonymous. In biphasic current, the pulse duration is equal to the time it takes for 
both phases (e.g., negative and positive) to elapse, including the intrapulse interval if 
present. 

The pulse width is a significant factor in determining the type of tissue to be stimu-
lated, the depth of current penetration, and the perceived level of comfort induced by 
the electrical unit. As the phase duration increases, the depth of electrical current will 
also increase. The pulse width can be increased to recruit additional muscle fibers 
in the stimulated area as fatigue increases (Doucet et al., 2012). Use of longer pulse 
durations (1 ms) combined with lower current amplitude may also decrease fatigue 
and pain and facilitate the recovery rate, rather than using shorter pulse durations 
(200 µs) with higher current amplitudes (Jeon & Griffin, 2018). There is also a direct 
effect to the degree of chemical changes occurring in the tissue. As phase duration is 
increased, the chemical effects on body tissues will also increase. A shorter pulse and 
short phase duration result in better conductivity of the current into the tissue with 
less impedance (Gracanin & Trnkoczy, 1975; Figure 8-7).

Rate or Frequency 
Rate or frequency refers to the number of pulse cycles produced per second being 

delivered to body tissues and is generally expressed as pps or Hertz (Hz; Alon & De 
Domenico, 1987). The faster the rate of electrical current, the greater number of pps 
being delivered to the tissue. Modulating the rate to be either fast or slow is depends 
on patient treatment goals and the desired physiological effects of electrical current. 
For example, a slow rate setting (e.g., 1 to 5 pps) may be used to create a muscle pump-
ing effect with NMES or to stimulate the release of endorphins with acupuncture-type 
TENS. Setting the rate at a fast pace will help facilitate the recruitment of more muscle 
fibers with NMES and will be more comfortable to the patient when using TENS to 
control pain. Depending on the therapeutic goals and objectives, most preset clinical 
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parameters use between 20 and 50 pps/Hz (de Kroon et al., 2005; Kang et al., 2014). 
The frequency of electrical current output is also known as the carrier frequency. The 
carrier frequency is the base frequency of the AC sine wave and is described in hertz 
or cycles per seconds (cps). The carrier frequency consists of three primary classifica-
tions: Low-frequency currents (less than 1000 Hz), medium-frequency currents (1000 
to 10,000 Hz), and high-frequency currents (greater than 10000 Hz). In general, most 
therapeutic electrical stimulation units deliver low-frequency currents. 

Some manufacturers have developed equipment that uses an AC carrier frequency 
that administers a medium-frequency current as an electrical burst. The burst rate is a 
series of cycles that results in depolarization of the sensory and motor nerves (DeVahl, 
1992). On most electrical stimulators, the parameter of frequency is adjustable and 
often labeled on the unit as the pulse rate. An inverse relationship exists between the 
pulse frequency of a current and the capacitive resistance of the tissue, meaning that 
low-frequency currents encounter greater tissue resistance than medium- and high-
frequency currents. As a result, the intensity (amplitude) of the electrical unit may 
need to be increased to accommodate greater resistance with low-frequency currents. 
Frequency settings ranging from 1 to 120 pps are effective for most therapeutic pur-
poses (Charman, 1990; DeVahl, 1992).

Characteristics of Electricity and  
Physiological Implications

Basic Electrical Principles
Electricity is a type of energy that is capable of producing magnetic, chemical, 

mechanical, and thermal effects. Electrical current is the flow or movement of elec-
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Figure 8-7. Strength duration curve 
demonstrates the relationship between 
amplitude and duration. As phase 
duration increases, less amplitude 
is required to achieve threshold. 
(Illustration by Kim Bartlett, used with 
permission.)
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trons or charged particles from one point to another in order to reestablish balance 
between negative and positive charges. Voltage (V) describes the driving force to move 
electrons and is characterized as being high voltage (100 to 150 V) or low voltage (less 
than 100 V). The flow and force of charged particles occurs when there is an imbal-
ance in the number of electrons located at two different locations. Electrical current 
always takes a path of least resistance, and characteristically flows from an area of high 
electron concentration, the cathode (-), to an area with less concentration, the anode 
(+) or the positively charged pole. Current refers to the amount of electricity (electrons 
or ions) flowing per second. Current is measured in amperes or milliamperes (1 mA 
equals 1/1000 of an ampere). Frequency refers to the number of pulses or wave forms 
for a specific unit of time; Hertz equals 1 cycle per second (Fish & Geddes, 2009).

As the current flows through the body, it encounters a variety of tissues that slow 
and impede the current. Tissue conductivity is not isotropic or uniform, which affects 
the current flow (Huang & Parra, 2018). Biological tissue also is not homogeneous, 
varying in structure, consistency, and molecular makeup. Biological tissues, such 
as nerve and muscles, are able to simultaneously store an electric charge and resist 
change in current flow (Kern et al., 2017). This characteristic is called capacitance. 
The various tissues of the body have different capacitance or resistance to electrical 
current. Using electrical stimulation, the higher the capacitance, the longer it will take 
before a response occurs. Greater levels of intensity, along with decreased pulse dura-
tion, can be used to stimulate tissues that have a higher capacitance. Muscle membrane 
has approximately 10 times the capacitance of nerve tissue. Nerves, which are also 
more superficial, will depolarize first in a healthy individual, followed by muscle fibers, 
and in summation, muscle tissue. Nerves in the body are categorized as three primary 
types: A-, B-, and C-fibers, with A- and B-fibers being myelinated. Using electrotherapy 
in the body employing surface electrodes stimulates the peripheral nerves, both sen-
sory and motor. A-beta fibers can have a sensory or motor function and have the larg-
est diameter, 1 to 20 micrometers (1 to 20 µm) and conduct the action potential quickly, 
between 4 to 120 µs. B fibers are midsize in diameter 1 to 3 µm and, because they are 
myelinated, have a conduction velocity of 3 to 15 µs. C-fibers are sensory nerves and 
are the smallest, with a diameter less than 1 µm, and because they are unmyelinated, 
conduct the nerve response slowly at less than 2 µs. C-fibers are associated with long-
term chronic or constant pain. Larger nerve fibers, such as the A fibers, have a lower 
threshold of excitability and respond more rapidly to electrical stimulation with a 
shorter response duration and refractory (recovery) period. 

The ability to store a charge in an electrical field and oppose change in the flow 
of current is termed capacitance. Nerve and muscle membranes serve as capacitors, 
whereas the nerve-muscle complex functions as the conductors. Conversely, skin and 
adipose tissue function as insulators, and subsequently resist current flow. Conductance 
is the ease by which electrons flow and is largely dependent on the water content of 
body tissue. Tissues with low water content are less conductive to the flow of electrons. 
Nerve and muscle components possess higher water content and serve to facilitate 
electron flow, even though the membrane surfaces of these tissues provide a high 
degree of reactance. 

Skin is also a factor impacting the flow of electrons because the amount of moisture 
within the skin will affect the flow of current, particularly if the skin is dry. Skin provides 
the greatest resistive element to the flow of electrical current because it contains very 
little fluid. Increasing the moisture of the skin through heat, which also increases the 
surface salt content, facilitates conductivity of the current (Forester & Palastanga, 1981; 
Wadsworth & Chanmugam, 1983). Resistance to the electrical current may increase the 
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discomfort of the stimulation because higher amplitudes may be needed to obtain the 
desired motor response. Discomfort associated with electrical stimulation has been 
identified as a potential barrier to NMES application by clinicians, and also a reason 
for patient refusal or apprehension about its use (Springer & Shapiro, 2017). 

Impedance
Impedance is the opposition to the flow of electrons in tissue and is character-

ized as being the resistance of the tissue or anatomical structures to the current. 
Impedance consists of the properties of resistance and reactance. Reactance is also 
termed capacitive resistance and is the result of counter-voltage, which occurs due to 
electrolytic polarization when current is conducted through the tissues. Ions accumu-
late at the tissue interface and cell membrane, creating a charge that is opposite of the 
voltage being applied at the electrode.

Each tissue has unique characteristics related to electrical current. Skin, particu-
larly dry skin, impedes electrical current the most, with 99% of the resistance to elec-
trical current flow occurring from the epidermis (Crowther et al., 2008). Resistance to 
electrical flow is measured in ohms (Ω). A calloused, dry hand may have more than 
100,000 Ω due to the thickened outer layer of dry, dead cells in the stratum corneum 
that impedes the flow of current (Garg et al., 2015).

Skin and adipose (fat) tissue are strong resistors, limiting the flow of electrical 
current to the underlying tissue and structures. Adipose tissue and dry skin have 
high resistance to the flow of electrical current and must always be considered when 
selecting electrical parameters to avoid burns and discomfort as well as ensure safe 
use of electrotherapy. Patients with large amounts of adipose tissue or dry skin may 
require higher doses or levels of electrical stimulation to achieve the therapeutic 
goals. However, higher levels of electrical current intensity may not be tolerated by the 
patient and can cause discomfort and even burns if not monitored closely. In patients 
with large amounts of adipose tissue (e.g., bariatric patients) or dry, brittle skin, elec-
trotherapy may be contraindicated (Medeiros et al., 2015). Tissues with high water 
content, such as muscle and nerve, decrease resistance and increase the conductivity 
of the current. Bone, fat, tendon, fascia, and other low water content tissues (dry skin) 
impede electrical current and are poor conductors of the current (Figure 8-8).

Resistance
Resistance is the property of a substance that opposes or resists the flow of cur-

rent. Units of resistance are measured in ohms, and the amount of resistance of a given 
material is determined by Ohm’s law. Ohm’s law refers to the relationship between the 
electrical current, voltage, and resistance. An increase in voltage causes an increase 

Figure 8-8. Ohm’s law.
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in current, and a decrease in voltage results in a decrease in current. Ohm’s law is 
significant because the amount of current that passes through the biological tissues 
determines the physiological effects and changes that occur. The greater the resis-
tance or impedance in an electrical circuit, the lower the rate of electrical flow. The 
flow of electrical current is directly proportional to the amount of applied voltage. If 
there is an increase in voltage combined with constant resistance, the flow of current 
increases. Current flow is also inversely related to resistance. If there is an increase in 
resistance combined with constant voltage, the flow of current will decrease. Ohm’s 
law accounts for the relationship between amperage, voltage, and resistance, and can 
be shown by the following equations:

I = V/R or V = I × R
I is the current intensity in amperes; V is the potential difference in volts; and R is 

the resistance in Ohms. The voltage (V) must be sufficient to overcome the resistance 
for the current (I) to exist. Clinically, this concept is important because high skin 
impedance necessitates a high voltage to allow the current to penetrate into deeper 
tissues (Forester & Palastanga, 1981; Wadsworth & Chanmugam, 1983). The ability of 
a material to conduct a current rather than resist the current is known as conductance 
and is considered the inverse of resistance.

Depth of Penetration
Commercial electrical stimulation units are typically classified as either high- or 

low-voltage devices. A unit using high-voltage output has the potential to also produce 
high-peak amplitude. Low-voltage units are those in the range of 1 to 100 V. High-
voltage units typically have an output of 500 V. A relationship exists between peak 
amplitude and the depth of the electrical current penetration. If the biological tissue to 
be stimulated is similar, the higher the voltage applied will equate to a greater amount 
of current penetrating the tissue. Low-voltage stimulation, on the other hand, delivers 
less current through the tissue. The conductivity of the tissue being stimulated will 
determine the depth of penetration (Mehreteab, 1994). Bone, fat, and adipose tissues 
are poor conductors of electricity (e.g., high impedance) and, subsequently, have a 
decreased depth of electron penetration. 

Rise and Decay Time
Rise and decay values are associated with the amount of time needed for the 

amplitude (e.g., intensity) to increase from zero to a peak voltage level and then back to 
zero. A short rate of rise time will cause a more rapid nerve depolarization than longer 
rates of rise. If the rate of rise is too slow, the nerve membrane has a greater chance 
to accommodate or adjust to the electrical stimulation and may limit the effectiveness 
of the stimulating current. The rate of rise time for electrical stimulation is measured 
in nanoseconds (Ns; one-billionth) of a second, up to several hundred milliseconds 
(thousandth of a second) or longer. The amount of time it takes for the amplitude of 
current to decrease from its peak level back to 0 V is known as the decay time and is 
expressed also in nanoseconds or milliseconds (Figure 8-9). 

Duty Cycle
The duty cycle refers to a ratio of the amount of time electrical stimulation is turned 

on and the amount of time that current is not being delivered. Other terms commonly 
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used to describe this concept include the on/off cycle or reciprocate. The on-time con-
sists of the length of time that current is being delivered to body tissues. The off-time 
is the period of time when the current has been interrupted or stopped. 

The duty cycle is often expressed as a percentage or ratio. For example, a current 
that is on for 5 seconds and off for 20 seconds would have a ratio of 1:4. To express the 
duty cycle as a percentage, divide the time the current is on by the total cycle time 
(e.g., the time the current is on plus the time the current is off). Using the previous 
example, an on-time of 5 seconds and off-time of 20 seconds would equate to the fol-
lowing:

On-Time (5 seconds) × 100

On-Time (5 seconds) + Off-Time (20 seconds) = 5 seconds (On-Time) × 100

25 seconds (Total Cycle Time) = 0.2 × 100 = 20% duty cycle
The duty cycle is a critical factor when calculating the total stimulation time and 

is important in determining the amount of potential muscle fatigue. Fatigue is related 
to the duty cycle and the ratio selected for electrical stimulation. A duty cycle with a 
short off-time (e.g., 10 seconds) will cause muscle to fatigue at a faster rate compared to 
a duty cycle with a longer off-time (e.g., 40 seconds; Leo, 1984). Conversely, an on-time 
of 15 seconds will cause a faster rate of muscle fatigue compared to an on-time of 5 sec-
onds. Deciding the length and ratio of the total stimulation time is critical because they 
will affect the extent of potential muscle fatigue. When the off-time is longer than the 
on-time, less muscle fatigue will occur; however, as the patient’s condition improves, 
the duty cycle can be gradually increased. Commonly used protocols for NMES include 
1:1 ratios, 1:3 ratios, and 1:5 ratios. Determining the proper amount of on- and off-times 
for electrical current requires a clinical reasoning based on patient treatment goals 
and desired physiological effects. 
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Figure 8-9. (A) Peak amplitude, (B) rise 
time, (C) decay time, and (D) intrapulse 
interval. (Illustration by Kim Bartlett, 
used with permission.)
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Ramp Time
Frequently, a gradation of stimulation up to the desired frequency and intensity is 

used for patient comfort. Ramp time refers to when the stimulation is turned on until 
the actual onset of the desired frequency. Ramp time is used in clinical applications 
when a patient may have increased tone that creates resistance against the stimulated 
movement. 

Ramp time refers to grading the frequency and intensity of the electrical current 
to facilitate patient comfort (Doucet et al., 2012). Adjusting current intensity from a 
starting point of zero to a point of maximum tolerance or electrical output is termed 
ramping up. When current is decreased from a predetermined maximum toleration or 
electrical output, it is called ramping down (Figure 8-10). The intensity of electrical cur-
rent may be adjusted to gradually increase over a predetermined period, most often 
between 1 and 8 seconds. Ramp down refers to the gradual decrease of intensity at 
the end of the on-time, or the length of time it takes electrical current to move from 
its peak amplitude back to zero. Adjusting the ramp time can be used clinically for 
individuals presenting with increased muscle tone or for those patients who are sensi-
tive to the stimulation and find it uncomfortable. Slower rise times allow the tissue to 
accommodate to the electrical stimulation, and ramping the current down can also be 
used to provide a patient with an opportunity to hold a muscle contraction, similar to 
an eccentric contraction after the stimulation.

The ramp time describes the change in amplitude of the current over a specific time 
period of the current flow and is different from the rise time that describes the ampli-
tude of a single pulse (Bassett, 1989; Karnes et al., 1992; Xuan et al., 2006). Therapeutic 
electrical stimulation devices generally allow therapists to adjust the ramp time, but 
in some cases this parameter is preset within the unit and cannot be modulated. 
Clinically, the purpose of modifying the ramp time for electrical stimulation is to offer a 
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Figure 8-10. Current increased by 
increasing (1) peak amplitude, (2) pulse 
frequency, and (3) phase duration. 
(Illustration by Kim Bartlett, used with 
permission.)
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degree of patient comfort during initial stimulation and to reproduce a normal muscle 
contraction when using current for neuromuscular education or strengthening. In 
general, a 2-second ramp time is sufficient for this purpose. If a muscle contracts too 
rapidly or the stimulation is too painful to the patient, a longer ramp time should be 
used. In addition, when calculating the total time for electrical stimulation during the 
on-time, the ramp-up time must be included in the calculation. 

Physiological Basis of  
Nerve and Muscle Excitation

When electrical current is delivered in sufficient quantity to body tissues, altera-
tions in the physiological process of the tissue will occur at a localized or cellular level. 
Electrical current can modify the physiologic response and chemical effects of the 
tissue. Tissues possess unique properties and are considered either excitable or non-
excitable. Nerve and muscles are considered excitable tissues and their ability to initi-
ate and propagate an action potential is the basis for electrotherapeutic interventions. 
When stimulated electrically, muscle cells produce an action potential that is transmit-
ted along the cell membrane. They respond to the stimulation by activating myosin 
and actin, which are the structural components leading to contraction. The sudden 
alteration of the membrane’s potential is known as an action potential. Excitable tis-
sues such as nerves or muscles can initiate and propagate an action potential if the 
stimulation parameters are of sufficient intensity. In essence, an action potential will 
occur if any electrical, mechanical, chemical, thermal, or hormonal stimulus of suffi-
cient magnitude changes the cell’s permeability and causes depolarization. A general 
review and understanding of the fundamental neurophysiology of nerve and muscle 
excitation are necessary to properly apply the principles of electrical stimulation in 
the clinical setting.

Nerve and muscle cells are excitable tissues and have the ability to maintain an 
electrical potential across the cell membrane, as well as to respond with an alteration 
in the electrical potential. The resting membrane potential for a nerve and muscle cells 
is between -60 and -90 millivolts (mV). The cell interior is negative in relation to the 
external tissues and consists of larger amounts of potassium ions with lower levels of 
sodium ions. At rest, there is an unequal ionic distribution across the membrane due 
to the increased permeability of the membrane and an active sodium pump. Action 
potentials occur when a stimulus excites the nerve cell causing membrane depolariza-
tion, and may be caused by thermal, mechanical, chemical, or electrical stimuli. 

When an action potential occurs, the result is an increase in cell permeability to 
sodium ions. The sudden influx of positively charged sodium ions into the cell causes 
further depolarization of the membrane and facilitates an increased opening of the 
sodium/potassium channels. As sodium ions flow into the cell, potassium ions are per-
mitted to exit, resulting in an imbalanced concentration gradient. When an equilibrium 
potential for sodium is reached, the sodium ion flow decreases and the membrane 
channels close. The original diffusion gradient with selective potassium permeability 
returns and results in a potassium-dominated potential once again (i.e., negatively 
charged on the inside of the cell and positively charged on the outside of the cell). 

Cellular depolarization and stimulation of an action potential occurs in approxi-
mately 1 to 2 ms. Action potentials are an all-or-none occurrence; when the threshold 
of stimulation is reached, the action potential occurs, and the cell depolarizes. For the 
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action potential to occur, the stimulus must be of sufficient intensity and duration to 
cause the ions to move across the membrane. Excitable tissues will respond to an elec-
trical stimulus in the same fashion regardless of the intensity of stimulus. For example, 
once an action potential is reached, the potential cannot be graded by changing the 
intensity or duration of the electrical stimulus. Following excitation of the tissue, there 
is a brief period during which the tissue is not excitable to a second stimulus and there-
fore cannot be depolarized. This phase is known as the absolute refractory period, and 
during this brief period, a second action potential cannot occur. The action potential 
threshold of tissues varies between muscle and nerve fibers with variations occurring 
among nerve fibers (Figure 8-11).

Propagation of Electrical Current
When electrical current is applied to the body, it will cause physiological and phys-

iochemical changes due to the body’s ability to conduct electrical current through 
the water in the tissues. Tissues composed of higher levels of water content are good 
transmitters of electricity. In contrast, tissues composed of low water content transmit 
electrical current poorly. For example, bone, tendon, fascia, and adipose tissue are 
composed of approximately 5% to 15% water and are poor conductors of electricity. In 
contrast, muscle, nerves, and blood are composed of 70% to 90% water, making them 
good conductors of electricity. As noted previously, the outer layer of skin is also a 
poor conductor of electricity due to its low water content (Table 8-1).

When an action potential is reached, the excitable membrane may also cause an 
action potential to occur in adjoining tissues. In a nerve or muscle fiber, the action 
potential can be propagated across the entire membrane following the path of least 
resistance. Continuous electrical stimulation can generate continuous action poten-
tials in the tissue. The rate at which an action potential is propagated depends on 
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Figure 8-11. Strength-duration curve. 
Relationship between strength-duration 
curves for nerve fibers and denervated 
skeletal muscles. Less amplitude is 
needed to reach threshold as time/
duration increases. (Illustration by Kim 
Bartlett, used with permission.)
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the diameter of the nerve fiber and the degree of myelination. Conduction occurs at 
a faster rate in myelinated fibers than in unmyelinated fibers. Larger diameter fibers 
also have lower resistance to the conduction current that is generated by the action 
potential. The number of nerve fibers recruited increases as the amplitude and the 
pulse duration increase. Following an action potential, there is a period of recovery 
that limits the frequency of action potentials. 

The effect of the electrical current on muscle is dependent on several factors, 
including the number of fibers in the motor unit and the amount of stimulation pro-
vided by the device. The size of motor units varies and is dependent on its specific 
function. For example, motor units in the hand are composed of only a small number of 
muscle fibers per unit, which allows for fine muscle control. Larger numbers of fibers, 
200 or more (up to thousands), are found in large motor units and produce gross motor 
movement, such as in the muscles making up the quadriceps. When a cell membrane 
or tissue receives an unchanging stimulus over time, the cell membrane will begin 
to adapt to the stimulus and require higher levels of stimulation to trigger an action 
potential. This is called accommodation. Following stimulation and an onset of an 
action potential in a nerve cell membrane, there will be a short recovery period so the 
membrane can recoup from its excitability. This recovery time is known as the absolute 
refractory period. Inconsistency in parameters and the dosage required to maximize 
electrically stimulated muscle contraction contribute to some clinicians’ apprehension 
and failure to use electrotherapy more fully (Shah & Farrow, 2012; Springer et al., 2015; 
Figure 8-12). 

NMES has a number of therapeutic uses and effects, including prevention of disuse 
atrophy; facilitating recovery of impaired motor neuron function in acute or subacute 
neurological conditions; maintaining or strengthening muscle; modifying muscle tone 
and motor patterns including automatic, functional, and volitional movement in isolat-
ed muscles or as a kinetic chain; and facilitating neurocontrol of functional movement 
patterns and use (Dimitrijevic & Dimitrijevic, 2002). Advances in neurorehabilitation 
have led to a variety of technologies that modify cortical excitability of the damaged 
area in the cerebral hemisphere and facilitate neuroplasticity and functional outcomes 
(Gutierrez-Martinez et al., 2014). The effect of electrical current on muscle tissue is 
determined by the output of stimulation provided and temperature of the tissue. The 
amplitude and pulse duration determine the threshold for stimulation of the muscle 
and the quality of the sensation. The frequency determines the degree of tetany and 
the rate of fatigue. The duty cycle also influences the amount of fatigue, while the rise 
time affects the rate of accommodation to the electrical stimulus, as well as influencing 

Table 8-1. Tissue Impedance
Type of Tissue Approximate Water 

Content
Electrical Impedance Electrical Conduction

Bone 5% Highest Poorest

Epidermis 10% Higher Poorer

Fat 15% High Poor

Muscle 75% Low Good

Nerve 80% Lower Better

Blood 90% Lowest Best
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the action of the muscle-spindle stretch reflex. In addition, electrical conduction may 
also increase when the temperature of body tissues is increased. 

There are a wide variety of waveforms that can be used to facilitate a muscle con-
traction, some of which are proprietary or marketed by companies as being unique 
to electrotherapy. However, the waveform most frequently used with NMES is a sym-
metrical biphasic pulse, or in the upper extremity where the muscles are smaller, an 

Figure 8-12. NMES. (Reproduced with permission from Boron, W. F., & Boulpaep, E. L. 
[2017]. Medical physiology [3rd ed.]. Elsevier.)
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asymmetrical biphasic pulse. Pulse rate (or frequency), duration, and amplitude (or 
intensity) are the primary parameters adjusted to modify or manipulate the thera-
peutic effect of NMES when using a symmetrical (or asymmetrical) biphasic pulse 
(Adams et al., 2018; Bosques et al., 2016). Increasing the stimulation frequency or pulse 
rate does not cause an increase in motor unit recruitment, but may increase force 
output through its effect on the action potential and in producing a tetanic contrac-
tion. Increasing the pulse rate also increases the amount of energy to the tissue and 
can cause muscle fatigue and a decrease in contractile force. Stimulus frequency is 
increased until the desired motor response is achieved. The minimum stimulus fre-
quency for muscle contraction varies between 10 to 50 pps (Hz), with lower frequency 
used for patients who may be deconditioned or fragile. 

The therapeutic parameters for amplitude (the strength/intensity of the electri-
cal current) and pulse duration (length of time the pulse is administered) affect the 
number of muscle fibers activated during the stimulation. When the amplitude or pulse 
duration increases, so too does the overall charge of each pulse, essentially increas-
ing the effect of the stimulation. Increasing the amplitude or pulse duration activates 
neurons that are located farther from the electrodes, causing an increase in motor 
unit recruitment and force output but also increasing patient discomfort (Gorgey et 
al., 2006; Springer & Shapiro, 2017). Research related to the ideal clinical parameters 
of pulse duration and amplitude vary in the literature, and the optimal settings for a 
specific patient or clinical condition also are variable (Figure 8-13). 

Voluntary Versus Electrical Stimulation of Muscle
Normal voluntary stimulation of an efferent motor fiber causes depolarization of 

the motor unit at the neuromuscular junction. The process of depolarization serves as 
the impetus for an action potential resulting in a muscle contraction. During normal 
voluntary contractions, the nerve fibers that innervate muscle tissue fire asynchro-
nously, with small motor units being recruited first and large motor units recruited 
only when the muscle is required to produce an increased force output. This asyn-
chronous sequence of motor unit recruitment results in a smooth controlled muscle 
contraction during normal voluntary movements. 

In muscle fibers stimulated by use of an electrical device, fiber size recruitment 
occurs in reverse sequence as compared to normal voluntary contractions with large 

Figure 8-13. Therapeutic parameters for amplitude. (Reproduced with permission from Boron, W. F., & 
Boulpaep, E. L. [2017]. Medical physiology [3rd ed.]. Elsevier.)
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motor fibers recruited first in a synchronous pattern followed by smaller muscle fibers. 
Motor fiber recruitment using electrical stimulation is a result of the anatomic position 
of large motor fibers being more superficially located to the skin surface as compared 
to small motor fibers. Large motor fibers are more easily stimulated by electrical 
stimulation using surface electrodes. When the skin surface is stimulated, the sensory 
receptors will be activated before the signal is propagated to the motor or pain nerves. 

A primary factor that determines response to electrical stimulation and nerve 
recruitment is the location of the nerve fibers and their relationship to the electrode 
placement. In essence, the closer the nerve fiber is to the electrode, the more likely 
it will be stimulated (Gobbo et al., 2014). Because small-diameter fibers frequently lie 
closer to the surface of the skin, it is common for superficial touch or pressure recep-
tors to be stimulated first, in which the electrical current will cause “pins and needles” 
or a tingling sensation in the area where the electrode is placed. Furthermore, when 
the intensity of the stimulus is increased, the stimulation will initially spread to the 
deeper lying tissues to recruit motor fibers and then spread to the fibers, which will 
subsequently convey a pain signal. If the stimulus frequency and amplitude is suffi-
cient, a muscle twitch contraction or fasciculation will become fused in synchronous 
rapid succession and the contraction will become tetanic. By stimulating the motor 
nerve in clinical applications, a muscular contraction can be produced. In innervated 
muscle tissue with electrical current sufficient for muscle membrane depolarization, a 
muscle contraction will occur. This stimulation is considered an all-or-none response 
(Benton et al., 1980; Nelson et al., 1987). Yet, when the electrodes are placed in an area 
with no skeletal muscle fibers or motor nerve fibers, a painful response will not occur 
until the electrical stimulation intensity is increased. To minimize current intensity 
and potential discomfort, individually identifying motor points for electrode position-
ing will maximize the muscular tension and response (Gobbo et al., 2011; Figure 8-14).

Muscle fatigue is another factor that must be respected by the clinician when 
using electrical stimulation devices for motor fiber recruitment. The recruitment bias 
of large muscle fibers with electrical stimulation tends to cause fatigue of large muscle 
fibers more rapidly than normally occurs during voluntary contractions. Modulating 
the parameters of pulse amplitude, rate, and duration will all affect the speed at which 
muscle fibers fatigue. In addition, electrical stimulation of large muscle fibers produces 
contractions that lack the finely controlled quality of normal voluntary movement that 
occurs when small muscle fibers are recruited first. As a result, experts are mixed on 
the question of how functional the use of electrical stimulation is on facilitating muscle 
contractions for rehabilitation (Baker et al., 1988; Byl et al., 1994; Gregory et al., 2005; 
Kantor et al., 1994; Quevedo et al., 1997). Low-frequency PCs or medium-frequency 
NMES currents can be used to increase muscle strength while inducing similar neuro-
muscular fatigue (De Oliveira et al., 2018). NMES can be effective, but three primary 
impediments to effectiveness include patient discomfort, limited spatial recruitment 
with decreased evoked tension or strength with early muscle fatigue, and difficulty 
controlling the dosage (Gobbo et al., 2014; Wiest et al., 2017).

Electrodes and Skin Care
Clinical electrodes act as an interface between the skin surface and the electrical 

stimulator. In addition, they serve to facilitate the penetration of electrical current 
through the skin. To avoid patient discomfort and limited motor recruitment, proper 
electrode placement is critical and requires practice. The position and placement of 
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the electrode influences the density of the electrical current and the flow and path of 
the electric current through the anatomical structures, which include the sensory and 
motor branches of the peripheral nerve. When electrodes are correctly placed over 
the motor point, stimulation of the motor branch is facilitated. Incorrect electrode 
placement will require higher electrical current levels in order for the current to reach 
and stimulate the motor branch, which concurrently provides increased stimula-
tion and excitation of the afferent pain fibers, causing patient discomfort (Gobbo et 
al., 2014; Lou et al., 2017). There is an inverse relationship between current density 
and electrode size. Current density refers to the amount of electrical current flowing 
through a cross-sectional area, in electrotherapy, the electrode. If electrodes are the 
same size, the electrical current density will be equal between the two electrodes. If 
one of the electrodes becomes loose or peels back off the patient’s skin, the current 
density will increase under the smaller electrode, increasing discomfort and the poten-
tial for burns. 

A wide range and variety of clinical electrodes are commercially available to the 
clinician. Electrodes are designed in varying shapes, sizes, and flexibility depending 
on the manufacturer and based on clinical use. The electrode is composed of an elec-
trically conductive material surrounded by a nonconductive material. The size, type, 
and placement of the electrodes help determine the effectiveness and ease of treat-
ment (Figure 8-15). Electrodes are made from a variety of materials including metal, 
carbon-impregnated silicone rubber, or metallic meshed cloth. An interface, or medi-
um, between the electrode and the skin is often needed to decrease skin-electrode 
resistance. Moistened sponges are frequently used with metal electrodes to decrease 
the skin-electrode impedance. Carbon-rubber electrodes often use a conducting gel, 
but sponges and gauze saturated with water often suffice. Conducting gel should be 
applied liberally to the entire conducting surface area of the carbon-rubber or metal 
electrodes to decrease the skin-electrode resistance and to improve patient comfort 
(De Domenico, 1988; Karnes et al., 1992).

Figure 8-14. Mixed peripheral nerve and two stimulation sites. (Reproduced 
with permission from Gobbo, M., Maffiuletti, N. A., Orizio, C., & Minetto, M. [2014]. 
Muscle motor point identification is essential for optimizing neuromuscular 
electrical stimulation use. Journal of Neuroengineering and Rehabilitation, 11, 17.)



Principles of Electrotherapy  253

Electrodes may be self-adhesive, or nonadhesive electrodes may be used with 
adhesive patches or tape. Enough gel must be used to completely cover the elec-
trode surface to facilitate full contact between the electrode and the skin. Carbon-
impregnated rubber electrodes degrade over time and with prolonged use and should 
be replaced often to prevent the development of hot spots on the electrode. The hot 
spot in carbon-rubber electrodes may cause skin irritation and patient discomfort, 
frequently described as a biting or stinging sensation. If the patient complains of dis-
comfort during electrical stimulation, the safest remedy is to replace the electrodes.

Self-adhering electrodes may be reusable with a foil or metal mesh and a synthetic 
gel or conductive karaya covered with an adhesive surface. These electrodes do not 
require strapping or taping for adherence, making them convenient to use and helpful 
for patient compliance when home units are prescribed for treatment. These elec-
trodes can also be wiped off with water to remove any tissue slough or dry skin that 
may be limiting conductivity. Should the electrodes fail to adequately maintain their 
position over the treatment area, they can be taped down using Coban tape (3M) or a 
Kinesio-type tape to prevent discomfort from higher current density.

Many electrodes used in patient care are safe if left on the skin for extended peri-
ods of time, though patients with thin skin or those on blood thinners may be unable 
to tolerate the self-adhering electrodes used for electrotherapy. These electrodes 
decrease the risk of cross-contamination and are single-patient use only. Self-adhering 
electrodes are easy to apply and an allergic reaction to the glue or electrode is rare. 
Patient and family instruction in proper skin care and hygiene is crucial to prevent 
skin irritation or skin breakdown with prolonged use (Kern et al., 2010). Carbon-rubber 
electrodes allow the greatest amount of current to be delivered with the least amount 
of skin impedance. As a result, carbon-rubber electrodes may be more comfortable for 
the patient. Large electrodes tend to have a lower resistance to electrical conductivity 
compared to smaller electrodes (Albertin et al., 2018). 

Electrodes are attached to the stimulator by leads or lead wires. Lead wires most 
often attach to two electrodes by a metal tip that inserts into the electrode. There are 
several different types of electrode-lead wire configurations available, such as the pin, 
pigtail, or snap-to-pin. The tips are prone to corrosion and should be cleaned on a regu-
lar basis. Patients who have difficulty with fine motor control or who have poor vision 

Figure 8-15. Common electrodes that act 
as an interface between the body and the 
electrical stimulator. There is an inverse 
relationship to electrode size and current 
density. (Reproduced with permission 
from Chattanooga Group.)
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may be more comfortable using the snap-to-pin configuration. Other factors such as 
skin resistance, presence of adipose tissue, excessive hair, or poor electrode contact 
with the skin, may interfere with electrical conduction and result in greater resistance 
to the current (Table 8-2). 

Electrode Size
Careful selection of electrode size is crucial to achieve clinical goals for pain relief 

or to stimulate muscle contractions. As long as current intensity is the same, there will 
be an inverse relationship between the density of the electrical current and the size 
of the electrode. In other words, as the size of the electrode decreases, the current 
density increases. With large electrodes, the total amount of current is distributed 
over a larger surface area compared to a small electrode, which effectively creates 
an electrode with less current density, and potentially, greater comfort. However, the 
size and placement of the electrode are critical factors in determining the effect of the 
stimulation on the motor nerve. When using NMES, electrodes are placed over the 
motor point (nerve). This may be located at the beginning of the muscle belly or over 
the bulk of the muscle fibers. There are no easy ways to locate motor points due to the 
variability in patient anatomy, so trial and error and slowly moving the electrode in a 
systematic manner (and in small amounts) may be required.

Increased current density (as with small electrodes) creates a subsequent increase 
in perception of the electrical current under the electrode and a greater potential for 
physiologic changes to occur on the skin directly under the electrode. If the current 
density is too high, it can lead to surface burns and potential tissue damage. Therefore, 
it is important to monitor the skin surface when using electrical stimulation units for 
treatment. 

Selecting the appropriate electrode size to treat various muscle tissues is also 
clinically important. Large muscle tissue is better stimulated using large electrodes 
to disburse the current over a wider area, whereas smaller muscle tissue will respond 
effectively by using smaller electrodes critically placed. For example, a larger electrode 
should be used to facilitate a muscle contraction of the biceps brachii, as compared to 
facilitating a muscle contraction of the intrinsic muscles in the hand. 

Table 8-2. Factors Affecting Electrode Conduction
•	 Resistance from skin surface due to dirt, sweat, or lotions
•	 Areas of excessive adipose tissue
•	 Dry skin, skin irritation, or breakdown
•	 Perspiration residues
•	 Hair (excessive hair can be cut short and/or cropped close to the skin; avoid shaving the 

area)
•	 Poor electrode contact with the skin
•	 Electrode spacing (electrodes placed too closely together)
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Electrode Placement
Correct placement of electrodes for clinical use is critical to achieve patient treat-

ment goals and optimal electrotherapy goals. Proper location and placement of the 
electrodes will improve the effectiveness of the electrical current and facilitate patient 
comfort. Electrodes placed too closely together will increase the electrical current 
density between the two electrodes, making the electrical current flow more super-
ficial and possibly causing patient discomfort. In contrast, electrodes placed further 
apart will result in greater patient comfort due to less centralized current density. The 
distance between two treatment electrodes also affects the depth of penetration of the 
electrical current. In general, the more distance between two electrodes, the deeper 
the penetration into the tissue and the more comfortable the stimulation. A general 
guideline for electrode placement is that electrodes should be placed no closer togeth-
er than one-half the diameter of the electrode. This is clinically important when the 
goals of treatment are to stimulate tissue located below superficial tissues and small 
muscle groups as well as to prevent discomfort. 

The orientation of the electrodes also needs to be considered when the goal is to 
stimulate muscle tissue. Muscle fibers are more conductive when electrical current 
flows in the same direction as the muscle fibers. Therefore, electrodes placed longitu-
dinally to the target muscle fibers result in a stronger force of contraction. Stimulation 
may use electrodes configured to be monopolar, bipolar, or quadripolar.

Monopolar Placement
Monopolar techniques involve the use of an active and dispersive electrode 

(McCulloch et al., 1995). The active electrode is placed over the target area where the 
treatment effect will occur and is generally smaller in size than the dispersive electrode, 
or can also be configured as a probe. The dispersive electrode is larger and is used to 
complete the circuit, with placement at a distance from the target electrode. Because of 
the higher current density, the effect of the treatment is concentrated under the smaller 
or active electrode. Monopolar techniques are used most often for the stimulation of 
trigger points, during wound healing, or for muscle stimulation of the upper extremity 
or small muscle groups (Baker et al., 1988; Myklebust & Robinson, 1989; Figure 8-16).

Bipolar Placement
Bipolar techniques require the use of two electrodes from one channel of equal or 

near-equal size. Bipolar techniques are most often used for stimulating large muscle tis-
sues. The patient will perceive an equal amount of stimulation or response under each 
electrode if equal sized. If the electrodes are not of equal size, then the net effect will 
generally be greater under the smaller electrode where the current density is greater. 
If a motor response is the goal, one electrode should be placed over the motor point, 
with the other electrode placed at a different location on the muscle belly. If a larger 
area is targeted or a combination of movement is required, the leads can be bifurcated 
(Figure 8-17).

Quadripolar Placement
Quadripolar techniques use two channels and two sets of electrodes. This arrange-

ment requires four electrodes located within the treatment area. With a quadripolar 
arrangement, the electrical currents will cross each other, thus causing an increased 
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Figure 8-16. Alpha-Stim cranial electrotherapy stimulator 
(Electromedical Products International, Inc.) for control of anxiety, 
insomnia, depression, and pain with dual probes. (Reproduced with 
permission from Electromedical Products International, Inc.)

Figure 8-17. Bipolar electrode 
placement.
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area of current density at the point of intersection. This may be beneficial when the 
goal of treatment is to target an area located at the point where both currents inter-
sect. Quadripolar techniques are often used to stimulate large areas for pain manage-
ment and for stimulating antagonistic muscle groups to facilitate functional goals in 
rehabilitation (Figure 8-18).

Stimulation of Muscle and Nerve Fibers
When using electrical current to stimulate healthy muscle tissue, it is not the mus-

cle fiber being stimulated directly, but rather the nerve fibers that innervate the target 
muscle. Nerve fibers have lower electrical thresholds and are more excitable to action 
potentials. As a result, nerve fibers react to electrical stimulation at lower electrical 
intensities and shorter pulse durations. In contrast, muscle fibers require longer pulse 
durations to achieve the same response. This is important when determining if electric 
stimulation is clinically indicated as well as when choosing the type of current to use. 

Nerve fibers that are small in diameter (e.g., sensory and pain fibers) require 
greater electrical intensities with longer pulse durations to achieve a physiological 
response. Larger diameter nerve fibers, on the other hand, will respond to lower inten-
sities and shorter durations to achieve a response. However, when stimulating dener-
vated muscle tissues, long pulse durations are required to stimulate the muscle fiber 

Figure 8-18. Quadripolar electrode 
placements.
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directly because the nerve fiber is no longer intact (Pieber et al., 2015). Denervated 
muscle generally requires the use of DC to be effective (Baker et al., 1988; Benton et al., 
1980), although recent research also indicates AC can be used. Improved motor recov-
ery following a nerve injury and repair can be facilitated through axonal regeneration 
and decreasing atrophy in the affected musculature, effectively improving muscle 
strength and function (Bueno et al., 2017; Moimas et al., 2013).

Research related to treating denervated muscle tissues is often contradictory 
and confusing. One school of thought adheres to the idea that denervated muscle 
needs to be stimulated during the early phases following injury to reduce atrophy of 
muscle fibers and inhibit the proliferation of fibrous connective tissues. To accomplish 
this, treatment must occur before this process and apoptosis (cell death) begin, with 
research indicating that immediate stimulation is more effective than delayed use (Koh 
et al., 2017; Lim & Han, 2010; Verlaan et al., 2015). However, if the prognosis of recovery 
from denervation is good, stimulation may not be necessary because muscle atrophy 
and connective tissue formation will reverse naturally. If denervation is prolonged and 
atrophy occurs, stimulation of muscle tissue may be indicated (Verlaan et al., 2015). 
Denervated skeletal muscles lack contractile activity and subsequently lose mass and 
force generation. However, stimulated-denervated muscles maintained higher mass 
and force (Dow et al., 2006; Gallasch et al., 2005; Kern et al., 2004). FES training is effec-
tive in reverting long-term denervation atrophy and dystrophy. The recovery of muscle 
mass seems to be the result of both a size increase of the surviving fibers and the 
regeneration of new myofibers (Kern et al., 2005; Russo et al., 2007). Other researchers 
have found that electrical stimulation can protect muscle histology, electrophysiology, 
and enzymic histochemistry of denervated skeletal muscle from degeneration (Modlin 
et al., 2005; Xu et al., 2003). 

 There has been a great deal of research over the years advocating the use of elec-
trical stimulation to enhance muscle strength and performance in patients involving 
a variety of clinical conditions, including acute and chronic stroke, traumatic brain 
injury, musculoskeletal conditions, chronic debilitating conditions, critically ill or 
advanced disease, intensive care unit–acquired weakness, chronic obstructive pul-
monary disease, spinal cord injuries, peripheral nerve injuries, decubitus, and wound 
care. NMES has been found to selectively stimulate large, fast-twitch muscle fibers 
prior to slow-twitch fibers. In contrast, traditional physical exercise to promote muscle 
strengthening selectively recruits smaller, slow-twitch, type I fibers prior to stimulat-
ing type II fibers (Doucet et al., 2012). Therefore, some researchers claim that NMES is 
not an adequate substitute for voluntary exercise to strengthen muscle fibers because 
it does not functionally recruit muscle fibers in the same order as do voluntary con-
tractions. Pairing electrical stimulation to functional tasks, activities, and movement 
facilitates and strengthens therapeutic goals and outcomes. NMES is used to improve 
motor function in the extremities and trunk in order to improve muscle strength, 
decrease spasticity, increase ROM, improve volitional movement and control, and 
facilitate return of functional movement and engagement in valued tasks and activities 
(Jones et al., 2016; Young, 2015).

Following injury and a period of immobilization, muscle atrophy first occurs in 
fast-twitch, large fibers. To promote an increase in strength of fast-twitch muscle 
fibers following injury, an individual would need to exercise at a high-intensity level 
between 78% and 119% of maximal voluntary isometric muscle contraction (Delitto, 
McKowen, et al., 1988; Delitto, Rose, et al., 1988; Delitto & Snyder-Mackler, 1990; Lake, 
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1992). However, exercising at this level of intensity requires a significant increase in 
cardiac output primarily due to an increase in heart rate. If high-intensity exercise is 
contraindicated for a patient, such as with older adults and those suffering from cardio-
vascular disease, then selecting NMES as a substitute may be a better choice for thera-
peutic muscle strengthening. If an individual can safely perform volitional exercise at 
a high enough intensity to stimulate muscle strengthening, then NMES may not be the 
best choice for therapy. Selecting NMES to augment strength is best indicated during 
the early phases of rehabilitation when the individual is unable to perform volitional 
exercise and activities at required levels of intensity (Bax et al., 2005; Caggiano et al., 
1994; Cameron et al., 1998; Chae 2003; Currier & Mann, 1983; Delitto, Rose, et al., 1988; 
Delitto & Snyder-Mackler, 1990). NMES over the pectoralis and abdominal muscles 
might improve cough capacity and pulmonary function in cervical spinal cord injury 
with tetraplegia (Cheng et al., 2006; Table 8-3). 

Physiologic Effects to Electrical Stimulation
Specific physiologic responses occur at the cellular level, tissue level, or segmen-

tally within muscle fibers that are electrically stimulated. The intensity of stimulation is 
one factor that will determine if the effect enhances or suppresses a specific response. 
At the cellular level, electrical stimulation may modify the activity of fibroblasts and 
osteoblasts. In addition, electricity may facilitate increased microcirculation and 
increase the metabolic rate of activity. Electrical current may also effect smooth mus-
cle contraction or relaxation secondary to its effect on circulation as well as influence 
tissue regeneration and remodeling. The effect of peripheral nerve and central nervous 
system injuries on movement and motor patterns can be profound. Motor patterns are 
altered after a motor nerve injury secondary to muscle denervation as well as with sen-
sory nerve injuries leading to compensatory movements and affecting functional move-
ments and use. Coordinated and fluid movements in the upper extremity and in fine 
motor manipulation require integration of both the motor and sensory systems. Muscle 
contractions also affect lymphatic, arterial, and venous blood flow. Systemically, there 
may be a decrease in pain due to the stimulation effect on neurotransmitters and an 
increase in endogenous opiates (Ainsworth et al., 2006; Allais et al., 2003; Al-Smadi et 
al., 2003; Aydemir et al., 2006; Benedetti, 2007).

Table 8-3. Recruitment
Recruitment 
Order

Fiber Type 
and Class

Diameter 
(µm)

Amplitude Phase 
Duration

Pulse/Phase

First A-Beta 6 to 12 Lowest Shortest Lowest

Second A-Gamma 2 to 8

Third A-Delta 1 to 6

Fourth C IV <1 Highest Lowest Highest
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General indications for the use of electrotherapy for innervated muscle tissue, or 
NMES, include:

•	 ROM
•	 Inhibition of spasticity or muscle spasm
•	 Muscle strengthening or disuse atrophy
•	 Muscle strengthening without increasing cardiovascular output
•	 Improving endurance
•	 Muscle reeducation or neuromuscular facilitation
•	 Orthotic substitution
•	 Edema control in both acute and chronic conditions
•	 Wound care and tissue healing

In denervated muscle tissue, electrical stimulation can be used to maintain muscle 
integrity, strengthen adjacent muscle groups, or teach compensatory movements, such 
as in the case of an incomplete spinal cord injury or peripheral nerve injury. Electrical 
stimulation may also be effective for stimulating tissue repair through improved circu-
lation and/or edema control, promoting wound healing, and facilitating the transcuta-
neous delivery of medications through iontophoresis (Ciombor & Aaron, 2005; Evans 
et al., 2001; Gardner et al., 1999). Electrical stimulation can also be used across the 
lifespan, from infants to older adults, with proper training and preparation.

Summary
Electrotherapy is a dynamic and growing area of clinical practice and research and 

should be considered for a variety of clinical conditions. Unfortunately, although the 
research strongly supports its incorporation into clinical practice, electrotherapy is 
often underused secondary to lack of adequate training and understanding of electrical 
parameters and settings, an uncertainty in appreciating subtle return in the hemiplegic 
upper extremity and in identifying and incorporating movement into valued tasks and 
activities, and the effect of institutional focus on productivity standards. Advances in 
technology and the use of electrotherapy for a variety of clinical conditions and appli-
cations include stimulation for hemiparesis, tetraplegia, dysphagia, and cerebral palsy; 
to improve healing, functional movement, and engagement in activity and occupational 
tasks; and to decrease pain. These warrant careful consideration and review of this 
modality for the unique needs of each patient. Therapists are encouraged to review the 
research to stay current with the technological innovations in this area and to obtain 
advanced clinical training to ensure safety and efficacy in its use. 
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Learning Objectives
1. Describe the clinical application of electrical stimulation in rehabilitation.
2. Discuss research related to neuromuscular electrical stimulation (NMES) use 

and clinical application. 
3. Discuss indications, precautions, and contraindications for NMES use.
4. Identify appropriate electrode placement for treatment protocols.
5. Demonstrate clinical reasoning in determining appropriate selection of elec-

trotherapy equipment and clinical parameters for therapeutic interventions.
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Overview of Electrotherapy 
The field and clinical use of electrotherapy has grown dramatically, due in part 

to advances in technology, instrumentation, and demand. A focus on pain control 
and alternatives to medication has also led to greater awareness and interest in elec-
trotherapeutic interventions. Electricity is a form of energy that consists of charged 
particles (or electrons) and has magnetic, chemical, mechanical, and thermal proper-
ties. To ensure that therapists are speaking the same language, it is important to have 
a concise definition of what constitutes an electrotherapeutic agent. Electrotherapeutic 
agents are those procedures or interventions that:

 ӹ Are systematically applied to modify specific client factors that may be limiting 
occupational performance 

 ӹ Use electricity and the electromagnetic spectrum to facilitate tissue healing, 
improve muscle strength and endurance, facilitate or stabilize movement, decrease 
edema, modulate pain, and decrease or modify the healing process 

 ӹ Are used as an adjunctive or preparatory method to engagement in occupation and 
functional tasks and activities. 
Many of the recent advances and clinical applications use electrotherapeutic 

agents to facilitate functional movement in the performance of occupational tasks. 
Research supports the use of electrotherapeutic agents in this fashion because it 
strengthens and reinforces patterns of movement and function and facilitates indepen-
dence (Chae, 2003; Cheng et al., 2006; Crevenna et al., 2006; de Carvalho et al., 2006; 
Han et al., 2003). 

Clinically, NMES is used to selectively evoke muscle contraction through stimula-
tion of the intact or partially intact peripheral nervous system. Although there is an 
increasing body of research and practical clinical applications supporting its use with 
a variety of clinical conditions, NMES use is rarely considered by many clinicians as 
an adjunctive method to facilitate occupational performance. A frequent argument 
against using electrotherapy, or physical agents in general, is the perceived lack of 
evidence-based research. Available research may be contradictory, lacking in rigor 
and consistency in design, and involve a wide variety of therapeutic parameters or 
measures. However, that does not mean that the available research is insignificant or 
not applicable; inconsistency may be due to variability of the clinical diagnosis and 
research design inefficacy (Tygiel, 2010). 

As research and clinical applications continue to evolve supporting the use of 
NMES, clinicians should consider its use and application as an additional tool in their 
therapeutic repertoire, particularly with those patients impacted with central nervous 

Terminology
•	 Accommodation
•	 Current density
•	 Electrical stimulation
•	 Electrotherapeutic agents
•	 Functional electrical stimulation

•	 Glenohumeral subluxation
•	 Neuromuscular electrical 

stimulation
•	 Sensory electrical stimulation
•	 SOAP documentation
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system (CNS) injuries. NMES can be used to strengthen or prevent disuse atrophy 
during or following immobilization or inactivity, maintain or improve range of motion 
(ROM), facilitate voluntary motor control, decrease edema through its muscle pump-
ing action, decrease spasticity and muscle spasm, facilitate sensory neural pathways, 
and act as a substitute for orthotic devices allowing for engagement in functional 
movements and activities. The goal for the occupational therapist is to clinically deter-
mine how electrical stimulation can effectively be incorporated into the therapeutic 
process and to strengthen research related to its use (Alon, 2003; Aoyagi & Tsubahara, 
2004; Dromerick et al., 2006). Clinicians often feel overwhelmed by the number of 
devices available and their complexity, terminology used by the manufacturers, vari-
ability in waveforms and parameters, and in understanding their physiological effects 
and outcomes.

Commonly used electrotherapy devices in occupational therapy include transcu-
taneous electrical nerve stimulation (TENS), which uses alternating current (AC) for 
pain control; NMES, which uses AC for strengthening, neuromuscular reeducation, 
preventing disuse atrophy, muscle spasm, or edema; high-voltage pulsed current 
(HVPC) for wound healing and edema control; electrical muscle stimulation (EMS), 
which uses direct current (DC) for denervated muscle stimulation; functional electri-
cal stimulation (FES), which uses AC as an orthotic substitute or functional activity 
such as feeding; and iontophoresis, which uses DC for transcutaneous drug delivery. 
These waveforms and applications can be unique to a single battery-powered, por-
table, hand-held size unit. Manufacturers also produce equipment with multicurrent 
applications/waveforms located in a single, large clinical model electrotherapy device 
that is plugged into a wall outlet. Due to the multitude of waveforms and equipment, 
understanding the current types and modalities and their physiological effects (and 
parameters) is critical to selecting and using the correct form of electrotherapy. 
Because the various devices use either batteries or line current (110 volt [V], 60 Hertz 
[Hz] in the United States), the equipment uses transformers, filters, regulators, and 
other electronics to modify the current into the desired therapeutic waveform. Due 
to technological advances, more recent equipment employs digital controls in place 
of analog (dials). Equipment may also have therapeutic programs, pre-programmed 
regimens, or parameters preset by the manufacturer based on research and desired 
therapeutic goals, which can expedite treatment but limits individual specificity. 

Depending on the equipment selected or available, there are several controls or 
parameters that can be adjusted in order to achieve the desired therapeutic goal. Pulse 
duration and frequency are primary components that may be on the device. Pulse 
duration is often labeled pulse width, while pulse frequency may be labeled as rate, 
pulses per second (pps), or frequency, depending on the manufacturer. The clinician 
adjusts the number of pps when using pulsatile (pulsed) equipment. NMES devices 
also have controls for on-/off-time and ramp up/ramp down, which are manipulated 
for muscle strengthening or endurance and to accommodate for spasticity and muscle 
tone. Clinicians are encouraged to review the equipment manual to ensure familiarity 
with the specific equipment before use. 

Because electrotherapy devices are programmed or possess specific waveforms 
developed to stimulate various neurological and physiological pathways, there are sev-
eral applications and therapeutic goals that must be considered. Electrotherapeutic 
clinical applications are frequently used to stimulate skeletal muscle for movement or 
stabilization and strengthening, facilitate neuromuscular reeducation, modulate pain, 
increase blood flow to facilitate tissue healing, and decrease edema. Stimulation of skel-
etal muscle for strengthening uses the electrotherapy form of NMES. Electrotherapy 
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for use as an orthotic substitute (neuroprosthetic), such as the WalkAide (Accelerated 
Care Plus Corporation), or to facilitate movement and functional tasks, such as feeding, 
is also referred to as FES (Figure 9-1).

Clinical Reasoning and Treatment Parameters
Treatment parameters and goals are based on the findings of the initial evaluation 

and patient history. Depending on the research, treatment parameters vary, and the 
inconsistency can be difficult for clinicians looking for guidance when using electro-
therapy. The use of NMES is less a question of whether to integrate and use electro-
therapy, but to determine the ideal parameters and incorporate it effectively to rein-
force occupational tasks, activities, and movements. A systematic review assessing the 
effect of FES on improving activity and whether FES was more effective than training 
alone found that FES moderately improved activity compared with no FES and training 
alone, as well as that FES should be used in stroke rehabilitation to improve functional 
performance in activities (Howlett et al., 2015). Another systematic review assessing 
the effectiveness of poststroke FES to the upper extremity and its effect on activities 
of daily living (ADL) and motor outcomes found a statistically significant benefit from 
using electrical stimulation within 2 months of a stroke on ADL performance (Eraifej et 
al., 2017). Based on the research, it is clear that incorporating electrical stimulation to 
facilitate motor and ADL performance should be a consideration. The question many 
clinicians have is, “Where do I start?”

The therapist should select the muscle or muscle group to be stimulated, which 
will be based in part on the clinical condition (e.g., cerebrovascular accident [CVA], 
musculoskeletal or orthopedic conditions, spinal cord injury [SCI], neurological con-
ditions), the integrity and innervation of the peripheral nerves, and the parameters 
of the available equipment. For a patient with muscle weakness or developing motor 
return following a CVA, the pulse duration can be set at 200 to 300 microseconds (µs), 

Figure 9-1. A neuroprosthetic, the WalkAide, uses FES to the anterior tibialis to prevent foot drop and 
facilitate gait and ambulation. (© 2022 Innovative Neutronics, Inc., All rights reserved.)
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with the frequency between 25 and 35 pps. Individuals with healthy muscle tissue 
can tolerate frequencies between 35 and 50 pps. Frequencies (pps) should be chosen 
that achieve the desired outcome yet are comfortable to the patient. The intensity is 
increased to achieve tetany with muscle contraction, which allows for a 3/fair + muscle 
grade in the desired muscle. The on-/off-ratio should be 1:3 or higher to allow muscles a 
chance to recover between contractions and can be increased to a 1:5 ratio to allow for 
greater rest between stimulation. Treatment time is usually 30 minutes twice a day to 
three times a day for 5 sessions per week. Treatment should continue for 3 to 4 weeks 
with reevaluation to determine treatment effectiveness. To facilitate effectiveness of 
the intervention and carryover, neuromuscular stimulators may often be used as part 
of a home exercise program. Proper patient and family training is a necessity to ensure 
that the patient and caregiver are familiar and comfortable with electrode placement, 
skin care, and the stimulating parameters of the equipment. Specific electrode place-
ment for muscle groups will be discussed later.

NMES may be used to strengthen a motor response when reinnervation has 
occurred and the patient is unable to achieve voluntary contraction without electrical 
stimulation. A protocol that can be used as a starting point uses an asymmetrical or 
symmetrical biphasic waveform, depending on the muscle group targeted. Pulse dura-
tion is 300 µs with a frequency between 25 and 35 pps. Intensity should be gradually 
increased to the maximum tolerated contraction with an on-/off-time of 1:1 or 1:2. The 
recommended treatment is 10 to 20 repetitive contractions, 3 to 5 times per week. 
Treatment is usually continued until the patient can achieve maximal contraction of 
the target muscle without electrical stimulation. Pairing the response to a functional 
movement or activity will increase the carryover effect and facilitate strengthening of 
the musculature. Other studies have found that treatment parameters of 60 minutes 
of stimulation, 6 days per week for 4 weeks improved upper extremity function when 
compared to conventional treatment protocols (Noma et al., 2014). Repetitive facilita-
tive exercise concurrent with low-amplitude NMES for 4 weeks, 40 minutes per day, 
5 days per week providing up to 100 to 150 repetitions of standardized movements 
of the shoulder, elbow, and wrist also was more effective than conventional reha-
bilitation protocols in decreasing arm impairment following CVA (Noma et al., 2014; 
Shimodozono et al., 2014).

Factors Affecting  
Neuromuscular Electrical Stimulation

There is a wide variety of electrical equipment available for clinical use. 
Researchers are exploring the effectiveness of both surface and percutaneous elec-
trodes on the CNS and muscular function (Chae, Yu, et al., 2001; Daly, 2006). Use 
of electrical stimulation also has long-term beneficial therapeutic effects on motor 
control and function, and NMES training-induced neural adaptations were maintained 
after discontinuation of treatment (Gondin et al., 2006a). Task-oriented stimulation 
has been found to improve shoulder subluxation, muscle activation, pain and move-
ment, and functional use of the upper extremity (Jeon, 2017). Use of FES in the lower 
extremity poststroke is well established, though there continues to be variability in 
its application to the upper extremity. Research has indicated the positive aspects of 
incorporating electrical stimulation as an adjunctive method in the upper extremity 
and a systematic review of the research found a significant benefit from FES applied 
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within 2 months of stroke on the primary outcome of ADL (Eraifej et al., 2017), although 
the optimum window for application remains a question. The first month following a 
stroke has been suggested to be a critical period for implementation of treatment with 
motor recovery being more problematic and not expected beyond 5 months following 
onset (Stinear, 2017; Stinear et al., 2013). NMES can be applied to the finger extensor 
muscles of the affected hand due to flexor spasticity in patients with hemiparesis 
following stroke (Nakipoglu Yuzer et al., 2017). It is recommended that therapeutic 
interventions be implemented as early as possible and adapted to the patient’s level of 
motor recovery in order to improve therapeutic outcomes (Eraifej et al., 2017; Kwakkel 
et al., 2004; Stinear et al., 2014).

 Although the research and technology indicate improved outcomes in a variety 
of clinical conditions, therapists are often hesitant to use NMES as an adjunctive 
tool. Because of the variety of equipment available and inconsistencies in clinical 
and research parameters, clinicians are often cautious to use NMES—citing meth-
odological flaws in the research, including timing of NMES initiation, NMES training 
dose, isolation of the NMES training from the training of specific tasks or functions, 
and confinement of stimulation to only one to two muscle groups (Alon, 2003). Because 
of these factors and variability, clinicians should familiarize themselves with the type 
and parameters of the equipment available in their department or clinic before using 
electrical stimulation as part of a treatment program. Additionally, a thorough under-
standing and review of anatomical landmarks and kinesiology is crucial to determine 
appropriate electrode placement and muscle movement. 

Each electrotherapeutic device may have unique characteristics and parameters 
that must be adjusted to achieve appropriate outcomes. It is critical to remember that 
use of electrical stimulation does not take precedence over engagement of the patient 
in appropriate activities and occupations, but is most effective when used in conjunc-
tion with functional movement or activity (Baker et al., 1983; Carmick, 1993). Clinicians 
should be familiar with the operation of the equipment available to them and thorough-
ly review the operating manuals of their respective equipment. Incorporating NMES 
into functional movements and activities will reinforce the patterns and improve the 
effectiveness and outcomes of the stimulation promoting occupational performance.

Some basic factors and parameters must be considered prior to using NMES as 
part of a treatment protocol. The amplitude, pulse duration, resistance/impedance, 
electrode size and placement, and pulse frequency will all affect the quantity of cur-
rent required to stimulate motor nerves and cause depolarization. The frequency and 
duty cycle affect the quality of the muscle contraction, the strength of the contraction, 
and the rate of fatigue. The amplitude will provide the subjective comfort level and 
determine the magnitude of the sensory or motor response and should be gradually 
increased during the first few treatment sessions. The maximum amplitude tolerance 
of an individual is a primary factor that determines the depth of penetration of the 
electrical current. Research assessing the parameters for dysphagia found that elec-
trical stimulation protocols that used short-pulse duration parameters may increase 
the maximum amplitude tolerance with higher amplitude stimulation, increasing the 
impact on deeper muscles used for swallowing. Two primary factors that affect maxi-
mum amplitude tolerance should be considered before using electrical stimulation: 
Adipose tissue thickness and the individual’s pain sensitivity (Barikroo et al., 2018; 
Bekhet et al., 2019).
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The strength or force of the muscle contraction can also be manipulated by adjust-
ing the intensity, which will affect motor unit recruitment. Higher levels of intensity 
and contraction will increase muscle fatigue. Using a low frequency and high intensity 
will decrease fatigue in the muscle (Binder-Macleod & Snyder-Mackler, 1993). Use of 
lower current amplitudes and pulse duration also reduces fatigue and pain during 
NMES when used for moderate-level muscle contractions (Jeon & Griffin, 2018). Pulse 
duration will affect the subjective comfort level of the stimulation, the current density, 
the level of penetration, and the release of endorphins. Rise times that are set for a 
gradual onset facilitate patient comfort by avoiding a sudden onset of the stimulation, 
which may startle the patient or cause a spastic response (Butterfield et al., 1997; 
Ralston, 1985). Longer rise times, between 6 to 8 seconds, should be used with more 
spastic muscles to avoid stimulating a spastic response. 

The amount of time that the current stimulates and contracts the muscles, or the 
on-time, will be a factor in affecting the strength and endurance of the muscle. The 
duty cycle (on-/off-time) should be adjusted based on the condition of the patient. 
Historically, a 1:5 ratio is recommended for strengthening. However, a 1:3 ratio may be 
used for a debilitated patient, a 1:2 ratio for an individual with average musculature, 1:1 
ratio for athletic or conditioned individuals, and a 1:1 ratio can also be used to fatigue 
muscles because the rest time or off period is much shorter, not allowing the muscles 
to recover. To produce a conditioning or strengthening effect, the longer the on-time, 
the greater the exercise that occurs. An objective method of documenting improve-
ment in a patient is through identifying a decrease in the on-/off-time. The force of the 
electrically stimulated contraction can also relate to the patient’s perception of pain 
and may limit the outcomes and goals if the patient is hesitant or apprehensive toward 
the use of electrical stimulation. Clinicians should be aware of the impact of adapta-
tions to a specific amplitude, pulse duration, and frequency to ensure effectiveness 
and patient compliance (Gorgey et al., 2006). Other factors that influence the effective-
ness and action of electrical stimulation on the target tissue include:

 ӹ Current density: The amount of electrical current passing into the skin from an 
electrode is affected by the size of the electrode. There is an inverse relationship 
to electrical current and electrode size: The smaller the electrode, the higher the 
current density per square inch. When the same amount of current is used, the 
larger the electrode, the lower the current is per square inch. Electrodes should 
be selected based on the area of muscle that is to be stimulated. Larger electrodes 
will be more comfortable but will also cause recruitment of surrounding muscle, 
which may not be intended. As a general rule, smaller electrodes are used for the 
upper extremity and larger electrodes are used to stimulate the muscles of the 
lower extremity. Electrodes can be cut down to smaller sizes to stimulate or isolate 
smaller muscles of the forearm and hand. Electrodes should be placed parallel to 
the muscle fibers, particularly in the large muscles of the lower extremity, such as 
the quadriceps.

 ӹ Accommodation: This is the automatic rise in the threshold of excitation resulting 
from a gradually increasing stimulus applied to excitable tissue. When using elec-
trical stimulation, the phenomenon of accommodation occurs due to repetitive, 
unchanging, and prolonged stimulation, which causes a decrease in the number 
of nerve depolarizations (Grando et al., 2014). As the tissue is stimulated, it will 
accommodate to the stimulus, resulting in increasing stimulus required to achieve 
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the desired result or a decreased response to the same amount of stimulus. The 
intensity of the stimulation should be slowly increased after approximately 5 to 
10 minutes to prevent accommodation from occurring. Longer-lasting stimulation 
programs may also require the therapist to slowly increase the intensity to a higher 
level to achieve the same degree of muscle contraction. 

 ӹ Electrode placement: In stimulating healthy innervated muscle tissue, clinicians 
can use either monopolar or bipolar techniques. Monopolar stimulation uses a 
small active electrode over the motor point of the muscle. A dispersive pad is used 
on the same side of the body. The dispersive pad is usually larger to decrease the 
current density. This allows a higher current density under the active electrode, 
thus stimulating the motor point with greater comfort. Bipolar stimulation utilizes 
two electrodes of approximately the same size and is the most commonly used 
form of stimulation for muscle reeducation. The electrodes are placed over a single 
muscle group or group of muscles at each end of the muscle belly. The current is 
then passed through the muscle belly and results in contraction of the muscle. 
Additional research is being undertaken regarding the efficacy of in-dwelling or 
percutaneous NMES in which the electrodes are surgically implanted below the 
skin (Renzenbrink & Ijzerman, 2004; Van Til et al., 2006). 
Improper electrode preparation and placement may result in higher current den-
sity in some areas and skin irritation or a burn may occur under that area of the 
electrode. The skin should always be cleaned with gentle soap and water prior 
to electrode application. Rubbing alcohol has a tendency to dry the skin and 
may affect conduction of the electrical current. The electrodes should be placed 
directly on the skin and should not be pulling up in the corners or lift off the tissue 
during a muscle contraction. Any jewelry, earrings, straps, or metal objects should 
be removed and not contact the electrode to avoid burns. Patients should always 
be monitored to ensure an adequate response to the stimulation.

 ӹ Tolerance of muscle tissue to electric stimulation: Muscle fatigue will result from 
repeated stimulation to achieve muscle contraction. This is usually noted by 
tremors in the muscle during contraction and a decrease in overall strength of 
the contraction and movement desired. To continue stimulation at the intended 
strength, it may be necessary to increase the intensity to achieve the desired 
degree of contraction. However, care must be used because continually increasing 
the intensity during a treatment session results in little benefit and possible dam-
age to the muscles.

Applications of  
Neuromuscular Electrical Stimulation

NMES is often underutilized as a treatment option, even though there are a wide 
variety of therapeutic applications for its use. Clinicians are at times apprehensive in 
using electrical stimulation due to apparently conflicting clinical evidence, the size of 
the effects, or the complications in using the technology (Ijzerman et al., 2009). As with 
any physical agent, the clinician should complete a thorough evaluation of the patient 
prior to NMES use to determine objective measurements and function, which will 
assist in identifying appropriate goals and interventions. Patients suffering from CNS 
damage are often deprived of NMES and the therapeutic interventions as part of their 
neurorehabilitation process (Alon, 2003). Because of design flaws and variability in the 
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research, NMES use is typically not a primary consideration as part of the therapeutic 
approach to rehabilitation of these patients. Clinicians often mentioned productivity 
requirements due to the fee-for-service and time model used in the past, which limited 
their ability to integrate these interventions due to time constraints. However, the new 
Patient-Driven Payment Model, which focuses on patient outcomes and satisfaction, 
allows greater flexibility to use therapeutic interventions that facilitate patient out-
comes and goal achievement, thereby facilitating consideration of NMES as an adjunc-
tive method. Research also consistently indicates that consideration and application of 
NMES as an adjunctive method and technique should be considered immediately after 
the CNS insult and early on in the rehabilitation process (Howlett et al., 2015; Jeon & 
Griffin, 2018). In several studies, NMES use 48 hours poststroke did not impede spon-
taneous recovery or have a negative complicating effect on the patient (Alon, 2003). 
NMES has been shown to be effective in facilitating movement in the upper extremity 
in chronic stroke patients, even 5 years poststroke (Chae, Fang et al., 2001; Sullivan & 
Hedman, 2004).

 With advances in research, technology, and equipment, it is unfortunate that clini-
cians are not pursuing more aggressively the use of NMES as part of their treatment 
protocol with patients who have suffered from a stroke. Occupational therapists also 
appear to have a “pervasive resistance” to adopting evidence-based practice interven-
tions or to incorporate new technologies, even though research provides support for 
them (Doucet, 2012). Common excuses include productivity requirements and lack 
of education and training in their use as a component of therapeutic intervention. 
Electrical stimulation is particularly valuable when incorporated with functional move-
ment and activities enhancing and strengthening the therapeutic outcomes, which can 
be intrinsically rewarding to the patient and family as independence and movement 
increases (Romera-De Francisco & Jimenez-Del Barrio, 2016). Electrical stimulation 
also improves quality of life in areas such as strength, hand function, memory, mood, 
ADL, and mobility, and should also be a consideration for clinical use as a component 
of the rehabilitation process (Pulman & Buckley, 2013). 

In patients with severe neurological involvement, the sensory feedback loop may 
become distorted or impaired and subsequently alter movement and tone in the affect-
ed extremity (Bustamante et al., 2016). In patients with orthopedic issues, particularly 
those who have been immobilized, proprioception may become altered, which can 
affect movement and tone. NMES can be used to effectively incorporate stimulation for 
voluntary muscle contractions, functional movement, or activities, and to provide sen-
sory, proprioceptive, and kinesthetic feedback (Brushart et al., 2005). NMES provides 
a motor response as well as a sensory response, which can be beneficial in stimulating 
the neurological system afferently and efferently. Electrical stimulation has a sensory 
effect (sensory electrical stimulation), which has been evaluated in research combined 
with motor-level stimulation and may also be a component in the effectiveness of elec-
trical stimulation with CNS injuries (Renzenbrink & Ijzerman, 2004; Sullivan & Hedman, 
2004; Van Til et al., 2006). Electrical stimulation has been found to potentially decrease 
shoulder pain in chronic hemiplegia and can also be used to increase strength through 
the overload principle and specificity with similar outcomes in muscle strength occur-
ring if the same amount of force is produced (Hainaut & Duchateau, 1992; Wolf et al., 
1986).

NMES use to facilitate movement in the upper extremity of patients who have had 
a CVA may also decrease pain, shoulder subluxation, and can be highly motivating to 
patients. Often, when occupational therapists are evaluating patients who have suf-
fered a CVA, the patient will describe the affected side, particularly the arm, as being 
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“dead.” When NMES is used to facilitate movement in the extremity, patients can see 
their arm or hand move due to the stimulation, often leading to increased motivation 
and engagement to participate in treatment. Use as a component and in conjunction 
with other therapeutic techniques and activities in more than one muscle group to 
facilitate active movement provides the best therapeutic approach and application of 
electrical stimulation (Vafadar et al., 2015). 

NMES is most effective when there is an intact or partially intact peripheral nerve 
pathway. NMES will cause a muscle contraction when the intensity and parameters 
are set appropriately to achieve tetany. Sensory-level cutaneous nerve stimulation has 
been used as a sensory stimulation technique and is referred to as TENS, although this 
form of electrical stimulation is most often associated with pain control. Therapists 
should be aware of the contraindications and precautions of electrical stimulation, 
along with being well acquainted with the equipment that is available to them in their 
clinic prior to application. Because of the continuing advances in technology, equip-
ment can be as small as a cigarette box or as large as a tabletop model. Because there 
is a wide range of equipment available, the therapist should be familiar with the spe-
cific features of the selected equipment and thoroughly review the equipment manual 
prior to use with patients. Patient and family education, informing them as to the goals 
and objectives, as well as the possible subjective feelings that the patient may experi-
ence when applying electrical stimulation, will help to allay the patient’s fears. As with 
use of any physical agent, precautions and contraindications for use of electrotherapy 
should be a routine part of the initial assessment and preclude use in those individuals 
who are positive for the contraindications for use.

Although use of NMES with its afferent and efferent effect on motor stimulation 
can lead to improvement neurologically, recovery of function varies. Sensory-level 
stimulation has also been found to be an effective adjunct to conventional rehabilita-
tion interventions. Afferent sensory stimulation provides cutaneous and propriocep-
tive stimulation, which facilitates motor performance and motor learning through its 
effect on cortico-motor excitability (Cuypers, 2010; Tinazzi et al., 2005). In addition, 
research indicates that electrical sensory input alters the sensory and motor corti-
cal maps (Gomes-Osman & Field-Fote, 2015), which, when used as a component of 
treatment following neurological injuries in the spinal cord, improved motor function 
(Marconi et al., 2011). Further research has shown that electrical sensory stimulation 
without muscle contraction improves poststroke muscle function in the lower extrem-
ity and facilitates functional mobility when used prior to or in conjunction with routine 
rehabilitation approaches for hemiparesis. It is hypothesized that sensory stimulation 
increases the primary somatosensory cortical region, which facilitates skill develop-
ment (Dobkin, 2003) and could be used to facilitate function by contralesional plastic-
ity for individuals with chronic stroke (Ferris et al., 2018). Use of sensory stimulation to 
the peripheral nerve and acupuncture points can be an additional approach that can 
be beneficial to patients poststroke, clinically or as a component of a home program 
(Sharififar et al., 2018).

Use of electrical sensory stimulation without muscle contraction has also been 
found to improve poststroke motor function and return in the upper and lower extrem-
ities when combined with routine therapeutic interventions for hemiparesis following 
acute or chronic stroke. A systematic review of the use of repetitive peripheral sensory 
stimulation found that clinical application can facilitate excitability of the motor cortex 
and improve upper limb function and motor performance. Individuals with stroke who 
were classified in the chronic phase demonstrated even greater results, with improve-
ment in function and activity performance using the paretic upper extremity. Sensory 
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stimulation was also found to be safe when used as a component of therapy for upper 
extremity paresis and when combined with movement and activity in patients with 
stroke in the chronic phase (Conforto et al., 2018).

There are several potential applications for NMES to facilitate outcomes in occupa-
tional therapy. It should be noted that there are a variety of applications and possible 
protocols for specific muscle groups, and clinicians are encouraged to explore other 
treatment approaches and electrode placements. Electrical stimulation can be used 
as an adjunctive treatment in managing many disorders including neuromuscular, 
musculoskeletal, vascular, and soft-tissue injuries. Clinical application of electrical 
stimulation can include muscle reeducation and facilitation, decreasing spasticity or 
spasm, decreasing edema and pain, and to facilitate tissue repair and wound healing 
(Bustamante et al., 2016; Eraifej et al., 2017; Jones et al., 2016). It is important to stress 
again that, as with any physical agent, electrical stimulation should be used as an 
adjunctive method to occupational therapy treatment and when possible should be 
paired to active movement or engagement in occupational tasks and activities. 

The following protocols provide recommended settings for waveform, intensity, 
pulse duration, frequency, on-/off-time, treatment time, and engagement in possible 
functional activities. These settings may vary with patients, medical diagnoses, and 
equipment, and are intended to guide the therapist’s clinical reasoning.

Contraindications for  
Neuromuscular Electrical Stimulation

NMES can be a safe and effective treatment with minimal contraindications to its 
use. When using electrical stimulation, there are some specific conditions for which 
stimulation is contraindicated or which have precautions against its use. Precautions 
and contraindications should always be a consideration during the evaluation when 
goals, objectives, and treatment interventions are being discussed. One common 
adverse reaction to electrical stimulation is transient skin irritation. Irritation appears 
as a reddened area under the electrode and may be due to the misapplication of the 
electrode with uneven contact, skin composition, poor cleansing of the skin prior to the 
treatment, or removing the self-adherent electrodes too forcefully following treatment. 
It is possible for the patient to develop electrical burns if the intensity is too high or the 
electrode is placed unevenly. Responding to a patient’s subjective report or comment 
is crucial. Clinicians should always monitor a patient’s skin condition and electrode 
placement prior to application and following the treatment. 

As with any electrical device, application of electrical stimulation to patients with 
implantable cardioverter defibrillators (ICDs) is contraindicated. Although technology 
has improved the performance and safety of ICDs and implantable devices, unintended 
ICD shock can occur while using electrical stimulation such as TENS or NMES (Miller et 
al., 2015). Because TENS and other electrotherapeutic devices are now readily available 
online or sold over the counter in pharmacies, patients may not be aware that the elec-
trical signal generated by an internal or external source may trigger an adverse event 
in the ICD and shock the patient (Marbach et al., 2017). Other research has indicated 
that long-term electrical stimulation of thigh muscles appears to be safe in patients 
with ICDs, though this would require that the individual be screened from a cardiac 
standpoint and be excluded prior to the application if there were any inconsistencies 
in the cardiac screening (Crevenna et al., 2004) and that stimulation only targeted the 
thighs and gluteal muscles (Cenik et al., 2016). 
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Research has also shown that electromagnetic interference may occur with electri-
cal stimulation use such as TENS in home programs in patients with ICDs, particularly 
if used in the neck and shoulder area (Miller et al., 2015). There is some research 
that indicated that NMES can be safely applied to patients with ICDs without causing 
electromagnetic interference (Kamiya et al., 2016), but this is not considered safe in a 
clinical or home setting. The level of medical oversight by the physician and monitor-
ing procedures necessary to evaluate the patient’s condition precludes safe use by 
clinicians and should be avoided. A systematic review assessing the safety of NMES to 
increase exercise capacity in patients with ICDs concluded that NMES appeared to be 
safe with specific procedures in place, but additional research is needed to document 
patient safety with these devices (Cenik et al., 2016). Therefore, clinicians should not 
apply electrotherapy to patients with ICDs or implantable devices and should edu-
cate their patients with ICDs and implanted devices on the precautions and concerns 
related to their use at home without medical oversight (Box 9-1).

Electrical Stimulation to Maintain Muscle Mass
Clinically, many of the patients seen in occupational therapy suffer from muscle 

weakness, atrophy, or decreased endurance, which may be compounded by medi-
cal complexity, underlying musculoskeletal or orthopedic issues, or diagnosis such 
as stroke. With aging, muscle strength decreases 15% to 20% during the 6th and 7th 
decade and up to 30% during the 8th decade, with a concurrent decrease in the speed 
of muscle contraction, peak power, and decreased flexibility that negatively affects 
muscle force (Beijersbergen et al., 2013). Motor impairment following a stroke is com-
mon, with paresis or paralysis occurring that negatively affects the stroke survivor’s 
independence, function, and quality of life (Groessl et al., 2019; Jones et al., 2016). 
Increased medical complexity and comorbidities common in patients and those requir-
ing intensive care services also negatively affect muscle strength and function. Early 
implementation of rehabilitation services along with use of electrotherapy and early 
exercise in the intensive care unit prevent the neuromuscular complications of critical 
illness and improve functional status (Koester et al., 2018; Sosnowski et al., 2015).

Research over the years has shown that the electrical stimulation of healthy, inner-
vated tissue showed little difference from muscle tissue put through traditional exer-
cise and maximum isometric contraction. The original impetus for the use of electro-
therapy and strengthening occurred following the 1976 Olympics. Dr. Kots, one of the 
Russian team physicians and trainers, described how “Russian current” and electrical 
stimulation had increased the athletes’ strength and performance (Absaliamov et al., 
1974). The interest in utilizing electrical stimulation for Olympic athletes and other 
clinical conditions sparked new paths of research and inquiry, leading to its greater 
use in rehabilitation today. High-level athletes continue to use EMS as a component 
of their training, and research has demonstrated that EMS is effective for developing 
physical performance by targeting specific muscle groups or whole body techniques, 
and increase strength without requiring an increase in the number of training sessions 
when used systematically (Filipovic et al., 2012; Ward & Shkuratova, 2002).

Patients with muscle weakness or generalized deconditioning secondary to muscu-
loskeletal or neurological conditions may benefit from adding electrical stimulation to 
increase strength through targeted and systematic use as a component of treatment. 
When faced with a patient demonstrating submaximal effort, such as a patient who is 



Neuromuscular Electrical Stimulation: Applications and Indications  279

holding back due to anticipated pain, electrical stimulation may be a viable interven-
tion until maximum effort can be achieved through traditional activity and exercise. 
Strength gains occur through the overload principle. Overload occurs during exercise 
programs consisting of a small number of high-intensity contractions (i.e., a minimum 
of 70% of maximal contraction for 10 repetitions). For example, NMES can be used 
with patients who are recovering from a stroke and are unable to generate a voluntary 
contraction or who display muscle weakness. Patients with orthopedic and traumatic 
injuries appear to demonstrate greater strength gains with NMES than with straight 
exercise alone (Chang et al., 2017; de Freitas et al., 2018). 

Box 9-1. Contraindications and Precautions for the  
Use of Electrical Stimulation

Contraindications Precautions 

•	 Over the thoracic region as it may inter-
fere with heart activity

•	 Patients with demand-type pacemak-
ers, defibrillator or deep brain stimula-
tor, or implanted electrical device

•	 Do not place over phrenic nerve or 
bladder stimulators

•	 Do not place over the anterior neck or 
carotid sinus as this may cause cardiac 
arrhythmias; where placement of elec-
trodes could adversely affect a reflex 
center (e.g., the heart, parasympathetic 
nerves, ganglion, laryngeal muscles)

•	 Transcerebral or individuals with 
epilepsy

•	 Peripheral vascular disease, venous 
thrombosis, or thrombophlebitis

•	 Over the eyes or reproductive organs
•	 Over or near superficial metal pins, 

plates, or hardware
•	 Active cancer, malignancy, infection, 

tuberculosis, or active hemorrhage
•	 Pregnant people, over a pregnant uter-

us during the first trimester
•	 Over areas with pathology within the 

muscle (i.e., Duchenne’s muscular 
dystrophy)

•	 Over areas where movement is contra-
indicated or to be avoided

•	 Near diathermy devices

•	 Over areas with pathology of the cell 
body (polio)

•	 Patients with hypertension or 
hypotension

•	 Patients with obesity with excessive 
adipose tissue (may require higher 
levels of electrical current, which may 
cause skin irritation or burning)

•	 Patients unable to provide clear feed-
back regarding the level of stimula-
tion, such as infants or young children, 
patients with dementia or cognitive 
disorders, or individuals with mental 
disorders

•	 Over areas with pathology of the myelin 
sheath (e.g., diabetic neuropathy, mul-
tiple sclerosis, peripheral neuropathy)

•	 Over areas with pathology of the syn-
apse points between muscle and nerve 
(e.g., myasthenia gravis)

•	 Caution should be used in areas of 
absent or diminished sensation

•	 Patients with skin conditions such as 
eczema, psoriasis, dermatitis

•	 Patients with autonomic dysreflexia
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Combining NMES with active movement or completing a task or valued activity 
can further enhance gains. Electrical stimulation should not replace voluntary muscle 
contraction, but is most effective when used as an adjunct to exercise and activity 
(Caggiano et al., 1994; Cameron et al., 1998; Delitto & Snyder-Mackler, 1990; Selkowitz, 
1985). Transitioning to functional activity and strengthening as the patient improves 
and strength and endurance increases requires clinicians to creatively integrate elec-
trotherapy and conventional fitness concepts, functional movement, and activities as 
a component of the intervention process.

Electrical Stimulation for  
Spasticity or Range of Motion

Research into the use of electrical stimulation for the control of spasticity has 
demonstrated only short-term control in neurologically impaired patients due to the 
underlying CNS abnormality. Long-term muscle control is usually not achieved using 
NMES alone and clinical effectiveness involves a multifocused approach. NMES treat-
ment protocols for spasticity interrupt the abnormal cycle that stimulates the motor 
neuron through muscle fatigue using high-frequency stimulation. ROM may improve 
due to a break in the pain-spasm cycle of spasticity. Numerous studies performed on 
both agonist and antagonist spastic muscles indicate that stimulation of the antago-
nist muscles causes an inhibition of the agonist. Even with stimulation of the agonist, 
however, minimal long-term improvement may affect functional outcomes due to the 
underlying pathology with use of NMES as a component of treatment. Other studies 
have indicated improvement in patient abilities and outcomes. Severe hand impair-
ment was reduced after a short duration of NMES therapy for individuals with chronic 
stroke. NMES-assisted grasping trended towards greater functional benefit than tra-
ditional NMES-activation of wrist flexors/extensors (Santos et al., 2006). Although 
the underlying cause and muscle tone may vary, NMES has been used in upper limb 
rehabilitation toward restoring motor hand function and should be a consideration as 
part of the treatment process (de Castro & Cliquet, 2000). Adding botulinum toxin type 
A injections to an intervention including NMES was found to improve muscle tone and 
ROM among patients who have suffered a stroke with upper limb spasticity. Patients 
demonstrated significant improvement in ROM of active wrist extension and flexion in 
addition to finger flexion and extension with improvement in active hand function in 
patients with chronic stroke (Lee et al., 2018).

Electrical stimulation may be employed on patients who demonstrate moderate 
to high levels of spasticity. This may occur more frequently in patients with neuro-
logical impairments or with orthopedic patients. In patients with neurologic impair-
ments, increased spasticity may affect movement and ROM, as well as skin integrity 
and engagement in occupational performance. Patients with mild levels of spasticity 
may respond to passive ROM activities better than patients with moderate or severe 
spasticity. There is little functional benefit found with focusing on weakening the 
spastic muscle without strengthening or movement. Clinical approaches focus on 
strengthening the weak musculature, properly aligning the extremity, and integrating 
these new movement patterns and components into improved function (Logan, 2011). 
Asymmetrical tone in the upper extremity often results in a flexible deformity and a 
change in the biomechanics of the joint secondary to spasticity. Traditional ROM tech-
niques in home exercise programs, particularly when spasticity is moderate or severe, 
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may become ineffective over time. Decreasing spasticity through the use of botulinum 
toxin injections or intrathecal baclofen may facilitate the incorporation of serial cast-
ing or dynamic splints when the toxin takes full effect, 2 to 3 weeks after injection 
(Dashtipour et al., 2015; Kumru et al., 2011). 

NMES should also be considered as an additional therapeutic tool in the treatment 
of cerebral palsy. Research has found that use of NMES as an adjunct to treatment in 
children with cerebral palsy can improve hand function and independence but may 
require additional splinting to maintain functional positioning (Carmick, 1995, 1997). 
However, the use of NMES and bracing for improved functional use of the hand and 
upper extremity may require continuous application to maintain the positive effects 
(Ozer et al., 2006). NMES was also found to be an effective therapeutic technique to 
improve strength and motor function of a child with spastic diplegic cerebral palsy 
(Daichman et al., 2003). In improving wrist and hand control and movement, an NMES 
treatment protocol affected wrist extension by improving the strength of the wrist 
extensor muscles, possibly through decreased flexor coactivation (Scheker et al., 
1999; Scheker & Ozer, 2003). Serial casting or serial splinting can also be used with 
children with cerebral palsy in combination with intrathecal baclofen or botulinum 
toxins and electrical stimulation (Baker et al., 2014; Kamper et al., 2006; Khamis et al., 
2018). Use of NMES within 3 days following the injection also potentiates the effects of 
the neurotoxins and is applied over the muscles injected. Adhesive taping and casting 
effectively improved the botulinum toxin effect in patients with upper- and lower-limb 
spasticity and are additional approaches that can be used in patients with spasticity 
(Picelli et al., 2018).

NMES can be used as an adjunct to passive ROM and in conjunction with serial 
casting or dynamic splinting. NMES can be applied to either the spastic muscle or the 
antagonist. With appropriate parameters, this results in a muscle contraction sufficient 
to move the joint through its complete ROM. In applying electrical stimulation to an 
individual with severe spasticity, care should be taken to use a longer ramp-up time. 
Lengthening the ramp-up time will decrease the likelihood of stimulating the spastic 
response and will result in a more balanced muscle contraction. As with all uses of 
electrical stimulation, the practitioner should be fully versed in the treatment protocol 
necessary with clear goals outlined (Gorgey et al., 2006; Kamper et al., 2006; Ozer et 
al., 2006). 

Electrical Stimulation to  
Facilitate Voluntary Motor Control

There are multiple studies that have evaluated the effectiveness of electrical 
stimulation in the treatment of healthy individuals and with orthopedic or neurologi-
cal patients. Several studies have shown the improvement of functional performance 
following electrical stimulation. NMES can facilitate improvement of performance and 
efficiency of muscle recruitment (Kim et al., 2006; Schmidt et al., 2003; Teasell et al., 
2003; van der Salm et al., 2005). Patients suffering from stroke present with a variety 
of issues related to functional movement and motor control. Depending on the sever-
ity of the stroke, patients will present with paresis or muscle weakness as well as 
difficulty with motor activation, somatosensory issues, tonal changes with flexor tone 
predominating in the upper extremity, and difficulty with elbow extension, hand open-
ing, and object manipulation, all of which limit and negatively affect volitional control 
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and function (Chae et al., 2008; Knutson et al., 2015; Young, 2015). Paresis following a 
stroke is the inability or decreased ability to volitionally activate muscles to perform 
specific movements and activities. Paresis also involves decreased strength or muscle 
weakness with a decrease in the speed of muscle activation and coordination nega-
tively affecting movements and functional control in the affected extremity (Sathian 
et al., 2011).

Although there is some variability, at 6 months poststroke, approximately 65% of 
patients are still unable to use their affected arm and hand in performing ADLs. In 
most poststroke hemiplegic patients, upper extremity function is more involved and 
motor return is slower compared to the lower extremity, in part due to the complexity 
of movements involved in the upper extremity. Hemiplegic shoulder pain (HSP), along 
with other musculoskeletal complications may follow the stroke, including complex 
regional pain syndrome (CRPS), shoulder subluxation, bursitis, tendinitis, tenosynovi-
tis, and rotator cuff injury, all of which can lead to adhesive capsulitis (Adey-Wakeling 
et al., 2016; Yetisgin, 2017). HSP occurrence in the literature varies between 5% and 84% 
(Dromerick et al., 2008; Zhu et al., 2013).

Electrical stimulation as a muscle facilitation technique works best when it is part 
of a highly structured program with active patient participation. It has been postulated 
that one reason for its efficacy is the increase in sensory information to the CNS. This 
increased sensory feedback may result in the individual’s increased ability to activate 
specific muscle groups (Bowman et al., 1979; Chen et al., 2003; Durfee et al., 1991; Hara 
et al., 2006; Kim et al., 2006; Mauritz, 2004; Phillips et al., 1991). A voluntary contrac-
tion that is enhanced and augmented by NMES can be used to facilitate and strengthen 
a weak response of the muscle group (Baker et al., 1979; Carpinella et al., 2006). 
Incorporation of NMES and stimulation at the appropriate time within an occupational 
task and activity strengthens the results and outcomes. Utilizing NMES during func-
tional activity, such as grasp and release, or for upper extremity positioning to recruit 
weak muscle groups will be rewarding to the patient and reinforce the reeducation of 
the motor pattern.

Electrical Stimulation Used as an Orthotic Substitute
Use of neuroprosthetics has expanded rapidly as research and interest in the 

technology connecting an external device to the human nervous system has advanced, 
combining neuroscience and biomedical engineering. Neuroprosthetics is a broad term 
encapsulating everything from the use of exoskeletons to deep brain stimulation to 
surgical brain implants to restore function and movement (Friedenberg et al., 2017). 
Neuroprosthetics is the interrelationship between the brain and the computer or 
machine, essentially, a brain-machine interface to facilitate function (Kao et al., 2014). 
Research has consistently demonstrated that brain activity in the intact motor cortex 
can be leveraged to develop a functional connection to assistive devices to facilitate 
motor and sensory functions to paralyzed muscles using FES (Bensmaia & Miller, 
2014; Biasiucci et al., 2018). Examples of neuroprosthetics include cochlear prosthe-
ses (implants) and indwelling stimulators for bladder and bowel control or pain. In 
rehabilitation, examples include the WalkAide or Bioness L300 Foot Drop System, 
or the H200 Wireless Hand Rehabilitation System (Bioness, Inc.). Depending on the 
equipment, neuroprosthetic devices have biosensors that detect impulses from the 
patient’s muscle system, relaying the information to a controller inside the device. 
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The controller sends intention commands from the user to the actuator of the device, 
interpreting and monitoring feedback from the mechanical sensors and biosensors. 
These devices can employ FES to activate motor nerves, innervating the muscles that 
may be affected by paresis or paralysis due to incomplete SCI, traumatic brain injury 
(TBI), stroke, or other neurological conditions. The electrical stimulator administers 
electrical impulses to the nerves, activating them and producing a muscle contraction 
for a specific movement, facilitating function and performance (Figure 9-2).

Hemiplegia following stroke affects an individual’s ability to complete routine 
tasks, and due to paresis or changes in muscle tone and sensation, compromises the 
integrity of the shoulder complex due to spasticity, contractures, pain, abnormal move-
ment patterns, and soft tissue alterations. Electrical stimulation has been used effec-
tively in place of orthotics and in conjunction with bracing to increase patient motor 
control and to facilitate occupational performance. Many manufacturers are develop-
ing electrically stimulated orthotic devices that position the extremity in a functional 
position and stimulate specific muscle groups to increase, for example, grasp and 
release patterns in the hand.

Electrical stimulation can be an effective substitute for orthotics when activat-
ing innervated but paretic muscles, such as with foot drop, decreased grasp/release 
patterns of the hand, or shoulder subluxation poststroke. NMES has been used in 
upper limb rehabilitation with the goal of restoring motor hand function or paralyzed 
muscles. FES has been used to facilitate standing and ambulation in patients with SCIs, 
for idiopathic scoliosis, and as dorsiflexion assistance with patients with CVA (Baker, 
1982; Phillips, 1989). An intervention that is often used clinically incorporates electri-
cal stimulation as a substitute for orthotics in the treatment of hemiplegia in patients 
poststroke. Training weakened or paretic musculature using electrical stimulation in 
a hemiplegic shoulder may reduce shoulder subluxation and can be combined with 
strapping (McConnell taping) or taping. Several studies suggest that the use of electri-
cal stimulation for reducing shoulder subluxation or improving the function of wrist 
and finger extensors is effective during or shortly after the daily treatment period and 
should be initiated as soon as possible following a stroke to prevent loss of integrity of 
the joint capsule (Aoyagi & Tsubahara, 2004; Baker & Parker, 1986; Chae et al., 2005). 
Even 6 months poststroke, electrical stimulation can be effective and should be a 
consideration. Self-modulated or self-controlled FES used to facilitate or produce task-

Figure 9-2. The H200 Wireless Hand Rehabilitation administers low-level electrical 
stimulation to facilitate finger flexion and extension while the wrist splint stabilizes the 
wrist. (Images courtesy of Bioness, A Bioventus Rehab Company.)
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specific, goal-oriented movements were found to improve upper extremity movement 
and function as well as decrease impairment and spasticity in the extremity (Carda et 
al., 2017).

Maintaining or Increasing  
Active Range of Motion and Strength 

Utilizing electrical stimulation in patients affected by stroke or damage to the 
CNS such as TBI, as well as in patients with orthopedic conditions, can be effective to 
maintain or increase ROM, increase muscle strength, facilitate muscle reeducation and 
movement, or decrease pain. Electrical stimulation provides muscle contraction that 
may be highly motivating to the patient, but also provides proprioceptive, kinesthetic, 
and sensory input to the CNS (Baldwin et al., 2006; Becker et al., 1987; Dromerick et al., 
2006; Gondin et al., 2006b; Liu et al., 2005). A strengthening protocol can also be used 
when there is muscle weakness or atrophy that occurs secondary to immobilization 
or disuse from surgery, pain, or casting. NMES may also be beneficial in those patients 
with limited traumatic or orthopedic injuries who are demonstrating symptom magni-
fication or submaximal effort and hold back during therapy secondary to anticipated 
pain. 

A strengthening protocol may be used because it can be graded to the patient’s 
limits and gradually increased until the patient achieves maximum voluntary effort 
through traditional activity or exercise. During immobilization or with decreased 
movement such as bed rest or casting, larger fast-twitch muscle fibers are affected 
first, causing weakness and atrophy, and affecting an individual’s performance skills 
and ability to perform functional tasks and activities. Electrical stimulation recruits 
large, fast-twitch nerve fibers first, with the smaller muscle fibers recruited later in a 
synchronous fashion (Trimble & Enoka, 1991). Electrical stimulation of the motor nerve 
results in stronger contractions with greater torque (Baldwin et al., 2006). Because 
electrically stimulated contractions are different from self-initiated or physiological 
contractions, the muscles fatigue more rapidly and fine motor control and smooth, 
coordinated movements are limited. Fast-twitch muscle fibers are innervated by alpha 
fast-twitch nerves, which provide the force required for power and activities requir-
ing strength. Slow-twitch muscle fibers are innervated by alpha slow-twitch nerves 
and allow for sustained contractions. Normal movement and voluntary contractions 
recruit slow-twitch muscle fibers first, and as the need for speed or power is required, 
asynchronously, add fast-twitch fibers until there is sufficient strength and force to 
perform the desired task. Electrical stimulation causes an all-or-nothing response, 
recruiting fast-twitch muscle fibers first. Due to the increased fatigability of the mus-
cles, longer rest periods are required between stimulation on-times and will require 
close monitoring by the clinician (Shields et al., 2006; Stackhouse et al., 2005). 

Maintaining or increasing active ROM and strength can be accomplished using 
either asymmetrical or symmetrical biphasic waveforms that can be balanced or 
unbalanced. A biphasic waveform refers to the use of two phases or pulses of two 
different intensities that alternate during treatment. A biphasic waveform allows the 
clinician to manipulate and set various aspects of the electrical current, including 
the amplitude, stimulation current, frequency, and duration of each pulse. To target 
the smaller muscles of the upper extremity, use of an asymmetrical waveform over 
the motor nerve may facilitate a therapeutic response by narrowing the pulse, focus-
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ing the electrical energy over a smaller muscle area and would be perceived as more 
comfortable (Baker et al., 1988; Pienkowski et al., 1992). Clinicians should have a solid 
foundation of the anatomy of muscles and their innervations in order to stimulate the 
muscles effectively. Smaller muscles of the upper extremity will require a smaller elec-
trode to isolate the specific movements required or the electrode may be reduced in 
size. It is important to remember, however, that by decreasing the electrode size, the 
current density will increase, along with potential discomfort to the patient. A patient’s 
perception of comfort during electrical stimulation appears to be affected by the physi-
cal and psychological interpretation of the tingling sensation and the sensory response 
that occurs during contraction or by the force of the contraction itself. Therefore, the 
therapist should encourage the patient to relax the antagonists during the application 
of electrical stimulation when it is used for muscle strengthening. Whenever possible, 
the patient should superimpose active movement over electrically stimulated muscles 
to strengthen the response and training effect (Lyons et al., 2004; Rooney et al., 1992; 
Figure 9-3).

Muscle stimulation provides a method of actively exercising the muscle in those 
patients unable to voluntarily contract the muscle. Stimulation of the muscle in patients 
with hemiplegia prevents or can reverse atrophy that may occur due to disuse or immo-
bility, and facilitates peripheral circulation preventing fibrosis. In those patients who 
are displaying beginning return or motor control, NMES can also strengthen a weak 
response, improve muscle recruitment and strength, and assist occupational perfor-
mance (Wolf et al., 1986). The success of NMES in a highly structured program that 
includes active patient involvement may be due in part to the increased proprioceptive, 

Figure 9-3. Biphasic waveforms 
allow manipulation of the stimulation 
parameters and are used for muscle 
strengthening and reeducation, to 
increase circulation, and to decrease 
edema. An asymmetrical, balanced 
waveform can be used to target the 
smaller muscles of the upper extremity.

Symmetrical, balanced

Asymmetrical, unbalanced

Asymmetrical, balanced
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kinesthetic, and sensory information to the CNS. Electrical stimulation facilitates mod-
ulatory effects on the CNS and can be used as an adjunct to conventional faciliatory 
techniques in those patients with motor dysfunction caused by neurological injury 
(Field-Fote, 2004). Electrical stimulation provides the patient with proprioceptive and 
visual feedback that can be motivating to those patients with limited movement. The 
intent of facilitation and reeducation is to flood the CNS with sensory and kinesthetic 
information that will link it with an anticipated motor response (Smith et al., 2003). 

Electrical stimulation provides an external source for muscle contraction that can 
facilitate movement into functional, occupational movement patterns and activities. 
The duration of the treatment will depend on the selected goal and outcome desired, 
and on ensuring variation of functional activities, which will result in carryover and 
integration of the pattern. Utilizing NMES during a functional activity, such as grasp 
and release, object manipulation, or upper extremity positioning to recruit weak mus-
cle groups, can be intrinsically rewarding to the patient and reinforce the reeducation 
of the motor pattern. 

Determining appropriate movements and electrode placement also requires cre-
ativity on the part of the therapist to ensure that the activity is intrinsically rewarding 
and meaningful. A useful tool that can direct a clinician’s clinical reasoning in terms 
of motor return and functional movement patterns is the Brunnstrom staging system. 
Depending on the severity of the stroke, the hemiplegic patient may display a loss of 
voluntary movement on the contralateral side of the body, display sensory loss and dis-
order, and a variety of neurological signs due to the CVA (Wilson et al., 2017; Yetisgin, 
2017). The Brunnstrom staging system can be used to evaluate the motor function that 
will assist the clinician in determining which muscles may be overactive due to spastic-
ity or synergy patterns, which muscles may be weak and require strengthening, and 
what movement pattern should develop along the continuum outlined by Brunnstrom 
(Brunnstrom, 1970). The system describes the process of recovery with synergistic 
models and identifies six stages for evaluating the hands and upper and lower extremi-
ties, and provides a focus for the clinician to identify which muscle groups and move-
ments should be addressed to facilitate functional movement and performance. Use 
of Brunnstrom staging as part of the evaluation process will provide a framework for 
assessing motor movement and return following a stroke, as well as guide therapeutic 
interventions.

Neuromuscular Electrical Stimulation  
in the Treatment of the Hemiplegic Upper 

Extremity and Muscle Reeducation
The use of electrical stimulation as a substitute for an orthotic device is referred 

to as FES. Many therapists erroneously refer to all forms of electrical stimulation as 
functional, although this term should refer to specific use of electrical stimulation as an 
orthotic substitute to allow functional movement or activity engagement. FES is com-
monly used as an orthotic substitute to facilitate positional stability and mobility for 
a particular muscle function and movement. FES is an effective adjunct to treatment 
in that it can stimulate a muscle to contract volitionally during an active or functional 
movement. For example, the stimulation of innervated paretic or weak muscles can 
decrease the dependence on slings, splints, or orthotics through the development of 
increased strength and endurance of the paretic musculature. Electrical stimulation 
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has also been used to facilitate motor learning in ankle dorsiflexion and wrist exten-
sion (Kimberley & Carey, 2002). 

Research incorporating NMES and FES as components of therapeutic interventions 
for individuals poststroke has proliferated and has demonstrated success in motor 
return and functional movement, which is necessary for successful performance of 
self-care activities. Use of electrical stimulation as a component of the therapeutic 
intervention provides both motor activity and sensory feedback, which are fundamen-
tal to facilitating return in the hemiplegic extremity. Use of electrotherapy provides 
both afferent and efferent stimulation with positive changes in brain activity and 
should always be paired with repetition and functional goal-directed activities and 
movements that can decrease motor impairment in individuals with hemiparesis.

A common issue following a stroke is glenohumeral subluxation (GHS), which can 
complicate and impede functional return and increase pain in the hemiplegic shoulder. 
In GHS, there is partial or complete dislocation of the humeral head from the shoulder 
from the glenoid fossa that can occur in an anterior (forward), posterior (backward), 
or inferior (downward) direction or position. Shoulder dislocation is not the same 
clinical condition as GHS because the humeral head pops back into the glenoid fossa 
with dislocation. Shoulder subluxation negatively affects the mechanical integrity and 
biomechanics of the glenohumeral joint and can complicate the rehabilitation process 
and contribute to other complicating conditions, including pain. Many patients who 
develop HSP have widespread somatosensory abnormalities, allodynia, and hyperal-
gesia, which may lead to central sensitization and chronic pain in the upper extremity, 
negatively affecting function and return (Noten et al., 2017).

FES can be used when the peripheral nerve to the muscle is intact but not func-
tioning appropriately, such as with GHS secondary to hemiparesis after a CVA. Use 
of electrical stimulation for shoulder subluxation or flaccid paralysis following a CVA 
assists in maintaining approximation of the humeral head in the glenohumeral joint. 
FES can be effective for patients with hemiparesis who display shoulder subluxation 
during the flaccid phase of recovery. When muscle tone and voluntary control develop 
at the shoulder, normal glenohumeral alignment may not occur if the shoulder cap-
sule becomes stressed by gravity, causing stretching of the ligamentous capsule and 
soft-tissue structures. Other complicating conditions that can be associated with GHS 
include an increased incidence of CRPS of the upper limb and adhesive capsulitis 
(Dursun et al., 2000; Gokkaya et al., 2006; Griffin, 1986; Lo et al., 2003; Pinedo & de la 
Villa, 2001), rotator cuff injury (Chino, 1981; Paci et al., 2005), overstretching of liga-
ments and muscles (supraspinatus and deltoid), adhesive capsulitis (Culham et al., 
1995; Daviet et al., 2002; Griffin, 1986), tendinitis, adhesions of the bicipital tendons, 
and rupture of ligaments.

Shoulder subluxation and the complications associated with it affect up to 80% of 
patients who have experienced a stroke, complicating neuromotor return and func-
tional activity (Arya et al., 2018). The hemiplegic upper extremity with subluxation 
and tonal changes places the upper extremity in a biomechanical disadvantage, which 
complicates neuromotor recovery and function. Clinical approaches to the problems 
imposed by the hemiplegic shoulder and subluxation have been varied but focus on 
positioning or placing the extremity in an orthosis or support through taping, robotic 
training, and other methods in an attempt to prevent or decrease pain and potential 
difficulties that could progress to adhesive capsulitis. Although slings may be helpful 
to establish glenohumeral alignment, stimulation of the posterior deltoid and supra-
spinatus muscles may be more effective to improve the normal shoulder integrity and 
facilitate grasp-and-release activities. FES has been found to decrease shoulder sub-
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luxation in the acute stage of stroke, while shoulder support such as strapping, taping, 
or use of orthosis in situ has been found to decrease shoulder subluxation temporarily 
(Arya et al., 2018). Other studies have found that patients with subluxation poststroke 
may not benefit from using an arm sling, which may inhibit active motor movement 
and correction (van Bladel et al., 2017). Clinicians need to creatively assess active 
and passive movement in the extremity and determine an integrated approach to the 
problems and goals.

Incorporating electrical stimulation as part of an integrated approach, including a 
home program, may also facilitate return and function in the upper extremity (Sullivan 
& Hedman, 2004). As with any home program, it is crucial to properly educate clients 
and caregivers to ensure there will be continuity and carryover. Marking the electrode 
placements on the patient, clearly outlining family instructions, and having family dem-
onstrate appropriate placement in the clinical setting will also foster confidence and 
carryover for the program (Aoyagi & Tsubahara, 2004; Liu et al., 2005). Use of NMES to 
decrease shoulder subluxation can be an effective addition to the treatment protocol in 
those individuals with acute or subacute stroke, with treatment duration of either short 
or long application dependent on the patients tolerance (Lee et al., 2017). Shoulder sub-
luxation is one factor that may lead to HSP following stroke. Combining kinesiology tap-
ing as an additional component in the subacute stroke patient during inpatient rehabili-
tation may also have a positive effect on shoulder flexion, while potentially decreasing 
the occurrence of HSP (Huang et al., 2016). Poststroke patients suffering from HSP may 
also benefit from 3 weeks of Kinesio taping (Kinesio) interventions, decreasing pain and 
improving movement in shoulder flexion and internal and external rotation (Huang et 
al., 2017). Use of NMES and Kinesio taping provides an alternative therapeutic option to 
an integrated approach to shoulder subluxation and HSP.

Tonal changes, hyper- or hypotonus, in the hemiplegic upper extremity can also 
be problematic. Electrical stimulation can be an effective intervention used to increase 
or maintain tone in the affected shoulder following a CVA. Research has found that 
applying FES to the supraspinatus and posterior deltoid muscles as a component of the 
treatment approach in hemiplegic patients with shoulder subluxation was more benefi-
cial than conventional treatment alone, as measured using radiography (Koyuncu et 
al., 2010). Due to the changes in muscle tone and shoulder subluxation, clinicians must 
be careful when completing passive ROM of the hemiplegic shoulder with movement 
not exceeding 90 degrees of shoulder flexion and abduction without ensuring that 
there is scapular upward rotation and external rotation of the humeral head (Griffin, 
2014). Other recommendations include limiting the amount of time that slings are used. 
Protocols for use of FES in the hemiplegic shoulder vary, but the longer the electrical 
stimulation is applied, the better the potential outcome. One protocol identifies use of 
FES 6 hours daily, 5 days a week, for 6 weeks, with other research applying stimulation 
over periods from 4 weeks to 3 months, and treatment duration ranging from short to 
long daily intervention (Chuang et al., 2017; Griffin, 2014; Lee et al., 2017). 

Electrical stimulation acts as a substitute for the traditional arm sling that many 
patients wear due to shoulder subluxation and flaccid paralysis of the affected extrem-
ity. Stimulation of the deltoid reapproximates the humeral head in the glenohumeral 
joint, decreasing subluxation of the shoulder. Treatment parameters are the same 
as those used for muscle strengthening and facilitation. Electrode placement is over 
the stimulated muscles’ motor points. The easiest way to determine the electrode 
placement is to locate the “bulk” of the muscle: The muscle belly. An additional way 
to determine the motor point of a muscle is to use a probe electrode or to move the 
electrodes along the intended muscle during stimulation to observe the strength of 
the contraction.
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There are multiple electrode placements for the treatment of shoulder subluxation 
and the therapist should determine the most appropriate placement based on the 
goals and subsequent muscle contraction (Chae et al., 2005). Bipolar electrode place-
ment can be over the supraspinatus and posterior deltoid muscles as a starting point 
to decrease shoulder subluxation (Baker & Parker, 1986). Additional electrode place-
ments include bipolar electrode placement over the supraspinatus/upper trapezius 
and middle fibers of the deltoid, which stimulates abduction of the shoulder; supra-
spinatus/upper trapezius and anterior fibers of the deltoid, which stimulates shoul-
der flexion; supraspinatus/upper trapezius and posterior fibers of the deltoid, which 
stimulates hyperextension of the shoulder; and anterior deltoid and posterior deltoid, 
which results in reapproximation of the humeral head. Electrode placement selection 
is dependent on the goals, level of return in the extremity, and desired therapeutic 
movements for the patient. A quadripolar pattern can also be used with electrode 
placement on the motor points of the deltoid and the three rotator cuff muscles: The 
supraspinatus, infraspinatus, and teres minor. The on-/off-ratio is 0.1 to 1 second for 
a power program, or 1.5 to 5 seconds for a strengthening program. NMES is effective 
in reducing shoulder subluxation but is less effective in decreasing shoulder pain 
associated with the hemiplegic shoulder, and further research is needed to document 
therapeutic parameters (Aoyagi & Tsubahara, 2004; Yu, 2004).

A dual channel (four electrodes) pattern can also be used to stimulate a mass 
extensor or flexor pattern or to alternate between selected movements such as wrist 
flexion and extension. During dual-channel stimulation, the electrical current can be 
adjusted to turn on concurrently (at the same time) or alternating (asynchronously). 
Dual-channel protocols are frequently used when multiple muscle groups are targeted, 
or movement is required at two joints or in a mass pattern. The strength of the muscu-
lar contraction is varied by adjusting the intensity of the electrical stimulation, which 
effectively recruits more or fewer motor units and muscle fibers. It is important to 
remember, however, that greater intensities with concurrent stronger muscle contrac-
tions can be perceived as painful by the patient and should be monitored. 

A common question voiced by clinicians and students when attempting to deter-
mine which muscles to stimulate or how to clinically approach the patient with 
hemiplegia is, “where do I start, and which muscles do I stimulate first?” A clinical 
starting point was developed with use of FES for the hemiplegic upper extremity that 
progressed from proximal to distal movement patterns and may be a good starting 
point, depending on motor return, in the poststroke patient. The initial phase of stimu-
lation was to the anterior and posterior deltoid, followed by triceps brachii stimulation. 
Stimulation of the anterior and posterior deltoid muscles can also be used to decrease 
shoulder subluxation in the hemiplegic shoulder. The functional movement that results 
with these electrode placements is shoulder forward flexion with elbow extension, 
which provides a forward reaching motion that is primary for a variety of functional 
activities using the upper extremity. This stimulation pattern also facilitates movement 
from a flexor synergy pattern to extension and reaching. This phase of movement was 
followed by stimulation of the wrist extensors and finger flexors, which allowed for a 
gross grasp and release and the ability to contract the fingers of the affected extremity 
around an object that was then paired with a task or activity to reinforce the move-
ment (Doucet et al., 2012). Consistent with other research, patients receiving FES in 
addition to conventional therapy demonstrated significant improvement in function. 
Electrical stimulation has also been successful when used to facilitate muscle return 
and movement in the lower extremity necessary for gait or to facilitate the sequence 
of movement that is used during cycling tasks (Thrasher et al., 2013).
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Facilitation of Tendon Excursion and  
Decreasing Edema

Physical agents and electrotherapy are an additional tool that can be used for sur-
gical and nonsurgical management of upper extremity disorders in collaboration with 
the clinician, attending physician, and patient. Use of electrical stimulation for muscle 
reeducation may be effective following neurologic injury or for a variety of orthope-
dic or musculoskeletal conditions, including tendon transfers, tendon gliding, ROM 
limitations and joint contractures, edema control, and muscle weakness. The therapist 
should determine if the patient displays limitation of movement due to immobilization 
or disuse atrophy, weakness, or pain (Elliot & Giesen, 2013). Stimulation can be used 
to facilitate weak movement or to provide stability to a targeted muscle group. The 
therapist should identify the target muscle or muscle group. The waveform can be 
either asymmetrical or symmetrical biphasic pulse, depending on the location. The 
pulse duration is set between 200 and 300 µs, with a frequency between 25 and 50 pps. 
The on-/off-ratio should be 1:3, depending on identified goals. The intensity should be 
increased to achieve a tetanic contraction of appropriate size. As always, electrode 
placement is of great importance. The stimulator should be turned off and the elec-
trodes relocated if the contraction is incorrect or the selected muscle group is not 
responding (Buckmire et al., 2018). During stimulation, the patient should attempt to 
actively move the targeted muscle group in conjunction with the stimulation (Bersch 
& Fridén, 2016). As greater voluntary control develops, the intensity can be gradually 
reduced to a sensory-level and the patient instructed to actively contract the muscle 
with each on cycle. Treatment sessions are usually 30 minutes, 1 to 2 times per day, 
and can extend over 3 to 5 days per week.

Orthopedic or neurological conditions that limit tendon excursion can be 
approached using either asymmetrical or symmetrical biphasic pulse waveforms. A 
thorough understanding of the patient’s condition, particularly if surgical intervention 
has occurred, as well as the stage of wound healing, is crucial before using electrical 
stimulation. A complete evaluation and review of the patient’s history is required to 
assist in correctly identifying appropriate goals and interventions. Electrical stimula-
tion should not be used if there is a question of a bony block, or if movement is con-
traindicated due to the surgery. It is always best to check with the patient’s physician 
prior to using electrical stimulation with tendon repairs. Another factor that may influ-
ence the use of electrical stimulation is 3+ grade strength of muscle contraction if the 
intensity is set to tetany; higher intensity levels have subsequent higher muscle grades. 
If this amount of strength and movement is contraindicated for the patient’s repair 
or condition, damage to the tendon or repaired structures may occur. The material 
properties of the tendon may also be degraded following paralysis, such as SCI, and 
care must be taken to monitor the patient’s response during treatment using electrical 
stimulation (Maganaris et al., 2006). 

Surgery and trauma to the upper extremity may also cause edema to pool in 
the extremities within the interstitial spaces, further limiting movement and func-
tion. Decreased venous and lymphatic return may also contribute to edema in these 
patients, causing pitting edema. Volitional muscle contractions cause a vascular pump-
ing action that facilitates venous and lymphatic return. In some postoperative and 
trauma patients, or those patients who are deconditioned due to immobility, pain, or 
musculoskeletal conditions, electrical stimulation of targeted muscles may prove ben-
eficial. Electrical stimulation may also be effective as a mechanism to reduce swelling 
in individuals who do not fully activate the musculo-venous pump. Stimulation of the 
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weakened muscles may improve circulation, increase venous return, and decrease 
edema through the pumping action of the muscular contractions. 

Electrical stimulation may decrease volume in the distal extremities by increasing 
venous return, reducing venous stasis, and increasing lymph flow as well as intersti-
tial hydrostatic pressure, thereby reducing capillary filtration and assisting in fluid 
reabsorption (Lake, 1992; Man et al., 2003; Man et al., 2007). Electrical stimulation 
may also facilitate the healing process of the tendons and affected collagen structures 
(Michlovitz, 2005; Shi, 2005; Snyder et al., 2002). Increasing microcirculation in an 
extremity decreases edema. In the lower extremity, NMES has been found to increase 
microcirculatory blood flow in the thigh. Research has found that NMES significantly 
increases cutaneous blood flow in the thigh of healthy individuals. The dynamics of 
venous flow and its effect on microcirculation indicates that NMES may be an effi-
cient solution to decrease edema, improve healing, and prevent wound complications 
(Bahadori et al., 2017). 

To facilitate tendon excursion for innervated muscles, the pulse duration is set 
between 200 and 300 µs, with a frequency of 25 to 50 pps. Intensity is increased to 
achieve maximal contraction of the muscle so that a comfortable tendon excursion 
is noted. Intensity should never be set above the tolerable level of the patient. Lower 
intensity levels can be used at the start of treatment and increased as tolerance 
improves. On-/off-duration should be a 1:3 ratio. The recommended treatment time is 
30-minute sessions 2 to 3 times daily, over a period of 3 to 5 days per week. Electrical 
stimulation may not be indicated once the patient can achieve a maximal contraction 
of the target muscle voluntarily, and reevaluation of treatment goals and interventions 
should occur.

Neuromuscular Electrical Stimulation for 
Relaxation of Muscle Spasm and Spasticity

Poststroke patients often experience spasticity affecting balance and movement, 
which negatively affects quality of life and independence in ADL. Spasticity is often 
accompanied by abnormal muscle tone, decreased muscle power, decreased ROM, 
incoordination of movements, and alteration in sensory processing (Llorens et al., 
2015; Pizzi et al., 2005). NMES can be used to decrease the pain and tension accompa-
nied by muscle spasm due to musculoskeletal conditions or spasticity. Often, this pain 
and spasm is exacerbated by anxiety and leads to a cyclic pain-spasm-pain pattern, 
causing further protective guarding and muscle spasm. Depending on the severity 
of the condition, the effectiveness of this technique with the neurologically involved 
patient may be of short benefit due to the underlying pathology. However, NMES can 
be used with success in those orthopedic patients who are having muscle spasm due 
to injury. Electrical stimulation of the involved muscles facilitates muscle relaxation 
and increases circulation to the area. This increased circulation and stimulation of the 
affected muscles may help to break the pain-spasm-pain cycle and facilitate healing. 
NMES is typically used to fatigue a muscle, thus relaxing the spasm. Its most notable 
use is in the muscles of the shoulder, which may be limiting functional movement due 
to pain and spasm. The waveform can be either asymmetrical or symmetrical biphasic 
pulse. The pulse duration is 300 µs with a frequency between 30 and 60 pps. The inten-
sity is increased to patient tolerance and to achieve a gentle contraction. To achieve 
fatigue of the muscle group, the on-/off-ratio should be 1:1. The electrodes should be 
placed over the motor point with stimulation continuing until muscle fatigue is noted.
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NMES for decreasing spasticity in the neurologically involved patient can be used 
as an adjunct to cooling, vibration, serial casting, or splinting, and with medication 
or injections such as botulinum toxin (Detrembleur et al., 2002; Hesse et al., 2001). 
Reductions in muscle tone following stimulation can last for a minimum of 30 minutes 
to a maximum of 6 hours or longer if combined with other medications or techniques. 
Stimulating the spastic muscles may cause a decrease in muscle tone and the common 
posturing of flexor spasticity. Stimulation of the antagonist muscles in spastic patients 
may cause inhibition in the spastic agonist muscle. Alternating or reciprocal electri-
cal stimulation between spastic and the weaker antagonist muscle may also decrease 
spasticity. Because of the increased risk for these patients to develop soft-tissue con-
tractures, muscle shortening, and decreased movement, it is important that the thera-
pist incorporate additional treatment interventions such as splinting, positioning, and 
home programs to maintain any gains that occur (Baker et al., 1983; Billian & Gorman, 
1992; Daly et al., 1996; Scheker et al., 1999; Scheker & Ozer, 2003).

Inhibition of spasticity is dependent on the underlying pathology and degree of 
spasticity in the patient. If the peripheral nervous system is intact, electrical stimula-
tion can provide muscle contractions in those individuals who may be lacking voli-
tional movement caused by CVA, cerebral palsy, or TBI (Baker et al., 1983; Patel, 2005; 
Pease, 1998). Other research has reported that electrical stimulation can decrease 
spasticity in patients with SCI as well as patients with hemiplegia (Ng & Hui-Chan, 
2007; Ping Ho Chung & Kam Kwan Cheng, 2010). Other research has combined thera-
peutic approaches such as mirror therapy with electrical stimulation to decrease spas-
ticity in the lower extremity and facilitate gait and mobility (Xu et al., 2017). Although 
a relaxation response in the muscles can occur in the neurologically involved indi-
vidual, the underlying cause of the spasticity may limit the overall effectiveness of the 
intervention. A thorough evaluation of the patient and the underlying cause should be 
completed to identify those areas that may respond better to the stimulation and have 
a prolonged effect. 

Spasticity is associated with hypertonia, hyperactive deep tendon reflexes, as well 
as clonus, and is difficult to manage. Joint contractures due to spasticity also present a 
challenging problem for the clinician. A complete evaluation to determine the cause of 
the contracture as well as the total active or passive movement available is necessary 
to determine the appropriate approach. The end-feel is also of importance, as a bony 
block or hard end-feel may limit a positive outcome. As always, a thorough review of 
the patient’s history, surgical intervention, and underlying pathology will help guide 
treatment goals. For orthopedic patients, it is valuable to review the x-rays and x-ray 
report if available. The treatment protocol used in treating a joint contracture is essen-
tially the same protocol utilized for increasing active ROM. Stimulation parameters are 
also similar, with the addition of serial casting that can be modified with openings over 
the electrode sites. Electrical stimulation in conjunction with serial casting or dynamic 
splinting can be reapplied in greater degrees of motion as progress is made (Scheker 
& Ozer, 2003).

Electrical Stimulation for Wound Healing
Electrical stimulation can be used to effectively facilitate tissue healing. It is well 

documented that electrical stimulation will stimulate bone growth and can enhance 
callus development and mineralization, with consequent improvement in the bio-
mechanical properties of the bone (Park & Silva, 2004). Wound healing involves cell 
migration and proliferation due to an endogenous electrical current that occurs in the 
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area of the wound. Use of an external electrical stimulator for the treatment of chronic 
wounds and decubiti facilitates this process and healing (Franek et al., 1999; Kai et al., 
2017). In some individuals, the three phases of healing become delayed for a variety 
of reasons, including diabetes, ischemia in patients with and without diabetes, and by 
pressure, such as in bedsores (Kloth, 2005).

DC and HVPC can have beneficial effects in the healing process because electri-
cal stimulation can be used to transfer energy from the electrical current to a wound 
because of the current’s polarity. Although the mechanism behind the efficacy of elec-
trical stimulation to accelerate wound healing has not been fully identified, research 
has demonstrated that electrical stimulation can affect both the process of healing 
as well as the histochemical and circulatory effects on the targeted tissue (Petrofsky 
et al., 2005; Sun et al., 2004). All living cells are surrounded by a plasma membrane 
that functions on the electrochemical physiology principle of DC exchange of ions 
(Sakmann & Neher, 1984). When there is injury to the epithelial layer, the body’s natu-
rally occurring electrical current is disrupted, which creates an electrical field. The 
electrical field that occurs due to the injury and the movement of the cells in response 
to the histochemical changes and healing processes guide epithelial cell growth and 
migration during healing (Zhao et al., 2006).

Electrical stimulation has beneficial effects during the inflammatory, proliferation, 
and maturation phases of wound healing and can be used successfully in treatment 
of decubitus ulcers and chronic wounds in combination with conventional therapies 
such as daily care and debridement of wounds (Demir et al., 2004). Electrical stimula-
tion should be a consideration for treating nonhealing pressure ulcers, but optimal 
electrical stimulation wound treatment protocols are varied and have not been stan-
dardized (Polak et al., 2018). The type of electrical stimulation, waveform, and duration 
of therapy vary in the literature, and there are no standard protocols for electrical 
stimulation of wound healing (Ud-Din & Bayat, 2014). Electrical stimulation using DC 
has ranged from a few microamperes (µA) to a few milliamperes (mA) of current, as 
well as using pulsed electrical current (Balakatounis & Angoules, 2008; Thakral et al., 
2013). A meta-analysis and systematic review found that unidirectional HVPC with the 
active electrode placed over the wound was the best protocol to improve wound heal-
ing. Additionally, electrical stimulation was determined to be more effective on pres-
sure ulcers compared to venous or diabetic ulcers, with the efficacy being inversely 
related with the size and duration of the wound (Khouri et al., 2017).

DC occurs naturally in the body to control the healing process. When there is an 
injury to the tissue that disrupts the body’s natural electrical field, a change is trig-
gered in the current at the injured site that influences the histochemical substrates 
associated with the healing process. The wound will possess a positive electrical 
potential relative to the uninjured tissue and the body’s bioelectric system will attract 
cells that will facilitate cellular secretion through the cell membranes, orient cell 
structures, and repair the skin defect. However, the electrical current may gradu-
ally decrease, causing a delay or limited wound healing. The healing process will be 
arrested or incomplete if the current no longer flows while the wound is open. Applying 
a low-intensity electrical current externally can accelerate wound healing if the current 
is maintained throughout the three phases of healing (Balakatounis & Angoules, 2008). 
Treatment of chronic ulcers is based on “moist” wound healing, and the underlying 
pathology and local treatment must be taken into consideration. Local treatment of the 
wound is necessary and includes cleaning, debridement, control of any infection, and 
the application of different topical agents, both medication and dressings (Moreno-
Gimenez et al., 2005; Figure 9-4).
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Electrical stimulation involving HVPC can be effective for a variety of conditions 
involving surgical or traumatic wounds. Clinicians should be aware of the healing 
phase and the anticipated goals of the intervention because the use of electrical stimu-
lation is not pathology dependent. The types of wounds in which the use of HVPC are 
indicated include pressure ulcers (stage I through IV), diabetic ulcers (due to pressure, 
insensitivity, and dysvascularity), venous ulcers, traumatic wounds, surgical wounds, 
ischemic ulcers, vasculitic ulcers, donor sites, wound flaps, and burn wounds. The 
application of electrical stimulation during the proliferative phase of wound healing 

Figure 9-4. Use of electrical stimulation in the form of AC, DC, or pulsed current facilitates the process 
of wound healing. Electrical stimulation facilitates chronic wound healing in all three phases of the 
healing process: Inflammation, proliferation, and maturation or remodeling. During phase 1 of healing 
(inflammation), electrical stimulation increases blood flow, tissue oxygenation, and fibroplasia; decreases 
edema; and provides an antibacterial effect. During phase 2 of healing (proliferation), electrical stimulation 
increases membrane transport and organization of the collagen matrix, facilitates wound contraction, and 
facilitates histochemical changes and collagen synthesis. In phase 3 of healing (maturation/remodeling), 
electrical stimulation facilitates fibroplasia, cell proliferation, and migration, facilitating wound closure 
and tissue strength. (Reproduced with permission from Ud-Din, S., & Bayat, A. [2014]. Electrical stimulation 
and cutaneous wound healing: A review of clinical evidence. Healthcare, 2[4], 445-467. https://doi.
org/10.3390/healthcare2040445; https://creativecommons.org/licenses/by/4.0/.)
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can effect biophysiological changes that will stimulate fibroblast and epithelial cells, 
generate DNA and protein synthesis, increase adenosine triphosphate generation, 
improve cell membrane permeability and transport, produce better collagen matrix 
organization, and stimulate wound contraction (Evans et al., 2001; Houghton et al., 
2003).

During the remodeling phase of wound healing, electrical stimulation stimulates 
epidermal cell reproduction and migration that produces smooth and thin scarring. 
However, the wound must be kept moist with normal saline to maintain an optimal bio-
electric charge, and dressings such as amorphous hydrogels and occlusive dressings 
should be utilized to promote the current in the injury. Because electrical stimulation 
with negative current can solubilize clotted blood, negative polarity can be used to 
treat wounds that have necrotic tissue. Therefore, a hematoma or hemorrhaging at the 
wound margin or on the granulating tissue will dissolve and become reabsorbed when 
an HVPC with a negative pole is applied (Thawer & Houghton, 2001). Absorption of the 
hemorrhagic material should occur within 48 hours when negative polarity is used dur-
ing the inflammatory phase of healing. 

The protocols used for wound healing should be modified when the healing phase 
changes and in response to changes in the wound. Therefore, clinicians must identify 
the wound healing phase when performing the assessment and diagnosis because 
this will influence which treatment protocols should be selected. It should be noted, 
though, that the pathogenesis of the wound will not affect the protocols or parameters. 
Before applying electrical stimulation to an open wound, the wound dressing should 
be removed so that the area can be cleaned of any slough, exudate, and petrolatum 
products, and sharp debridement of the necrotic tissue can be completed. The wound 
should then be gently packed with saline-soaked gauze (using saline-based amorphous 
hydrogels) to permit conduction of electrical current. When the gauze is attached to 
the lead of the stimulator with an alligator clip, it will act as the active treatment elec-
trode. Aluminum foil can also be placed in or over the gauze to increase conductivity. 
The dispersive electrodes should be placed proximal to the wound, but care should be 
taken to avoid bony prominences. When the separation or distance between the active 
and dispersive electrode is increased, the current path will become deeper. 

 The waveforms that are commonly used for wound healing are DC and low- or high-
voltage, multipulsed current. The outcomes during the inflammatory phase include 
necrosis free, erythema free, edema free, exudate free, and red granulation, and the 
expected outcomes during the proliferative phase include undermining and tunneling 
of the wound, decreased wound size, open area, and depth. During the inflammatory 
and proliferation phases, the amplitude should be adjusted to the patient’s tolerance 
level, but below the motor-level threshold. The polarity should be negative with a pulse 
rate of 30 pps. The treatment period should be 60 minutes daily for a frequency of 5 to 7 
times per week, though these parameter settings may vary depending on what type of 
equipment is utilized (Kai et al., 2017). Furthermore, when there is a great deal of blood 
exudate while using DC, the amplitude should be decreased; conversely, when there is 
copious serous drainage without any bleeding while using DC, the amplitude should be 
increased. Although electrical stimulation produces a substantial improvement in the 
healing of chronic wounds, further research is needed to identify which electrical stim-
ulation devices and which therapeutic parameters are the most effective (Baker et al., 
1997; Bayat et al., 2006; Bogie et al., 2000; Gardner et al., 1999; Nalty & Sabbahi, 2001). 
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Electrical Stimulation for Denervated Muscle
A frequent question from clinicians practicing in pediatrics or those in orthopedic 

settings is whether NMES will be beneficial when used with patients with denervated 
muscles. Clinical conditions include brachial plexopathies, Erb’s palsy, brachial plexus 
birth palsy, peripheral nerve injuries (PNIs) due to compression, laceration, secondary 
to fractures, and other conditions where the nerve is compromised. Brachial plexus 
birth palsy is an unpredictable complication of childbirth affecting between 1 and 4 
children per 1000 live births, with the incidence appearing to be increasing (Bouche 
et al., 2017; Zhou et al., 2012). PNI is common and often leads to severe, long-term 
physiological and functional disability (Wojtkiewicz et al., 2015). Nerve injuries can 
be a major source of disability due to pain, loss of sensation and motor function, and 
complex pain syndromes. There are a variety of therapeutic approaches to nerve inju-
ries that are used to improve function and decrease disability, including nerve graft-
ing, nerve transfers, limb salvage, amputations, and targeted muscle reinnervation 
(Andersen et al., 2015). 

The brachial plexus innervates all sensory and motor innervation for the shoulder 
and upper extremity. Due to its large size and superficial location between the neck, 
shoulder, and arm, it is susceptible to injury and compromise. Brachial plexopathies 
are classified based on the specific component that is impaired, the mechanism of 
injury to the anatomical structure, and the resulting symptoms (Quong et al., 2015). 
Brachial plexus birth injuries are classified based on the nerve roots that are affected. 
Erb’s palsy injuries involve C5, C6, and C7 nerve roots. Global or total brachial plexus 
palsy occurs when all nerve roots, C5-T1, are injured (Abzug & Kozin, 2014). Various 
types of nerve injury can occur at each root level affected, including neuropraxia, axo-
notmesis, neurotmesis, and avulsion. 

The severity of the injury or nerve lesion is often related with poor nerve regen-
eration and decreased functional outcomes, even following early medical and surgi-
cal intervention. Axonotmesis is an injury to the peripheral nerves that damages the 
axons and the myelin sheath. Neurotmesis injury to the peripheral nerve involves dis-
ruption of both the nerve and the nerve sheath with loss of function and is considered 
the most serious of PNIs. Axonotmesis injuries may have full functional recovery, par-
tial recovery, or no functional recovery depending on the extent of the axonal damage. 
When using electrotherapy with denervated muscle, the peripheral nervous system 
has become compromised, leading to loss of voluntary and reflexive activity along 
with muscle atrophy and changes in muscle excitability. The radial nerve is the most 
frequently injured peripheral nerve in the upper extremity, often secondary to humeral 
fractures (Venouziou et al., 2011). Denervated muscles respond to electrical stimula-
tion differently from innervated muscles and require direct stimulation of the muscle 
fiber, which requires a greater electric charge (Robinson & Synder-Mackler, 1995). 

The clinical approach to use of electrical stimulation for injured peripheral nerves 
varies, with often disparate parameters used for NMES in human and animal stud-
ies. The effect of electrical stimulation on injured peripheral nerve axons has found 
positive outcomes with enhanced nerve regeneration and functional recovery in 
those patients where low-frequency electrical stimulation was used following primary 
surgical repair of the transected peripheral nerve. Although duration of the electri-
cal stimulation varies, the use of low-frequency (20 Hz or less) electrical stimulation 
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protocols has been consistent and effective in both animal models and in patients 
(Walsh, 2010). To avoid electrochemical burns when using electrical stimulation for 
denervated muscles, a pulse duration of 200 ms is preferred because longer pulse 
durations also increase the risk of skin irritation due to the increased total amount of 
electrical current flow into the area. Frequency of treatment and duration of stimula-
tion have also varied in the research. Daily application of electrical stimulation of 
denervated muscle has been demonstrated to accelerate reinnervation of the muscle 
following surgical repair of transected nerves. Other research with patients who were 
post–carpal tunnel release surgery found that 1 hour of electrical stimulation at 20 Hz 
over the surgical decompression site led to accelerated axon regeneration and early 
and complete reinnervation of the thenar muscles 6 months later. Additional research 
demonstrated accelerated regeneration of sensory nerves following digital nerve tran-
section and surgical repair leading to functional recovery in the hand (Wong et al., 
2015). Incorporating electrical stimulation in conjunction with high-intensity training 
also was effective in avoiding neuropathic pain and facilitated functional recovery 
(Gordon & English, 2016).

Electrical stimulation has also been used as a component of the rehabilitation 
process in patients with brachial plexus injuries. Brachial plexus injuries can be dev-
astating depending on mechanism of injury and peripheral nerves involved. Injury to 
the brachial plexus can cause loss of sensation in the affected upper extremity as well 
as loss of motor power and movement. Patients may also experience neuropathic pain, 
which can complicate the condition and lead to loss of function, severe chronic pain, 
and disability. Surgical advances in peripheral nerve surgery have led to improved 
therapeutic outcomes (Limthongthang et al., 2014). The use of electrical stimulation 
for use in infantile Erb’s palsy has been contradictory, with differing opinions related 
to its effectiveness in the early resolution in this population. Research has also found 
that applying electrical stimulation directly to the proximal site of an injured nerve 
augments nerve regeneration and facilitates recovery in the affected nerve and distri-
bution, although the mechanism of action is not clear (Tang et al., 2016).

The development of chronic pain due to brachial plexus injuries can lead to 
decreased function and complicate rehabilitation and independence. Therapeutic 
approaches have included a combination of spinal cord stimulation and peripheral 
nerve stimulation to decrease chronic pain. Stimulation of the target nerve directly 
and indirectly caused a decrease in pain from brachial plexopathy (Choi et al., 2018). 
The combination of exercise, electrical stimulation, and neurotrophic drugs postop-
eratively also improved functional outcomes (Gordon et al., 2010). There appeared to 
be a positive association with time post-nerve transfers in clients with brachial plexus 
avulsions and functional outcomes. Electrical stimulation for home use has also been 
shown to provide a safe and effective intervention for patients with brachial plexus or 
PNIs and to prevent disuse atrophy (Limthongthang et al., 2014).

The role of electrical stimulation in the treatment of Erb’s paralysis also has 
differing opinions, but other research suggests that it may be preferred to conven-
tional treatment leading to an early resolution of function (Okafor et al., 2008). Other 
therapeutic approaches to the issues related to perinatal brachial plexus injuries have 
combined interventions such as electrical stimulation and constraint-induced move-
ment therapy (CIMT). Researchers propose that targeted therapeutic interventions, 
surgical interventions, and home programming incorporating sensory-level stimula-
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tion in a structured sequential format as early as 6 weeks can facilitate development, 
movement, and prehension. It is proposed that use of reciprocal electrical stimulation 
be applied to opposing muscle groups to facilitate reciprocal muscle activation and 
isolated movement. Augmenting a conventional approach with the use of reciprocal 
electrical stimulation, CIMT, casting, and bimanual tasks and activities may facilitate 
movement and neural development (Berggren & Baker, 2015).

The effect of electrical stimulation on nerve regeneration is unclear and often 
contradictory. Direct motor electrical stimulation has been shown to increase muscle 
bulk; however, long-pulsed (ms) durations can be uncomfortable and its efficacy 
unclear. Other studies that used a short-pulsed (ms) sensory-level electrical stimula-
tion following PNI have demonstrated earlier functional recovery and improved sen-
sory return. The use of electrical stimulation postoperative should be reviewed by the 
surgeon to ensure that movement of the repaired nerves does not disrupt the surgical 
repair. Although the mechanism of action for electrical stimulation to enhance nerve 
regeneration is unclear, the efficacy of the intervention is encouraging and should be 
a consideration as a component of therapeutic interventions (Gordon & English, 2016). 
A thorough understanding of movement and electrotherapy parameters is critical to 
avoid electrochemical burns or disrupt surgical repairs or intervention. Additional 
information such as electromyography studies or nerve conduction velocities may 
also assist in determining appropriate use and application of electrical stimulation for 
nerves.

Electrode Placement
Electrode placement for NMES will vary depending on what muscle group is being 

stimulated and the goal of the program. A thorough understanding of the kinesiology, 
muscle insertion, and innervation of the targeted muscle as well as the underlying 
pathology is necessary to ensure appropriate response of the tissue. There is a wide 
variety of potential applications and electrode placements for NMES depending on the 
identified goals and objectives. It is recommended that clinicians be familiar with the 
parameters of the equipment that they will be using and familiarize themselves with 
electrode placements before applying electrical stimulation to patients. As with any 
physical agent, clinicians should ensure that they have the service competency and 
training required to safely and effectively use electrotherapy with their patients. In 
addition, they should meet all state or institutional regulatory or licensure guidelines 
for using electrotherapy and physical agents.

The following provides a sampling of possible electrode placements for use with 
NMES and is intended to serve as a general guide for some of the more common pro-
grams used in occupational therapy.
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Electrode Placements and General Parameters 
 ӹ 1 to 12 are located on the posterior arm and are used in stimulating extensor 

muscles (Figure 9-5).
1. Over the supraspinatus muscle
2. Over the triceps muscle belly
3. Over the long head of the triceps muscles
4. Over the triceps tendon at the musculotendinous junction
5. Between the motor points of the extensor carpi ulnaris (ECU), extensor carpi 

radialis brevis (ECRB), and extensor carpi radialis longus (ECRL) muscles
6. Over the lateral epicondyle
7. Motor point of the ECRL
8. Between motor points of extensor digitorum communis (EDC) and extensor 

indicis proprius (EIP) muscles
9. Radial dorsal wrist

10. Dorsal wrist
11. Ulnar dorsal wrist
12. Motor points of posterior interossei muscles

Figure 9-5. NMES electrode placements—
posterior view for stimulation of upper extremity 
extensor muscles. (Illustration by Kim Bartlett, 
used with permission.)
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 ӹ A to H are located on the anterior side and are used in stimulating the flexor muscle 
groups (Figure 9-6).
A. Between motor points of flexor carpi radialis (FCR) and flexor carpi ulnaris 

(FCU)
B. Motor point of brachioradialis
C. Between motor points of flexor digitorum superficialis (FDS) and flexor digito-

rum profundus (FDP)
D. Motor point of flexor pollicis longus (FPL)
E. Radial volar wrist
F. Volar wrist
G. Ulnar volar wrist
H. Ulnar nerve at Guyon’s canal
I. Motor point of flexor pollicis brevis (FPB)

Figure 9-6. NMES electrode placement for stimulation 
of upper extremity flexor muscle groups. (Illustration by 
Kim Bartlett, used with permission.)
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Neuromuscular Electrical  
Stimulation Treatment Guide

The following are recommended guidelines for the use of NMES. There are a vari-
ety of protocols and electrode placements that can be uniquely configured for each 
patient to meet their specific needs. It is the responsibility of the clinician to determine 
the appropriate application and use of NMES based on formal evaluation and patient 
need. For ease and clarity of application, the electrodes are labeled positive and nega-
tive. Because the protocols are using a biphasic waveform, the pulse is bidirectional. 
Either the negative or positive electrode could be placed on either motor point of the 
protocols unless the muscles are smaller (e.g., in the upper extremity) and are more 
difficult to localize. In these cases, an asymmetrical waveform should be used with the 
active electrode placed over the motor point. Most electrode leads use black for the 
negative (-) lead and red for the positive (+) lead to distinguish the current. The clini-
cian should review the manufacturer’s information on the equipment being used and 
apply the guidelines based on their equipment (Table 9-1).

Incorporating Functional Activities With Electrical Stimulation
As with any physical agent, NMES is most effectively used as an adjunct to the 

occupational therapy intervention plan. As the research has indicated, NMES is more 
effective when combined with voluntary movement and task activity facilitating an 
individual’s performance and should always be a consideration. NMES has an extrin-
sic value to the treatment process, but incorporating active, functional activities and 
interventions adds intrinsic value and motivation to the treatment protocol for the 
patient. Many of the uses of electrotherapy in occupational therapy are based on 
using the stimulation for FES and engagement in a specific activity or movement pat-
tern. NMES can be used to facilitate movement and muscular contractions in patients 
with minimal or returning motor activity, as well as to strengthen or augment weak 
voluntary movement. Used functionally, NMES can be incorporated to strengthen a 
particular motor response, such as grasp and release activities of the finger flexors 
and extensors. NMES is also used as a substitute for shoulder slings, with electrode 
placement used to strengthen shoulder flexion and abduction as well as reaching pat-
terns (Figure 9-7).

Treatment protocols for the shoulder may also provide some measure of pain relief 
to those patients with shoulder/hand syndrome. Patients who display essentially flac-
cid musculature of the shoulder due to hemiplegia may benefit from stimulation to the 
posterior deltoid and supraspinatus muscle to increase tone and decrease subluxation 
and subsequent complications.

With any of the upper extremity protocols for strengthening or facilitation, incor-
porating a hand switch to trigger the stimulation can be an effective method for table 
activities and for producing functional grasp and release activities. There are some 
systems, such as that offered by the Bioness Company, which use a static wrist sup-
port with surface electrodes and can be triggered automatically or by the therapist to 
stimulate a specific group of muscles or movements in the forearm. Simple wrist sup-
ports or quickly fabricated cock-up splints can also be used to stabilize the wrist to 
facilitate finger flexion and extension by blocking out wrist movement.
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The Chattanooga Group offers an integrated system, the Vectra Genisys Therapy 
System that utilizes both surface electromyography (sEMG) biofeedback and sEMG-
activated electrical stimulation. With this system, the patient and therapist can moni-
tor the amount of motor activity and volitionally control the muscle activity and move-
ment using the sEMG biofeedback. This feedback is then paired to the motor response 
with electrical stimulation. Once a set threshold is reached beyond the point where 
the patient cannot functionally move, the NMES portion of the machine stimulates the 
targeted muscle completing the movement and strengthening the muscles, reinforcing 
the patterns and movements. This biofeedback paired with NMES can be effective in 
those patients who become “stuck” in flexor synergies and tend to override develop-
ing upper extremity extension patterns. With a conventional electrical stimulator, the 
therapist can use bifurcated leads, which split a single channel into two, effectively 
targeting up to four muscle groups and facilitating a wide range of motor movement, 
ROM, and potential tasks and activities. Creativity and analysis of the movement pat-
terns and activities desired are a necessary component of the evaluation and forma-
tive assessment when using electrical stimulation.

Because the spectrum of conditions and applications for NMES use in the treat-
ment process will vary, the clinician must be creative and adept at analyzing the activ-
ity and movement that is being facilitated by the stimulation to determine appropriate 
interventions. As the research has indicated, using electrical stimulation in conjunction 
with other therapeutic approaches such as CIMT and mirror box therapy, and paired 
with functional movement patterns, tasks, and activities, will facilitate and strengthen 
outcomes. Although the activity and technique may be different for each client, the 
underlying benefit of greater effectiveness of NMES when combined with functional, 
active movement will be consistent with nearly all interventions and applications. 

Figure 9-7. A 2-channel electrode placement 
for reach stimulating multiple muscle groups 
allowing for active shoulder elevation, elbow 
flexion, and wrist extension facilitating a 
hand-to-mouth functional pattern. This 
pattern, creativity, and knowledge of muscles, 
movement, and electrical stimulation can be 
used for a variety of functional occupational 
tasks including feeding, drinking, putting on 
makeup, and other tasks that may be of value 
to the patient contextually. 
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Clinicians should not allow a patient to sit passively while the stimulator contracts 
their muscle or moves their extremity without incorporating active patient participa-
tion into the treatment plan. Patient compliance and engagement in the treatment 
process and in setting appropriate and achievable goals is vital to success.

Documentation
As with any other intervention, clear and concise documentation is important to 

ensure that there is a complete chronological record of the client’s condition, subjec-
tive and objective response, and course of intervention. Appropriate documentation 
aids in facilitating communication with other team members and provides an objective 
means of determining the appropriateness and effectiveness of the intervention, criti-
cal for identifying treatment outcomes and patient satisfaction.

Documentation can include a narrative format, or more commonly, a SOAP 
(Subjective, Objective, Assessment, Plan) format. When documenting the treatment 
parameters for NMES, the subjective information that is documented should include 
any subjective information or comments related to the therapist by the patient.

Objectively, the therapist should document the target area being treated; the move-
ment desired and response; the muscle or muscle groups stimulated and the location 
of the electrodes; the overall treatment time for the stimulation; the treatment goal or 
goals with the specified electrode placement; and the treatment parameters, includ-
ing the type of device used, on-/off-time, ramp time, and intensity. Specific treatment 
results or characteristics of the stimulation should also be identified and documented 
during an activity—ROM or movement pattern, volitional contraction or static resis-
tance, and the specific task or activity associated with the stimulation if appropriate. 
Recording the patient’s subjective comments and noting any objective changes is also 
important. As with any therapeutic intervention, the documentation should present an 
external reader with a clear and concise record of what was done and how the patient 
responded to the intervention. Ensuring that the documentation clearly demonstrates 
the relationship between the use of NMES and occupational performance areas and 
valued movements, tasks, or activities will also assist in identifying the need and 
appropriateness of the intervention to external auditors such as third-party payers.

Summary
NMES can be an effective adjunct in the treatment of a variety of conditions. 

Unfortunately, it is frequently overlooked by therapists as an adjunctive method to 
achieve patient goals and facilitate functional outcomes. Combining sEMG biofeedback 
and electrical stimulation can strengthen appropriate motor patterns and movements 
that can improve performance in tasks and activities and facilitate independence. 
Electrical stimulation can facilitate muscle contraction; improve or enhance the devel-
opment of strength; reeducate muscles; and assist in the training of new motor return, 
movement patterns, and muscle function. With less muscle atrophy, the patient will 
display greater ability for voluntary movement, strength, and endurance, leading to 
improved function facilitating occupational performance and independence.

Physiological benefits of NMES include increased blood flow, improved venous and 
lymphatic drainage, and the prevention of or loosening of adhesion formation. NMES 
can be effective in decreasing disuse atrophy, increasing ROM, facilitating functional 
movement patterns and motor return, decreasing tone in spastic musculature, and 
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increasing muscle strength and endurance, leading to improved use and function. 
Through evaluation and assessment, the therapist must identify the need and goal of 
NMES as part of the overall treatment process. Electrical stimulation should be incor-
porated into the intervention with consideration to the significance and importance of 
volitional movement and engagement in valued tasks and activities. There are several 
electrical stimulators available on the market, and it is the clinician’s professional and 
ethical responsibility to fully evaluate and understand the equipment and procedures 
that will be used with the patient. The clinician also must be aware of the indica-
tions, precautions, and contraindications to the use of NMES to safely and effectively 
incorporate electrical stimulation as a component of treatment. NMES can be a useful 
technology and adjunctive addition to conventional occupational therapy interven-
tion, enhancing motor and task performance, facilitating independence, and improving 
patient outcomes.

Case Study
Mr. P. is a 72-year-old man with a right middle cerebral artery thrombosis 5 weeks 

prior to his initial evaluation. Mr. P. was an active individual before the stroke, continu-
ing to farm, garden, and maintain an active lifestyle such as traveling and involvement 
with his church. Mr. P. is married, his wife is in good health, and he has friends and 
family who live near him and assist him as needed. Mr. P. has had good functional 
return since the initial onset; he is able to ambulate using a quad cane and ankle-foot 
orthosis. Assessment reveals active movement in the left upper extremity with better 
control distally. He has weak finger flexion and extension with weak grasp. Movement 
at the biceps and triceps is nearly full. Mr. P.’s primary difficulty is the lack of strength 
and endurance in the left shoulder. He displays approximately 65 degrees of active 
shoulder flexion and 70 degrees of abduction. He displays a one-finger left shoulder 
subluxation and has been complaining of pain. A friend told him that he should be 
wearing a sling to “take the pressure off the shoulder,” but he is concerned that his arm 
will stiffen if it is immobilized. He has been working on arm/hand placement activities 
with moderate success, but decreased endurance in the shoulder has limited his abil-
ity. After further assessment of the shoulder integrity, strength, sensation, and skin 
condition, as well as obtaining a medical history from the patient and his family, treat-
ment using NMES for FES of the shoulder was implemented.

Therapeutic goals were to decrease the pain in the shoulder, facilitate active 
shoulder movement, and decrease subluxation and possible dependence on a sling. 
Sling use should be avoided in this type of patient because posturally, the use of a 
sling will cause internal rotation and adduction of the arm. FES consisted of active 
electrode placement over the posterior deltoid on the proximal one-third of the arm. 
The indifferent electrode was cut and placed to fit over the supraspinous fossa, above 
the scapula, and over the supraspinatus. Intensity was increased to achieve muscle 
tetany and a strengthening protocol was used. Electrical stimulation facilitated a more 
normal alignment of the humerus with the glenoid fossa while allowing free functional 
use and movement of the forearm and hand. As the strength continued to return in 
the shoulder, electrode placements to stimulate shoulder flexion and abduction were 
implemented, paired with reaching and grasping activities to reinforce the movement 
patterns and gains. For shoulder flexion and abduction, both electrodes were placed 
on the proximal third of the anterior arm, below the acromion. A minimum of 1 inch 
was maintained between the electrodes, and intensity was increased to achieve a 
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contraction with a strengthening protocol used. As Mr. P. became more independent 
and functional, he was given an NMES unit for home use and instructed in electrode 
placement and strengthening protocols. Mr. P. was eventually able to actively grasp and 
reach for objects in a controlled and fluid movement. He gained functional shoulder 
flexion and abduction to 100 degrees and used the stimulator as needed. With his new-
found function, Mr. P. was able to brush his teeth, wash his hair using both hands, and 
work in the garden once again. 

Clinical Reasoning Questions
1. What other therapeutic techniques might be beneficial for this patient?
2. What precautions and contraindications would you need to be aware of prior to 

using NMES?
3. What clinical signs does this patient display that would indicate that he might be a 

good candidate for use of NMES?
4. What muscle groups and motor patterns would be targeted to facilitate indepen-

dence and why were these selected?
5. What instructions and training would you provide the patient and family for a home 

exercise program using electrical stimulation?
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Learning Objectives
1. Define transcutaneous electrical nerve stimulation (TENS).
2. Describe the gate control theory of pain.
3. Discuss the endorphin theory.
4. Identify the types of stimulation programs available for use in TENS.
5. Identify the biophysiological and psychosocial effects of pain on occupational 

performance.
6. Demonstrate clinical reasoning in the assessment and effect of pain on 

performance and identify clinical interventions effective in moderating the 
perception of pain.



320  Chapter 10

Transcutaneous Electrical Nerve Stimulation Theory
TENS is the application of electrical stimulation for pain control. TENS is a generic 

term used to describe a classification of electrotherapy that applies low-voltage elec-
trical pulses to the nervous system using surface electrodes. There is a great deal of 
research that indicates that electrical stimulation can modify pain. TENS was devel-
oped as a noninvasive technique of afferent stimulation to control and modulate the 
patient’s perception of pain. There are several theories that have been postulated to 
explain how pain is transmitted. Many credit the work of Melzack and Wall (1968) for 
facilitating the development of TENS and pain theory with their gate control theory 
of pain in the mid-1960s. The two primary theories that postulate the modulation of 
pain associated with TENS are the gate control theory of pain and the endorphin theory 
(or opiate-mediated theory). Pain is a multidimensional issue and pain management 
involves controlling the perception and sensation of pain. Use of TENS as a component 
of pain management provides the therapist with a technology to provide an analgesic 
(absence of pain) effect that facilitates occupational performance and function. In the 
current opioid epidemic with its negative effect on the patient, health care delivery, 
and the socioeconomic costs, pain management has become of critical importance.

The Context of Pain
Pain has been a universal constant over the centuries. Explaining, describing, 

and modulating pain have been more problematic. Chronic pain and effective treat-
ment continue to be a major issue in health care, negatively affecting individuals in all 
aspects of life, including socioeconomic issues and costs. Several theoretical frame-
works have been proposed over the centuries to explain the physiological basis of 
pain; however, none account for all aspects of pain perception. The four most influen-
tial theories of pain perception include the specificity, intensity, pattern, and gate con-
trol theories of pain. One of the first agreed-upon definitions of pain was established 
by the International Association for the Study of Pain in 1986 (Malik, 2020; Raja et al., 
2020), in which pain was defined as “an unpleasant sensory and emotional experience 
associated with actual or potential tissue damage, or described in terms of tissue dam-
age, or both.” This definition continues to be in use today and has facilitated research 
and therapy into the various approaches and interventions for pain control.

Terminology
•	 Acupuncture point
•	 Conventional transcutaneous  

electrical nerve stimulation
•	 Cranial electrotherapy stimulation
•	 Electrode 
•	 Endogenous opiates 
•	 Endorphin theory

•	 Gate control theory of pain
•	 Motor point
•	 Subsensory transcutaneous  

electrical nerve stimulation 
•	 Transcutaneous electrical nerve 

stimulation
•	 Trigger point
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The ability (or inability) of health care providers to help patients deal with pain 
and address the effect of both acute and chronic pain on daily function has led to 
what has been referred to as a national epidemic. Pain, and how to effectively treat it, 
has led to a serious national crisis that affects public health as well as social and eco-
nomic welfare (Van Zee, 2009). The advent of the opioid crisis began in the 1990s with 
the misperception that patients would not become addicted to prescription opioid 
pain relievers like Vicodin (hydrocodone/acetaminophen), Percocet (oxycodone/acet-
aminophen) and OxyContin (oxycodone hydrochloride), leading health care providers 
to overprescribe them. In the United States, drug overdoses have become the leading 
cause of death for people under 50 years old, and deaths are rising faster than ever. 
Since 2011, overdose deaths from prescription opioids have leveled off, but deaths 
from synthetic opioid drugs such as methadone and fentanyl have rapidly increased. 
The statistics have been staggering, affecting entire communities in the United States. 
Approximately 21% to 29% of patients who are prescribed opioids for chronic pain 
misuse them, with between 8% and 12% developing an opioid use disorder (Cicero et 
al., 2014). There were more than 72,000 drug overdose deaths estimated in 2017, with 
the greatest increase occurring in fentanyl and fentanyl analogs (synthetic opioids) 
at nearly 30,000 overdose deaths (Scholl et al., 2019). Understanding pain and how to 
treat patients effectively and safely is critical to the profession and clinicians. 

Pain is one of the most common reasons people seek medical care, with acute 
pain a presenting symptom in over 80% of physician visits. More than 126 million, or 
more than half of all U.S. adults, report experiencing pain. High-impact chronic pain 
is defined as persistent pain with substantial restriction of life activities lasting 6 
months or more. Patients with high-impact chronic pain also are more frequent users 
of health care for pain, report a lower quality of life, have more difficulty with greater 
pain that negatively affects their ability to perform functional tasks and daily activities, 
and report pain in multiple anatomic locations (Von Korff et al., 2016). The National 
Institutes of Health (2017) determined that approximately 20% of adults in the United 
States reported having chronic pain, and 8% had high-impact chronic pain that limited 
at least one major life activity. 

Up to 80% of patients suffering from chronic pain are undertreated in some set-
tings. There is also a higher incidence of chronic pain and high-impact chronic pain in 
women, older adults, previously employed but not currently employed adults, adults 
living in poverty or rural areas, and those with public health insurance. A higher prev-
alence of pain is also associated with advanced age. Non-Hispanic White adults have 
a significantly higher age-adjusted prevalence of chronic pain compared with all other 
racial and ethnic subgroups, though there were no differences in high-impact chronic 
pain prevalence by race or ethnicity (Dahlhamer et al., 2018; Scholl et al., 2019).

Historically, pain has been thought of as a simple stimulus/response equation that 
followed one fixed pathway. With advances in research and technology, a more com-
plex, nonlinear concept of pain has developed. Pain is recognized as being a uniquely 
individual and subjective experience consisting of biological, psychological, and social 
components in a multidimensional experience. With the new challenges facing health 
care and society due to the complexities of pain, clinicians must better identify pain. 
Using a biopsychosocial approach to the problem, we must identify and use a variety 
of therapeutic interventions and techniques to address pain in our patients. This 
includes a multidisciplinary and integrated approach to pain and its complexities with 
consideration of electrotherapy as a potentially valuable component.
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Gate Control Theory of Pain
In the mid-1960s, Melzack and Wall (1968) described their gate control theory of 

pain, which further stimulated the interest, development, and manufacture of electro-
therapeutic and TENS equipment, and facilitated further research into pain and pain 
perception. Melzack and Wall proposed that nociceptors (pain fibers) and mechano-
receptors (touch fibers) synapsed in two primary regions within the dorsal horn of 
the spinal cord. They hypothesized that stimulation of non-nociceptors or their axons 
would interfere with the transmission of sensation from nociceptors in the dorsal 
horn, which would modulate transmission of sensory stimulation from the primary 
afferent neurons to the higher cortical areas where pain is perceived. The mechanism 
for opening/closing of the gate is due to activity in the large and small nerve fibers. 
Small-diameter, slow-conducting, nociceptive nerve fibers that have little or no myelin 
(A-delta fibers, C-fibers) transmit painful stimuli to the spinal cord, where they are 
then routed to the brain. These smaller diameter fibers can be inhibited by stimulat-
ing the large-diameter, fast-conducting, highly myelinated, and proprioceptive sensory 
nerve fibers (A-beta fibers). Electrical stimulation may decrease the sensation of pain 
by increasing the activation of the A-beta fibers, “flooding” the pathway to the brain, 
and closing the gate, thereby reducing the transmission of pain to the spinal cord 
(Melzack, 1965; Melzack & Wall, 1968). As the body becomes habituated, more intense 
stimulation of the A-fibers to keep the gate closed to the pain stimulus is required. The 
gate control system is thought to be located in a segment of the spinal cord known as 
the substantia gelatinosa in the specialized T cells (Jessel & Kelly, 1991; Melzack, 1965).

The gate control theory of pain continues to be modified, with recent research 
proposing that a “leaking gate” model may be a more appropriate graphic to account 
for the modulating intensity of itching, scratching, and intense pain. The leaking gate 
theory researchers identified a subset of second-order neurons (gastrin-releasing pep-
tide [Grp]) that receive direct synaptic input from both pain and itch primary neurons 
(Bueno et al., 2017). The Grp neurons appears to function as a “brake,” limiting strong 
pain signals from overwhelming the system, and intensity-dependent, allowing weak 
pain signals to pass through the gate while suppressing strong pain signals. When the 
Grp+ neurons are strongly activated, they can trigger enkephalin release to close the 
gate to painful stimulation from Grp+ neurons and from other pain-sensing neurons 
in the spinal cord, leading to reduced pain sensation (Sun et al., 2017). Using electro-
therapy, clinicians can attempt to affect and influence this system to modulate pain 
(Figure 10-1).

Endorphin Theory
Another theory attributed to the effects of TENS is known as the endorphin theory 

or opiate-mediated theory. Extensive research has come out of the field of neurophar-
macology in the past 25 years, contributing greatly to understanding pain. Electrical 
stimulation of areas proximal to the location of pain or to acupuncture or trigger 
points decreases or modulates the perception of pain (Melzack et al., 1977). The endor-
phin theory is based on the discovery of natural opiates that are pain suppressors in 
the body (Bonica, 1990; Kandel et al., 1991). These endogenous opiates are the body’s 
own natural pain relievers and are produced in the anterior lobe of the pituitary gland 
and in the spinal cord. The pituitary gland produces beta-endorphins and the spinal 
cord enkephalins. Beta-endorphins are circulated by the blood stream and interact 
with specific opioid receptors located throughout the body, producing analgesia by 
inhibiting the firing of peripheral somatosensory fibers (Bach, 1997). Endorphins also 
affect other sensory pathways, including vision, hearing, and smell.
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Beta-endorphins are released during stressful or painful events and increase dur-
ing exercise and with muscle fatigue. Although initial research focused on peripheral 
causes of fatigue and their effect, there is a complex interplay between peripheral 
and central limitations of performance and its effect (Roelands et al., 2013). Beta-
endorphins inhibit the peripheral somatosensory nerve fibers involved in nociception, 
effectively decreasing pain. These endorphins and all opioids bind to specific opioid 
receptors and though they relieve pain, these drugs and hormones also affect the 
body’s homeostatic metabolic function (Herz & Millan, 1989).

The Neurohumoral/Neurotransmitter Theory suggests that TENS stimulates the 
body’s production of endogenous opiates that interact with receptors and block the 
perception of pain. These endogenous opiates are effective at decreasing the percep-
tion of pain and mimic the action of narcotic drugs. When administered with a strong, 

Figure 10-1B. Enkephalin modulates the sensing of a strong pain stimulus. Stimulation by pruritogens 
and low levels of capsaicin leads to itch and weak pain. Increased neuronal firing associated with high 
levels of capsaicin leads to the activation of neurons that release enkephalin, which modulates the degree 
of pain. (Reproduced with permission from Pereira, P. J. S., & Lerner, E. A. [2017]. Gate control theory springs 
a leak. Neuron, 93[4], 723-724.)

Figure 10-1A. Microcurrent stimulation. 
Microcurrent uses a subsensory threshold of 
electrical current. (Reproduced with permission 
Electromedical Products International, Inc.)
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subnoxious intensity at an adequate frequency, TENS can decrease reliance on pain 
medication for postoperative pain (Allais et al., 2003; Benedetti, 2007; Bjordal et al., 
2003; Goffaux et al., 2007; Grond et al., 2002; McGaraughty et al., 2005; Washington et 
al., 2000; Zhang et al., 2004). 

Acupuncture Theory
Acupuncture originated in China more than 3000 years ago and is based in tradi-

tional Chinese medicine, which theorizes that disease results from a disruption in the 
flow of the body’s circulating life energy or chi, and an imbalance in the forces of yin 
and yang. Acupuncture is used widely throughout the world, particularly in Eastern 
medicine and tradition. There are more than 20 meridian acupuncture points in the 
body and up to 2000 mapped points located on meridians, or channels of energy flow 
on the surface of the body. Application of thin needles, pressure, heat, and electri-
cal current have been used to deliver a therapeutic effect, decrease pain, improve 
health, and maintain balance in the body. Acupuncture is considered a complementary 
therapy and is increasingly used in the management of pain. Dry needling has also 
been a relatively recent addition to pain control, although the mechanism underlying 
it is unclear (Gattie et al., 2017). Potential effects of dry needling in terms of the patho-
physiology of myofascial trigger points include the taut band, local ischemia, hypoxia, 
and peripheral and central sensitization. Other research indicates that dry needling 
may benefit conditions such as cervicogenic headaches, carpal tunnel syndrome, 
lateral epicondylitis, and plantar fascia. However, the mechanism of action requires 
additional outcomes research. Traditional Chinese medicine acupuncture is used to 
modify the flow of energy (chi) along traditional Chinese meridians, while dry needling 
follows more evidence-based guidelines with recommended point locations, dosages, 
and locations for specific conditions to relieve pain, improve range of motion (ROM), 
and decrease muscle tension or spasm. 

An additional theory postulated to describe the effectiveness of TENS in the man-
agement of pain is related to the energy lines or meridians and associated acupunc-
ture points. Some theorists believe that TENS can be used to stimulate the “entry” or 
acupuncture points along the same meridians used in traditional acupuncture with a 
resultant decrease in pain perception. Basic acupuncture points are highly innervated 
and vascularized regions of the body that may overlie the nerves at their superficial 
aspects. There are basic acupuncture points for a variety of pain syndromes that may 
lie on or adjacent to the site of pain or are distant from the site of pain. When applied 
to these acupuncture points, TENS modifies the flow of energy or chi through the 
body (or the meridians), modifying the perception of pain and altering the underlying 
condition that may have caused the pain. Acupuncture and trigger points are electri-
cally active and exhibit a decreased resistance to the flow of electrical current. It is 
beyond the scope of this text to review the foundations of acupuncture but the inter-
ested reader is urged to research the topic further (Barlas et al., 2006; Hong, 2006; 
Kawakita et al., 2006; Liu et al., 2006; Wu & Yang, 2006). Trigger points are another 
area that can be stimulated with TENS to modulate pain. Trigger points, particularly 
those in patients with myofascial pain, may cause tissue ischemia. TENS stimulation 
causes vasodilation to occur, which modifies the ischemic area and decreases pain 
(Fernandez-de-Las-Penas, Alonso-Blanco, Cuadrado, & Pareja, 2006; Fernandez-de-
Las-Penas, Cuadrado, et al., 2006; Gam et al., 1998; Ge et al., 2006; Melzack et al., 1977; 
Travell, 1976). 
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Treatment Parameters of  
Transcutaneous Electrical Nerve Stimulation

Pain is a universal experience that affects function, independence, and quality of 
life. Pain modulation can be approached from a pharmacological or nonpharmacologi-
cal perspective. Historically, the medical community has applied a pharmacological 
approach to pain, which has led to widespread psychosocial issues, deaths from 
overdose, and drug dependence. There is now a greater awareness and interest in 
alternative or complementary approaches to acute and chronic pain. Acute pain is a 
protective reaction that should resolve as the tissue heals. Chronic pain becomes more 
problematic and life encompassing, and use of nonpharmacological approaches should 
be a consideration to avoid the undesirable side effects of pain medication. TENS pro-
vides the clinician with a nonpharmacological intervention that activates the endog-
enous opioid system in the peripheral and central nervous system (CNS) to modulate 
pain (Kalra et al., 2001; Sluka et al., 1999). Research in TENS and systematic reviews 
have indicated that when TENS is properly dosed, it can decrease the need for pain 
medication between 36% and 51% (Lan et al., 2012), it can be effectively used for acute 
or chronic pain, and it also improves function and performance (Bjordal et al., 2003; 
Law et al., 2004; Vance et al., 2014). TENS units can vary in size and complexity from 
clinical, line-powered devices to small battery-operated models, and are even available 
now in commercially available (and advertised) over-the-counter units.

The evidence base for the clinical use of TENS often appears to conflict with dis-
parate parameters and measures being used. TENS has been used to manage pain in a 
variety of musculoskeletal disorders, including low back pain, arthritis, inflammatory 
disorders of soft tissue, postoperative pain, osteoarthritis, and painful diabetic neu-
ropathy, and may be helpful for individuals with fibromyalgia and spinal cord injury 
as well. There is some controversy and inconclusiveness in regard to the effective-
ness of TENS, although inconsistencies in terminology and treatment parameters may 
account for the discrepancies. There are a variety of claims and protocols offered by 
the manufacturers that are anecdotal. However, there is wide variability in the clinical 
conditions treated using TENS, as well as in the treatment parameters and equipment 
used to treat pain. Clinicians must respect the uniqueness of each patient and modify 
the treatment protocols and parameters appropriately. There are few absolutes with 
TENS use, but often, a trial approach may be employed to determine effect. The evi-
dence for the clinical use of TENS may appear to be conflicting, but similar to other 
physical agents like electrotherapy and ultrasound, when TENS is dosed correctly and 
with correct outcome measures applied, it can be physiologically effective and cost 
effective to incorporate as a component of the therapeutic approach to pain (Dailey et 
al., 2013; Léonard et al., 2011; Vance et al., 2018).

The mechanisms involved in pain reduction include an afferent and efferent 
component. Pain modulation consists of a bidirectional process of blocking the pain 
(nociceptors) and decreasing the levels of proinflammatory cytokines in the blood 
during the inflammatory and acute phases of healing (do Carmo Almeida et al., 2018). 
These cytokines cause sensitization of nociceptors and, through interaction with the 
CNS, increase the perception of pain (hyperalgesia; Sluka & Walsh, 2003). Researchers 
have noticed a decrease in proinflammatory cytokines after use of TENS for a variety 
of diagnoses and conditions; this may also be a protective factor for inflammation, but 
clinical parameters such as frequency and duration are varied and require further 
research (do Carmo Almeida et al., 2018). 
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Treatment applications incorporating electrical stimulation for pain control 
employ pulsed or alternating currents with a variety of combinations of stimulation 
patterns. TENS equipment provides the clinician with a wide selection of parameters 
to choose. TENS technologies and equipment are generally characterized by the pulse 
amplitude, duration or width, and frequency. Some manufacturers may market their 
equipment for pain control as having unique waveforms or as being more effective 
than other models. The research related to these claims must be viewed critically to 
avoid inaccurate or ineffective use and to identify unsubstantiated claims. The con-
tinuum of clinical levels of stimulation ranges from sensory threshold to noxious lev-
els with stimulation intensities also affecting the response (Vance et al., 2018). TENS 
decreases pain through a combination of both peripheral and central mechanisms 
(Radhakrishnan & Sluka, 2005). TENS activates the large diameter afferent fibers, send-
ing afferent input to the CNS, which activates descending inhibitory systems effectively 
decreasing pain. Research has demonstrated differing mechanisms of action for pain 
modulation between pulse frequency variables, characterized as low-frequency and 
high-frequency TENS stimulation (Dailey et al., 2013). Stimulation intensities or ampli-
tude, the strength of the TENS, is an additional variable that when appropriately dosed 
will cause low-frequency TENS to activate the µ-opioid (mu opioid) receptors, whereas 
high-frequency TENS activates the Δ-opioid (delta opioid) receptors, both of which 
modulate pain (Léonard et al., 2011; Leonard et al., 2010).

Although the variables of stimulation frequency, pulse duration, and stimula-
tion intensity are critical components related to the effectiveness of TENS, intensity 
appears to be the variable with the greatest effect on outcomes. There is a dose-depen-
dent response to stimulation intensity and decrease in pain sensitivity. Increasing the 
intensity to a “strong but comfortable” level or to the highest intensity tolerated by 
the patient, leads to an analgesic response. Stimulation amplitude should be set to 
the highest intensity tolerated by the patient in order to improve pain modulation and 
TENS effectiveness (Moran et al., 2011; Pantaleao et al., 2011). High- and low-frequency 
TENS activate different opioid receptors. Both applications have been shown to pro-
vide pain modification, specifically when applied at a strong, nonpainful intensity. 
High-frequency TENS may be more effective for people taking opioids. Effective analge-
sia for chronic pain conditions may be limited by the development of tolerance to TENS 
if repeated application of either low- or high-frequency TENS at the same frequency 
and intensity is used daily (i.e., same dose; do Carmo Almeida et al., 2018). 

Pain and the perception of pain are unique to the individual and multidimensional. 
Pain may involve complex psychological neurophysiological mechanisms. Due to its 
variability and intrinsic perception by the individual, different analgesic effects of 
TENS and varying stimulation parameters should be a consideration in clinical use, 
unique to the patient and their individual differences. These parameters should also be 
considered dynamic and adjusted based on the patient’s response to the stimulation 
and varying effect of pain. Strategies to prolong and enhance pain relief may include 
varying these parameters (Tang et al., 2016).

There are four primary types of stimulation programs based on the neurological 
response to the stimulation either reported by the patient or observed in response 
to the stimulation: Subsensory level, sensory level, motor level, and noxious level. 
These various methods of stimulation occur through the manipulation of the electri-
cal current of the TENS units: The pulse rate/frequency, pulse width/duration, and the 
intensity or amplitude. Modifying these variables and adjusting the parameters may 
affect the patient’s perception of pain, although there is variability in the research 
(Chesterton et al., 2002; Chesterton et al., 2003; Foster et al., 1996). 
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Subsensory-Level Stimulation
Subsensory-level electrotherapy is known commercially as microcurrent electri-

cal neuromuscular stimulation (MENS). Subsensory-level TENS may also be referred 
to as microcurrent electrical therapy. Microcurrent electrical therapy uses an electrical 
current in the microampere range, which is approximately 1000 times less than that 
used in conventional TENS applications and below the threshold for sensation. The 
pulse width or the length of time that the electrical current is being delivered using a 
microcurrent device is also longer. A microcurrent pulse is approximately 0.5 seconds, 
which is nearly 2500 times longer than the pulse width in a conventional TENS unit. 
Subsensory-level TENS assumes that microamperage (µA) currents are more effective 
at enhancing cellular physiology processes. 

One of the primary premises of microcurrent and its effect on tissue is that healthy 
tissue occurs because of the direct flow of electrical current through the body. When 
injured, this electrical current flow is disrupted in the affected area with a subsequent 
cascade of negative events. Subsensory-level stimulation produces currents consisting 
of the movement of ions in the biological tissues. These electrical currents induced 
into the tissue are not of sufficient strength or magnitude to produce a recognizable 
response in the nerve or muscle, and patients do not report any cutaneous sensation 
or “feeling.” Microcurrent helps to realign the flow of electrical current in the body 
and stimulates the production of adenosine triphosphate, thereby facilitating protein 
synthesis and tissue healing (Cheng et al., 1982). Subsensory-level stimulation can be 
applied via electrodes, a probe, or when applied transcerebrally on the ear lobes by ear 
clips. The mechanism of action for microcurrent is not clearly defined. It is theorized 
that microcurrent waveforms activate specific nerve cells located in the brainstem that 
produce the histochemicals, serotonin and acetylcholine, affecting the nerve cells as 
well as in other distal areas of the CNS. When microcurrent is applied transcerebrally 
using ear clips, cranial electrotherapy stimulation (CES) is theorized to influence the 
limbic system and induce a calming effect or an “alpha state” that can decrease sub-
jective feelings of anxiety. Other theories state that CES may modify and stabilize the 
body to a prestress homeostasis with a reduction in stress-related hormones such as 
cortisol, which can influence pain perception (Barlas et al., 2006; Cheung et al., 2015; 
Kwon et al., 2017).

One of the underlying assumptions of subsensory stimulation is the belief that the 
body more comfortably and efficiently accepts this low level of electrical energy into its 
own electrophysiological healing systems. Proponents also contend that subsensory 
stimulation closely approximates the naturally occurring bioelectric current found in 
the body. The low-volt microamperage stimulation is within the range of the body’s 
own physiological currents, which enhances comfort and safety (Carley & Wainapel, 
1985). Low-level electrical current has also been applied to bone fractures that have 
been slow to heal and has been found to facilitate bone growth (Spadaro, 1977). Other 
research has found that MENS may facilitate regeneration of injured skeletal muscles 
as the number of satellite cells increased due to MENS during the regenerating phase 
of muscle tissue (Fujiya et al., 2015). Acupuncture points, auricular points, and trig-
ger points are often used as the stimulation points for using microcurrent. Additional 
research on subsensory stimulation using a double-blind and placebo-controlled 
research needs to be completed to further determine the effectiveness of this inter-
vention (Byl et al., 1994). Direct current microcurrent point stimulation applied to 
standardized lower back acupuncture protocol points was found to be effective for 
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decreasing pain in individuals with neck pain (Armstrong et al., 2017). Research has 
been somewhat equivocal regarding the efficacy of microcurrent in the treatment of 
pain, as in TENS, although research parameters and measures have varied widely and 
lack consistency (Deyo, Walsh, Martin, et al., 1990; Deyo, Walsh, Schoenfeld, et al., 
1990; Tan & Thornby, 2000; Tsui & Cheing, 2004; Weber et al., 1994). 

CES is the use of a low-level, pulsed electrical current applied to the head primarily 
for the treatment of both situational and chronic anxiety, depression, insomnia, stress 
disorders, and drug addiction (Kirsch & Smith, 2000). There is some research that also 
indicates that it may be useful for treating pain patients, migraine headaches, aggres-
sive behaviors in developmentally disabled individuals, and chronic pain in individuals 
with spinal cord injury (Bronfort et al., 2004; Cameron et al., 2003; Fagade & Obilade, 
2003; Gilula & Barach, 2004; Iliukhina et al., 2004; Klawansky et al., 1994; Lichtbroun 
et al., 2001). CES uses clip electrodes that are attached to the ear lobes (Figure 10-2). 
A current of 1 mA or less is used, which is sufficiently strong to reach the thalamic 
area and affect the manufacture and release of neurotransmitters. It should be noted 
that CES devices use different parameters than standard mA-current TENS devices. 
Standard TENS devices must never be applied transcranially (Ferdjallah et al., 1996). 

It has been proposed that the effects of CES are primarily mediated through the 
action on the brain at the limbic system, the hypothalamus, and/or reticular activat-
ing system. The reticular activating system regulates electrocortical activity, which 
are primitive brainstem structures. CES has been shown to be effective and safe for 
anxiety and anxiety-related disorders. It has also been used for depression and insom-
nia, muscle tension, decreasing pain in fibromyalgia, reflex sympathetic dystrophy 
or complex regional pain syndrome, as well as in treatment of headaches (Alpher & 
Kirsch, 1998; Lichtbroun et al., 2001; Martin et al., 1999). Further research is needed 
to determine therapeutic parameters and the effect of CES on an individual’s occupa-
tional performance and function (Bracciano et al., 2012). Therapists interested in using 
CES as an adjunct to treatment should pursue further training and education specific 
to the use and clinical application of CES, and as with any physical agent, should not 
incorporate it into the treatment protocol without possessing service competency 
(Bronfort et al., 2004).

Figure 10-2. Use of microcurrent in the form 
of CES for use of pain, anxiety, and other 
areas being researched including PTSD, 
sleep disorders, and stress management. 
(Reproduced with permission from 
Electromedical Products International, Inc.)
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Sensory-Level Stimulation
Sensory-level stimulation, also known as conventional TENS, is used for treatment 

of acute pain control and is characterized by a tingling sensation that is below the level 
of motor or pain thresholds. Sensory TENS is delivered at pulsed, higher frequencies 
(50 to 150 pulses per second [pps]) with short-pulse duration (Leonard et al., 2010). 
Sensory TENS is the most commonly used form and employs amplitudes and durations 
of stimulation that activate the cutaneous tactile sensory fibers, but which are below 
the motor threshold. Basic research studies have demonstrated that TENS activates 
descending inhibitory pathways from the midbrain and brain stem to inhibit excitabil-
ity of nociceptive neurons in the spinal cord, effectively closing the gate, turning on 
the opioid system, and thereby modulating pain (Kalra et al., 2001; Sluka et al., 1999). 
Sensory TENS should be considered during the acute stage of injury but may also be 
effective for modulating chronic pain by breaking the cycle of pain. Sensory TENS is 
based on the gate control theory of pain or counter irritation theory, and affects the 
large afferent (A) fibers, influencing pain transmission. Sensory TENS also activates 
delta-opioid receptors that support the spinal gating mechanism and modulate the 
patient’s perception of pain. Research related to the effect of caffeine on sensory TENS 
effectiveness is equivocal. An initial study indicated that caffeine could block the anal-
gesic effect (Marchand et al., 1995) while other research did not find the same effect 
(Dickie et al., 2009).

Sensory-level stimulation produces a cutaneous paresthesia (pins and needles) or 
tingling sensation without muscle contraction if the frequency of stimulation is greater 
than 10 to 15 pps, which is often referred to as low-rate TENS and the amplitude below 
motor threshold. If the frequency of stimulation is less than 7 to 10 pps, patients may 
experience a “tapping” sensation. Low-rate or burst-mode TENS is usually an alterna-
tive mode that is used for short treatment periods but that may be effective with some 
patients.

Increasing the pulse rate increases the patient’s subjective feeling of comfort of the 
stimulation. The patient’s sensory response increases if either the stimulus amplitude 
or the pulse duration is increased. The most commonly used parameters for sensory-
level stimulation (sometimes referred to as high-frequency TENS) are in the higher 
frequencies (50 to 200 pps) with a pulse width of 20 to 100 microseconds (µs). Pulsed 
or alternating therapeutic currents stimulate the cutaneous sensory primary afferents 
without a motor response being elicited. Electrode placement should be on or near 
the location of reported pain. The electrical current is increased to a sensory level 
perceived by the patient, which is most often a comfortable tingling or buzzing feeling. 
TENS has demonstrated a significant decrease in pain and has been an effective inter-
vention for chronic musculoskeletal pain (Dickie et al., 2009), acute pain (Johnson et 
al., 2015), migraine headaches (Tao et al., 2018), and chronic low back pain (Jauregui et 
al., 2016). Cryotherapy in combination with burst TENS also decreases pain (Macedo 
et al., 2015) and can be effective for postoperative and osteoarthritis pain. Additional 
research with more specific outcome measures and dose-specific parameters are 
needed to further identify the efficacy of TENS with patients with fibromyalgia, neu-
ropathic pain, and cancer because the research is variable and inconclusive in many 
cases (Gibson et al., 2017; Hurlow et al., 2012; Johnson et al., 2017).

Pain relief is usually of short duration but can be effective as long as the machine 
is on and accommodation has not occurred. Pain relief is usually noted approximately 
5 minutes after initiation of treatment and may last for up to 1 hour when treatment 
is stopped. The patient should report a reduction or modulation of the pain response 
with the stimulation, but there is minimal residual analgesia with accommodation 



330  Chapter 10

frequently occurring (Mannheimer & Lampe, 1984). Because of this, manufacturers 
of these devices have developed units with current modulators to minimize accom-
modation during stimulation that may be left on periodically during the day, requiring 
minimum attention to changing the intensity. Because the unit is on for an extended 
period of time, these can be used to decrease pain and facilitate performance during 
occupational tasks. Patients should be instructed to avoid “overdoing it” as their pain 
threshold may be changed while the stimulation is on, and they may not notice the 
warning signs of overuse or injury (Figure 10-3). 

Motor-Level Stimulation
Motor-level stimulation occurs when the electrical current is increased to acti-

vate the axons innervating skeletal muscle, causing muscle contractions. Motor-level 
stimulation is often used to treat subacute or chronic pain and should produce a noted 
muscular contraction or fasciculation, essentially a twitching reaction. Motor-level 
stimulation has also been termed strong low-rate (SLR) or acupuncture-like TENS, due to 
the frequency of stimulation and the concurrent motor-level stimulation. Dependent on 
the frequency stimulation, the tissue response can be one of tremor or twitch-like con-
tractions that occur when the frequency of stimulation is low (less than 5 pps), or the 
response can become a smooth, isometric, or isotonic tetanic-like contraction. Motor-
level TENS activates the A-delta and A-alpha nerve fibers that activate the release of 
endogenous opioids from the periaqueductal gray and ventromedial medulla, which 
are released in the blood and cerebrospinal fluid and move down the spinal cord to 
the dorsal horn, blocking pain through their effect on the opioid receptors (Kalra et al., 
2001; Lou et al., 2017). Increasing the amplitude of the stimulation causes the muscle 
contractions to become stronger through recruitment of additional motor axons and/
or muscle fibers. 

Motor-level TENS is indicated for the treatment of subacute and chronic pain. It 
is characterized by the perception of a strong, yet tolerable, rhythmical muscle con-
traction that the patient perceives as muscle twitching. The activation of A-delta and 
A-alpha fibers during this treatment initiates the release of endogenous opioids from 
the brain into the blood and cerebrospinal fluid. Because the opioids travel down the 
spinal cord to the dorsal horn, where they chemically block pain, this mechanism of 
pain relief is also referred to as the descending endogenous opioid model. The longer-
acting pain relief associated with motor TENS (1 to 10 Hertz [Hz]) is attributed to the 
specific activation of mu-opioid receptors (do Carmo Almeida et al., 2018).

Figure 10-3. Continuum (Chattanooga) 
TENS device delivers pain relief through 
the use of both endorphin release 
and gate control. (Reproduced with 
permission from Chattanooga Group.)
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Motor-level stimulation is characterized by a high amplitude and low frequency, 
with a frequency below 10 to 20 pps, and typically in the range of 1 to 4 pps. Pulse 
duration is longer than sensory-level stimulation and most often ranges from 100 to 
300 µs (microseconds). The amplitude should be increased until sufficient to produce 
strong, visible muscle contraction. Increasing the amplitude to the point of either 
muscle fasciculation or muscle twitch may be uncomfortable to patients but should be 
within their level of tolerance to discomfort. Patients may report a burning or itching 
feeling during the stimulation. Pain reduction is thought to occur through the gate con-
trol theory or more likely due to endorphin release with analgesia lasting longer than 
other forms (Low & Reed, 2000). Pain relief may occur approximately 15 to 60 minutes 
after initiation of treatment, lasting longer than 1 hour following discontinuation of the 
treatment. Longer pain relief may be associated with the amount of time it takes the 
released endorphins to be reabsorbed by the body. Electrodes should be placed over 
the motor points that correlate with the location of pain or on the segmental nerve 
roots corresponding with the location of pain and amplitude increased until muscle 
fasciculation is noted (Brosseau et al., 2003; Langley et al., 1984; Mannheimer & Lampe, 
1984). 

Noxious-Level (Brief Intense) Stimulation
Noxious-level stimulation is known by several pseudonyms, including elec-

troacupuncture, hyperstimulation, or noxious-level TENS. Noxious-level stimulation 
uses therapeutic parameters that will initially be perceived by the patient as feeling 
uncomfortable. These forms of TENS are most often used with chronic pain patients 
and after other forms of TENS have not been effective in modulating the patient’s 
pain level. Noxious-level stimulation can be administered using electrical probe elec-
trodes with a small diameter tip—similar to a pencil in size—or with conventional 
electrodes. Stimulation can be applied in short applications to acupuncture, motor, or 
trigger points. In all cases, when the stimulation amplitude is increased to a level that 
the patient perceives as painful, noxious-level stimulation has been reached. Patients 
will report an uncomfortable or painful stimulus that may be described as burning or 
needle-like. Noxious stimulation is most often associated with the electrical activation 
of pain fibers near the site of stimulation and transmitted in an afferent pathway even-
tually to the periaqueductal gray matter in the brainstem, which activates the descend-
ing pathways, releasing endogenous opiates and activating the mu-opioid receptors 
that modulate pain perception (Sluka et al., 2013; Tousigant-Laflamme et al., 2017). 

The parameters used for noxious-level stimulation can produce a motor response, 
and areas containing superficial motor nerves or motor points should be avoided if 
movement is contraindicated. Acupuncture meridians that correspond to the painful 
area can be used as the stimulation points. Brief intense (or noxious) stimulation uses 
high frequencies of 100 to 200 pps, with pulse duration between 250 to 1000 µs (Figure 
10-4). 

Noxious-level stimulation is believed to modulate pain through the release of 
endogenous opiates. Noxious-level stimulation quickly produces a surface analgesia 
and can be of short duration or extended periods lasting a few hours. Due to the 
intensity of the analgesic effect, it can be used prior to passive stretch, debridement, 
or minor surgery. Because noxious-level stimulation produces an uncomfortable 
response, it should be used when other modes of TENS have been unsuccessful. To 
improve efficacy, patients should also be instructed to remain calm and rested prior 
to electroacupuncture stimulation parameters (Barlas et al., 2006; Fang et al., 1992; He 
et al., 1985; Liu, 1996; Box 10-1). 
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Application and Efficacy
The literature is controversial and unclear on which method of TENS is more 

effective in the treatment of pain in patients. Rapid development in electrotherapy 
and increased use of TENS, and the research that followed, occurred in part as an 
outgrowth of Melzack and Wall’s gate control theory of pain. Early studies found that 
TENS use was promising for the reduction of low back pain and overall to modulate 
pain, but the research lacked consistent terminology and parameter selection and had 
a variety of methodological and documentation errors and inconsistencies (Farr et al., 
2006; Robinson, 1996; Zizic et al., 1995). Ordog (1987) examined the analgesic effect 
of sensory-level TENS on patients with acute traumatic conditions including sprains, 
lacerations, fractures, and contusions. He concluded that for acute injuries, active 
TENS alone was as effective as Tylenol (acetaminophen) with codeine in controlling 
posttraumatic pain. He suggested that active TENS might be the preferred method of 
pain control to avoid the sedative effects of narcotic analgesics. 

Other research indicates that TENS inhibits primary hyperalgesia associated with 
inflammation in a time-dependent manner after inflammation has already developed 
during both acute and chronic stages (Vance et al., 2007). Denegar (1993) determined 
that high-frequency TENS produced greater reduction in muscle-induced soreness 

Box 10-1. Techniques of  
Transcutaneous Electrical Nerve Stimulation Application

•	 Subsensory-level stimulation/CES: Pain, depression, anxiety
•	 Sensory-level stimulation: Acute/chronic pain during occupational tasks and 

activities
•	 Motor-level stimulation: Longer lasting pain relief after TENS treatment, joint 

mobilization
•	 Noxious-level stimulation: Debridement, painful procedures, passive stretch, joint 

mobilization

Figure 10-4. Noxious-level TENS used prior 
to debridement of digits. Patient is diabetic 
and underwent amputation to digits following 
injury caused by “grabbing” her dog’s collar. 
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immediately after treatment than low-frequency TENS. Denegar and Perrin (1992) 
also found that TENS and cold produced significantly greater pain relief in delayed-
onset muscle soreness. Sensory- and motor-level forms of TENS have been shown to 
decrease muscle soreness pain that is often associated with the acute inflammatory 
response. Ainsworth and colleagues (2006) hypothesized that TENS acts through 
modulating descending influences from supraspinal sites such as rostral ventromedial 
medulla. Other studies show that the activation of large-diameter primary afferents 
from deep somatic tissues, and not cutaneous afferents, are a factor in causing TENS 
analgesia (Radhakrishnan & Sluka, 2005). Electroacupuncture TENS has also been 
shown to decrease pain and improve pain-free hand grip strength in patients with 
epicondylitis (Tsui & Leung, 2002). 

Some research is equivocal. MENS, which is subsensory stimulation, does not 
appear to alter the magnitude of pain in acute inflammatory conditions such as lateral 
epicondylitis or elbow tendinitis (Sharp et al., 2019). However, microcurrent therapy 
was effective in improving ROM limitations secondary to the late effects of radiation 
therapy in head-and-neck cancer patients (Lennox et al., 2002). There are no con-
trolled studies demonstrating an analgesic effect of MENS for pain control in acute 
inflammatory conditions, and further research is needed to optimize microcurrent 
treatment protocols (Mannheimer & Carlsson, 1979; Robinson, 1996). TENS has also 
been shown to be effective in the treatment of arthritis, tendinitis, adhesive capsulitis, 
and for the modulation of pain in aggressive active ROM programs, multiple sclerosis, 
and back pain (Al-Smadi et al., 2003; Brosseau et al., 2003; Cannon, 1989; Farr et al., 
2006; Mannheimer & Carlsson, 1979; Rizk et al., 1983), fibromyalgia (Dailey et al., 2013), 
neuropathic pain and complex regional pain syndrome (Lakse et al., 2009; Norrbrink, 
2009), and upper trapezius trigger point pain (Gemmell & Hilland, 2011). 

Although the research has been conflicting and often equivocal, there has been 
consistency of critiques on TENS related research. Invariably, systematic reviews and 
meta-analysis of current research have commented on the low quality of the studies, 
study design, and outcome measures, as well as inconsistencies of adequate therapeu-
tic parameters and timing of assessments, which were neither uniform nor reported 
in some cases (Resende et al., 2018; Vance et al., 2014). However, there has been prog-
ress and some conclusions that affect clinical practice indicate that the effectiveness 
of TENS is dose dependent. Population or diagnosis-specific systematic reviews and 
meta-analyses also indicate that both high- and low-frequency TENS can provide an 
analgesic effect and modulate pain when applied at a strong, nonpainful intensity. 
Concepts related to the dosing of TENS refers to the location of TENS electrodes, the 
frequency and intensity of TENS stimulation, and the frequency and duration of the 
therapeutic protocol (do Carmo Almeida et al., 2018; Vance et al., 2014). Some reviews 
also found that the amplitude being used for the specific population was comfortable 
but below an effective dose. Aside from determining the correct diagnosis, intensity 
is the primary factor that determines effectiveness of TENS. Intensity should be set to 
obtain the desired pain modulation and physiological response based on the evalua-
tion and therapeutic goals. TENS is dose dependent to the patient’s needs and condi-
tion with improved pain modulation and function when TENS is combined with active 
movement (Rakel, 2014). Amplitude for sensory stimulation should be increased until 
muscle fasciculation or twitching is observed, then slightly reduced to maintain the 
strongest level of tingling or buzzing sensation that should be effective for pain modu-
lation.
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Interferential Electrical Stimulation
Interferential electrical stimulation (IFS) has also been proposed to be more effec-

tive by some clinicians because the current can penetrate deeper due to the interactive 
effect of the current on the resistance of the skin and superficial tissue. Although IFS 
can effectively stimulate deep tissues, it also minimizes skin resistance. Conventional 
TENS parameters, which use a low-frequency current, produce a longer stimulation 
time due to the use of a frequency less than 1000 Hz, a level which stimulates the 
sensory nerve, causing the perception of pain. IFS parameters may vary and use a 
medium frequency that can be between 3000 Hz and 6000 Hz. The main frequency, 
beat frequency, beat duration, electrode type, and the position of the electrodes are 
all elements that impact the effect of IFS in clinical use (Dailey et al., 2013; Park & Lee, 
2017). IFS uses two medium-frequency electrical currents that are passed through 
the tissue simultaneously so that their waves cross and intersect, causing them to 
interfere with each other. One of the two currents is usually held at 4000 Hz and the 
other held constant or varied over a range of 4001 to 4100 Hz. High-frequency electri-
cal currents are uncomfortable, but because the two electrical currents are delivered 
out of phase, they penetrate through the skin more easily and interfere with each 
other in the deeper tissues where the current crosses (Hansjuergens, 1986; Johnson 
& Tabasam, 2003a). This amplitude-modulated interference wave has beat frequencies 
between 1 and 250 Hz and may induce an analgesic response (Jarit et al., 2003; Johnson 
& Tabasam, 2003b; Figure 10-5).

Although the mechanism of action of IFS is not fully understood, IFS has been dem-
onstrated to increase blood flow, facilitate subcutaneous tissue metabolism, increase 
lymphatic and venous drainage, decrease edema, decrease muscle tone, and improve 
the lipolytic effect in the area where the frequency is being applied (Albornoz-Cabello 
et al., 2017). IFS has been effective in treating low back pain and chronic pain (Facci et 
al., 2011). Combining IFS adjunctively with other conventional interventions also has 
been found to be more effective for pain reduction (Fuentes et al., 2010). TENS using 
interferential current through the neck also improved airway defense and nutrition in 
patients with dysphagia; however, further large-scale studies are needed to confirm 
the parameters and efficacy of this approach (Dickie et al., 2009; Maeda et al., 2017). 
Use of IFS for pain modulation appeared to modify the physiological mechanisms of 
pain, which also led to reductions in the frequency of pain medication (Correa et al., 
2016).

Interferential currents reportedly can stimulate sensory, motor, and pain fibers. 
Because of the frequency, the interferential wave meets low impedance when crossing 

Figure 10-5. Interferential current 
waveform.
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the skin to enter the underlying tissue; therefore, the penetration is deeper, causing a 
more efficient modulation of pain when compared with conventional TENS (Rajfur et 
al., 2017). This deep-tissue penetration can be adjusted to stimulate parasympathetic 
nerve fibers for increased blood flow. There are four primary clinical applications for 
interferential current: Pain relief, muscle stimulation, increased blood flow, and edema 
control. According to proponents, IFS differs from TENS in that it allows a deeper pen-
etration of the tissue with more comfort, which leads to better patient compliance and 
increased circulation. This nonlinear effect can lead to more rapid healing. However, 
research has been somewhat equivocal regarding the advantage over more tradi-
tional pulsed current or TENS (Cheing & Hui-Chan, 2003; Johnson & Tabasam, 2003b). 
Jorge and colleagues (2006) found that IFS or interferential therapy, although it has 
a short-term effect, was effective in decreasing inflammatory pain. Further research 
in the form of well-designed, double-blind studies is required to determine effective-
ness of IFS, TENS, and microcurrent devices and to strengthen clinical parameters, to 
strengthen protocols, and to identify outcomes.

Transcutaneous Electrical Nerve Stimulation Electrode Placement
Due to the variability regarding the most effective mode and parameters used 

for modulating pain in patients, therapists must be flexible in their selection of TENS 
technologies and electrode locations. Stimulation sites for electrode placement should 
be selected based on the problem areas and goals for the patient. Optimal electrode 
placements should correlate with the initial evaluation that identified the structures 
and sources of pain. Surface mapping via a stimulation probe-electrode can facilitate 
location of these electrically active sites and can also be used for identifying the motor 
points for neuromuscular electrical stimulation (Gobbo et al., 2014). Use of the probe 
(or even your finger if you place one of the electrodes [single-channel stimulation]) in 
your palm and the second channel/electrode on the patient) identifies the skin area 
that is most responsive to the electrical stimulation. If using a finger as a probe, the 
clinician will notice a change in the intensity (buzzing feeling) as they come into con-
tact with an electrically active site. The point is then marked with a pen and the area 
of discomfort or pain is further mapped, providing guidance in electrode placement. 
Correct placement of the electrodes minimizes the dose required and level of potential 
discomfort. 

It is important for therapists to consider the degree of skin resistance when select-
ing electrode sites. An area with greater resistance to the current may require a higher 
current that is uncomfortable for the patient, and would require consideration of a 
different form of TENS or current such as IFS. There are essentially three identifiable 
areas that are electrically active and can be used to facilitate current flow into the 
targeted tissue and used as locations for electrode placement: Motor points, trigger 
points, and acupuncture points (Figure 10-6).

Motor Points 
Peripheral nerves that innervate a painful area and are located superficially can be 

targeted for direct stimulation. Motor points occur where the peripheral nerve enters 
the muscle and can also be used as a stimulation point. Less electrical current is nec-
essary to cause a motor response at these areas. Motor points are located in the center 
of the muscle belly where the motor nerve enters the muscle and a visible contraction 
is elicited with a minimal amount of stimulation. If a muscle contraction or motor 
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response is desired, electrodes should be placed over the motor point of the selected 
tissue. The frequency, pulse duration, and intensity should be adjusted to produce the 
desired clinical response, a muscle twitch, or a tetanic contraction.

Trigger Points
Areas that are hypersensitive to pressure and electrical stimulation are known as 

trigger points and are located in the skin, fascia, muscle, tendon, ligament, or perios-
teum. Trigger points have a lower resistance to electrical activity and may be painful 
with compression. Palpation of the trigger point causes referred pain that radiates 
away from the area and does not always follow a segmental pattern. If the patient 
displays pain with palpation of the trigger point, the therapist can select the area for 
electrode placement. Electrodes can be placed over the trigger point or in relation to 
the zone of referred pain.

Acupuncture Points
Acupuncture points and the ancient Chinese meridians associated with them 

can also be used for pain management. Acupuncture points can be targeted along 
sequential, predefined points or by treating successive points along the meridian that 
passes through the painful area. Acupuncture points are located over the entire body 
and there are several charts that have been created to facilitate electrode placement 
(Barlas et al., 2006; Kawakita et al., 2006; Liu et al., 2006).

The acupuncture points and principles are based on thousands of years of Chinese 
tradition and are identified as meridians. These acupuncture points are highly inner-
vated and vascularized areas that may overlie the nerves at their superficial loca-
tions. Electrodes can be placed on a single point or on multiple points concurrently. 
Stimulation using a predefined sequence of acupuncture points exhibiting a decreased 
pain threshold along the meridian that passes through the painful area can also be 
used (Alimi et al., 2003; Wu & Yang, 2006; Yang et al., 2006; Figure 10-7).

Figure 10-6. Schematic representation 
of a mixed peripheral nerve and two 
stimulation sites. When the active 
electrode precisely overlies the motor 
point (MP), less current is required to 
excite the motor axons and thus to elicit 
the muscle contraction. Alternatively, 
stimulation on the other site (non-
MP) requires higher current intensity 
to reach the motor branch, with 
possible excitation of the sensory fibers 
conveying pain (Gobbo et al., 2014). 
(Reproduced with permission from 
Gobbo, M., Maffiuletti, N. A., Orizio, C., 
& Minetto, M. [2014]. Muscle motor point 
identification is essential for optimizing 
neuromuscular electrical stimulation 
use. Journal of Neuroengineering and 
Rehabilitation, 11, 17.)
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Electrodes
The most common adverse reaction to TENS or electrical stimulation is skin irrita-

tion. The irritation occurs at the skin-electrode interface and may occur with any of 
the wide variety of commercially available electrodes. Patients who have sensitivity 
to adhesive products are the most susceptible. Incidents where patients demonstrate 
an allergic reaction to an adhesive polymer electrode or are sensitive and react to the 
metal snap projection in the center of an electrode should be reported to the manufac-
turer of the electrodes.

There are a variety of electrode types and sizes that are available, and there is not 
just one type of electrode that is right for every patient. The primary types of elec-
trodes available include carbon rubber, gel type, and self-adhering. The carbon rubber 
and gel types of electrodes require the clinician to use a conductive gel and tape the 
electrode to the targeted area. Self-adhering electrodes may be single-use or reusable. 
Patient compliance is usually better when these types of electrodes are used. As a 
rule, larger electrodes are used for generalized pain or for multiple electrode setups. 
Smaller electrodes are best used for deep localized pain, and smaller self-adhering 
electrodes may adhere better in certain areas of the body. The density of the current 
is determined by the size of the electrode, with a smaller electrode possessing greater 
density and producing a greater sensation.

It is vital that the skin is cleaned prior to application of the electrodes. The skin 
should be washed with water and soap, rinsed, and then blotted dry. Though often 
more convenient, use of alcohol swabs may dry the skin, decreasing conductivity and 
causing discomfort. Large electrodes should be used on the larger areas of the body, 

Figure 10-7. Auricular acupuncture 
points. These sites can be used 
with microcurrent (Reproduced 
with permission of Dr. Daniel Kirsh, 
Electromedical Products International, 
Inc.)
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such as the back or leg, and smaller sizes should be used on smaller areas, such as 
the face and hand. The therapist should use different sized electrodes where muscle 
contractions are easily elicited or hypersensitivity occurs.

Skin burns may occur with excessive stimulation to an area. Burns are more likely 
to occur with the use of small-area electrodes and care should be used to avoid placing 
any size electrode too close to another. If there is poor electrical contact between the 
skin and the electrode, micropunctate burns may occur. Skin irritation and burns may 
be caused by an improperly applied electrode that does not conform to the contour of 
the area, or the electrode may lack gel or be too dry. Mechanical stresses caused by 
the shearing forces between the tape and the skin when the electrodes are removed 
may also cause an adverse skin reaction. Care should be used when applying tape and 
the electrodes should be removed from the skin with the movement occurring in the 
direction that the hair in the region lays. Skin integrity is crucial for effective trans-
mission of the electrical current and should be clean and clear of lesions. Therapists 
should always carefully inspect the skin for any cuts or disruptions of skin integrity 
and ensure that the area has normal sensation.

Electrode Placement
There appears to be a relationship between motor, trigger, and acupuncture 

points. All are resistant to palpation and can be painful or tender with referred pain. 
All of these points are electrically active and exhibit a decreased resistance to the flow 
of electrical energy. This decreased impedance facilitates the flow of electrical current 
into the tissue and the body. The therapist must be able to identify whether the desired 
outcome involves a motor response, sensory analgesia, or noxious stimulation for anal-
gesia (Kawakita et al., 2006; Shen, 2001). For initial placement, electrodes can be placed 
over or contiguous to the site of pain. Stimulation sites also include the tissue overlying 
the painful area, the superficial points along the peripheral nerves, the specific der-
matomes or spinal segmental myotomes, trigger points, motor points, or acupuncture 
points (Fernandez-de-Las-Penas, Alonso-Blanco, Cuadrado, Gerwin, et al., 2006; Hong, 
2006; Johansson et al., 2005). The therapist should monitor the patient’s response to 
the stimulation and move the electrodes to a different site if desired results do not 
occur (see Appendices A and B).

There are a variety of electrode placements and patterns that can be used with 
TENS. There are no hard and fast rules regarding electrode arrangements, and thera-
pists should be willing to change their initial electrode placements if the treatment 
outcomes are less than expected or if the patient experiences pain or discomfort. 
Electrodes can be placed parallel to the painful site or on either side of a scar or 
surgical incision; crossed at the site of localized pain; bracketed, which places the 
electrodes outside the margins of the painful area; or linear, which places the elec-
trodes along the distribution of referred pain, along a peripheral nerve or dermatome. 
Electrode patterns can be unilateral, bilateral, or contralateral. Electrode patterns that 
have all electrodes located on the same side of the joint, spine, face, or extremity are 
referred to as unilateral. Bilateral electrode placements occur when the electrodes are 
placed on both sides of a peripheral joint, spine, or face, or if the opposite extremity 
sites are used. Contralateral electrode placement is best used when the painful area is 
irritable or hypersensitive and inaccessible (see Appendix C).
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Contraindications
Although TENS and electrical stimulation devices provide a safe and effective tech-

nology, care should be taken when using electrical stimulation for pain management 
with some patients, and it is contraindicated for some specific diagnoses and areas 
(Table 10-1). TENS units should not be used with demand-type cardiac pacemakers 
because it may interfere with their function and performance. Although TENS or elec-
troanalgesia has been used during labor and delivery, the Food and Drug Administration 
recommends that it not be performed on the trunk or abdomen of pregnant women. 
Electroanalgesia also should not be applied directly over the eye, in individuals with 
epilepsy or malignancies, with patients with peripheral vascular disease or infection, 
or in those with a loss of or decreased sensation.

Electroanalgesia has been used for pain control with patients who have been diag-
nosed with terminal cancer, but informed consent of the patient should be obtained 
prior to treatment implementation. TENS is also contraindicated in patients with 
undiagnosed pain, and electrodes should not be placed over the carotid sinus area or 
transcerebrally.

Caution should be used when employing TENS or electroanalgesia on patients with 
acute pain; it may be applied immediately postoperatively because the pain serves as a 
protective function to prevent or to warn of further damage to the tissue or body. TENS 
use may suppress the sensation of pain, which functions as a protective mechanism, 
and patients may overdo an activity or reinjure themselves. As with any medical device 
or medication, TENS devices should be kept out of the reach of children.

Clinical Reasoning and Application
As with any technology, TENS is used as a part of the overall treatment process. 

TENS can be a safe and effective adjunct or alternative to traditional pharmacological 

Table 10-1. Contraindications to  
Transcutaneous Electrical Nerve Stimulation
•	 Demand-type pacemakers
•	 Placement over carotid sinus
•	 Pregnant patients during first trimester
•	 Anterior neck area
•	 Cardiac disease (stimulation across the chest)
•	 Epilepsy (avoid head and neck area)
•	 Placement over the eyes
•	 Mucosal surfaces
•	 Patients with CNS disorders
•	 Patients with cerebrovascular accidents
•	 Patients who are confused or noncompliant
•	 Children
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or surgical interventions when used to modulate pain and facilitate occupational per-
formance. However, TENS is only one component of the pain modulation continuum. 
There is a wide variety of equipment, electrode placements, and parameters available, 
and therapists must be flexible and creative in selecting and applying the technology. 
As with any intervention, patient compliance and understanding of the treatment and 
the role TENS may play as a response to the injury or healing process is vital if effec-
tive outcomes are to occur.

A thorough evaluation should be completed before the application of TENS to 
ensure that the intervention is appropriate and indicated for the existing condition. 
A review of the patient’s medical history and pain medications as well as a thorough 
assessment of the patient’s presenting condition (including the stage of recovery and 
level and area of pain) assists in determining treatment alternatives and parameters. 
The type of pain, length of healing, and psychological reaction and behavior to pain 
are important characteristics for consideration in the reasoning process. If a patient 
complains of chronic, generalized pain that is poorly localized and is in response to an 
injury that occurred months or years ago, positive outcomes for pain modulation using 
TENS are unlikely. Obtaining a thorough understanding of the individual’s occupation-
al performance and the components involved is vital to assist in pain modulation and 
for preparation for resumption of occupational activities. There are a variety of pain 
scales available, such as the McGill Pain Questionnaire, and consistent administration 
of the pain scale assists in determining changes in pain. Before incorporating TENS as 
part of the treatment protocol, it is important to explain to the patient that TENS itself 
cannot cure the underlying problem, nor is it the magic answer to their pain. Patients 
who adopt a positive attitude toward the technology and assume responsibility for the 
intervention will facilitate more positive outcomes.

TENS stimulation is composed of different variables, including pulse rate, pulse 
width, and intensity. There is no universal agreement as to the optimal TENS mode or 
electrode placement for a given diagnosis or pathology. However, patients do appear 
to prefer and tolerate low-amplitude conventional TENS as well as lower-amplitude 
formats of other modes such as brief intense, pulse-burst, or modulated. Because 
there are no hard and fast rules governing selection of a specific TENS format, using 
conventional mode TENS or presetting the duration low and the frequency high are 
appropriate starting points. Electrodes should be bracketed around the area of pain, or 
proximal to or on the localized area of pain. When the unit is turned on, the amplitude 
should be increased until the patient reports a tingling sensation. If there is a good 
working relationship with the patient and they are accepting of the technology, the 
patient can adjust the amplitude, self-modulating the sensation and amplitude to the 
desired sensation. The patient should report a tingling sensation with paresthesia. No 
muscle response should be noted. Before turning on the TENS, the therapist should 
preset the pulse duration and frequency. Frequency should be set between 50 and 
80 pps, with pulse duration between 50 and 100 ms. Treatment duration should be a 
minimum of 20 minutes and a maximum of 60 minutes. Patients should be monitored 
throughout the course of the treatment with minor adjustments of the stimulation 
characteristics made as needed. The patient’s skin should be examined prior to the 
implementation of treatment and following the intervention. Stimulation should be 
discontinued and the electrodes placed in a new location if there is any skin irritation 
or discomfort. 

As with any technology, treatment should be discontinued immediately if the 
patient is in any distress, or if the patient is unable to tolerate the input. If the patient 
can tolerate the sensation and reports a decrease in pain with an improvement in 
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functional movements, continuation of the stimulation is warranted. If the patient is 
unable to tolerate the stimulation or is not receiving any decrease in pain, changing 
the location of the electrodes or readjusting the stimulation parameters may improve 
the outcome. If the patient continues to complain of discomfort, a different form of 
TENS should be considered. Other modes of TENS stimulation include acupuncture-like 
(SLR) TENS, brief intense TENS, burst-mode (pulse trains) TENS, or hyperstimulation 
(point stimulation) TENS. Acupuncture-like or SLR TENS can be used to provide pain 
modulation during a chronic phase of pain. Amplitude setting should be strong, yet 
with a comfortable, rhythmic muscle twitch. Frequency is between 1 and 5 pps with 
pulse duration of 150 to 300 ms. Treatment duration is between 30 and 40 minutes. Brief 
intense TENS may be used for short-term pain relief and may be most effective prior 
to painful procedures such as joint mobilization, passive stretch, friction massage, or 
wound debridement. The amplitude is set to the patient’s tolerance, with a frequency 
between 80 and 150 pps and pulse duration between 50 and 250 ms. Treatment duration 
is usually short, up to 15 minutes. 

The burst mode—or pulse trains TENS—provides characteristics of both high- 
and low-rate TENS and may be more tolerable to some patients. The amplitude is set 
to provide a tingling or paresthesia, with a frequency between 50 and 100 pps, which 
is cycled in bursts of 1 to 4 pps. The pulse duration is between 50 and 200 ms and the 
length of the treatment is between 20 and 30 minutes. Pain relief is usually long lasting 
with this type of stimulation. Point stimulation or hyperstimulation TENS is used to 
locate and stimulate acupuncture or trigger points to a noxious level. As trigger points 
or acupuncture sites are being targeted, multiple sites may be stimulated, depend-
ing on the technique used. The amplitude is strong and set to the patient’s tolerance. 
Frequency varies from 1 to 5 pps with the pulse duration between 150 and 300 ms. 
Stimulation continues for 15 to 30 seconds at each point.

Following the treatment, patients should be reevaluated to determine any signifi-
cant change in their pain level and occupational performance. Use of a pain scale or 
pain log can assist the patient in tracking changes and assist in determining how long 
the pain modulation is lasting. Treating acute pain is generally more effective than 
treating chronic pain and quicker results are seen. Most often, patients will need to use 
the TENS units at home, and they should be receptive and responsible to the use of the 
equipment. Verbal and written home program instructions should be provided to the 
patient. Having the patient demonstrate correct use of the equipment in the clinic is 
necessary. All parameters and controls should be demonstrated to the patient and to 
any other significant others or family members to facilitate patient compliance.

Electrode preparation and placement should be reviewed, and anatomical place-
ments highlighted in marker for the patient. Precautions and contraindications should 
be reviewed and summarized with the patient as well as being documented. A mecha-
nism should be established for patient contact with the department/therapist in case 
difficulties are encountered, and as with any technology, formative evaluation and 
specific reevaluation dates should be established prior to the equipment being sent 
home with the patient.

Documentation
Documentation for TENS use should include the treatment parameters being 

utilized, electrode placements, and documentation of any pain scales and drawings. 
Changes in the patient’s condition and subjective reports of sensation during and after 
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the stimulation should be recorded, as well as the type of electrical stimulation, mode 
of delivery, pulse duration, frequency, intensity, and duration of treatment. Use of a 
descriptive pain scale or numerical rating scale on a consistent basis aids in reevalu-
ation and adjustments in treatment parameters. Identifying any objective changes in 
occupational performance and occupational components such as ROM, improved tol-
erance, or engagement in an activity assist in determining efficacy of the intervention 
and patient compliance.

Summary
TENS can be an important adjunct to treatment interventions with patients expe-

riencing pain. Pain is a multifaceted symptom that requires creativity and skill on the 
part of the therapist to decrease it and facilitate occupational functioning. Because 
of the variety of equipment, electrode placements, and approaches available to the 
therapist, patience and persistence in utilizing different TENS modes may be necessary 
to obtain optimal outcomes for the patient. Careful evaluation and monitoring of the 
patient’s condition is necessary to determine modulation in pain and improvement in 
occupational performance. There is a relationship between increasing the amplitude 
or intensity of the electrical current to a level strong enough to affect the pain modu-
lation. The patient should provide feedback in terms of intensity (mA) of the electri-
cal current and their subjective and objective perception of the pain. Increasing the 
intensity from the initial sensory response and due to accommodation of the current 
will likely be required in order to achieve an effective and continued pain response. 
Sensory-level TENS will be at lower intensities when compared to a motor-level stimula-
tion TENS. However, motor-level TENS may provide a longer analgesic response due to 
its mechanism of action on the pain pathways, a combination of gate control and opioid 
systems. Motor-level TENS may last as long as 4 to 5 hours, though other research indi-
cates effectiveness up to 9 hours after approximately 30 minutes of treatment (Gallo 
& Silva, 2017; Tousigant-Laflamme et al., 2017). The patient response and parameters 
for patients will vary, but use of TENS to provide pain modulation can be an attrac-
tive alternative to pharmacological intervention and opioid use. Motor-level TENS 
will active the mu-opioid receptors and sensory-level TENS can activate both gating 
mechanisms and delta-opioid receptors, effectively modulating pain. Pharmacological 
intervention using opioid medications employ the same mu-opioid receptors that 
motor-level TENS stimulate, resulting in an endogenous opioid response, modifying 
the perception of pain similarly to a prescription medication. A thorough history and 
review of pharmacological approaches to the patient’s clinical condition is necessary 
to ensure efficacy of alternative electrotherapeutic interventions for pain. If a patient 
develops tolerance to opioid medications, electrical stimulation using a motor-level 
TENS will not be effective (Czech et al., 2018; Léonard et al., 2011). 

Case Study
Mrs. M. is an active 67-year-old woman who was referred for occupational therapy 

with a diagnosis of status post right Colles’ fracture, her dominant hand. The injury 
occurred because of a fall from the bottom stair, with the patient landing on her flexed 
wrist. Mrs. M. has had the right extremity immobilized in a cast for 6 weeks. The cast 
was removed 5 days ago. The patient’s primary complaints since removal of the cast 
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are “stiffness” and “pain at level 6” on a 1 to 10 pain scale. She has had difficulty “doing 
anything for myself, even holding onto the fork with my right hand,” and the injury 
and subsequent pain and stiffness have limited her ability to perform basic activities 
of daily living requiring bilateral movement or stabilization, or any dominant hand 
activities requiring lifting or prehension. She also complains of her elbow and shoulder 
“aching” and feeling “stiff and sore.” Sensation is intact, though she keeps the extrem-
ity in a flexed and guarded position. After evaluating the patient for active movement, 
active and passive ROM measurements, and circumferential measurements, noting 
any trophic changes or variations in skin temperature, and examining her x-rays, she 
is placed on an active treatment program.

Assessment reveals that the impaired function and limitation in occupational 
performance is due to the fracture and immobilization of the wrist, resulting in pain, 
swelling, stiffness, and limited motion. Treatment plan includes whirlpool in the initial 
phase of therapy, ultrasound, gentle joint mobilization, engagement in occupational 
tasks requiring bilateral hand use, prehension patterns for the right hand, and slow, 
gentle passive stretching. Because the patient reports pain following therapeutic inter-
ventions that are stressing the tissue at the end ROM and after functional activities, 
TENS is used as a posttreatment modality with the goal of decreasing the pain. This 
technology can also be incorporated into the home program to decrease pain, thereby 
facilitating occupational performance.

Clinical Reasoning Questions
1. What other clinical conditions might have to be ruled out to determine the underly-

ing cause of the patient’s pain?
2. What TENS therapeutic parameters might you want to use with this patient?
3. What other physical agents might be effective as part of the treatment process?
4. What precautions should you be aware of when using TENS? 
5. What electrode placements might you use with this patient and her condition?
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Learning Objectives
1. Describe the clinical applications for iontophoresis.
2. Discuss the physiological concepts and mechanisms related to transdermal 

delivery of medication.
3. Describe the physical concepts and terminology of ion movement.
4. Identify common medications used in iontophoresis treatment.
5. Outline clinical decision making regarding indications, contraindications, 

and precautions in the use of iontophoresis as a preparatory component of 
the treatment process.
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Background
Iontophoresis is a method of topically delivering medication or ionized drugs into 

a localized area of tissue using the force of a low-intensity, direct electrical current 
to create a therapeutic effect. Iontophoresis is a safe and effective way to administer 
medication because it is essentially painless, nontraumatic, sterile, and relatively non-
invasive. Iontophoresis is used by a number of health care professionals in dentistry, 
dermatology, otorhinolaryngology, and ophthalmology to treat a variety of condi-
tions and has grown in popularity and clinical use by occupational therapists (Banga 
& Chien, 1998; Glass et al., 1980). Use of iontophoresis for topical transdermal drug 
delivery provides several advantages over parenteral or systemically administered 
medications, including avoidance of gastric irritation, a lower total systemic daily dose 
for pain relief, site-specific drug delivery, elimination of presystemic first-pass effect, 
major drug interactions, infections, systemic side effects, and improved patient compli-
ance due to ease of application and decreased complications (Ita, 2016). 

Iontophoresis can be used to treat musculoskeletal conditions, acute inflammatory 
conditions, or to modify scar tissue and manipulate the healing process. It is important 
for clinicians to have a fundamental understanding of electrotherapy, pharmacokinet-
ics, medications used, and the mechanism of action underlying iontophoresis to use 
it safely and effectively as an adjunct to treatment. Additionally, clinicians should 
understand the pathophysiology of the specific diagnoses that are to be treated with 
iontophoresis as well as pharmacology and pharmacokinetics. Because controlled 
medications and substances are often used in the treatment process, clinicians have 
an inherent responsibility to be fully aware of the appropriate indications, dosing, and 
potential drug interactions, as well as to document service competency in electrother-
apy and the use of iontophoresis. Clinicians must be cognizant of the wide variety of 
medications and their therapeutic and physiological effects, including the interactive 
effects that can occur when a second drug is added to medications the patient may 
already be taking. 

Topical nonsteroidal anti-inflammatory drugs (NSAIDs) represent a relatively 
recent alternative to oral NSAIDs. Topical NSAIDs are designed to target their thera-
peutic effect locally to damaged tissue while minimizing systemic exposure. Topical 
and oral NSAIDs performed statistically better than placebo for chronic injury treat-
ment (Klinge & Sawyer, 2013). Limited evidence comparing topical NSAIDs with pla-
cebo for acute injury treatment was available in the included studies, but supported 
greater effectiveness for topical NSAIDs (Derry et al., 2012). In all head-to-head com-
parisons, topical and oral NSAIDs demonstrated similar efficacy for treatment of both 

Terminology
•	 Anode
•	 Cathode
•	 Dermis
•	 Dosage
•	 Epidermis
•	 Ion transfer

•	 Iontophoresis
•	 Parenteral delivery 
•	 Polarity
•	 Stratum corneum
•	 Transdermal
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acute and chronic injuries. There were more gastrointestinal side effects in patients 
receiving oral NSAIDs, while local skin reactions occurred more frequently in patients 
treated with topical NSAIDs. Overall, topical NSAIDs may be considered as comparable 
alternatives to oral NSAIDs and are associated with fewer serious adverse events (spe-
cifically gastrointestinal reactions) when compared with oral NSAIDs. Caution should 
be exercised with the use of both topical and oral NSAIDs, including close adherence 
to dosing regimens and monitoring, particularly for patients with previous adverse 
reactions to NSAIDs (Klinge & Sawyer, 2013; Table 11-1).

Several types of topical agents have been shown to be useful in the treatment of 
patients with chronic pain. Both capsaicin and topical diclofenac have been shown to 
be effective in the treatment of patients with chronic soft-tissue pain. In patients with 
hand and knee osteoarthritis, the American College of Rheumatology generally recom-
mends oral treatments (acetaminophen, oral NSAIDs, tramadol, and intra-articular cor-
ticosteroids) and topical NSAIDs equally, favoring topical agents only for patients who 
have preexisting gastrointestinal risk or are more than 75 years old. Topical NSAIDs 
have been shown to provide relief superior to that of placebo and comparable to that of 
oral ibuprofen. Similarly, ketoprofen gel has been shown to be superior to placebo and 
similar to oral celecoxib in reducing pain in patients with knee osteoarthritis (Stanos & 
Galluzzi, 2013).

History
Iontophoresis is the process of introducing a topically applied medication into the 

epidermis or mucous membranes of selected tissue (Singh & Maibach, 1993). Literature 
related to iontophoresis dates as far back as the late 1700s and 1800s. The concept of 
iontophoresis and ion transfer has been in existence and in clinical application since 
LeDuc discovered in 1908 that ions could be driven across the skin through the appli-
cation of an electrical current (LeDuc & MacKenna, 1908). Iontophoresis has grown 
in popularity due to greater interest by pharmaceutical manufacturers along with the 

Table 11-1. Iontophoresis Cross-Reference 
Drug Charge +/- Condition

Acetic acid Negative Calcium deposits

Chloride Negative Scar tissue

Dexamethasone Negative Inflammation-tendinitis/
bursitis

Calcium Positive Muscle spasm/muscle 
dysfunction

Hydrocortisone Positive Anti-inflammatory steroid/
myositis

Zinc oxide Positive Antiseptic/wound healing

Salicylates Negative Arthralgia/myalgia

Lidocaine Positive Tenosynovitis

Atropine sulfate Positive Hyperhydrosis

Magnesium Positive Muscle relaxant
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advent of technological advances in equipment and development of effective elec-
trodes to contain the chemicals and facilitate ion transfer. In the past, difficulty with 
electrodes, lack of electrical safety, and standardization of equipment placed the client 
at increased risk of burns and inhibited the widespread use of iontophoresis in the 
clinic. With greater research and a better understanding of the mechanisms involved 
in iontophoresis, the risk to the patient has decreased and clinical use has grown. 

The most common methods of drug delivery are the oral and parenteral (injected) 
routes, with most small-molecule drugs conventionally delivered by mouth (orally) 
(Anselmo & Mitragotri, 2014). Oral administration of drugs has been advantageous due 
to predetermined doses, ease of transfer and portability, and self-administration by the 
patient through a noninvasive, convenient mechanism of delivery. There are two pri-
mary forms of physical agents used to deliver medication: Iontophoresis and phonopho-
resis. Phonophoresis combines ultrasound and topical medications to enhance the deliv-
ery of the drug into the underlying tissue. Physical agents such as iontophoresis and 
phonophoresis are used as “enhancers” to increase tissue permeability and to facilitate 
delivery of medications and various substances into and through the stratum corneum 
(Jorge et al., 2010). When applied in a continuous mode and with higher doses (1.0 to 
2.0 W/cm2), phonophoresis is more effective in facilitating drug transport than a pulsed 
mode or shorter application times (Kozanoglu et al., 2003; Tiwari et al., 2004). However, 
further research and controlled studies are required to refine therapeutic parameters 
and their effectiveness. 

Iontophoresis applies small levels of electrical current to move the medications 
through the skin and into the underlying tissue. Uses for iontophoresis include admin-
istration of local anesthetics, analgesics such as paracetamol, anti-inflammatory 
drugs, corticosteroids, salicylates, and topical application of antibiotics. The most 
commonly used iontophoresis administration is dexamethasone, a corticosteroid in a 
sodium phosphate solution. Dexamethasone sodium phosphate is composed of nega-
tively charged ions and when dosed into a negatively charged reservoir or electrode 
pad, the negative electrical lead is placed over the medicated electrode pad, pushing 
the negatively charged medication molecules into the desired treatment area.

The greatest impediment in percutaneous delivery of medication is the physiologi-
cal properties of the stratum corneum, the outermost layer of the skin. Other issues 
that may limit efficiency of transfer of the ions include skin binding, skin metabolism, 
skin toxicity, and prolonged lag times (Ahad et al., 2009). A benefit to using iontopho-
resis is that the medication remains relatively local to the treatment area and is not 
absorbed in the gastrointestinal tract, thereby avoiding some of the complications 
related to oral medication. In addition, the risk of infection from injections has been 
eliminated and potential side effects minimized. Patient compliance with iontophoresis 
also is an advantage compared to parenteral medications and the discomfort and pain 
often associated with that delivery route. Iontophoresis can be performed in a rela-
tively short period of time with positive clinical outcomes and can be an effective alter-
native to needle injections and oral administration of drugs. When properly applied, 
medications can be delivered directly to the treatment site without the complications 
or disadvantages of parenteral delivery. Iontophoresis is also an efficient therapeutic 
technique because the rate in which drugs are administered can easily be controlled 
and will remain relatively consistent between treatments (Kanikkannan, 2002; Merino 
et al., 1997). The four basic components of an iontophoretic system include the power 
source for generating the controlled direct current, the drug containment system and 
dispersive electrodes, the medications, and the skin. However, the skin is considered 
an unknown variable between patients.
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Biophysiology
Iontophoresis is an active transdermal method in which medications or ionized 

drugs are topically delivered into localized areas of tissue with direct electrical cur-
rent. Transdermal drug delivery has been widely used in the past to introduce various 
medications into selected tissue through the skin. Because of certain characteristics of 
the skin and its permeability, not all medications can be effectively administered this 
way. The skin acts as a barrier, allowing very few drugs or chemicals to be delivered 
through the skin. To overcome this barrier and facilitate the movement of the drugs 
into the tissue, iontophoresis is used. Skin is approximately 3 to 5 mm thick and is com-
posed of three layers: The epidermis, dermis, and hypodermis. The primary impediment 
to the effective penetration of the drug through the skin is the stratum corneum. The 
stratum corneum is the lipid-rich outermost layer of the epidermis (Christopher et al., 
1989; Kalia et al., 2004). If the medication can penetrate this layer, it is able to passively 
diffuse into the underlying subcutaneous tissue (Figure 11-1). 

The skin is relatively permeable to lipophilic or lipid soluble chemicals and acts as 
a barrier to water-soluble or hydrophilic substances. This lipid layer can be envisioned 
as the “mortar” between bricks. Small lipophilic molecules are able to pass through 
this intercellular matrix. The openings found in the normal openings of the skin, such 
as hair follicles, sweat glands, and sebaceous glands, provide a second entrance into 
the body for chemicals. Hair follicles, sweat glands, and sebaceous glands extend 
deeper through the epidermis into the dermis, and are more permeable and proximal 

Figure 11-1. Iontophoresis uses low levels of electrical current to deliver medication to a localized area. 
Knowing the polarity of the medication and using direct current to administer the electrical current over 
the like-charged medication, forces the drug through the skin, hair follicles, and sebaceous glands to the 
treatment area and underlying tissue. An advantage of iontophoretic drug delivery is that the amount of 
medication delivered is consistent and can be measured. (MicroOne/Shutterstock.com.)
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to the vascular supply (see Figure 11-1). Applying direct current to the skin assists 
in moving the chemicals into the subcutaneous tissue (Kalia et al., 1998; Trommer & 
Neubert, 2006). 

Basic Principles
The skin is the largest area of the body and consists of multiple layers, includ-

ing the epidermis, the dermis, and, the hypodermis, which is the innermost layer. 
Transdermal drug delivery facilitates the movement of medications or substances 
through this outer barrier. There are three primary functions of the skin: Protection, 
regulation, and sensation. The outer layer of the epidermis, the stratum corneum, is 
composed of cells called corneocytes, which are separated by free fatty acids, creating 
a lipid environment. Because of this composition, the stratum corneum becomes a bar-
rier to water and other ionic substances, effectively keeping fluids within the body and 
preventing foreign material from entering. There are three primary methods for trans-
dermal delivery of medication and substances: Diffusion through the lipid lamellae; 
transcellular diffusion through keratinocytes and lipid lamellae; and the mechanism 
most likely thought to occur when physical agents are used as enhancers, movement 
through the naturally occurring skin opening, appendages, hair follicles, and through 
the sweat or sebaceous glands (Goyal et al., 2017).

Iontophoresis delivers ionic drugs across this barrier because the charged drugs 
help to carry the current to complete an electrical circuit (Riviere & Heit, 1997; 
Roberts, 1999). Essentially, the direct electrical current moves the ions in a particu-
lar direction. The primary physics principle that makes iontophoresis successful is 
that like charges repel and opposite charges attract. The charged drugs (positive or 
negative) are repulsed by an electrode of the same charge. This can be visualized 
by taking two magnets and placing the same end together (e.g., positive:positive or 
negative:negative). When the magnets are placed end to end, the ends of the magnet 
push the like-charged end of the magnet away.

 Ions possessing a positive charge can be moved into the epidermis by the positive 
electrode, and ions possessing a negative charge are propelled by the negative elec-
trode. The negatively charged electrode is known as the cathode, repelling negatively 
charged ions. The positively charged electrode is known as the anode, repelling posi-
tively charged ions. When the electrical current is applied to the electrodes and medi-
cation, it repels the negative or positive ions away from the common pole toward the 
opposite pole, facilitating the movement of the ions into the underlying tissue (Riviere 
& Heit, 1997). When the medication molecules have crossed the stratum corneum, the 
drug proceeds to disperse to all local tissues, with the highest concentration of the 
medication located in the tissues closest to the treatment (electrode) site (Anderson 
et al., 2003). Concentrations of the medication are decreased as it moves further away 
from the electrode (Figure 11-2). 

The rate of movement and ions during iontophoresis into the underlying tissue 
depends on the intensity, duration, and parameters of the electrical current. Factors 
that affect iontophoretic drug delivery include the ion composition, the molecule, the 
size of the solute, the ionic charge, amount of electrical current applied, whether there 
are multiple ions being administered, pore size, and others (Pontrelli et al., 2017). The 
effectiveness of iontophoresis is dependent on the number of ions transferred, the 
depth of penetration, the combining of ions chemically with other substances in the 
skin, and the ability of the individual ion to enter the body (Roberts, 1997; Sanderson 
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et al., 1989). Skin and fat are poor conductors and will resist the flow of the electrical 
current. Treatment in areas where there are large amounts of adipose tissue or thick-
ened, dry, callused skin may require a higher level of electrical current and care must 
be taken to monitor the skin condition around the negative electrode due to chemical 
changes that occur. Ion penetration extends approximately 1 mm below the electrode 
surface. The chemical effects from the introduced medication will extend to deeper 
levels by capillary action and through the biophysical conductance of the current 
(Kahn, 1995; Trommer & Neubert, 2006; Wang et al., 2005).

Application
The typical iontophoresis unit consists of a power source, a “working” or medi-

cated electrode, and an indifferent electrode. Commercially available units, such as 
Chattanooga’s Ionto and IOMED’s Phoresor, are small battery-powered units that deliv-
er a direct current, adjustable by the therapist, and are used as clinical models. Also 
popular due to their convenience are single-use iontophoresis patches, such as the 
IontoPatch, which have a self-contained battery and do not require an external power 
source. The iontophoresis patch comes in various sizes and dosage and is applied 
over the treatment area; the patient wears the patch for the next 2 to 4 hours without 
having to wait in a clinic. The use of the patch allows patients to continue with their 
daily routine, removing the patch when the treatment is completed. The patches shut 
off automatically when the prescribed dosage has been delivered.

The active electrode consists of a chamber where the drug is contained (Figure 
11-3). The medication or ion to be used should be in a charged form and water solu-
ble or in a lipid medium. The indifferent electrode completes the circuit of current. 

Figure 11-2. Electrical current repels like-charged medications into the underlying tissue, crossing 
the stratum corneum. (Reproduced with permission from Kirubakaran, N., Chandrika, M., Reeta Vijaya 
Rani, K. [2015]. Iontophoresis: Controlled transdermal drug delivery system. International Journal of 
Pharmaceutical Sciences and Research, 6[8], 3174-3185.)
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The polarity of the active electrode should consist of the same polarity of the medi-
cation to be delivered to the tissue. Although there is some passive diffusion of the 
oppositely charged ions, it is not as effective as using the appropriate pole. Like poles 
repel and unlike poles attract.

The size of the ion also influences the ion delivery. Smaller ions with a lighter 
molecular weight can move quickly and more freely. Larger ions move slower and 
may be too large to be effectively used with iontophoresis (Glass et al., 1980; Hasson 
et al., 1992) The anode (+) produces an acid reaction, and the cathode (-) produces an 
alkaline reaction. The anode, which is positive, is sclerotic; it hardens tissue and acts 
as an analgesic. The negatively charged cathode is sclerolytic; it acts as a softening 
agent and can be used clinically for the management of scars and burns. Most of the 
commercial electrode pads use buffered pads that decrease the acid/alkali buildup at 
the anode and cathode that could cause chemical burns due to excessive buildup of 
the chemicals.

The medication being used should be water soluble and labeled, “…FOR INJECTION, 
USP.” The amount of medication that should be applied to the drug containment reser-
voir is printed on the electrode packaging. The electrode should be hydrated accord-
ing to the manufacturer’s recommendations so that dry spots will not occur, and the 
electrode should not be overfilled to ensure that the adhesive holds the patch in place 
(Figure 11-4). After the medication has dissolved in water or a water-soluble gel, it 
should be placed on or under the delivery electrode and the delivery electrode should 
then be positioned on the target area. A dispersive electrode should also be placed 
over a major muscle at least 4 to 6 inches away from the drug electrode. 

The ion will penetrate the local subcutaneous tissues and superficial muscles and 
enter the systemic circulation when the polarity of the medicated electrode is the same 

Figure 11-3. IOMED iontophoresis 
machines and electrodes with the 
drug reservoir. The electrodes come in 
various sizes and should be selected 
based on the area of tissue to be treated.
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as the ion. The medicated ions are likely repelled into the skin through the naturally 
occurring openings in the skin, hair follicles, and sweat glands. After the molecules 
of the medication have crossed the stratum corneum, the drug will disperse to local 
tissues, with the highest concentration in the tissues that are closest to the treatment 
(medicated electrode) site. The ions will penetrate to a depth of approximately 1 mm 
and will collect under the area, essentially collecting in a reservoir. 

Dosage
In iontophoresis, dosage is measured in milliampere-minutes, which is calculated 

by multiplying the milliamperes of the current by the minutes or length of treatment: 
Dosage = milliamperes × minutes. There are two primary variables affecting the number 
of ions transported to the tissue: The current amplitude and the duration of the current 
flow (dosage = mA × mins). It is not the volume of the fluid or medication that is being 
delivered to the underlying tissue, but the ions that are being transported. The volume 
of the medication being measured into the electrode reservoir does not directly affect 
the number of ions that are transported, nor does the size of the electrode. Increasing 
the size of the medicated electrode effectively increases the total treatment area; 
however, the amount of medication delivered will be the same. The amount of drug 
delivered to the tissue is determined by the current and the duration of the treatment 
(current × time).

The volume of medication, assuming it is of the same concentration, will not affect 
the number of ions delivered. The significant variables affecting dosage are the current 
and duration. It is not the total current, but the current density, that determines if a 
small, safe, and comfortable amount of current is being applied. Most of the commer-
cial clinical units available deliver a maximum current of 4 mA (Anderson et al., 2003). 
Therapists should use caution in ramping up the maximum current to avoid the pos-
sibility of the patient having an allergic reaction to the direct current, known as a gal-
vanic rash. Galvanic rash may occur in those patients with a hypersensitivity to direct 

Figure 11-4. Dosing an iontophoresis 
medication patch. Each medicated 
reservoir should be filled according to 
the manufacturer’s recommendation. 
Avoid overfilling the medicated reservoir. 
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current, with the patient displaying a red, irritated rash-like response (erythema) on 
the skin. Ramping up the current too quickly may also be uncomfortable to the patient.

Current density is dependent on the surface area of the electrode and is deter-
mined by dividing the current amplitude by the total area of the electrode. To prevent 
skin irritation or burning, a lower current density, such as 0.5 mA/cm2, should be used 
and is effective in transmitting the medication. Many protocols use a current density 
from 2 mA up to 4 mA, and the clinician should set the parameters based on client 
tolerance and comfort rather than speed of treatment. There has been some question 
whether the medication is able to cross the skin barrier and reach a therapeutic level 
when driven into the tissue quicker than 15 minutes (Ting et al., 2004; Trommer & 
Neubert, 2006). Further research is necessary to determine the most effective treat-
ment times. A good rule of thumb is to set the current density to patient tolerance, 
most often making the treatment time between 20 and 30 minutes by using lower 
intensities. Ionto patches automatically shut off upon completion of the drug delivery. 

There are several manufacturers of electrodes and iontophoresis units, includ-
ing IOMED’s Phoresor, Chattanooga’s Ionto, Lifetech’s Iontophor (Lifetech, Inc.), and 
Henley International’s Dynaphor. Most of the current equipment automatically ramp 
up and ramp down the current, modulate the electrical current, automatically shut off 
at the end of each treatment, monitor skin resistance, display the treatment status, 
allow treatment pauses, provide audible and visual alerts, and activate other safety 
measures through preprogrammed current and time limits. However, the direct cur-
rent power source, drugs, and electrodes must be used according to the manufac-
turer’s guidelines to ensure that the results will be safe, effective, and reproducible. 

Another treatment option for application of iontophoresis consists of an ionto-
patch with a medicated containment system and a self-contained battery that pro-
duces an electric current to carry drug molecules across the skin to underlying tissue 
(see Figure 11-4). When using mobile patches, a microampere current allows for slower 
drug delivery over an extended period of time. The drug delivery system shuts off 
automatically when the prescribed dosage of medication has been delivered. These 
patch delivery systems are single-use and disposable, with no external batteries or 
wires. Because they are self-contained and are worn for approximately 2 to 4 hours or 
longer before the full dose of drug is delivered, they allow the patient to engage in their 
daily activities while receiving time-released iontophoresis. 

Indications
Iontophoresis is an effective method of intervention that can be applied to a vari-

ety of conditions typically treated by occupational therapists. Most often, iontopho-
resis is used in the treatment of inflammatory conditions. Equipment manufacturers 
and researchers have identified several other diagnoses and interventions for which 
iontophoresis is effective, including local anesthesia, decreasing joint pain, inflam-
mation, and musculoskeletal inflammatory conditions, and modifying scar tissue. 
Conditions most frequently seen by occupational therapists, and which respond well 
to the medications and intervention, include carpal tunnel syndrome, epicondylitis, 
ulnar nerve inflammation, elbow strain/sprain, radiohumeral bursitis, triceps tendini-
tis, glenohumeral bursitis, hand and wrist tendinitis/tenosynovitis, and de Quervain’s 
disease (Backstrom, 2002; Banta, 1994; Baskurt et al., 2003; Boskovic, 1999; Cabello 
Benavente et al., 2005; Riedl et al., 2000; Schiffman et al., 1996; Yarrobino et al., 2006). 
Some manufacturers have developed diagnosis-specific treatment and medication 
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protocols that may be utilized in patient care; however, treatment parameters should 
always be specific to the patient and the clinician should understand the underlying 
pathophysiology of the disease and the medications used. It should also be noted that 
many of the protocols and reports lack the control of structured research, are anec-
dotal, and should be used with caution.

Principles of Pharmacology
Understanding the basic principles of pharmacology and the way drugs are 

administered and metabolized within the body will facilitate clinical reasoning and an 
appreciation for the use of iontophoresis. There are two primary concepts related to 
the use of iontophoresis that clinicians should understand: Pharmacodynamics and 
pharmacokinetics. Pharmacodynamics refers to the physiological effect that a drug or 
medication will have on the body. Pharmacokinetics is the term used to describe how 
medications are metabolized to provide a therapeutic effect and involve the processes 
of absorption, distribution, metabolism and excretion, or the ability to eliminate drugs 
from the body (Ratain & Plunkett, 2003). There is some uncertainty as to the pharma-
cokinetics of iontophoretically delivered medications. Some of the medications used 
are supposed to quickly move through the dermis, though this is dependent on the 
localized blood flow in the treatment area. Other drugs concentrate in the skin layers 
over an extended period of time; therefore, depending on the molecular structure of 
the medication, iontophoresis may provide a local or systemic drug administration 
(Roustit et al., 2014; Figure 11-5).

Medications used in iontophoresis come from a variety of sources that are natu-
ral, such as plants, animals, and minerals, or synthetically produced from chemical 
components. Historically, medications were developed from the various components 
of plants providing a variety of substances such as alkaloids, gums, resins, and oils; or 
from the body fluids and glands of animals that provided hormones, oils, fats, enzymes, 

Figure 11-5. Pharmacokinetics of drug 
delivery using iontophoresis as an active 
transdermal transport system. 
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and vaccines. Synthetically produced medications are usually free from impurities and 
are produced throughout the world, including China, India, Europe, and Latin America. 
Globalization has helped keep the cost of many medications down, but quality issues 
and impurities in the manufacturing process have resulted in many serious recalls of 
almost a dozen types of blood pressure medication, such as irbesartan and losartan 
potassium-hydrochlorothiazide, which were tainted with chemicals listed as probable 
human carcinogens (U.S. Food and Drug Administration, 2021).

There are three ways that drugs are labeled: The chemical name, trade name, 
and generic name. The chemical name of the medication is the scientific name that 
describes its atomic or molecular structure and composition. The trade name of a drug 
is proprietary and protected by a patent. This means that the medication can only 
be produced and sold by the company that is holding the patent. The trade name is 
developed by the manufacturer and is protected by copyright. When a drug moves to 
an off-patent status after development, other companies may reproduce the drug and 
companies may market the products under either the generic name or brand name. 
The generic name is the official name provided (in the United States) by the United 
States Adopted Names (USAN) Council. Other companies who produce the drug must 
use the same generic name but can create their own unique brand name (ibuprofen 
[Motrin]). The generic name of drugs also specifies their molecular structure and 
pharmacological class.

Drug Absorption and Distribution
Absorption is the first process of drug delivery. Before drugs can be metabolized 

and have a therapeutic effect, they must be absorbed by crossing a biologic barrier 
(epithelial or endothelial cells). Absorption is the process of a drug moving from the 
location where it was administered (e.g., oral, injected, inhaled) into the bloodstream. 
Medications that are administered intravenously (IV) into the bloodstream avoid the 
need for absorption. There are three primary methods of absorption used in the body: 
Passive transport, active transport (requires energy), and pinocytosis. The chemical 
makeup of the drug and the intended environment into which the drug will be placed 
(e.g., lungs, muscle, stomach) determine the rate and extent of drug absorption. 

Absorption covers the progress of the drug from the time it is administered 
through the time it passes through the tissue and is metabolized and used by the body. 
Passive diffusion is the most common method of drug movement, where there is a 
higher concentration of the drug and it moves into an area of lower concentration, dif-
fusing across the cell membranes in an attempt to reach equilibrium. Passive diffusion 
does not require energy to facilitate the movement but can depend on the size of the 
molecular makeup of the drug and its solubility (Backes, 2015). Drugs that are made of 
smaller molecules or are lipid-soluble are able to cross the cell membrane more easily 
and more often are absorbed through passive diffusion (Figure 11-6). 

Active transport is more selective and requires energy to facilitate the movement of 
the drug molecules against a concentration gradient, moving the drug from an area of 
lower concentration to a higher one. Active transport is limited to specific drugs that are 
structurally similar to endogenous substances such as ions, vitamins, and sugars, and 
usually occurs at specific areas in the small intestine (Wiese & Pajeva, 2007; Figure 11-7). 

Pinocytosis is a unique form of drug transport in which the molecules are engulfed 
by a specific cell, enclosing the fluid or particles that are encapsulated and positioned 
inside the cell for transport, similar to the process of phagocytosis. Pinocytosis is 
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the mechanism primarily used for protein drugs and requires energy (adenosine tri-
phosphate) to facilitate the process (Stillwell, 2016). Receptor-mediated endocytosis 
is another mechanism using this process and is more specific to the delivery of small 
molecules and pharmacological agents, peptide hormones, insulin, growth-hormone, 
interleukins, and other current drugs (Preusch, 2007; Figure 11-8). 

Drug absorption depends on the drug’s physiochemical structure and method of 
administration (e.g., oral, parenteral, topical, inhalation). Most methods of administra-
tion, such as oral, intermuscular, subcutaneous routes, or if taken with high fat meals 
or solid foods, will be slow. The quickest rate of absorption occurs with inhalational 
administration due to the increased blood flow and immediacy of the cardiopulmonary 
system.

Figure 11-6. Passive diffusion of drugs across membranes. (Reproduced with permission from Backes, 
W. L. [2007]. Passive diffusion of drugs across membranes. In S. J. Enna & D. B. Bylund [Eds.], 
xPharm: The comprehensive pharmacology reference [pp. 1-5]. Elsevier. https://doi.org/10.1016/
B978-008055232-3.60067-4.)

A B

Figure 11-7. Iontophoresis application. The medicated electrode 
is placed over the targeted tissue. Intensity should be set to the 
patient’s tolerance with longer durations providing more comfort. 
(VectorMine/Shutterstock.com.)
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After a drug is absorbed into the blood, it quickly circulates throughout the body. 
Drug distribution is a dynamic action that refers to the process by which the drug is 
delivered to the various tissues and fluids of the body and can be affected by the blood 
flow, the solubility of the medication, and tissue or protein binding. Only the unbound 
portion of the drug exerts a therapeutic effect. Some drugs can accumulate in the tis-
sues of the body and are then slowly released into the circulation as blood concentra-
tion of the drug decreases. This allows for an extended period of therapeutic action of 
the drug. As the body absorbs more of the drug, the blood concentration levels rise. 
The peak concentration level of a drug is reached when the absorption rate is equal to 
the elimination rate (Figure 11-9). 

Eventually, the drug will reach an equilibrium when the amount of drug entering 
the body (absorption) and exiting (excretion) between the blood and tissue is equal 
and at equilibrium.

Drug elimination or excretion is the process in which medications are removed 
from the body. There are several pathways involved in eliminating drugs from the 
body. Some drugs must be metabolized before being removed from the body, while 
other medications may be eliminated essentially intact and in their original form. 
Most drugs that are water-soluble are excreted through the kidneys, leaving the body 
through the urine. Medication can also be excreted through the lungs; exocrine glands, 
which include the sweat, salivary, or mammary glands; skin; and intestinal tract, 
though usually in very small amounts. However, minimal concentrations of drugs in 
breast milk of pregnant or lactating women may expose the infant to the medication 
and should be avoided. 

A teratogen is an agent which disrupts the development of the embryo or fetus. 
Drugs that are contraindicated in pregnancy should be avoided by pregnant women 
due to the concern for teratogenicity, and thereby do not have an indication for use 
during pregnancy (Ozturk et al., 2018). Corticosteroids are contraindicated for breast-
feeding mothers. Large doses of corticosteroids can lead to elevated concentrations in 
the mother’s milk, which may suppress growth as well as interfere with endogenous 
corticosteroid production in the baby. Other medications that are often used with 
iontophoresis but are contraindicated in pregnant or nursing mothers include aspi-
rin (salicylates), which may produce plasma concentrations and increase the risk of 
hyperbilirubinemia, and iodide or iodine, which may lead to goiter. These medications 
pose an actual or theoretical risk to the infant and should always be confirmed by the 

Figure 11-8. Pinocytosis, a type of 
endocytosis. An invagination of the 
plasma membrane encapsulates many 
water-soluble solutes ranging in size from 
salts to macromolecules. (Reproduced 
with permission from Stillwell, W. [2016]. 
Membrane transport. In An introduction 
to biological membranes: composition, 
structure and function [2nd ed., pp. 423-
451]. Elsevier.)
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patient’s obstetrician/gynecologist and referring physician prior to use (Lind et al., 
2017; Table 11-2). 

Pharmacodynamics is the study of the drug mechanisms that produce biochemi-
cal and biophysiologic changes to the body and the interaction at the cellular level 
between a drug and the cellular components. This drug action results in a response 
that is the drug effect. In addition to absorption, distribution, metabolism, and excre-
tion, three other key concepts related to pharmacokinetics and pharmacodynamics 

Table 11-2. Drugs Contraindicated for Breast Feeding Parents
Drug/Drug Class Physiological Concern or Effect in Infants

Corticosteroids May suppress growth and interfere with endogenous 
corticosteroid production in the infant

Aspiring (salicylates) May increase risk of hyperbilirubinemia

Iodide/iodine Goiter
Clinicians should always check with the obstetrician/gynecologist, referring physician, and pharmacist before 
administering any form of medication to anyone pregnant or nursing. With anyone pregnant or nursing, clinicians 
should review precautions and contraindications for any physical agent that will be administered. It is safer to err 
on the side of caution! 

Duration of action

Onset of 
action

Termination 
of action

Toxic concentration

Therapeutic 
range

Minimum 
e�ective 
concentration

Figure 11-9. Duration of action curve. The duration of action is the length of time the drug produces 
its therapeutic effect. The elimination half-life is the length of time required for the concentration of a 
particular substance/drug to decrease to half of its starting dose in the body.
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need to be considered by the clinician: Onset of action, peak concentration, and dura-
tion of action. The onset of action refers to the period that begins when the drug is 
administered to the patient and when the therapeutic effect begins. The rate of onset 
will vary depending on the route of administration (e.g., oral, parenteral) and other 
pharmacokinetic properties of the specific medication. The onset of action is an impor-
tant concept because the drug will not provide a therapeutic effect or response when 
the concentration is below the effective level and can cause an adverse reaction when 
dosed above the toxic level (Levy, 1986). 

Drug potency refers to the relative amount of a drug that is required to obtain the 
desired physiochemical therapeutic response. The dose response curve is used to 
graphically represent the relationship between the dose of a drug and the therapeu-
tic response it produces. The smallest amount of drug required to elicit a response 
is referred to as the threshold dose. A low dose usually corresponds with a lowered 
response, with an increase in dose producing a slight increase in response. As the 
dose is further increased, there is a rise in the drug’s response. However, at some 
point, an increase in dose does not increase the therapeutic response; this is known 
as the drug’s maximum effectiveness. In the United States, we tend to think that if the 
prescription is for 1 to 2 pills daily, we will double the effectiveness and therapeutic 
response of the medication if we take 3 or 4 daily. Unfortunately, this is not true, and 
taking (or administering) additional medication can lead to toxic levels of medications 
and adverse or unintended effects and complications. 

Duration of action refers to the length of time that the drug is exerting a therapeutic 
effect and is measured in half-life. As the body eliminates the drug when it is distrib-
uted or metabolized, the time that is required to remove half of the initial amount of 
drug administered is termed the half-life. The therapeutic effect of the drug would be 
double the half-life, which would be when the patient would need to re-dose or take 
the drug again. For example, dexamethasone has a half-life of 24 hours, which means 
the therapeutic level will last for 48 hours and would require a second dose at that 
point. There are a number of factors that affect the duration of action, including the 
amount of drug given, the reversibility of the drug action, the half-life of the drug, the 
concentration-response curve, and comorbidities that may affect elimination of the 
medication (Hughes & Aronson, 2010; Lamy, 1991). 

Due to patient comorbidities and aging, many individuals take multiple medica-
tions. As additional medications are added to the mix, drug interactions can occur 
between the patient’s current drug regimen or between drugs, food, and over-the-
counter supplements (Williams, 2017). The more drugs that a person takes, the greater 
the possibility that a drug interaction will occur as we add additional medications to 
the patient’s regimen. There are many convenient websites a clinician can use to check 
the patient’s current medications and identify any interactive effects. Potential drug 
interactions include additive effects, antagonistic effects, increase/decreased absorp-
tion, metabolism, and excretion. Use of multiple drugs and their interactions may also 
increase the risk of side effects and should be monitored closely. Dose-related reac-
tions include iatrogenic effects. An iatrogenic effect occurs when the negative effects 
of the medication cause pathology independent of the original condition. It mimics or 
causes a pathological disorder such as administration of aspirin or corticosteroids, 
which in some individuals, can cause gastrointestinal irritation and bleeding. Adverse 
effects are defined by the World Health Organization (WHO) as any response to a drug 
that is noxious, unintended, and occurs at a dosage normally used for prophylaxis, 
diagnosis, and therapy of disease (WHO, 1972). Adverse drug reactions are described 
as either predictable, such as side effects, toxicity, infection, and drug interactions, 
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or unpredictable, such as patient intolerance, idiosyncrasy, allergy, or pseudo-allergy 
(Edwards & Aronson, 2000).

Clinicians using iontophoresis and various medications should be cognizant of the 
important side effects and drug-to-drug interactions that may occur with older patients 
or those on multiple medications. Recognizing potential drug side effects and interac-
tions is necessary to ensure safe and effective use of iontophoresis and the profession-
al ethical and safety issues related to using the various medications and substances.

A large variety of drugs and medications can be administered using iontophoresis. 
These medications and substances can be available only by order of the attending 
physician, obtained off the shelf or over the counter, or provided by a compounding 
pharmacy. The most frequently used drugs are NSAIDs, anesthetics, capsaicin, alpha-
adrenoreceptor antagonists, cannabinoids, corticosteroids, and other topical medica-
tions that have a primary role on the peripheral nervous system, while topical opioids 
have a central effect (Stanos & Galluzzi, 2013). There is also strong evidence for the use 
of topical diclofenac and topical ibuprofen in the treatment of acute soft-tissue injuries, 
osteoarthritis, and chronic joint-related injuries (Argoff, 2013). Clinicians should be 
familiar with the pharmacology, drug interactions, precautions, and contraindications 
of any medication used as part of treatment. A thorough evaluation and patient history 
should be taken that identifies current medications the patient is taking and any known 
food allergies, or allergic reactions to medications. 

Drugs used for iontophoresis must be water-soluble and ionized. Commercially 
available drugs manufactured by reputable pharmaceutical companies are recom-
mended. Any medications used for iontophoresis should be manufactured to the stan-
dards set forth in the U.S. Pharmacopeia (USP) because they will contain the correct 
stabilizers and preservatives, ensuring potency and stability until the drug’s expiration 
date. All medication should be discarded by the expiration date on the drug’s label. If 
a sharps needle system is used to transfer the medication from the drug vial to the 
electrode, it should be appropriately discarded following single use. Never recap or 
reuse any needle syringes (see Figure 11-4). Any questions regarding the medications 
used, their indications, precautions, and contraindications should be discussed with 
the physician or pharmacist before use. Reviewing the electrode manufacturer’s rec-
ommendations for medication use specific to their electrodes should also be reviewed 
before using iontophoresis. Medications used must be compatible with the material 
chosen by the manufacturer for the conductive element. Some combinations of drugs 
and the elements in the reservoir pad may produce undesirable results and outcomes.

Dexamethasone iontophoresis is perhaps the most widely applied medication 
used by therapists due to its anti-inflammatory action. Iontophoresis has been shown 
to relieve pain and inflammation in tendinitis, osteoarthritis, synovitis, and patel-
lofemoral joint and musculoskeletal problems, and in reducing scar tissue (Aygul et 
al., 2005; Chandler, 1998; Dakowicz & Latosiewicz, 2005; DuPont, 2004; Gokoglu et al., 
2005; Huida, 1998; Schuhfried & Fialka-Moser, 1995; Ting & Sontheimer, 2001; Williams 
& Brage, 2004). Neostigmine/glycopyrrolate has been used to induce bowel evacuation 
in individuals with spinal cord injury (Korsten et al., 2018).

Use of local anesthetics, such as lidocaine for pain relief, is also common and is 
based, in part, on anecdotal evidence and research in dentistry and otolaryngology 
(ears, nose, and throat). Combining the anti-inflammatory benefits of dexamethasone 
with the anesthetic function of lidocaine is frequently employed. However, there is 
some controversy as to the effectiveness of this combination due to the negative 
polarity of the dexamethasone and the positive polarity of the lidocaine (Haga et al., 
2005; Pasero, 2006; Russo et al., 1980; Sintov & Brandys-Sitton, 2006; Yarrobino et al., 
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2006). When lidocaine and dexamethasone are combined they may “piggy-back” with 
each other due to their opposite polarity and limit the effectiveness of either or both 
medications. With co-iontophoresis of medications, switching the polarity during the 
treatment may facilitate more effective penetration of both drugs (Bogner & Banga, 
1994; Kassan et al., 1996), although it is more effective to use two separate treatment 
electrodes and two channels. A 2% sodium chloride solution has been effective for its 
sclerolytic function on scars and adhesions, while a 2% acetic acid solution has been 
used for decreasing calcific deposits (Kahn, 1977, 1995). 

Common medications that have been researched iontophoretically include acetic 
acid, sodium diclofenac, sodium salicylate, ketorolac, benzydamine, ketamine, lido-
caine, naproxen, dexamethasone (the majority of studies), and hydrocortisone.

Indications
As with any therapeutic intervention, the therapist should be well versed in the 

pathology and physiology of the patient’s condition. Understanding what physiological 
reaction is needed will assist in identifying which medication and ion to use. Therapists 
should remain current with the changes in medications, precautions and contraindi-
cations of the medications selected, and periodically review product information and 
new research before applying iontophoresis or any modality. Each patient will bring a 
unique perspective to the pathology and should be carefully evaluated to determine 
optimal treatment goals and therapeutic parameters. Selection of the correct ion and 
the corresponding polarity is vital to obtaining effective outcomes.

Iontophoresis has been shown to be effective for a variety of disorders based 
in part on the practice emphasis of the researcher or clinician. Dentists have used 
iontophoresis for treatment of temporomandibular joint (TMJ) disease; otorhinolaryn-
gologists have used a 2% copper solution for treating allergic rhinitis; and a 20% zinc 
oxide ointment has been used to facilitate healing for otitis, dermatitis, ulcerations, 
and open lesions. The most frequent use of iontophoresis in physical medicine and 
rehabilitation is for inflammation and for local anesthesia. Clinically, research using 
iontophoretic delivery of a variety of medications has included the following clinical 
conditions: Carpal tunnel syndrome, epicondylitis, tendinopathy, plantar fasciitis, cal-
cifying disorders, osteoarthritis in the knee, pain, TMJ disorders, adhesive capsulitis, 
and rheumatic disease (Clijsen et al., 2012).

As with many of the physical agents used as a component of occupational therapy, 
the research often is varied and, depending on one’s perspective, can be contradictory 
or unclear, for example, in the clinical effectiveness of iontophoresis. Due to the dispar-
ity of clinical parameters and study design, clinicians will jump to the conclusion that 
the evidence is inconclusive and immediately rule out its use (Apostolos et al., 2014). 
Clinicians need to consider that iontophoresis should not automatically be ruled out, 
as it is a dose-dependent intervention and the most appropriate treatment dose has 
not been completely discovered and may vary with the variety of clinical conditions 
and patient goals. Additional research is required to identify the appropriate dose-
response approach when using iontophoresis for epicondylitis, or any number of clini-
cal conditions (McKivigan et al., 2017; Figure 11-10).
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Inflammatory Conditions
Iontophoresis is widely used and indicated in the treatment of localized inflam-

mation. Delivery of water-soluble corticosteroids or NSAIDs is used for many of the 
inflammatory conditions affecting joints and soft tissue. Corticosteroids are powerful 
and economical anti-inflammatory agents that will slow the initial movement of both 
neutrophils and monocytes to an inflammation site and inhibit their rate of activity. 
Corticosteroids are frequently used to treat acute, inflammatory, and musculoskeletal 
conditions, as well as localized, point-specific injuries. Several corticosteroids are 
available as H2O-soluble salts that can cause molecules to become negatively charged. 
Because corticosteroids can inhibit the inflammatory process by decreasing migration 
into an inflamed area, white blood cell activity is also reduced and should not be used 
postoperatively. Corticosteroids can reduce the “sprouting” that occurs in sensory 
nerves associated with tissue injury and can minimize systemic side effects of paren-
teral corticosteroids such as weight gain, muscle weakness, and behavioral changes. 
Corticosteroids that are used with iontophoresis include 4 mg/mL dexamethasone 
sodium phosphate and methylprednisone sodium succinate (Solu-Medrol).

Iontophoresis can be used for inflammatory conditions of the extremities, spine, 
or the TMJ. The most commonly used medication for treating inflammatory condi-
tions using iontophoresis is a 0.4% dexamethasone sodium phosphate with the drug 
electrode polarity being negative. The dispersive pad polarity should be positive with 
the recommended dosage for patients with sensitive skin being 2 mA × 12 mins = 24 mA/
mins for a small electrode such as the TransQ (IOMED), which holds 1.5 cc of cortico-
steroid in the reservoir. 

For a local anesthetic effect, many therapists use a 4% lidocaine hydrochloride 
solution. Lidocaine provides a local anesthetic effect for immediate pain relief (Haga 
et al., 2005; Pasero, 2006; Yarrobino et al., 2006). The amount of medication drawn up 
and placed into the electrode is dependent on the size of the drug electrode. A small 

Figure 11-10. Application of iontophoresis.
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drug electrode holds 1.5 cc and a large electrode can hold up to 4.0 cc of medication, 
with the drug electrode polarity being positive and the dispersive pad polarity being 
negative. The recommended dosage is 40 mA/mins. 

Some clinicians will want to combine the two medications for both the anesthetic 
effect and the anti-inflammatory benefits. The medications utilized would be the 
corticosteroid (0.4% for injection, USP) combined with the local anesthetic of 4.0%. 
For treatment with both medications, the drug electrode polarity would be negative, 
with the therapist alternating the polarity of the drug electrode to positive to ensure 
greatest absorption of both medications. When combining drugs for delivery in ion-
tophoresis, one drug will most often be delivered more effectively than the other and 
the concentrations of the medications should be adjusted. To achieve an equal dose 
of a large and small drug, the concentration of the larger, less mobile drug should be 
increased (Banga & Chien, 1998).

Discussing the medications and their chemical components with the pharmacist 
helps to ensure the safety, currency, and efficacy of the medication and the treatment. 
Because most pharmacists dispense IV solutions used for iontophoresis, commer-
cially available products from reputable companies should be used to ensure their 
purity, concentration, stability, and potential interactions (Batheja et al., 2006; Dixit 
et al., 2007; Gangarosa et al., 1978). Patients should always be questioned as to any 
known allergies, reactions, or sensitivities to foods or medications. Patients have been 
known to have a variety of reactions to medications, including anaphylaxis, which 
can be life threatening. This condition is considered a medical emergency and should 
be responded to immediately. Although these medications are usually safe and effec-
tive, therapists must recognize that they are potent medications and utmost care 
and precautions should be taken. Documented orders from the patient’s physician 
for iontophoresis should always be obtained prior to using iontophoresis specifying 
the medication and dosage, and any questions or concerns should be directed to the 
referring physician.

Precautions and Contraindications
Patients with known sensitivity or allergy to the medications being administered 

should never have iontophoresis because the potential for an anaphylactic reaction 
can be great. Contraindications for the specific medications being used should also 
be researched by the therapist. Therapists should make sure to discuss with the phar-
macist the medications being prescribed by the physician and any related questions, 
and the treatment protocol should be confirmed with the physician. Therapists should 
refer to the Physicians’ Desk Reference as well as read and keep on file the brochure 
that comes with each medication. Safety protocols and medication to counteract an 
anaphylactic reaction should be in place prior to administering any medication.

Care should be used with patients who are pregnant or may be pregnant, as the 
safety and effectiveness of some medications have not been adequately established. It 
is better to err on the side of caution. Patients with diabetes who are insulin dependent 
may notice fluctuations in their blood sugar levels after treatment with corticoste-
roids. Care should be used when working with patients with diabetes who are poorly 
controlled. Patients should always be asked if they have any known food allergies or 
sensitivities, particularly those sensitive to sulfites, which are a preservative. Patients 
with allergies to shellfish may also react to Iodex (GlaxoSmithKline), which is used for 
scar management. Iontophoresis should never be placed over skin that is irritated. 



Iontophoresis  371

Guide to Application
As with any therapeutic intervention, informing the patient is primary. Properly 

positioning the patient is important, and the patient should never lie on an electrode, 
as the area being treated may burn. The therapist should prepare the skin surface by 
trimming any excess hair with scissors to ensure proper adhesion of the electrodes. 
Any jewelry should be moved if it could come into contact with the electrodes. 
Electrode sites should never be shaved due to the possibility of skin irritation. Use of 
creams, gels, or other modalities prior to iontophoresis may cause skin irritation and 
limit drug penetration (see Figures 11-7 and 11-11).

1. Hydrate the drug electrode. Use water-soluble 4 mg/mL or 0.4% corticosteroid, 
frequently labeled “… for injection, USP.” It is important that the drug electrode be 
sufficiently filled to avoid dry spots that may cause the machine to shut down, or it 
may cause skin irritation under the electrode.

2. Prepare the electrode sites by cleaning the areas vigorously with alcohol, allowing 
the skin to dry completely. Do not apply the electrodes if the skin is irritated; apply 
only on intact skin. Therapists should note the dryness of the skin, excessively oily 
skin, and the humidity, all of which can influence the resistance of the skin and the 
effectiveness of the drug delivery.

3. Apply the electrodes. Place the drug electrode on the primary site to be treated. 
The dispersive electrode should be placed over a major muscle approximately 4 
to 6 inches away from the medicated electrode. Binding or compressing the elec-
trodes by using tape or weights should be avoided during treatment.

4. Connect the lead clips to the electrodes. Make sure that the clips are oriented 
appropriately and keep the clips clean and dry. Avoid pulling on the leads during 
the treatment and when removing the clips from the electrodes.

5. Begin the treatment. Set the parameters, dependent on the equipment being used. 
Set the time and the current, slowly ramping the current up to patient tolerance. 
Using a lower dosage reduces the chances of skin irritation. Have the patient 
remain still throughout the session. Most of the equipment available today has 

Figure 11-11. Clinical model of iontophoresis 
application. 



372  Chapter 11

dual channels so the therapist can effectively target two areas for iontophoresis if 
necessary. 

6. After the treatment, a soothing lotion that is nonirritating and has a neutral pH, 
such as aloe vera gel, should be applied to the area. The patient should be well 
instructed in appropriate skin care, and the therapist should note any erythema 
or skin breakdown that may occur. If the skin is not intact or lesions develop, 
iontophoresis should be discontinued or the frequency decreased (IOMED, 1994). 
Most protocols recommend administering iontophoresis every other day to minimize 

the skin irritation from the direct current and to take advantage of the carryover effect 
or half-life of the dexamethasone from the previous treatment. The patient should notice 
a decrease in pain or symptomatology of 50% after approximately 4 to 6 treatments, 
and the acute inflammation should also subside during that period. If the patient shows 
continued improvement, the treatment may continue for an additional 9 to 12 sessions 
if needed. Doubling the amount of medication will have no clinical significance and the 
treatment should be stopped if the patient is not getting at least 50% relief (Figure 11-12).

Summary
Iontophoresis is the application of direct electrical current to enhance drug deliv-

ery of ionic drugs from aqueous solutions. Iontophoresis provides a localized concen-
tration of a medication to the tissue while avoiding the difficulties of systemic effects. It 
can be safely and effectively used with patients who are fearful of the pain associated 
with intramuscular needle injections. Benefits of deliver medication through ionto-
phoresis into specific tissues include the fact that the medication can be delivered to 
a larger area than for an injection. Using iontophoresis in conjunction with traditional 
modalities and interventions may provide quicker reduction in patient symptoms, 
thereby facilitating occupational function. Additionally, the treatment is repeatable, 
which allows for a longer period of therapeutic exposure to the medication, thereby 
facilitating therapeutic benefits and outcomes (Backstrom, 2002; Banta, 1994; Gudeman 
et al., 1997; Table 11-3).

Case Study
T.S. is a 41-year-old dental assistant with a diagnosis of right lateral epicondylitis. 

The patient has been taking NSAIDs for the past 6 weeks before being referred to occu-
pational therapy. The patient reports that the medication has provided mild relief, but 
her symptoms of pain following work or homemaking tasks has continued. The patient 
reports that she is now having pain and discomfort at rest and when she rolls onto the 
arm when sleeping. She relates that symptoms are less severe after waking; but that 
she “hurts more” as the day progresses. She rates her pain during activities at a 7/10, 
with the pain described as a “constant toothache” in the arm. She does have numbness 
and tingling in the hand with overuse. She has had increasing difficulty manipulating 
the equipment at the office. Her occupational tasks at work require her to use both 
hands to assist the dentist and to manipulate small objects, requiring precise move-
ments and static holds. She spends much of the day reaching across the patient or 
with her arms fully extended, transferring tools and materials. She has begun to use 
her nondominant left hand because she is worried that she will drop something while 
assisting.



Iontophoresis  373

Assessment reveals intact skin integrity, with the posterior forearm warmer to the 
touch with a “boggy” feeling. Circumferential measurements reveal a 7-cm increase 
over the nondominant extremity. This discrepancy may be due to increased muscle 
bulk of the dominant arm, but wrist and metacarpophalangeal measurements are mini-
mally different. Range of motion measurements reveal wrist flexion 0 to 55 degrees, 
wrist extension, 0 to 50 degrees. Pronation is within normal limits with supination 
0 to 70 degrees. Finger, elbow, and shoulder range of motion measurements are all 
within normal limits. Muscle strength is 4/5 with pain on resisted wrist extension. Grip 

Table 11-3. Commonly Used Ions for Iontophoresis
Medication Therapeutic Indications Polarity

Lidocaine 
hydrochloride

Analgesia, bursitis, neuritis +

1% and 2% sodium 
salicylate

Analgesia, plantar warts -

Hyaluronidase 
(Wydase)

Swelling, sprains, strains +

Tap water Hyperhidrosis of palms/feet +/-

2% copper sulfate Antibacterial, fungicidal; athlete’s foot +

2% acetic acid 
solution

Calcium deposits, calcific tendinitis myositis, 
ossificans, musculoskeletal conditions

-

1 mL 0.4% 
dexamethasone 
sodium phosphate 
(Decadron)

Anti-inflammatory, osteoarthritis,  
bursitis, tendinitis

-

Figure 11-12. Iontophoretic drug delivery using a patch-type 
delivery system. These dose the medication at various rates 
and can be dosed and then placed over the area or tissue being 
treated. Run-times vary and should be checked prior to use.
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strength on the left is 80 pounds (lbs), 45 lbs on the right. There are also noticeable 
differences in pinch strengths between the dominant and nondominant hand. She 
exhibits increased pain with palpation along the lateral epicondyle and the radiohum-
eral joint. Joint distraction and anterior-posterior glides are restricted.

The patient’s signs and symptoms are consistent with lateral epicondylitis, with 
point tenderness over the extensor tendon origin, pain with wrist loading in exten-
sion, and limited wrist movement. The patient is educated in work modification and 
joint protection techniques, including a home exercise program requiring icing of the 
elbow as needed after her patients. She is provided with a soft wrist splint for the right 
and instructed to wear during the day when manipulating objects or when in a static 
position. Treatment plans include ice massage and iontophoresis using 0.4% dexa-
methasone sodium phosphate with the drug delivery electrode placed over the area of 
point tenderness. T.S. noted marked improvement following the third treatment using 
iontophoresis. She remarked that she was “finally able to sleep without pain waking 
me up.” Because of her improvement, a full course of nine applications of iontophoresis 
was continued.

Iontophoresis was used to decrease the inflammation and was used as a compo-
nent of the treatment protocol including stretching exercises and joint mobilization. 
When the inflammation was decreased, and the symptoms abated, involvement in 
occupational activities simulating the work-related movements were implemented to 
strengthen the weakened muscles and to problem solve possible ergonomic adapta-
tions and movements.

Clinical Reasoning Questions
1. What was the underlying cause of the injury?
2. What phase of healing was the injured tissue in and how was this determined?
3. What other physical agents might be appropriate to use with this patient?
4. What signs and symptoms did the patient display to confirm the diagnosis?
5. What adaptations might be provided to this patient to prevent further reinjury and 

following successful resolution of her condition?
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Learning Objectives
1. Define low-level laser therapy (LLLT).
2. Describe the difference between light-emitting diodes (LED), super luminous 

diodes (SLD), and LLLT devices.
3. Describe the physical properties of the electromagnetic spectrum.
4. Discuss the different types of electromagnetic radiation used clinically. 
5. Discuss the physiological effect of electromagnetic radiation.
6. Identify the precautions and contraindications for electromagnetic radiation.
7. Describe the clinical indications for the use of diathermy.
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Laser Theory
The electromagnetic spectrum includes energy ranging from gamma rays to elec-

tricity. There has been a great deal of research, interest, and use in laser and light 
therapy in rehabilitation, with manufacturers developing new equipment for a variety 
of clinical applications. Lasers have been used in Europe for many years and have 
gained widespread acceptance in the United States with the advent of several U.S. Food 
and Drug Administration (FDA)–approved devices. The general public along with clini-
cians may have misconceptions of how lasers work in rehabilitation. Additionally, as is 
common with many physical agents, the parameters used in research studies can vary 
widely, and the underlying mechanism of action for the therapeutic biophysiological 
effects has not been clearly identified. Research outcomes have been contradictory, 
with disagreements even over what constitutes a “dose” (Huang et al., 2011). A frequent 
misconception is that the laser is “hot.” Images of lasers from science fiction movies 
or a medical laser with somebody getting burned or “vaporized” by a laser beam are 
common, so there is a natural hesitancy to explore LLLT as an additional tool in the 
occupational therapy toolbox. There are some lasers used in medicine and surgery that 
have a thermal effect and are used to cauterize or ablate tissue or for other purposes, 
but these are not the low-level forms of energy used in occupational therapy. 

In rehabilitation, LLLT (i.e., “cold” lasers) is the form of laser and energy that is 
used for a variety of therapeutic reasons and clinical conditions. Other common terms 
used for light therapy include phototherapy, which is the use of light delivered through 
a variety of clinical devices for a specific therapeutic effect. Clinical use of lasers has 
also been described as photobiomodulation, laser therapy, soft lasers, low-energy or 
low-intensity lasers, or just laser therapy. Some of the confusion in use arises due to the 
equipment manufacturers’ terms and claims. The energy produced through the visible 
spectrum can be produced by either LEDs, SLDs, polarized polychromic light, or from 
low-level laser diodes. Most of these phototherapy devices use light that is within the 
visible red and infrared spectrum between 600 and 1000 nanometers (nm). Visible 
red light has been used for centuries in the treatment of various conditions and the 
healthy benefit of sunshine was documented by the Greeks and Romans. We are all 
aware of the effect the sun has on skin if we fail to use the correct sunscreen (sunburn), 
and the effect of sunlight and the specific color spectrum of light on mood and per-
sonality (the “winter blues” or seasonal affective disorder). LEDs, SLDs, and LLLT use 
the light energy spectrum to facilitate biochemical changes in the treated tissue with 
a cascade of physiochemical effects occurring following exposure to the wavelengths. 

Terminology
•	 Collimation
•	 Electromagnetic radiation
•	 Light-emitting diode
•	 Low-level laser therapy

•	 Monochromatic
•	 Nanometers
•	 Photobiomodulation
•	 Super luminous diodes
•	 Wavelength
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There are two primary components in a laser. One is an amplifying medium, which 
can be a variety of solids, liquids, or gas and which is composed of atoms, molecules, 
ions, or electrons that increase the power of the light wave by stimulated emission. 
There is also a pumping system, which amplifies the light by providing energy that 
can be in the form of optical, electrical, or chemical components. The primary wave-
lengths for most lasers include ultraviolet, visible, and infrared regions of the elec-
tromagnetic spectrum. Ultraviolet radiation consists of wavelengths between 180 and 
400 nm, whereas the visible region or visible light consists of wavelengths between 400 
and 700 nm. The infrared area of the spectrum consists of radiation with wavelengths 
between 700 nm and 1 mm. The color or wavelength of the light depends on the type of 
lasing material being used. The laser is formed when the electrons that are in the spe-
cial glass, gas, or crystals absorb energy. The excited electrons transfer from a lower 
energy orbit to a higher energy orbit, eventually returning to their normal state, which 
causes a release of intense light or photons (particles of light). Laser light is monochro-
matic, directional, and coherent, focusing the photons of light into a single wavelength 
and making it more powerful than a beam of normal white light (as from a lightbulb). 
In comparison, a white light from a conventional lightbulb diverges or spreads in mul-
tiple directions, with the intensity decreasing as the light (energy) moves out from the 
source. The laser has minimal divergence and therefore maintains the high-intensity 
beam over a longer area and range (Figure 12-1). 

Figure 12-1. Depth of laser light penetration—LED, SLD, and 
laser.
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History 
Lasers fall within the category of electromagnetic radiation and produce energy 

in the form of visible and invisible light. Electromagnetic radiation consists of both 
electric and magnetic fields and can transmit energy without the need for a medium. 
Electromagnetic radiation is also able to be transmitted through the vacuum of space. 
Electromagnetic radiation is classified into a spectrum according to wavelength, fre-
quency, and quantum energy. The spectrum of electromagnetic radiation includes 
electrical energy, radio, microwave, infrared, the visible spectrums that we can see 
visually as light, ultraviolet, x-rays, and gamma rays. We perceive this light radiation 
as colors, which range from red, approximately 700 nm, to violet, which has a shorter 
wavelength of approximately 400 nm. At the higher end of the electromagnetic spec-
trum, the particles are moving at very high velocities and create high-energy radiation 
like x-rays and gamma-rays. 

LASER is an acronym for light amplification by stimulated emission of radiation. 
The underlying principles for lasers were first described by Albert Einstein in his 1917 
work, On the Quantum Theory of Radiation (Einstein, 1917). Research into lasers and 
their applications grew in significance during the 1960s, facilitated by the arms race 
and search for weapons-grade lasers for military applications. Building on earlier 
research and theory, Theodore Maiman developed the first laser device, which ampli-
fied a monochromatic light (red) at a specific wavelength. This research led to the 
development of hot or high-power lasers, which have been refined to their current 
use in surgery and medicine. Building on this work, Endre Mester began experiment-
ing with a laser to destroy tumor cells. Although he believed that he was using a 
high-power laser (greater than 500 mW) in an attempt to destroy the tumor cells, he 
was actually using a low-level red-light laser. Use of this red-light laser appeared to 
facilitate the healing process of the surgical implant site. Further experiments using 
the laser demonstrated that other forms of wounds, ulcers, and bedsores healed more 
quickly using this intervention (Mester et al., 1968; Mester et al., 1971; Mester et al., 
1985). Mester concluded that rather than having a destructive effect, the low levels of 
light facilitated tissue healing. LLLT has also been effective, for example, in treating 
osteoarthritis of the hands. LLLT was demonstrated to decrease the pain and swelling 
as well as increase joint range of motion and mobility in patients with Heberden’s and 
Bouchard’s osteoarthritis (Baltzer et al., 2016).

Light therapy, or phototherapy, is the term used to describe the clinical applica-
tion of light for a variety of clinical reasons including skin conditions, orthopedic and 
musculoskeletal injuries, psychological issues such as seasonal affective disorder, 
and others. Conceptually, exposure to small amounts of sunlight can be beneficial, 
while exposure to large amounts can be destructive, causing sunburn. The ultraviolet 
rays of the sun can be powerful influences on the body in small, controlled amounts. 
Exposure to sunlight also stimulates the pineal gland, which produces tryptamines 
(one form of which is melatonin), which keeps our internal “clock” aware of night and 
day and the changing seasons. Conversely, unprotected exposure to the sun’s rays for 
as little as 30 minutes can cause sunburn and potential skin damage due to the physi-
ological impact of ultraviolet radiation (American Cancer Society, 2019). Additionally, 
melanomas developing at different body sites are associated with distinct patterns and 
amounts of sun exposure (Whiteman et al., 2006). All of these biophysiological effects 
are due to exposure to the specific wavelengths of the light. Similar to the effect of the 
sun’s rays on the body and tissue, high-intensity lasers can possess either a thermal 
or heat effect on physiological tissue, while LLLT, the form used for rehabilitation, can 
also affect the healing process and physiological response of treated tissue.
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Lasers can be either high-level energy or intensity (hot), or low-level energy or 
intensity (cold). The use of lasers in medicine has been gaining in popularity and use, 
although LLLT has not been as readily used in physical medicine in the United States 
as it has in Europe, Asia, and other parts of the world. This may have been due to the 
time-consuming process of receiving FDA approval for new equipment. There was 
some initial hesitancy on the part of the FDA to approve LLLT but in 2002, the FDA 
cleared laser devices and LED equipment for the treatment of a variety of conditions 
including carpal tunnel syndrome, cervical neck pain, low back pain, joint pain, gen-
eralized muscle pain, and to facilitate the healing process. Laser equipment that does 
not receive FDA approval is considered experimental and therapists should be aware 
of potential limitations or concerns in using the equipment clinically. Equipment that 
has been approved by the FDA should be stated as such by the manufacturer. Prior to 
using LLLT, clinicians should review state regulatory laws related to physical agents to 
ensure that there are no limitations in effect that might limit or prohibit laser therapy 
by occupational therapists. 

Mechanism of Action
LLLT and phototherapy are noninvasive interventions that can be used adjunc-

tively in rehabilitation to facilitate wound and soft tissue healing, decrease inflamma-
tion, and decrease both acute and chronic pain. There are several mechanisms that 
have been put forward to explain how LLLT works, including increased endogenous 
opioid neurotransmitter production, elevated thermal pain threshold and increased 
blood flow to the area, increased oxygen consumption, and increased adenosine 
triphosphate (ATP) production at a cellular level with increased production of anti-
inflammatory cytokines (Bicknell et al., 2018; Ferraresi et al., 2015; Houreld et al., 2010; 
Karu, 1989; Box 12-1).

Light is a form of energy that we can see and consists of a stream of particles 
known as photons. Light energy is transmitted in “waves” and “streams” of photons 
that possess unique characteristics and movements as well as exhibit both electrical 
and magnetic properties (the electromagnetic spectrum). Photons vibrate at different 
rates and vary in terms of their energy. The electromagnetic spectrum includes radio 
waves, infrared radiation, ultraviolet rays, x-rays, cosmic radiation, and the visible light 
that we see. Each of these various waves consists of photons that vary in vibration 
rates and energy as well as possess different wavelengths. The differing energy levels 
account for the variations in tissue changes and effects, with gamma or x-rays tending 

Box 12-1. Proposed Theories for  
Low-Level Light Therapy Effects

•	 Increased endogenous opioid neurotransmitter production
•	 Elevated thermal pain threshold and increased blood flow to the area
•	 Increased oxygen consumption
•	 Increased ATP production at a cellular level
•	 Increased production of anti-inflammatory cytokines
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to ionize matter and destroy tissue, while radio waves, which have a lower energy and 
longer wave, have minimal if any effect on tissue. 

Unlike the ambient light produced by a light bulb that contains many differing 
wavelengths dispersed throughout the room, laser light is considered monochromatic, 
coherent, and collimated; essentially, the light is focused and converges into a single, 
visible beam. Laser light is monochromatic, which means that it is light consisting 
of a single, defined wavelength, and if in the visible spectrum, seen in only one color 
(red). The laser beam is also collimated, which means that there is little movement of 
the photons away from the central core or column, with the photons moving parallel 
to each other in one direction. The laser beam is more focused and allows for deeper 
penetration into the underlying tissue than a noncollimated or nonfocused light, which 
is more dispersed. The laser beam is also coherent, with the photons of the same wave-
length and the waves in phase with one another. Laser light occurs when photons are 
amplified and stimulated, causing them to collide with other excited electrons, thereby 
releasing more photons. Phototherapy uses light with wavelengths that are between 
390 and 1100 nm and can be continuous or pulsed waves. Most clinical applications 
use relatively low fluencies (0.04 to 50 J/cm2) and power densities (less than 100 mW/
cm2; AlGhamdi et al., 2012). To treat superficial tissue, wavelengths in the range of 390 
to 600 nm can be used, while deeper tissue requires longer wavelengths that penetrate 
more deeply, between 600 and 1100 nm (Brownell et al., 2016).

Other forms of light therapy have been found to be effective in treatment (Ross, 
2006). There are other technologies and equipment available that are often marketed 
or misunderstood as being a laser, but are not true lasers. They may vary in energy 
density and intensity, and are biologically independent from each other (Sommer et al., 
2001). Photobiomodulation therapy (PBMT) is a nonpharmacological and nonthermal 
clinical intervention that uses a nonionized form of light, including laser, and LEDs 
such as the Anodyne system (Anodyne Therapy LLC), which use the visible to infrared 
spectrum or monochromatic infrared energy (Leal-Junior et al., 2019). 

LEDs and SLDs use monochromatic light with a narrow spectrum and may have 
many of the same therapeutic effects or benefits of true lasers, although the research 
is inconsistent with variability in research design and dosage parameters. There is 
research that supports the use of monochromatic infrared energy in the treatment of 
diabetic peripheral sensory neuropathy and pain, but variability in research design 
requires additional research to identify effective therapeutic parameters (Nawfar & 
Yacob, 2011; Robinson et al., 2017). SLDs are super luminous, meaning they are brighter 
in intensity than LEDs and are an additional option in treatment. Primary differences 
between these forms of light therapy (LEDs, SLDs, LLLT) occur in wavelength, dura-
tion, and depth of penetration. The critical factor among competing light forms is in 
the dose and wavelength. The therapeutic dose to facilitate tissue healing or modulate 
pain is between 600 to 1000 nm. LEDs and SLDs may have the same physiochemical 
effect but may take longer to reach the therapeutic threshold in the treated tissue 
(see Figure 12-1). The delivery of the light by LED devices can be adjusted to be either 
continuous or photomodulated, which means the light is delivered in a pulsed mode 
with specific sequences and durations. Modulating the light affects cells differently 
than continuous light application (Calderhead, 2007). Although red is the most com-
mon wavelength used, other portions of the spectrum include yellow and blue (Opel 
et al., 2015). 
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PBMT has been used for the treatment of a variety of musculoskeletal conditions 
including chronic pain (Koldas Dogan et al., 2017), osteoarthritis pain, and wound 
healing; for improving exercise tolerance (Leal-Junior et al., 2015) and muscle function 
(Miranda et al., 2016); as well as to decrease fatigue and resistance (da Silva Alves 
et al., 2014). Other clinical applications and conditions include pain control, facilitat-
ing wound healing, increasing skin flap viability, treating leg ulcers in patients with 
diabetes, peripheral nerve injuries, skin conditions and scars, as well as for exercise-
induced muscle fatigue and facilitating muscle recovery. Though there is a great deal 
of research related to the therapeutic use of LLLT, the method of action of photobio-
modulation to decrease pain and improve function is not entirely clear (Figure 12-2).

Biophysiological Effects
There are several clinical and equipment variables that may influence biophysi-

ological outcomes when using LLLT. Laser falls into the category within the electro-
magnetic spectrum based on its wavelength/frequency. Laser light is monochromatic 
and has a low divergence, meaning it will travel in essentially a straight line into the 
underlying tissue. The energy transmitted into the tissue, similar to ultrasound energy, 
can be reflected, refracted, and absorbed based on the cellular characteristics of the 
tissue. LLLT is the clinical application of light in the red or near infrared (NIR) elec-
tromagnetic spectrum (600 to 1000 nm), usually a class 3B laser device with a mean 
output range of 10 to 500 milliwatts (mW) and a power density (irradiance) up to 
5 W/cm2 (Huang et al., 2009; Huang et al., 2011). Physical parameters for LLLT include 
the wavelength, spot size, power, power density, energy, energy density, the duration 
of the application or irradiation time, the frequency of the treatment application, and 
the time interval between irradiation treatment sessions. All of these parameters can 
be manipulated as part of the clinical process and must be considered when establish-
ing the therapeutic protocol utilizing LLLT (Figure 12-3).

Figure 12-2. LLLT or photobiomodulation 
device. The stimulatory effect of LLLT is 
used to facilitate tissue growth and tissue 
regeneration, decreases inflammation and 
modulates pain. (Reproduced with permission 
from THOR Photomedicine Ltd.)



386  Chapter 12

The mechanism of action for clinical use of LLLT is not completely clear. LLLT 
has been used in pain management, fibroblastic regeneration, and other physiological 
changes using a low-frequency continuous laser, typically between 600 to 1000 nm for 
pain reduction and to stimulate healing in the tissue (Dima et al., 2018). The primary 
effect of LLLT is to modify the cell physiology without causing a temperature increase 
in the tissue. When the underlying tissue is irradiated with the laser beam, an interac-
tion occurs between the cells and the photons that causes a photochemical reaction. 
As the irradiated cell absorbs the photon or energy, it becomes absorbed and incor-
porated into the molecule. As the energy is transferred to various biomolecules, it can 
be transferred to other molecules that can increase its kinetic energy and activate or 
deactivate enzymes, changing the physical or chemical properties of the macromol-
ecules (Matic et al., 2003). The photons that are absorbed by the cellular photorecep-
tors initiate chemical changes and biochemical modifications that can be beneficial.

Conceptually, clinical application of LLLT facilitates healing and normalization of 
targeted tissue through photoactivation of cellular mechanisms, leading to a decrease 
in pain, inflammation, and edema as well as facilitates tissue repair (Albuquerque-
Pontes et al., 2015). LLLT uses low-energy light that stimulates the targeted tissue with 
energy, which is absorbed through the cytochromes in the mitochondria, converted 
into ATP at a cellular level and responds by synthesizing protein, mRNA, and DNA 
(Enwemeka, 2004; Reddy, 2004). This process strengthens and increases cell prolifera-
tion in the treated area, increasing microcirculation and ATP synthesis, and influenc-
ing inflammatory biomarkers (Albuquerque-Pontes et al., 2015). Other research has 
found that PBMT also modulates a variety of inflammatory mediators, including tumor 
necrosis factor (TNF)–α, interleukin (IL)-1β, IL-6, IL-10, and prostaglandin E2 (PGE2), 
which may also account for pain relief and tissue repair (de Almeida et al., 2013; 
Tomazoni et al., 2017; Traverzim et al., 2018).

Like other physical agent modalities (PAMs), there are some basic components 
necessary to produce lasers. The primary components of a laser system consist of 
a power supply; a lasing medium, which is a material that generates the laser light 

Figure 12-3. Laser applicators. 
(Reproduced with permission 
from Chattanooga Group.)
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and can be a gas, liquid, or solid; a pumping device, which is used to elevate the 
electrons to an “excited” energy level; and a cavity or containment device, which 
holds the reflecting surfaces and directs the beam propagation. There are a variety of 
laser devices on the market that are used in medicine and dentistry (see Figure 12-2). 
According to the type of medium, lasers can be classified as solid, gas, semiconductor, 
and liquid. There are two primary forms of lasers used in the United States: The helium 
neon (HeNe) and gallium arsenide (GaAs) laser. The HeNe laser creates a laser in the 
red-light spectrum with a wavelength of 633 nm, whereas the GaAs lasers produce a 
wavelength of 904 nm. The HeNe laser will penetrate less deeply and produces a laser 
light with a shorter wavelength and higher frequency. The GaAs laser will penetrate 
deeper and will produce a lower frequency and longer wavelength. 

The FDA approved the use of high-power Class IV therapeutic laser light therapy, 
which produces 7500 mW of continuous power and is theorized to provide deeper 
tissue penetration and cover a larger area or volume of tissue. Class IV lasers are 
used to treat tissue at deeper depths that may not be reached by conventional LLLT 
stimulation. Physiological changes associated with Class IV lasers include increased 
circulation, decreased inflammation, relaxation of muscle spasms and trigger points, 
facilitation of tissue repair and healing, and decreased pain. Clinical application 
includes conditions such as arthritis, carpal tunnel syndrome, epicondylitis, sprains/
strains, trigger points, and other musculoskeletal disorders. With either form of laser, 
the energy and beam penetrate the underlying tissue, and the energy is also absorbed, 
reflected, refracted, and transmitted, similar to ultrasound energy. Most of the laser 
light between 300 and 1000 nm will be absorbed in the superficial layer of tissue within 
the first 3 to 4 mm of tissue (Goldman & Rockwell, 1971; Figure 12-4). 

The characteristics of the light delivery systems can be determined by looking at 
beam properties, transmission, and thermal properties. The delivery of continuous 
wave or pulsed laser energy—contact or noncontact—will determine the contribution 
of optical, thermal, and mechanical effects to the tissue (Verdaasdonk & van Swol, 
1997). Similar to ultrasound, the output of the lasers can be continuous or pulsed to 
decrease the average power output. For most applications, the energy produced in the 
laser is administered using a handheld applicator, which in some cases looks similar to 
an ultrasound head or transducer. As the laser beam leaves the applicator, it will even-

Figure 12-4. Protective goggles 
should always be worn by the patient 
and therapist during laser application. 
(Reproduced with permission from 
Chattanooga Group.)
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tually diverge and spread out over the area being treated, resulting in a decrease in 
intensity the farther away from the source. The overall depth of penetration depends 
on the tissue that is being treated and the frequency of the laser. Laser light with a 
wavelength of 600 to 1300 nm will penetrate to a depth of 1 to 4 mm, with lower wave-
lengths limiting the depth of penetration. A laser utilizing a wavelength of 632 nm will 
penetrate to a depth of approximately 1 to 2 mm, whereas an 830 nm wavelength may 
penetrate to a depth of 4 mm or more (see Figure 12-3).

The output or amount of energy that is administered to the underlying tissue is 
measured in terms of joules (J), which is equivalent to 1 watt (W)/second. The output 
of the laser can be continuous or pulsed, which effectively reduces the average power 
and affects the treatment time, increasing it if a specific amount of energy is required 
for a specific condition. The dosage of the laser is documented as Joules per square 
centimeter (J/cm2). The energy of the laser—the dose being administered to the tis-
sue is related to three factors: The output of the laser in mW (milliwatt), the length of 
time the tissue—is being exposed to the light (measured in seconds), and the overall 
emitting surface area of the laser beam in cm2. Unlike ultrasound, treatment times are 
dramatically decreased when using LLLT due to the amount of energy being delivered 
to the tissue. As a rule, some research has indicated that chronic conditions respond 
better to higher dosages of up to 4.0 J/cm2, while acute conditions respond to lower-
energy applications in the range between 0.05 and 1 J/cm2 (Oshiro & Calderhead, 1988). 

Although the depth of penetration may appear to be limited, all frequencies will 
affect the physiological processes at a deeper level due to the stimulating effect at 
the deeper cellular levels. LLLT has an anti-inflammatory effect. Energy densities or 
parameters that produced an anti-inflammatory effect have varied between 1 and 
2.5 J/cm2, which can also decrease edema. Research suggests that low power laser 
irradiation possibly exerts its anti-inflammatory effects by stimulating the release of 
adrenal corticosteroid hormones (Albertini et al., 2004). LLLT has been used in the 
management of tendinopathy and arthritis. Results from in vitro and in vivo studies 
have suggested that inflammatory modulation is one of several possible biological 
mechanisms of LLLT action. LLLT at a dose of 5.4 J per point can reduce inflamma-
tion and pain in activated Achilles tendinitis and may have potential in the manage-
ment of diseases with an inflammatory component (Bjordal et al., 2006). An energy 
density of 1.2 and 2.4 J/cm2 facilitated the healing of third-degree burns in rats, and 
acted as an anti-infective agent, inducing the destruction of Staphylococcus aureus and 
Pseudomonas aeruginosa in the healing tissue (Bayat et al., 2006). Other research has 
shown that phototherapy increases cell growth and impairs protein secretion of fibro-
blasts. Fujihara and colleagues (2006) found that phototherapy acts as a proliferative 
stimulus on osteoblast-like cells and could be used as a coadjuvant in bone clinical 
manipulation to accelerate bone regeneration. 

It has been proposed that LLLT is best described as consisting of two separate sets 
of primary parameters: The irradiation parameters (sometimes termed the medicine) 
and the dose or amount of time the irradiation occurs during the treatment. Research 
does demonstrate that different wavelengths, pulses, coherence, and polarization have 
an effect on biomodulation, but for clinical application, the irradiation/medicine and 
the dose are the primary considerations (Huang et al., 2009). Clinically and anecdotal-
ly, other commonly noted parameters are between 3 J/cm2 and 5 J/cm2 with treatment 
applications 2 to 3 times per week. Patients may note improvement in their condition 
within 3 to 5 treatments, with the course of treatment ranging from 8 to 10 total visits. 
However, research has been somewhat equivocal, with parameters and settings, and 
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the manufacturers espouse a variety of potential treatment parameters or recommen-
dations. Some studies have found settings using 8 J/cm2 effective for carpal tunnel, 
while doses between 0.4 and 19 J/cm2 and power densities of 5 to 21 J/cm2 more effec-
tive for treating joint capsules. Using short duration, high dosage applications may 
be more effective than low doses with longer duration. A dose of 5 J/cm2 stimulated 
mitochondrial activity on fibroblasts along with cell proliferation and viability, while 
higher doses in the range of 10 and 16 J/cm2 had the opposite effect (Bjordal et al., 
2003; Hawkins & Abrahamse, 2006; Kymplova et al., 2003; Padua et al., 1998; Weintraub, 
1997). Clinicians should continue to evaluate the research and clinical studies to fur-
ther determine the effectiveness and treatment parameters of LLLT for wound healing 
and musculoskeletal conditions (Brosseau et al., 2000; Brosseau et al., 2005). 

LLLT and phototherapy use light to penetrate the skin and underlying tissue to 
facilitate the healing process through stimulation and activation of enzymatic activity 
at the cellular level, creating a cascade of effects. There is some research that indicates 
that LLLT in specific wavelengths stimulates activity in the mitochondria and is used 
to synthesize ATP. The ATP is used to stimulate and drive a variety of metabolic pro-
cesses, including the synthesis of DNA, RNA, proteins, and enzymes that is necessary 
and responsible for cell regeneration and tissue repair. Phototherapy and LLLT also 
have been found to affect tissue repair and pain control by altering nerve conduction 
velocity and somatosensory evoked potentials, as well as modulating prostaglandins 
and hyperemia of underlying tissues. The net effect and outcome of these physio-
chemical changes are pain modulation and facilitation of tissue repair. The research on 
lasers, though positive, has also been equivocal. A primary difficulty in the research 
and the inconclusivity of the research is due in part to variability in the design and 
methodology, as well as in the parameters used. Further research is warranted to bet-
ter establish therapeutic parameters for clinical applications (Enwemeka et al., 2004; 
Herascu et al., 2005; Khadra, 2005; Khadra et al., 2004; Pourzarandian et al., 2005; 
Reddy, 2004; Reddy et al., 2006; Sun & Tuner, 2004; Woodruff et al., 2004). 

Applications and Indications
The primary uses for LLLT have been in the areas of dentistry, wound or fracture 

healing, treatment of musculoskeletal conditions, and modulation of pain. Laser use 
in wound healing has been purported to stimulate phagocytosis and fibroplasia, as 
well as increase circulation. Surgical wounds, chronic wounds, and animal studies 
including fractures have been researched. A meta-analysis of 24 animal experiments 
and human clinical studies concluded that LLLT had a significant positive effect on the 
healing process in the areas of accelerating the inflammatory process, strengthening 
collagen synthesis, improving overall tensile strength of the wound, and decreasing 
both the healing time and overall size of the wound (Enwemeka et al., 2004; Woodruff 
et al., 2004). Musculoskeletal conditions and pain including trigger points, back, neck, 
and elbow pain may also benefit from LLLT. Rheumatoid patients with arthritis also 
noticed decreases in pain, swelling, stiffness, and medication use following laser 
therapy. A meta-analysis investigating LLLT therapy in the treatment of tissue repair 
and pain control also found a positive effect for laser phototherapy on tissue repair in 
the areas of collagen formation, rate of healing, tensile strength, overall time for wound 
closure, number and rate of degranulation of mast cells, and flap survival. The most 
effective wavelength of laser light for tissue repair was 632.8 nm, with 780 nm least 
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effective (Pinhiero et al., 2011). There was also a concurrent positive treatment effect 
for pain control (Enwemeka, 1989; Enwemeka et al., 2004). Myofascial neck pain was 
also found to be effectively treated using LLLT, which not only modulated the pain, but 
also improved functional ability and quality of life. LLLT was also found to be effective 
in the treatment of myofascial pain and fibromyalgia (Gur et al., 2002; Gur et al., 2004; 
Hakguder et al., 2003). 

Research in dentistry and in animal studies have also supported the use of LLLT 
in tissue healing and pain control. A study to identify the possible benefits of LLLT on 
soft and hard tissue healing after endodontic surgery found that the laser group, using 
a dose of (810 nm, 129 mW, 3.87 J/cm2) for 5 minutes to the treatment area, had better 
results in edema control, wound healing, and decreased pain and analgesic use. There 
was also a noticeable decrease in ecchymoses (tissue discoloration or bruising) and 
improvement in bone density (Metin et al., 2018). LLLT has also been researched for 
its effect on minimizing tissue damage and facilitating muscle function and recovery 
following myonecrosis, or death of muscle tissue in a localized area due to trauma, 
infection, or infarction. Animal research has indicated that LLLT may be an effec-
tive adjunct in facilitating fibroblast proliferation and synthesis of procollagen and 
collagen, increases microcirculation, stimulates macrophage removal of debris and 
necrotic tissue, ameliorates lymphocytes immunoreaction, and increases mitochon-
drial energy metabolism (Vieira et al., 2015). LLLT is an effective intervention for open 
lesions such as diabetic foot ulcers, which had a significant decrease in wound size and 
pain following treatment (Feitosa et al., 2015). 

Research has also found moderate-strength evidence in the use of LLLT in the 
management of breast cancer-related lymphedema (BCRL), finding reductions in vol-
ume and pain following treatment (Smoot et al., 2015). Other research assessing the 
effectiveness of LLLT with BCRL found that a dose of 1 to 2 J/cm2 per point applied 
to multiple points covering the fibrotic area decreased limb volume following BCRL, 
although additional studies were suggested (Omar et al., 2012). A recent systematic 
review of the use of LLLT found it to be an effective treatment approach for women 
with BCRL, although the optimal treatment parameters vary and additional research is 
required to strengthen the therapeutic parameters for use (Baxter et al., 2018). 

A frequently asked question when using any form of physical agent with patients 
suffering from cancer or posttreatment for cancer is whether they are safe to use. LLLT 
or PBMT has been used for cancer treatment-related toxicities with positive results for 
the prevention and treatment of BCRL, oral mucositis, and other toxicities. Due to its 
proposed mechanism of action, the concern has been whether the light would stimu-
late growth of residual malignant cancer cells, increasing the potential for additional 
tumor growth or development of secondary tumors. A systematic review of the litera-
ture found that the use of LLLT or PBMT as part of the prevention and management 
of cancer treatment-related toxicities did not facilitate the development of tumors or 
compromise safety issues for those individuals (de Pauli Paglioni et al., 2019).

Although used with greater frequency in the United States, the variability in dos-
age and inconsistency in reimbursement of LLLT and phototherapy has limited greater 
clinical application as an adjunctive, preparatory tool for the clinician. As laser ther-
apy gains greater acceptance and use, further research will help to clarify the param-
eters and conditions most amenable to this intervention. Clinicians are encouraged 
to continue to monitor the research related to laser and phototherapy to stay current 
with applications and therapeutic parameters. Like other physical agents, LLLT is used 
preparatory to and as an adjunct to occupational tasks and performance. The goal of 
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any physical agent is to facilitate patient outcomes, independence, and quality of life 
and function.

Precautions and Contraindications
As with any PAM, care must be used during treatment application and the patient’s 

condition and response to treatment carefully monitored. Laser therapy, if applied in 
the correct doses, can be a safe and effective intervention. Because lasers use collimat-
ed light, damage can occur if the beam is directed toward the eyes or when viewing the 
beam or its specular reflections off of a smooth surface area. The laser beam should 
never be directed at the eyes, and the patient should be wearing protective goggles and 
instructed to not look directly at the laser beam. Obviously, any other patients, family 
members, or staff should follow the same precautions and protect their vision if in the 
vicinity of the treatment.

The patient and clinician should both wear goggles or eye protection that provides 
the appropriate optical density for the wavelength or laser that is being used (see 
Figure 12-4). Failure to protect the eyes is precautionary, although the laser energy 
can be of sufficient intensity to cause partial or complete loss of vision and blindness. 
Direct application to the eyes is contraindicated.

Lasers should not be applied to the vagus nerve or over the carotid sinus, or 
in patients with decreased sensation, infected tissue, or an active hemorrhage. 
Application over the gonads and sexual organs and the epiphyseal plates of children 
should be avoided. Lasers should not be applied over tumors or cancerous lesions, or 
over the endocrine glands.

Documentation
As with all PAMs, subjective comments from the patient and consistent monitor-

ing are required to safely administer laser therapy. When documenting on the laser 
protocol, attention should be paid to the location and area that is being treated and 
any distinguishing features (e.g., skin irritation or lacerations). The dosage of the laser 
should be written in J/cm2 for each application. Additionally, the laser power in W, the 
treatment time for each area, the frequency and type of laser being used, as well as if 
the application mode (i.e., continuous or pulsed) should be charted daily. Any subjec-
tive and objective comments or observations as well as the patient’s response to the 
intervention should be specified. 

Diathermy
Microwave diathermies (MWDs) utilize electromagnetic radiation emitting from 

the transducer, which are used for tissue heating. Diathermy is most often used for its 
deep heating capabilities through the application of high radiofrequency currents to 
the underlying tissue. Diathermy allows for deep heating in the subcutaneous tissues, 
deep muscles, and joints for a variety of physiological effects. Deep heating is caused 
by the conversion of energy into heat as it passes through the tissue. Heating of deeper 
structures can be obtained through the application of high frequency electrical cur-
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rents (short-wave diathermy [SWD]), or through the application of electromagnetic 
waves (microwave radiation). SWD and MWD devices can be modulated in either a 
continuous or pulsed mode, generating heat in the underlying tissue when the intensity 
is increased to a sufficient level (Goats, 1989). The FDA states that a diathermy device 
should produce heat in the tissue between a range of 104 °F and a maximum of 114 °F 
at a depth of 2 inches and within a period of 20 minutes. Patients should never report 
any discomfort or pain when using diathermy.

Mechanism of Action
SWD devices most commonly use a radiofrequency electromagnetic field of 27.12 

megahertz (MHz) frequency waves. There are different frequency ranges depending 
on the equipment that will affect specific tissue types at different depths. The output 
of the SWD can be modified to be delivered in either a continuous or pulsed mode. 
The application of the high-frequency electromagnetic energy generates heat in the 
underlying tissue due to the resistance of the tissue to the passage of the energy. The 
physiological effects of continuous SWD are thermal, with deeper tissues heated to a 
depth of 2 to 5 cm. As with all thermal agents, temperature rise is dependent on the 
specific properties of the tissue being treated, thermal conductivity of the tissue, and 
the duration of application. 

An advantage to using SWD is that the overall area that can be heated will be larger 
than that covered by a hot pack or ultrasound. The physiological effects of diathermy 
are consistent with the application of heat and include increased tissue temperature, 
increased blood flow, increased membrane permeability, increased enzymatic reac-
tions, increased metabolic rate, increased tissue extensibility, decreased joint stiff-
ness, increased pain threshold, and facilitation of tissue healing (Balogun & Okonofua, 
1988; Berna et al., 2002; Conradi & Pages, 1989; Draper et al., 2004; Dziedzic et al., 2005; 
Garrett et al., 2000; Guler-Uysal & Kozanoglu, 2004; Hill et al., 2002; Jan et al., 2006; 
Robertson et al., 2005; Xu et al., 1999). 

SWD can be administered through capacitance or induction techniques. Capacitor 
electrodes create a strong electrical field that affects the tissue through the move-
ment of small electrical fields or eddy currents. These units use two capacitance elec-
trodes that are spaced apart, with the underlying tissue becoming part of the circuit. 
Induction methods use either a cable that is wrapped over the extremity or treatment 
area, or drum, both of which use alternating current (AC) flowing through the wires. 
The drum is placed over the treatment area and with the flow of electrical current in 
the coil produces a magnetic field and eddy current in the tissue. Capacitive electrodes 
produce a more superficial heating effect compared with inductive methods (Bansal et 
al., 1990; Lehmann et al., 1983; Oosterveld et al., 1992). MWD units consist of a power 
supply that provides energy to a magnetron, which produces a high-frequency AC. The 
AC produces an electromagnetic field over the treated tissue, focusing the energy into 
a smaller area. Microwave radiation provides a more superficial effect in the tissue and 
is more prone to burning of the skin or fat tissue due to the development of standing 
waves and reflection (Conradi & Pages, 1989; Fadilah et al., 1987).

The primary factor in whether the tissue temperature will increase is the overall 
amount of energy that is absorbed by the tissue. This is determined by the intensity of 
the electromagnetic field and the type of tissue that is being treated. Tissue that offers 
the greatest resistance to current flow develops higher levels of heat. Subcutaneous 
fat and tissue that has a high fat content insulates and resists the flow of electrons and 
tends to overheat. Pulsing the signal allows the tissue to cool as the heat dissipates 
during the off-cycle of the pulse (Conradi & Pages, 1989; Draper et al., 1999; Pasila 
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et al., 1978). Pulsed diathermy is achieved by the electronics of the instrument inter-
rupting the output at different intervals. An advantage to diathermy is that it can heat 
larger areas than therapeutic ultrasound or hot packs and does not cause periosteal 
burning. Reflection of the waves, however, can lead to hot spots in other areas due to 
reflection and must be taken into account. The patient’s electrical impedance or resis-
tance of the tissue to the energy flow becomes part of the patient’s own circuit during 
treatment. The SWD unit will generate a high-frequency electrical current, producing 
both an electrical and magnetic field within the treatment tissue. Newer, pulsed SWD 
units use a drum electrode, producing a magnetic field that creates eddy currents in 
the underlying tissue. Tissue with low impedance, such as skeletal muscle and blood, 
have greater current activity and heating. The applicators should be placed away from 
the skin and separated by a single layer of toweling to absorb any perspiration and to 
avoid overheating of the skin. The patient should feel a comfortable level of heat during 
the treatment. Treatment times vary between 15 to 20 minutes or up to a maximum of 
30 minutes to achieve desired physiological effects. 

Indications
In general, the clinical application of continuous SWD would be a consideration for 

the desired effect of a thermal response in the treatment tissue. Pulsed SWD and MWD 
also have nonthermal effects that may be beneficial for a variety of musculoskeletal 
conditions. Clinical application may be warranted for selectively heating joint struc-
tures, decreasing stiffness, increasing tissue extensibility, improving blood flow to an 
area, and decreasing pain (Balogun & Okonofua, 1988; Bansil & Joshi, 1975; Berna et 
al., 2002; Draper & VanPatten, 2010; Goats, 1989; McCann & Sherar, 2006). Pulsed SWD 
has been shown to facilitate tissue healing, decrease edema and inflammation, reab-
sorb hematomas, and decrease pain (Balogun & Okonofua, 1988; Brucker et al., 2005; 
Callaghan et al., 2005; Draper et al., 2004; Dziedzic et al., 2005; Jan et al., 2006; Jiang et 
al., 2004; Laufer et al., 2005; Pasila et al., 1978; Seiger & Draper, 2006). 

Precautions
Care should always be taken when using diathermy because the equipment pro-

duces diffuse radiation during use. Consistent with any thermal modality, consider-
ation of all contraindications and precautions identified in earlier chapters should be 
of significance. Because the units produce radiation, the therapist should not stand 
close to the machine. Some research has found an increase in the risk of miscarriage 
in pregnant therapists who were frequently exposed to MWD. However, exposure to 
SWD during pregnancy did not increase the risk of miscarriage in the study (Hocking & 
Joyner, 1995; Ouellet-Hellstrom & Stewart, 1993). Some studies have noted an increase 
in spontaneous abortion and abnormal fetal development, specifically, low birth rate 
in therapists exposed or using SWD, although another study did not find statistical 
significance (Larsen et al., 1991; Lerman et al., 2001; Taskinen et al., 1990).

There has been increased attention to the effects of the electromagnetic radiation 
exposure on clinicians and patients in the vicinity of the equipment that has not been 
addressed thoroughly. Recommendations have called for greater attention to the elec-
tromagnetic radiation and the need for specific recommendations, which could include 
electromagnetic-screened rooms to ensure that MWD users and other individuals in 
the area would not be exposed to electromagnetic radiation over specific reference lev-
els (Koutsojannis et al., 2018). The results of another survey revealed serious concerns 
about the safety of users and coexisting patients. A study by Shah and Farrow (2013) 
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found that the occupational exposure limits for radiofrequency exposure electromag-
netic fields exceeded the guidelines at a distance of 1 m from pulsed SWD, which was 
identified as the safe operating distance for clinicians by the International Commission 
on Non-Ionizing Radiation Protection (Shah & Farrow, 2013). A systematic review of the 
literature found that physical therapists’ occupational exposure to SWD was statisti-
cally significantly associated with delayed time to pregnancy (greater than 6 months), 
still birth, altered gender ratio (low ratio of boys to girls), congenital malformations, 
and low birthweight among clinicians’ offspring. Therapists’ exposure to MWD was 
also found to be statistically significant with spontaneous abortion. However, the 
researchers could not identify causal mechanisms for these statistical associations 
(Shah & Farrow, 2014). Due to variability and inconsistent evidence related to the 
adverse health effects and reproductive outcomes of clinicians’ occupational exposure 
to radiofrequency electromagnetic fields, it is better to err on the side of caution and it 
is recommended that therapists avoid using SWD and MWD during pregnancy. 

Contraindications
Diathermy will cause an increase in tissue temperature and may therefore be 

contraindicated in any clinical condition where increased temperature may produce 
negative effects. Traumatic, acute inflammatory conditions, ischemia, or application 
over areas of decreased sensitivity should be avoided. Metal should be avoided when 
using diathermy, and the patient should remove all jewelry and watches before applica-
tion. The patient should be positioned comfortably and not on metal furniture during 
the application. Contraindications include patients with metal implants, pacemakers, 
implanted or transcutaneous neural stimulators, and surgical implants. Diathermy 
units should also be kept away from other types of medical devices or equipment 
such as transcutaneous electrical nerve stimulation units. Diathermy should never 
be applied to the eyes, testes, over the epiphyseal plates of children, or over areas of 
malignancy (Frey, 2004; Jiang et al., 2004; Jones, 1976; Macca et al., 2008; Ruggera et al., 
2003; Shields et al., 2003; Shields et al., 2004).

Case Study
A 37-year-old woman who has been performing piecework in an area shop is 

referred for therapy with a diagnosis of bilateral carpal tunnel syndrome. The patient 
is an active individual who enjoys her work and job. She relates that her symptoms 
have been getting progressively worse. She states that initially, following her work, 
she noticed burning, tingling, and numbness in the palm of her hand, which then 
“moved” up into her fingers. Symptoms are most noticeable in her thumb, index fin-
ger, and middle finger. She has attempted to self-treat by wearing a soft wrist splint at 
night and soaking her hands in the evening. Her employer will not allow her to wear 
the splint while at work due to safety concerns. Upon evaluation, you note that the 
patient frequently shakes her hands and wrist in an attempt to alleviate her symptoms. 
Sensation is impaired in the palmar aspect of both hands, thumb, index finger, and 
middle finger, with paresthesia worse on the right hand. Grip and pinch strength are 
slightly decreased, but the patient is more concerned with the “tingling and numbness” 
and denies any difficulty manipulating objects. Patient tests positive for Phalen’s test. 

 ӹ Impression: Signs and symptoms consistent with bilateral carpal tunnel syndrome.
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 ӹ Intervention: Due to its therapeutic effect on inflammation and carpal tunnel, you 
decide to implement intervention using LLLT as an adjunct to the patient’s treat-
ment. Treatment parameters are between 1 and 3 J/cm2 and are applied over the 
median nerve and palmar trigger point. 

Clinical Reasoning Questions
1. What other therapeutic interventions will be necessary to treat this patient?
2. Will the patient require any adaptive equipment or modifications to her home or 

work routines?
3. What other PAMs could be used adjunctively rather than LLLT?
4. What signs and symptoms indicated that the patient had carpal tunnel?
5. Are there any precautions or contraindications you should explore prior to using 

LLLT?
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Utilizing neuromuscular electrical stimulation (NMES) for the treatment of hand 
and finger dysfunction is a widely accepted adjunctive rehabilitation tool. When used 
correctly, it can assist in a patient’s functional recovery from either an orthopedic or 
neurologic injury. Proper application of an NMES program will depend first upon a 
complete clinical evaluation and the establishment of the treatment plan and goals. 
The next steps in a successful application of NMES include:

1. Device selection
2. Parameter selection
3. Electrode placement
4. Patient education

Finger Flexion
 ӹ Electrodes: (-) The smaller electrode is over the motor point of the muscle mass 

most likely to produce finger flexion without activating wrist flexors (the area for 
finger stimulation is closer to the ulnar border of the forearm). (+) On the distal 
aspect of the flexor digitorum muscle belly.

 ӹ Waveform: Asymmetrical.
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 ӹ Rate: 35 pulses per second (pps). May use higher rate if needed for patient comfort.
 ӹ Mode: Not applicable (single channel use).
 ӹ On-/off-ratio: 1:3 most programs, 1:3 to 1:1 endurance, 1:5 power.

Finger Extension
 ӹ Electrodes: (-) The smaller electrode is over the motor point of the muscle mass 

most likely to produce finger extension without activating wrist extensors (the 
optimal area to stimulate finger extension is distal to that for wrist extension). 
(+) On the distal aspect of the extensor muscle belly.

 ӹ Waveform: Asymmetrical.
 ӹ Rate: 35 pps. May use higher rate if needed for patient comfort.
 ӹ Mode: Not applicable (single channel use).
 ӹ On-/off-ratio: See finger flexion.
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Thumb Opposition
 ӹ Electrodes: (-) Lateral border of the thenar eminence. (+) Placed on either the dor-

sal or volar forearm.
 ӹ Waveform: Asymmetrical.
 ӹ Rate: 35 pps. May use higher rate if needed for patient comfort.
 ӹ Mode: Not applicable (single channel use).
 ӹ On-/off-ratio: 1:3 most programs, 1:3 to 1:1 endurance, 1:5 power.

Lumbrical Grip
 ӹ Electrodes: (-) Proximal to the pisiform bone. (+) Volar surface of the forearm (this 

placement stimulates the third and fourth lumbricals and all of the dorsal and 
palmar interossei).

 ӹ Waveform: Asymmetrical.
 ӹ Rate: 35 pps. May use higher rate if needed for patient comfort.
 ӹ Mode: Not applicable (single channel use).
 ӹ On-/off-ratio: 1:3 most programs, 1:3 to 1:1 endurance, 1:5 power.
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Power Grasp—Dual Channel
 ӹ Electrodes: Channel 1: (-) Optimal finger flexion placement; (+) over the flexor ten-

don. Channel 2: (-) Optimal intrinsic activation; (+) over the flexor tendon (stimula-
tion of both the extrinsic and intrinsic finger flexors can produce a powerful grip).

 ӹ Waveform: Asymmetrical.
 ӹ Rate: 35 pps. May use higher rate if needed for patient comfort.
 ӹ Mode: Synchronous (S).
 ӹ On-/off-ratio: 1:3 most programs, 1:3 to 1:1 endurance, 1:5 power.

Clinical Tips
 ӹ Use of a larger electrode on the positive lead will improve patient comfort.
 ӹ A smaller electrode on the motor point may help in specific muscle recruitment but 

will increase current density and may decrease patient comfort.
 ӹ Do not cut through the electrode connector wire if trimming an electrode.
 ӹ A denervated condition will require direct current because the peripheral nerve 

is not intact.
 ӹ Treatment duration should be based upon rate of fatigue. Fatigue may occur rap-

idly during hand applications due to the small size of the muscles being stimulated. 
Note: The higher the rate (pps), the more rapidly fatigue will occur.
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Neuromuscular electrical stimulation (NMES) is the use of electricity to stimulate 
the nerves that correspond to a targeted muscle or muscle group and cause it to con-
tract. It requires an intact peripheral nerve and healthy muscle tissue.

Clinical Indications for  
Neuromuscular Electrical Stimulation

 ӹ Retard or prevent disuse atrophy
 ӹ Muscle reeducation
 ӹ Maintain or increase joint mobility
 ӹ Increase local blood circulation
 ӹ Relax muscle spasm
 ӹ Prevent venous thrombosis in calf muscles immediately following surgery

Treatment decisions should be based on a full patient evaluation and individual-
ized for each patient. Consult your device manual for specific instructions for use, 
indications, contraindications, precautions, and warnings.

The following parameter options should be considered to ensure the successful 
use of NMES.
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Pulse Duration
 ӹ Pulse durations between 200 and 400 microseconds (µs) are typically used.

Amplitude (Intensity)
 ӹ Affects the magnitude of muscular response. Higher amplitudes will generate an 

increase in the number of motor units activated.

On-/Off-Time (Duty Cycle)
 ӹ Affects the fatigue rate. Initial treatments with NMES may require longer off-times 

to delay onset of fatigue.
 ӹ Typical on-/off-ratios: 1:1, 1:3, 1:5, or even 1:8. On/off ratio of 1:1 to increase strength 

in relatively healthy, physically fit, progressing patients. If patients fatigue easier, 
are deconditioned, and are developing return in the extremity that requires focus 
and attention, higher ratios provide longer rest periods and less fatigue such as 
1:3, 1:5, or even as high as 1:8. A 1:3 protocol could include a 10-second on period 
followed by a 30-second rest period. The duty cycle can be decreased toward a 1:1 
ratio as the patient progresses with greater endurance and function. Duty cycle 
can be reconfigured when return develops in the patient’s motor response using a 
higher ratio such as 1:5 along with a decrease in the intensity to allow for a sensory 
response that provides cueing of the expected motor response and movement 
while allowing sufficient rest periods between movements. For muscle pumping to 
decrease edema in an upper extremity/hand, a duty cycle of 1:1 or 1:2 can be used. 

 ӹ Muscle reeducation: Minimum 1:3.
 ӹ Muscle spasm: 1:1.

Channel Selection
 ӹ Use of 1 channel vs. 2 channel.
 ӹ Synchronous: Channel 1 and channel 2 will deliver stimulation simultaneously. 
 ӹ Asynchronous (reciprocal): Stimulation will alternate between channel 1 and 2.
 ӹ Channel 2 delay: After a short delay, stimulation from channel 2 occurs following 

the onset of channel 1. Length of delay may be selected. (Useful when treating 
muscle groups with specific firing patterns.)

Waveform Selection
 ӹ Symmetrical: Large muscles.
 ӹ Asymmetrical: Small muscles.
 ӹ Symmetrical biphasic waveform, asymmetrical biphasic waveform can be used to 

target the smaller muscles of the upper extremity, by focusing the electrical cur-
rent under the negative lead and placing the electrode over the motor nerves.
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Electrode Size
 ӹ Use the largest electrode that provides the desired response, without causing 

overflow to the other muscles.

Electrode Placement
 ӹ Symmetrical waveform: Both electrodes active; use negative over the motor point.
 ӹ Asymmetrical waveform: Negative electrode is more active; place over the motor 

point.
 ӹ Note: Distance between electrodes will determine depth of current: Greater dis-

tance equals deeper current flow.

Rate Selection
 ӹ Affects the quality of a muscle contraction and fatigue.
 ӹ Rates in range of tetany: 25 to 50 pulses per second (pps); higher rates to elicit 

muscle fatigue (80 pps).
 ӹ Using the minimum rate that produces a good, tetanized contraction will help to 

control onset of fatigue.

Ramp-Up/Ramp-Down Time
 ӹ Aids comfort of treatment and can be used to mimic normal recruitment.
 ӹ 0 to 3 seconds is typical; longer ramp time may be beneficial in minimizing stretch 

reflex when spasticity is a factor.
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Modified Auriculotherapy for  
Microcurrent Electrical Therapy

Use Alpha-Stim (Electromedical Products International, Inc.) ear clip electrodes 
over the area of the ear corresponding to neuromusculoskeletal disorders for 30 sec-
onds to 1 minute per area. Place both ear clips on the same ear unless a full cranial 
electrotherapy stimulation treatment is provided immediately following the modified 
auriculotherapy treatment.
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Alpha-Stim Probe and 
Electrode Treatment Protocol Guidelines

Use Alpha-Stim probes for 10 to 30 seconds per point. Distances are based on the 
average adult man. Two cm equals the width of the thumb at base of the thumbnail. Six 
cm equals the width of four digits (minus thumb). Use two probes or one probe and one 
self-adhesive electrode with the electrode placed away from the point being treated on 
the midline of the body.
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Clinicians must always consider the unique characteristics and goals of the indi-
vidual when selecting a physical agent. There are a variety of complicating factors 
which can influence therapeutic outcomes, and which could be dangerous to the 
patient if not considered. Because of the complexity of the individual and their unique 
response to illness, disease, or disability, clinicians must be aware of precautions and 
contraindications when considering applying a physical agent. Precautions and contra-
indications are two distinctly different terms and considerations. 

A precaution is the consideration of additional modifications or changes that 
should be considered in advance of application of a physical agent or treatment 
approach to avoid a potentially dangerous or unpleasant outcome. Clinicians must 
take into account and analyze the patient’s clinical condition, interactive effects of 
comorbidities or medications, and the biophysiological effects of the physical agent 
being considered. Contraindications are specific conditions, situations, interventions, 
or procedures that should not be used and are avoided to prevent a potentially harm-
ful, painful, or life-threatening outcome. Adverse or negative reactions to treatment or 
therapeutic interventions can occur at a localized, segmental, or tissue level or as a 
systemic response involving the entire body resulting in a medical emergency.

Thermal Modalities:  
Cryotherapy and Thermotherapy

Summary: Thermal modalities can be either hot or cold and transfer the energy 
through conduction (direct contact) or convection (energy surrounds the extremity). 
Heat transfer by conversion occurs with application of a nonthermal form energy 
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such as electrical or mechanical energy (ultrasound), which is then converted to heat 
when applied to a tissue that can absorb the sound waves in response to the intensity. 
Thermal agents are considered superficial and penetrate to a depth of 1 to 2 cm (0.4 to 
0.8 inches) below the skin, or deep, penetrating to a depth of 5 cm (2 inches). 

Thermotherapy and cryotherapy are considered when a change in tissue tem-
perature is required to affect tissue biophysiology. Thermal modalities can include hot 
packs, ice packs, ice massage, fludiotherapy, and other forms of agents. Heat moves 
from the warmer modality to the cooler tissue. Cold will transfer to the warmer body 
part. Cryotherapy is the application of cold, whereas thermotherapy refers to the use 
of heat for its therapeutic effect. The transfer or speed with which the energy transfers, 
can be described as mild, moderate, or vigorous and is dependent on the rate and 
duration of the application and the area or volume of tissue targeted for treatment. 
Smaller areas will reach therapeutic temperatures quicker than larger areas. Adipose 
tissue will impede the flow of the energy, whereas tissue with high water content 
absorbs and conducts the energy more readily.

Clinical considerations: Thermotherapy, or the application of heat, increases 
the biophysiological effects of the area being treated. Clinical considerations include 
identifying the phase of healing, whether the injury is acute, subacute, or chronic; 
determining the biophysiological goal; and determining if the need is to increase or 
decrease metabolic activity. Cryotherapy is often applied for acute injuries to decrease 
the inflammatory cascade, prevent bleeding, and decrease edema. Application of heat 
is often used during the maturation phase of healing or with chronic conditions in 
order to increase tissue temperature, increase metabolic activity; increase lymphatic 
and venous drainage; increase tissue elasticity; increase blood flow; and decrease 
muscle tone, pain, or spasticity. Heat is applied to achieve a physiological change 
between 104 °F and 113 °F (40 °C to 45 °C). Maximal temperature increase occurs 
after approximately 10 to 15 minutes of application with treatment times approximate-
ly 20 minutes in length to achieve biophysiological therapeutic effects.

Clinical conditions: Common clinical conditions which can benefit from thermo-
therapy (heat) include musculoskeletal conditions where there is limitation in move-
ment (e.g., adhesive capsulitis), muscle pain, guarding or spasm, scar tissue, osteo-
arthritis, joint pain, or stiffness. Injuries in the acute phase of healing (inflammatory 
phase) should be treated using cryotherapy to avoid increasing edema or bleeding or 
prolonging the inflammatory phase.

Precautions: When applying thermotherapy, care must be used to avoid burning 
the patient’s skin. Clinicians must assess the depth of the tissue being treated, amount 
of adipose tissue, and the rate of temperature increase; duration of the treatment; and 
volume or area of the treatment area. When applying cryotherapy, care must be used 
to avoid over-cooling the tissue, which could lead to pain, discomfort, and potential 
damage to the tissue if the temperature reaches 59 °F (15 °C) while frostbite can occur 
when tissue temperature decreases to 39 °F or lower (-4 °C). Patients who are older, 
obese, thin, or fragile should be observed closely during treatment to ensure safety. 
The patient’s blood pressure, pulse, and respiration should be monitored to ensure 
there are no systemic responses to the tissue temperature variation. 

Contraindications: Application of heat or cold should be avoided in patients 
who have sensory loss (e.g., peripheral nerve injuries, spinal cord injuries); who are 
confused; who are comatose or unable to respond; and who have acute hemorrhage, 
peripheral vascular disease, acute inflammation, skin lacerations or irritation, infec-
tions, sutures, or staples. Always monitor the patient’s skin during application of either 
heat or cold. Heat can be used with subacute or chronic conditions, while cryotherapy 
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is applied to patients with acute injuries. Patients with chronic conditions can use 
either modality (heat or cold), depending on their subjective response to the physical 
agent and symptom relief.

Hot Pack Application
1. Always assess and track the temperature of the medium before use. As a general 

rule, hot packs are stored in water that ranges from 158 °F to 168 °F (70 °C to 76 °C).
2. Review the patient’s medical history and information available. Evaluate and 

assess the patient’s clinical condition, when the injury occurred, identify stage of 
healing, tissue and structures involved, any comorbidities such as cardiac insuf-
ficiency, diabetes, or others. Identify the desired biophysiological effects and 
patient factors impacting occupational performance and function.

3. Select the appropriate physical agent based on therapeutic goals and objectives, 
patient goals, and occupation-based engagement. Document the patient’s occupa-
tional performance issues, therapeutic goals, and objectives.

4. Identify precautions and contraindications for physical agent use specific to the 
patient’s diagnosis or clinical condition.

5. Assess and document skin condition for abrasions, lacerations, irritation, skin tem-
perature, color, sensation, and edema. 

6. Check and document heart rate, blood pressure, respiration, and monitor during 
and after application. 

7. Remove any jewelry or clothing from the area to be treated.
8. Explain the procedure and reason for the use of the selected modality. Describe the 

subjective sensation and treatment time. Patients should feel only a mild warmth 
during the treatment, not a hot or high level of heat. Treatment time should be no 
longer than 20 minutes. 

9. Select appropriately sized hot pack cover and hot pack to cover treatment area. 
Hot pack covers are comparable to using approximately two layers of toweling, and 
place an additional six layers of towel between the patient’s skin and the hot pack. 
Additional toweling may be required on the area of the hot pack under the resting 
extremity. The hot pack and towels can be secured loosely with elastic wraps to 
hold it in place. The tighter the compression of the hot pack over the extremity, the 
higher the conduction rate, so monitor the patient’s response to the heat closely 
and loosen the strapping to decrease the heat. 

10. Patients should be provided with a bell or method of calling for assistance. Assess 
the patient’s skin and response to the heat 5 minutes after application. Look for 
any discomfort, excessive redness, blistering or skin irritation and discontinue 
treatment immediately should this occur. If needed, cooling of the tissue can be 
achieved by applying an ice or cold pack to the area for short periods of time. 
Monitor the patient’s response closely. Some patients including frail, obese, or 
patients sensitive to heating may feel lightheaded or faint when getting up after 
application of superficial thermal agents due to orthostatic hypotension. 

11. Reassess the patient for their subjective response to the treatment and progress 
toward the identified goals. Note any adverse reactions to the treatment or patient 
complaints. Modify patient goals and therapeutic goals as needed based on the 
patient’s response and its effect on occupational performance. 
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Clinical considerations: Select the appropriate superficial thermal agent based 
on the therapeutic goals and the area to be treated. Many superficial thermal agents 
place the extremity in a dependent position, which can contribute to edema. Elevating 
the extremity or using an agent that allows for movement may decrease this effect. 
Remind the patient that the sensation during treatment should be a mild warming 
effect, not an intense heat effect. Thermotherapy should be avoided in patients with 
acute conditions, with open wounds, infection, or if sutures or staples are in place or 
were recently removed. 

Fluidotherapy Application
1. Assess and track the temperature of the medium before use. Preheat the equipment. 
2. Review the patient’s medical history and information available. Evaluate and assess 

the patient’s clinical condition; determine when the injury occurred; identify stage 
of healing, tissue, and structures involved; and identify any comorbidities such 
as cardiac insufficiency, diabetes, or others. Identify the desired biophysiological 
effects and patient factors affecting occupational performance and function.

3. Select the appropriate physical agent based on therapeutic goals and objectives, 
patient goals, and occupation-based engagement. Document the patient’s occupa-
tional performance issues, therapeutic goals, and objectives.

4. Identify precautions and contraindications for physical agent use specific to the 
patient’s diagnosis or clinical condition.

5. Assess and document skin condition for abrasions, lacerations, irritation, skin tem-
perature, color, sensation, and edema. 

6. Check and document heart rate, blood pressure, respiration, and monitor during 
and after application. 

7. Remove any jewelry or clothing from the area to be treated. The individual should 
wash and dry the extremity that will be treated. Check for any allergies as the 
cellulose particles (ground corn husks) may be irritating. Place the extremity into 
the machine and secure the sleeve around the extremity. Open wounds should be 
covered with an appropriate barrier to prevent contamination.

8. Explain the procedure and reason for the use of the selected modality. Describe 
the subjective sensation and treatment time. Patients should feel only a mild 
warmth during the treatment, not a hot or high level of heat. Therapeutic tem-
perature and agitation is dependent on the therapeutic goal and can be adjusted. 
Agitation of the medium can be used for desensitization. Treatment time should be 
no longer than 20 minutes.

9. The therapeutic medium has a low viscosity that facilitates movement. Passive 
range of motion (ROM) exercises can be performed with the therapist or the 
patient can actively move and exercise the extremity during the treatment session 
and is dependent on therapeutic goals and physiological outcomes. 

10. Following the treatment, the extremity is removed from the Fluidotherapy 
(Chattanooga Group) cabinet and wiped off to remove any cellulose. Care should 
be taken as any medium that falls to the floor may be slippery. The patient’s skin 
should be assessed; erythema (redness of the skin) is a typical response and 
documented as well as subjective comments. Document the clinical settings used, 
including level of agitation, temperature, and duration of treatment.
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11. The patient should then engage in occupation-based activities and tasks to facili-
tate acquisition of therapeutic goals and objectives. 

12. Reassess the patient for their subjective response to the treatment and progress 
toward the identified goals. Note any adverse reactions to the treatment or patient 
complaints. Modify patient goals and therapeutic goals as needed based on the 
patient’s response and its effect on occupational performance. 

Paraffin Application (Dip and Wrap Method)
1. Always assess and track the temperature of the medium in the thermostatically 

controlled container before use as temperatures can vary. Depending on the ratio 
of paraffin to mineral oil, the temperature of paraffin can range between 125 °F and 
132 °F (52 °C and 55 °C)

2. Review the patient’s medical history and information available. Evaluate and assess 
the patient’s clinical condition; determine when the injury occurred; identify stage 
of healing, tissue, and structures involved; and identify any comorbidities such 
as cardiac insufficiency, diabetes, or others. Identify the desired biophysiological 
effects and patient factors affecting occupational performance and function.

3. Select appropriate physical agent based on therapeutic goals and objectives, 
patient goals, and occupation-based engagement. Document the patient’s occupa-
tional performance issues, therapeutic goals, and objectives.

4. Identify precautions and contraindications for physical agent use specific to the 
patient’s diagnosis or clinical condition.

5. Assess and document skin condition for abrasions, lacerations, irritation, skin tem-
perature, color, sensation, and edema. 

6. Check and document heart rate, blood pressure, respiration, and monitor during 
and after application.

7. Remove any jewelry or clothing from the area to be treated.
8. The patient should thoroughly wash and dry the area to be treated. 
9. Explain the procedure and reason for the use of the selected modality. Describe 

the subjective sensation and treatment time. Patients should feel only a mild 
warmth during the treatment, not a hot or high level of heat. Treatment time 
should between 15 and 20 minutes.

10. Instruct the patient to keep their fingers slightly spaced and in a relaxed, flexed 
position. The patient dips their hand and wrist into the paraffin without bending 
their wrist or fingers, and quickly removes the extremity from the paraffin letting 
the excess drip off into the bath. The patient should be instructed to avoid touch-
ing the sides or bottom of the bath as they may be hotter due to the heating coils. 
Instruct the patient to maintain the hand and wrist position with each subsequent 
dip. After approximately 30 to 90 seconds, the paraffin will harden and become 
opaque at which point the patient redips the hand quickly removing it so that the 
thickness of the paraffin increases with each subsequent dip. The patient repeats 
this process 8 to 10 times.

11. The hand is then placed in a plastic bag and then wrapped with a towel or placed 
in a towel mitt to slow the cooling process and allow for therapeutic temperatures 
to be maintained. The extremity should then be elevated to avoid a dependent 
position and the potential for increased edema.
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12. Following the 15- to 20-minute time, the wax can be removed by holding onto 
the plastic bag and sliding the wax off the extremity and then can be discarded. 
Paraffin should never be reused. Document the patient’s skin condition, assess for 
any adverse effects and the patient’s subjective response to the treatment, length 
of time for the paraffin bath, and paraffin temperature.

13. The patient should then engage in occupation-based activities and tasks to facili-
tate acquisition of therapeutic goals and objectives.

14. Reassess the patient for their subjective response to the treatment and progress 
toward the identified goals. Note any adverse reactions to the treatment or patient 
complaints. Modify patient goals and therapeutic goals as needed based on the 
patient’s response and its effect on occupational performance. 

Thermotherapy/Whirlpool
Whirlpools, like Fluidotherapy, transfer heat (or cold) through convection. The 

medium being used, water, surrounds the body part and conductivity will depend on 
the temperature of the agent and area being treated. Whirlpool can be used for a heat 
effect or for cooling of the tissue. Temperature of the water should always be checked 
and monitored carefully to avoid burns or systemic physiological effects like fainting 
due to hypotension or causing increased edema or bleeding when used with open 
wounds. The tank should always be carefully cleaned adhering to institutional proto-
cols with antimicrobials added to the water to avoid infection or cross contamination. 

Cryotherapy
Ice Packs or Cold Packs

1. Review the patient’s medical history and information available. Evaluate and assess 
the patient’s clinical condition; determine when the injury occurred; identify stage 
of healing, tissue, and structures involved; and identify any comorbidities such 
as cardiac insufficiency, diabetes, or others. Identify the desired biophysiological 
effects and patient factors affecting occupational performance and function.

2. Select the appropriate physical agent based on therapeutic goals and objectives, 
patient goals, and occupation-based engagement. Document the patient’s occu-
pational performance issues, therapeutic goals, and objectives. For cryotherapy 
application, consideration of the tissue being treated, the volume or area of the 
area, and the contours of the area may be a consideration to ensure appropriate 
coverage, convenience, and effectiveness. Smaller areas may be treated with ice 
massage using an ice cup, and larger areas through use of cold packs or immersed 
in an ice bath. 

3. Identify precautions and contraindications for physical agent use specific to the 
patient’s diagnosis or clinical condition.

4. Assess and document skin condition for abrasions, lacerations, irritation, skin tem-
perature, color, sensation, and edema. 

5. Check and document heart rate, blood pressure, and respiration, and monitor dur-
ing and after application.



Considerations, Conditions, Precautions, and Contraindications  421

6. Explain the procedure and reason for the use of the selected modality. Describe 
the subjective sensation and treatment time. Patients should feel a continuum of 
sensations with the application of cold as the tissue responds physiologically, an 
uncomfortable cold, intense stinging; burning or aching; and numbness or loss of 
sensation.

7. Wrap the cold pack in a thin towel or pillowcase to allow for adequate conduction 
of the cold. The towel can be damp to increase the rate of cooling if needed.

8. Remove any jewelry or clothing from the area to be treated. Position and drape the 
patient appropriately, elevating the extremity if edema is noted. 

9. Position the patient for comfort and place the cold pack over the treatment area, 
securing it, if necessary, to keep it in place and to ensure conductivity. Set a timer 
for 15 to 20 minutes and provide the patient with a means of alerting the therapist 
if assistance is needed.

10. Remove the cold pack or the extremity from the ice bath after the treatment time, 
dry the area with a towel, assess and document the patient’s skin condition, any 
adverse effects, and the patient’s subjective response to the treatment and length 
of time for application.

11. The patient should then engage in occupation-based activities and tasks to facili-
tate acquisition of therapeutic goals and objectives.

12. Reassess the patient for their subjective response to the treatment and progress 
toward the identified goals. Note any adverse reactions to the treatment or patient 
complaints. Modify patient goals and therapeutic goals as needed based on the 
patient’s response and its effect on occupational performance. 

Ice Bath or Ice Massage
Cryotherapy can be applied in a variety of ways including immersion in a bucket 

of ice or cold water, immersing the extremity and area to be treated in a cool or cold 
whirlpool, or alternating placing the extremity between heat and cold through the use 
of contrast baths. The initial procedure or selection of modality application is depen-
dent on facility, convenience, cost, physiological goals, and the volume of the area to 
be treated. The process involved is consistent with those listed in ice pack applica-
tions above, the difference being the way the cold is applied to the tissue and the time 
required to achieve the desired biophysiological effects. After confirming the patient’s 
status for possible contraindications, prepare a bucket, tub, or sink with an ice-and-
water mixture and follow the process detailed earlier.

To use an ice bath, the clinician would fill an appropriately sized container and add 
a combination of ice and cool water deep enough to immerse the extremity. The steps 
and instructions to the patient would be the same as those listed previously.

Ice massage uses ice cups or frozen ice cups with a popsicle stick or tongue depres-
sor placed in it to provide a mechanism to hold onto the ice more easily during applica-
tion. The top of the ice cup is peeled off, leaving the bottom of the cup intact which can 
be held by the clinician as the ice massage is applied.

1. Review the patient’s medical history and information available. Evaluate and 
assess the patient’s clinical condition; determine when the injury occurred; identi-
fy stage of healing, tissue, and structures involved; identify any comorbidities such 
as cardiac insufficiency, diabetes, or others. Identify the desired biophysiological 
effects and patient factors affecting occupational performance and function.
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2. Select the appropriate physical agent based on therapeutic goals and objectives, 
patient goals, and occupation-based engagement. Document the patient’s occu-
pational performance issues, therapeutic goals, and objectives. For cryotherapy 
application, consideration of the tissue being treated, the volume or area of the 
area, and the contours of the area may be a consideration to ensure appropriate 
coverage, convenience, and effectiveness. Smaller areas or irregular body surfaces 
may be treated more efficiently with ice massage using an ice cup. 

3. Identify precautions and contraindications for physical agent use specific to the 
patient’s diagnosis or clinical condition.

4. Assess and document skin condition for abrasions, lacerations, irritation, skin tem-
perature, color, sensation, and edema. 

5. Check and document heart rate, blood pressure, and respiration, and monitor dur-
ing and after application.

6. Explain the procedure and reason for the use of the selected modality and method 
of cold application. Describe the subjective sensation and treatment time. The 
patient should feel a continuum of sensations with the application of cold as the 
tissue responds physiologically: An uncomfortable cold, intense stinging; burning 
or aching; and numbness or loss of sensation.

7. Towels should be placed under the area to be treated to absorb the melting water 
during the application. 

8. Remove any jewelry or clothing from the area to be treated. Position and drape the 
patient appropriately, elevating the extremity if edema is noted.

9. Position the patient for comfort and rub the ice over the treatment area using small 
circular movements. Ice massage is a more intense and localized application of 
cold and will require less time for application, approximately 5 to 10 minutes. The 
patient will experience the same four sensations as the physiological effects occur. 
When the patient reports numbness and analgesia or loss of sensation, continue 
for 1 additional minute and discontinue treatment. Water from the melting ice cup 
should be periodically wiped off as needed.

10. Upon completion of the treatment, dry the area with a towel, assess and docu-
ment the patient’s skin condition, any adverse effects, and the patient’s subjective 
response to the treatment, and length of time for application.

11. The patient should then engage in occupation-based activities and tasks to facili-
tate acquisition of therapeutic goals and objectives.

12. Reassess the patient for their subjective response to the treatment and progress 
toward the identified goals. Note any adverse reactions to the treatment or patient 
complaints. Modify patient goals and therapeutic goals as needed based on the 
patient’s response and its effect on occupational performance. 

Therapeutic Ultrasound  
Application and Phonophoresis

Phonophoresis is the use of therapeutic ultrasound to administer topical medica-
tions or lotions that are applied directly to the skin. The ultrasound waves facilitate 
the movement of the medication into the underlying tissue and is often used for 
painful musculoskeletal conditions including osteoarthritis, tendinitis, and muscle 
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strains. Common medications include corticosteroids and nonsteroidal anti-inflamma-
tory drugs such as diclofenac, ketoprofen, and salicylates for their anti-inflammatory 
effects, as well as topical analgesic lotions. There is evidence that phonophoresis 
(achieved by applying either continuous or pulsed ultrasound) can increase the con-
centration of medications such as ketoprofen providing a localized effect without an 
increase in plasma concentrations (Haroutiunian et al., 2010). Patients should always 
be questioned prior to phonophoresis regarding any food or medication allergies and 
to identify potential interactive effects with current medications they may be taking.

1. Review the patient’s medical history and information available. Evaluate and 
assess the patient’s clinical condition; determine the onset of injury; identify stage 
of healing, tissue, and structures involved; identify any comorbidities such as car-
diac insufficiency, diabetes, or others. Identify the desired biophysiological effects 
and patient factors affecting occupational performance and function.

2. Select the appropriate physical agent based on therapeutic goals and objectives, 
patient goals, and occupation-based engagement. Document the patient’s occupa-
tional performance issues, therapeutic goals, and objectives. For therapeutic ultra-
sound, one must consider the tissue being treated, depth and volume or size of the 
area to be treated (contours of the area will contribute to determining ultrasound 
frequency), and duration of treatment. Smaller areas or irregular body surfaces 
may be treated more efficiently with smaller diameter sound head/transducer.

3. Identify precautions and contraindications for physical agent use specific to the 
patient’s diagnosis or clinical condition.

4. Assess and document skin condition for abrasions, lacerations, irritation, skin tem-
perature, color, sensation, and edema.

5. Check and document heart rate, blood pressure, and respiration, and monitor dur-
ing and after application.

6. Consider and identify treatment parameters based on findings of the evaluation 
and assessment. Treatment parameters include the following: 
a. Duty cycle: (10%, 20%, 50%, 100% [continuous]). 
b. Frequency: 1 MHz (deeper structures) or 3 MHz (superficial structures). 
c. Intensity: 0.1 Wcm2 to 2.0 W/cm2. 
d. Treatment time: Based on biophysiological outcomes and area of tissue to be 

treated.
7. Explain the procedure and reason for the use of the selected modality and method 

of ultrasound application. Describe the subjective sensation and treatment time. 
Patients will not feel nonthermal ultrasound. With thermal application, they may 
feel a warming sensation but should not feel heat, a burning sensation, or pain.

8. Remove any jewelry or clothing from the area to be treated. Position and drape the 
patient appropriately, elevating the extremity if edema is noted. 

9. Set the therapeutic parameters based on the treatment goals and objectives. Clean 
the sound head to prevent cross-contamination with an institutionally approved 
antimicrobial agent before use. Apply a small amount of ultrasound gel over the 
treatment area or use a Richmar GelShot. If a corticosteroid or surface analgesic 
lotion is used, a small amount of medication/lotion is applied over the treatment 
area surrounded by a ring of the ultrasound gel. 

10. Apply the ultrasound in slow, rhythmic circles, maintaining contact with the skin 
and applying a gentle pressure. Moving the sound head is important when using 
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thermal applications (100% duty cycle) and higher intensities to avoid overheating 
the tissue due to a standing wave. The treatment area should be approximately 
three times the size of the sound head.

11. Upon completion of the treatment, dry the area with a towel, assess and docu-
ment the patient’s skin condition, any adverse effects, and the patient’s subjective 
response to the treatment and length of time for application.

12. The patient should then engage in occupation-based activities and tasks to facili-
tate acquisition of therapeutic goals and objectives.

13. Reassess the patient for their subjective response to the treatment and progress 
toward the identified goals. Note any adverse reactions to the treatment or patient 
complaints. Modify patient goals and therapeutic goals as needed based on the 
patient’s response and its effect on occupational performance.

Electrical Stimulation
Electrotherapy has been used for pain control, wound healing, medication delivery, 

muscle strengthening, neurological recovery, increasing ROM, edema, disuse atrophy, 
and as an orthotic substitute or to facilitate engagement in occupational or functional 
tasks and activities. Electricity has magnetic, chemical, mechanical, and thermal prop-
erties, and care must be used when setting therapeutic parameters. Electrodes act as 
the interface between the electrical current and the underlying tissue that is being 
stimulated. As with any physical agent, the manufacturers operating manual should be 
reviewed as equipment and preset parameters may vary. 

1. Review the patient’s medical history and information available. Evaluate and 
assess the patient’s clinical condition; determine onset of injury; identify stage of 
healing, tissue, and structures involved; identify any comorbidities such as cardiac 
insufficiency, cardiac pacemakers, diabetes, or others. 
a. For neuromuscular electrical stimulation (NMES) use, clinicians should thor-

oughly assess return of motor function, muscle tone (identifying spasticity or 
flaccidity in specific muscle groups), functional or active movement available in 
the affected extremity, muscle strength and endurance, mobility, and activity/
occupational limitations.

b. Based on the finding and input from the patient, collaboratively identify the 
patient’s goals and objectives. Identify the desired biophysiological effects and 
patient factors affecting occupational performance and function and which form 
of stimulation would be most appropriate to use.

2. Select the appropriate physical agent based on therapeutic goals and objectives, 
patient goals, and occupation-based engagement. 
a. Document the patient’s occupational performance issues, therapeutic goals, 

and objectives. For NMES, identify which motor pattern and movement would 
facilitate functional movement and/or performance to complete occupational 
tasks or to address a specific concern such as shoulder subluxation.

b. Clinicians should consider the tissue or muscle being treated, depth and volume 
or size of the area to be treated, identifying where the bulk of the muscle (motor 
nerves) would be located. Smaller areas or irregular body surfaces may be 
treated more efficiently with smaller diameter electrodes to isolate the specific 
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muscle or larger electrodes may provide better conductivity and comfort for 
larger size muscles. 

3. Identify precautions and contraindications for physical agent use specific to the 
patient’s diagnosis or clinical condition.

4. Assess and document skin condition for abrasions, lacerations, irritation, skin tem-
perature, color, sensation, and edema. 
a. Electrodes should not be placed over irritated skin, abrasions, or lacerations. If 

there is thick hair located in the area, the hair should be trimmed using scissors 
rather than shaving the area due to the possibility of skin irritation. 

b. The area should be cleaned with soap and water whenever possible to avoid 
drying out the skin, which may negatively impede electrical resistance. If need-
ed, alcohol swabs can clean the area to remove any lotions or oils, which may 
impair electrode adhesion.

5. Check and document heart rate, blood pressure, and respiration, and monitor dur-
ing and after application.

6. Explain the procedure and reason for the use of the selected modality and method 
of NMES application and muscles and movements targeted. 
a. Describe the subjective sensation and treatment time. Patients will initially 

experience a tingling, or vibrating sensation, followed by muscle twitching, 
fasciculation, followed by tetany as the amplitude is increased to cause muscle 
contraction and movement.

7. Remove any jewelry, metal objects, necklaces, or clothing from the area to be 
treated. Position and drape the patient appropriately. Support the extremity as 
needed to allow for full movement and ROM.

8. Place the primary electrode over the bulk of the targeted muscle. The other dis-
persive electrode should be placed parallel to the muscle fibers or at the origin 
or insertion of the muscle. The leads should then be connected to the electrical 
stimulator.

9. Set the therapeutic parameters based on the treatment goals and objectives. As a 
starting point, the pulse rate for a motor response should be 35 to 50 pulses per 
second (pps) for healthy tissue. Higher frequencies can be used to fatigue spastic 
muscles. The phase duration should be set between 200 and 400 microseconds 
(µs) to stimulate the motor nerve. 

10. The on-/off-time or duty cycle should be determined based on the goals and objec-
tives for the treatment. Common duty cycles for NMES are 1:1, 1:3, or 1:5 ratios. 

11. Increase the amplitude until the patient reports a tingling or buzzing sensation.
a. Continue to increase the amplitude slowly to achieve a muscle contraction 

noting the patient’s response and the motor response to the stimulation. If the 
muscle contraction is not to the desired effect, the electrodes may need to be 
moved or the parameters adjusted.

b. Continue with the treatment until complete. Active participation and engage-
ment of the patient in assisting with the stimulated movement patterns will 
facilitate outcomes. Treatment time and level of participation may vary based 
on the specific therapeutic goals for the patient.

12. Upon completion of the treatment, remove the electrodes, assess, and docu-
ment the patient’s skin condition, any adverse reactions, the patient’s subjec-
tive response to the treatment, length of time for application, and therapeutic 
parameters. 
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a. As the patient progresses with treatment, incorporate greater active participa-
tion by the patient in occupation-based movements, activities, and tasks to 
facilitate acquisition of therapeutic goals and objectives. 

b. Reassess the patient for their subjective response to the treatment, and modify 
patient goals and therapeutic goals as needed based on the patient’s response 
and its effect on occupational performance and motor return and function.

Transcutaneous Electrical Nerve Stimulation
1. Review the patient’s medical history and information available. Evaluate and 

assess the patient’s clinical condition; determine onset of injury; identify stage of 
healing, tissue, and structures involved; identify any comorbidities such as cardiac 
insufficiency, cardiac pacemakers, diabetes, or others. 

2. For transcutaneous electrical nerve stimulation (TENS) use, clinicians should thor-
oughly assess the patient’s level of pain, identify the location of pain, administer 
a pain scale, document subjective comments, and, if possible, assist the patient in 
attempting to localize and identify the specific area(s) of pain. Identify precautions 
and contraindications for physical agent use specific to the patient’s diagnosis or 
clinical condition. 

3. Assess and document skin condition for abrasions, lacerations, irritation, skin tem-
perature, color, sensation, and edema.

4. Based on the findings and input from the patient, collaboratively identify the 
patient’s goals and objectives. Identify the desired biophysiological effects and 
patient factors affecting occupational performance and function and which form 
of stimulation would be most appropriate to use.

5. Document the patient’s occupational performance issues, therapeutic goals, and 
objectives. For TENS, identify which type of pain (acute/chronic), pattern (spasm/
localized/generalized), and type of TENS might be beneficial (conventional TENS, 
low rate, burst mode, interferential).

6. Remove any jewelry, metal objects, necklaces, or clothing from the area to be 
treated. Position and drape the patient appropriately. The area should be cleaned 
with soap and water whenever possible to avoid drying out the skin, which may 
negatively impede electrical resistance. If needed, alcohol swabs can clean the 
area to remove any lotions or oils, which may impair electrode adhesion. 

7. Check and document heart rate, blood pressure, and respiration, and monitor dur-
ing and after application.

8. Explain the procedure and reason for the use of the selected modality and method 
of TENS application. Place electrodes near or over the area of pain if identifiable, 
or bracket the area using two or four electrodes. Trigger points, motor points, and 
acupuncture points are considered electrically active due to decreased skin resis-
tance and can also be used.
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9. Describe the subjective sensation and treatment time. Patients will initially experi-
ence a tingling or vibrating sensation depending on the type of stimulation. Muscle 
twitching or fasciculation may occur if the amplitude is increased or dependent on 
the parameters.
a. Select the form of stimulation pattern to be used. Pulse rate (conventional, high, 

low) and pulse duration can be adjusted as needed dependent on the patient’s 
response. 

b. Pulse duration between 50 and 80 µs using a biphasic waveform will stimulate 
the A-beta sensory nerves and affect the gate control theory of pain. 

c. As the pulse duration is increased, 200 to 300 µs, the motor nerve will depo-
larize as indicated by muscle fasciculation, or if held for greater than 400 to 
1000 µs, nociceptors will also be stimulated, affecting the opioid system and gate 
control. Patients with higher settings and amplitudes will notice an increase in 
discomfort due to the stimulation of the nociceptors before the opioid or gate 
system is stimulated.

d. For conventional TENS, the treatment should be set to the patient’s comfort 
level. For high-rate TENS amplitude should be perceived as a tingling or vibra-
tion, although some patients may tolerate higher levels of sensory stimulation. 

10. The time frame for application (often 30 to 60 minutes) varies according to the level 
and frequency of pain and the patient’s response to the stimulation and form. If 
the patient does not obtain active pain control, the electrodes should be moved, 
or the parameters modified.

11. Upon completion of the treatment, remove the electrodes, assess, and docu-
ment the patient’s skin condition, any adverse reactions, the patient’s subjec-
tive response to the treatment, length of time for application, and therapeutic 
parameters.

12. As the patient progresses with treatment, greater active participation by the 
patient in occupation-based movements, activities, and tasks to facilitate acquisi-
tion of therapeutic goals and objectives should be incorporated. Patients should 
be informed that pain is a protective response and use of the TENS units may 
decrease their level of pain and increase their occupational engagement, so care 
should be used to avoid further injuring or overdoing activity or movements.

13. Reassess the patient for their subjective response to the treatment and modify 
patient goals and therapeutic goals as needed based on the patient’s response and 
its effect on occupational performance and motor return and function.

14. TENS units are often prescribed for home use. Patients and family members should 
be thoroughly instructed in the reason for use, the treatment settings, electrode 
placement, and precautions and contraindications. Instructions should be verbal 
and written and contact information should be provided. 
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Neuromuscular Electrical  
Stimulation Electrode Placement

(Tefi/Shutterstock.com.)
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Shoulder Subluxation Electrode Placement Options

Shoulder Extension: Supraspinatus and Posterior Deltoid

Electrode placement: Supraspinatus and posterior deltoid 
(shoulder extension).
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Shoulder Subluxation

Shoulder Subluxation

Electrode placement: Anterior and posterior deltoid.

Electrode placement: Posterior deltoid and teres minor/
infraspinatus.
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Shoulder Abduction

Electrode placement: Middle fibers of deltoid and supraspinatus. 
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Shoulder Elevation With External Rotation

Shoulder Flexion

Electrode placement: Supraspinatus/upper trapezius and 
anterior deltoid. 

Electrode placement: Posterior deltoid and teres major. 
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Scapula Retraction With Stabilization

Electrode placement: Rhomboids and lower trapezius.
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Forward Shoulder Elevation (Reaching) Electrode Placement 
Options

Elbow Extension

Electrode placement: Triceps, olecranon insertion. 

Electrode placement: Supraspinatus/upper trapezius and 
anterior deltoid. 

Electrode placement: Anterior and 
posterior deltoid/triceps. 
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Elbow Flexion

Wrist Extension

Electrode placement: Wrist/forearm extensors and finger 
extensors. 

Electrode placement: Muscle belly of the biceps and 
dispersive electrode near the upper shoulder between 
the short head attachment to the coracoid process of the 
scapula and the long head at the supraglenoid tubercle 
of the scapula. 
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Wrist Flexion

Forward Shoulder Elevation Reaching Pattern With Wrist Extension

Electrode placement: Electrode is over the flexor surface 
of the forearm and the active electrode is placed over the 
muscle attachment near the medial epicondyle.

Electrode placement: Electrode over the anterior deltoid 
and the other over the middle deltoid. These can be 
moved to achieve varying degrees of movement. Wrist 
extension electrode distal to the wrist over the exten-
sor tendons, and the second electrode is placed over 
the bulk of the extensor motor point distal to the lateral 
epicondyle.
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Shoulder Elevation With Biceps Flexion and  
Wrist Extension (Hand-to-Mouth Pattern) 

Modified Tenodesis Grip

Electrode placement: Supraspinatus, elbow flexors 
(biceps), and forearm extensors. 

Shoulder elevation, elbow flexion, and wrist extension 
with utensil or item woven between the fingers to facili-
tate independence for feeding, putting on makeup, and 
other functional activities of daily living tasks. This move-
ment pattern requires tightness of the intrinsic and lum-
brical muscles of the fingers. 
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Pumping Action of the Forearm:  
Alternating Wrist Flexion/Extension

Transcutaneous Electrical Nerve Stimulation  
Finger Neuro-Probe Technique

TENS finger neuro-probe technique for identifying painful points, trigger points, acupuncture points, 
all of which are electrically active. One electrode from the TENS unit is placed on the patient’s palm, the 
other active electrode is placed in the palm of the therapist. A continuous stimulation pattern is selected, 
intensity is increased to 10 to 15 mA. The therapist points their index finger, placing it on the patient’s 
general area of pain, slightly indenting the skin while pushing down to maintain contact with the patient’s 
skin directly. The therapist then conducts a search pattern, back and forth over the area, noting and mark-
ing the skin when a slight buzzing or tingling sensation is felt by the therapist, indicating a trigger point, 
acupuncture point, muscle spasm, or painful point. 

This electrode placement can be used for increasing ROM of the wrist as well as to provide pumping 
action of the muscles of the hand and forearm to decrease edema. Stabilizing the wrist from movement 
using a simple cock-up splint or wrist splint, facilitates flexion/extension of the fingers of the hand produc-
ing an opening/closing or grasp/release type movement. 
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Iontophoresis 
1. Review the patient’s medical history and information available. Evaluate and assess 

the patient’s clinical condition; determine onset of injury; identify stage of healing, 
tissue, and structures involved; identify any comorbidities (e.g., cardiac insuffi-
ciency, cardiac pacemakers, diabetes). Review current medications patient is tak-
ing, assess for possible interactive effects of treatment medication, always ask the 
patient if they have any known food allergies or allergies to any medication. Always 
check with the physician or pharmacist for any questions related to medications.

2. For iontophoresis, clinicians should thoroughly assess the patient’s clinical condi-
tion and, in conjunction with the physician, determine which medication would 
be appropriate to use. The drug most commonly used is 0.4% dexamethasone 
sodium phosphate, which has a negative polarity. Dexamethasone is used for its 
anti-inflammatory effect and for conditions such as tendinitis, bursitis, and acute 
inflammatory conditions. The polarity of the medication needs to be identified 
in order to use the appropriate electrical charge over the medicated electrode. 
Identify precautions and contraindications for physical agent use and medication 
specific to the patient’s diagnosis or clinical condition. 

3. Based on the findings and input from the patient, collaboratively identify the 
patient’s goals and objectives. Identify the desired biophysiological effects and 
patient factors affecting occupational performance and function and which form 
of stimulation and medication would be most appropriate to use. Document the 
patient’s occupational performance issues, therapeutic goals, and objectives.

4. Assess and document skin condition for abrasions, lacerations, irritation, skin tem-
perature, color, sensation, and edema. Electrodes should not be placed over these 
areas as it will increase patient discomfort and further irritate the area.

5. Remove any jewelry, metal objects, necklaces, or clothing from the area to be 
treated. Position and drape the patient appropriately. The area should be cleaned 
with soap and water to avoid drying out the skin, which may negatively impede 
electrical resistance. If needed, alcohol swabs can clean the area to remove any 
lotions or oils, which may impair electrode adhesion. 

6. Check and document heart rate, blood pressure, and respiration, and monitor dur-
ing and after application.

7. Explain the procedure and reason for the use of the selected modality and method 
of application.
a. Place the medicated electrode over the area to be treated with the dispersive 

electrode approximately 4 inches away.
b. Do not place electrodes over bony prominences or over joint articulations.
c. Place the same polarity lead (negative) over the medicated electrode (negative 

ion for dexamethasone) to push the medication into the underlying tissue (like 
charges repel). 

d. The amplitude of the iontophoresis should be based on the patient’s comfort. 
e. Avoid increasing the amplitude to as high as it will go (4 mA) as that may irritate 

the patient’s skin and potentially cause burns.
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8. Describe the subjective sensation and treatment time. Patients will initially experi-
ence a tingling or sharp poking sensation under the electrodes. The unit will auto-
matically shut off when the dosage of medication has been applied.

9. Upon completion of the treatment, remove the electrodes, assess, and docu-
ment the patient’s skin condition, any adverse reactions, the patient’s subjec-
tive response to the treatment, length of time for application, and therapeutic 
parameters. 

10. As the patient progresses with treatment and symptoms resolve, incorporate great-
er active participation by the patient in occupation-based movements, activities, 
and tasks to facilitate acquisition of therapeutic goals and objectives. The patient 
should be informed that pain is a protective response and use of the medication 
may decrease their level of pain and increase their occupational engagement, so 
care should be used to avoid further injuring or overdoing activity or movements 
during the early phase of healing.

11. Reassess the patient for their subjective response to the treatment, modify patient 
goals and therapeutic goals as needed based on the patient’s response and its 
effect on occupational performance and motor return and function.

Procedure for Hybrid Iontophoretic Patches
Complete steps 1 through 8 described in the previous section.

9. Clean and completely dry the skin area to which the electrode patch will be 
applied.

10. Dose the patch with the selected medication to the appropriate patch based on 
the medications polarity. Some patches require a saline solution be applied to the 
nonmedicated patch. 

11. Place the medicated patch over the area to be treated. When the patch is dosed 
with medication and placed over the treatment area, it will deliver a low electri-
cal current over an extended period of time to administer the medication due to 
an internal battery. Patches use low levels of electrical current between 0.1 and 
0.3 mA delivering between 40 and 80 mA/min doses resulting in less skin irrita-
tion through longer treatment duration. Some models have a small wireless dose 
controller that applies a 3 mA current at the start of treatment to facilitate drug 
movement through the skin by lowering resistance, which is removed after approx-
imately 6 to 8 minutes. 

12. The iontophoresis patch will automatically shut off after the dose has been 
reached. An advantage to the iontophoretic patch is that it can be worn under 
clothing or while engaging in occupational tasks and activities. Because the patch 
is removed at home by the patient, they should be instructed to note any skin 
irritation or discomfort and be alerted to any adverse reactions that might occur. 
Clinicians should provide the patient with a contact number should there be any 
concerns or questions. 

13. Clinicians should document the results of the treatment including the medication 
used, the type and location of the iontopatch, and any subjective comments and 
objective response to the treatment.
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Laser Application
Clinical indications for low-level laser or biomodulation therapy include facilitat-

ing the healing process through increased collagen synthesis, rate of healing, and 
wound closure, increasing tensile strength of the tissue and its histochemical effects. 
Photobiomodulation therapy has also been shown to modulate pain and the limitations 
associated with a variety of musculoskeletal conditions, primarily through its effect 
on inflammation, nerve conduction, and the opioid system, and the healing process. 

A component of the evaluative process prior to use is to identify which anatomical 
structures are involved and what biophysiological goals are needed, and for pain, to 
identify and document the level of pain and the underlying cause.

1. Review the patient’s medical history and information available. Evaluate and 
assess the patient’s clinical condition; determine onset of injury, identify stage of 
healing, tissue, and structures involved; identify any comorbidities (e.g., cardiac 
insufficiency, cardiac pacemakers, diabetes).

2. Thoroughly assess the patient’s level of pain, identify location of pain, administer 
a pain scale, document subjective comments, and, if possible, assist the patient 
in attempting to localize and identify specific area(s) of pain. Identify precautions 
and contraindications for physical agent use specific to the patient’s diagnosis or 
clinical condition. 

3. Assess and document skin condition for abrasions, lacerations, irritation, skin tem-
perature, color, sensation, and edema. Do not apply laser therapy to the thyroid or 
other endocrine glands, hemorrhagic areas, or if the patient has been exposed to 
radiation therapy in the past 6 months. 

4. Based on the findings and input from the patient, collaboratively identify the 
patient’s goals and objectives. Identify the desired biophysiological effects and 
patient factors affecting occupational performance and function and which form 
of stimulation would be most appropriate to use.

5. Document the patient’s occupational performance issues, therapeutic goals, and 
objectives. Identify which form of equipment is available and which type of diodes 
are in the equipment (light emitting diodes, super luminous diodes, or laser diode), 
and review the manufacturers information regarding the wavelength and power. 
Set the treatment parameters as appropriate for therapeutic goals and equipment 
selected.

6. Remove any jewelry, metal objects, necklaces, or clothing from the area to be 
treated. Position and drape the patient appropriately. Clean off the applicator using 
an antimicrobial solution approved by the facility. The therapist and patient should 
wear approved goggles to avoid injury to the eyes.

7. Check and document heart rate, blood pressure, and respiration, and monitor dur-
ing and after application.

8. Explain the procedure and reason for the use of the selected modality and method 
of laser application. 

9. The applicator should be kept parallel to the treatment area and applied with a 
firm pressure. Dependent on the area being treated, the applicator can also be 
held elevated and perpendicular, just above the treatment area and tissue. The 
laser applicator should not be moved over the treatment area. If the overall area 
requiring treatment is larger than the applicator, the applicator should be moved 
to the adjacent area and treated.



442  Appendix D

10. Upon completion of the treatment, assess and document the patient’s skin condi-
tion, any adverse reactions, the patient’s subjective response to the treatment, 
length of time for application, and therapeutic parameters. Documentation should 
include the area treated, the power (mW), the wavelength (nm), energy density 
(J/cm2), and the type of diode applied.

11. Engage the patient in occupation-based and valued activities and movements. As 
the patient progresses with treatment, incorporate greater active participation 
by the patient in occupation-based movements, activities, and tasks to facilitate 
acquisition of therapeutic goals and objectives. The patient should be informed 
that pain is a protective response and use of the laser may decrease their level of 
pain and increase their occupational engagement, so care should be used to avoid 
further injuring or overdoing activity or movements.

12. Reassess the patient for their subjective response to the treatment, modify patient 
goals and therapeutic goals as needed based on the patient’s response and its 
effect on occupational performance and function.
The wavelengths of light used for low-level laser therapy occurs in the optical 

window where it is visible, at red and near infrared wavelengths (600 to 1070 nm). 
Wavelengths in the range of 600 to 700 nm are used for treatment of superficial tis-
sues, while longer wavelengths of 780 to 950 nm penetrate deeper and can be used to 
treat deeper anatomical structures and tissue (Gendron & Hamblin, 2019). Therapeutic 
parameters for low-level laser therapy vary in the research, although the World 
Association of Laser Therapy has established some initial therapeutic parameters 
that have been used as general guidelines for dosage. Research also indicates that 
use of low levels of energy irradiance or if the application time is too short, minimizes 
the response to the laser energy. If the irradiance is too high or applied too long, the 
therapeutic response may be limited. For acute clinical conditions or during the inflam-
matory phase of healing, lower doses of energy should be used. The dosage can be 
increased as the healing process and clinical condition transitions to subacute or to 
chronic conditions or as need arises to target deeper tissues and structures (Chung 
et al., 2012).
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World Association of Laser Therapy
Recommended Treatment Doses for Low-Level Laser Therapy

For recommended treatment doses for laser class 3b, 780 to 860 nm GaAlAs lasers 
(continuous or pulsed, mean output: 5 to 500mW), see the following: https://waltpbm.
org/documentation-links/recommendations/ 

Irradiation times should range between 20 and 300 seconds
For recommended treatment doses for laser class 3B, 904 nm GaAs lasers (peak 

pulse output greater than 1 W, mean output: Greater than 5 mW, and power density: 
Greater than 5 mW/cm2), see the following: https://waltpbm.org/documentation-links/
recommendations/

Irradiation times should range between 30 and 600 seconds
Disclaimer: The list may be subject to change at any time when more research 

trials are being published. The World Association of Laser Therapy is not responsible 
for the application of laser therapy in patients, which should be performed at the sole 
discretion and responsibility of the therapist. 
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