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Foreword

I can think of few textbooks more timely in the field of sports medicine than
the following on elbow ulnar collateral ligament injuries. The first edition
was written in 2014 and it was prior to the 2014 season during which two of
the forefathers of baseball medicine passed away: Dr. Frank Jobe and Dr.
Lewis Yocum. Now, in 2020, the topic of UCL injuries is no less relevant.

I can think of no better tribute to these men than this book which features
chapters written by many of their former students, fellows, and colleagues.
David and Josh, the editors, have assembled all of the current thought leaders
in the field to address the topic of ulnar collateral ligament (UCL) injury in a
more thorough way than has been done before. Not only does the monograph
cover the basics like exam and imaging of the elbow in a thorough and read-
able way but it also tackles complicated topics such as revision UCL recon-
struction and UCL reconstruction in high school athletes. Furthermore, there
is an outstanding section on nonoperative treatment as well as postoperative
rehabilitation, which will surely be of interest to surgeons and non-surgeons
alike.

As UCL injuries continue to be more common, I am confident that this
book will find its way on to the shelves of all doctors, therapists, and trainers
who treat these injuries.

Neal S. ElAttrache,
Kerlan-Jobe Orthopaedic Clinic
Los Angeles, CA, USA



Preface

Since the initial description of elbow ulnar collateral ligament reconstruction
by Dr. Frank Jobe, the use of the procedure to save the careers of baseball
players (and other athletes) at all levels of play has increased exponentially.
Our initial edition focused on helping doctors, therapists, and trainers learn
more about the diagnosis and treatment of injuries of the UCL. To that end,
we assembled a world-class group of authors to review the biomechanics and
pathophysiology of throwing injuries. Keys to performing a physical exam in
this unique group of patients were highlighted in the text as were pearls to
interpreting imaging studies. Ample coverage was given to the variety of
techniques that have been used to reconstruct the UCL since Dr. Jobe’s initial
description of the technique that he used to reconstruct pitcher Tommy John’s
ligament.

For this second edition of the book, many of the original contributor
groups are back with additional chapters on the use of novel repair tech-
niques, the use of biologics to prevent surgery, and advanced thoughts on
injury prevention and recovery. We hope that this book helps readers gain a
better understanding of UCL injuries with the goal of not only improving
outcomes after UCL reconstruction but also preventing these injuries.

New York, NY, USA Joshua S. Dines

Rochester, MN, USA Christopher L. Camp
New York, NY, USA David W. Altchek
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Anatomy and Biomechanics
of the Medial Ulnar Collateral

Ligament

Miguel Pelton, Salvatore J. Frangiamore,
and Mark S. Schickendantz

Introduction

The medial ulnar collateral ligament (MUCL)
has three distinct components. These include the
anterior bundle, posterior bundle, and transverse
or oblique ligament. The anterior bundle of the
UCL complex is the primary static stabilizer to
valgus stress on the medial elbow. It primarily
acts to resist valgus and extension stress from 70
to 120° of elbow flexion. The anterior bundle of
the UCL is composed of an anterior and a poste-
rior band. The anterior band is more isometric,
but generally tight in extension, whereas the pos-
terior band is tight in flexion. The posterior bun-
dle is a fan-like structure that originates from the
medial epicondyle and inserts into the medial
posterior aspect of the olecranon. Lastly, the
transverse bundle is often indistinguishable from
the capsule and has both its origin and insertion
on the proximal ulna at the olecranon and sub-
lime tubercle, respectively.

The mean length and width of the anterior
bundle of the UCL is 31.9 mm (range 21.1-
53.9 mm) and 5.95 mm (range 4.5 mm-7.6 mm),

M. Pelton - S. J. Frangiamore (<)

M. S. Schickendantz

Cleveland Clinic Sports Medicine, Cleveland Clinic
Foundation, Garfield Heights, OH, USA

© Springer Nature Switzerland AG 2021

respectively [1-8]. The anterior bundle originates
at the medial epicondyle of the humerus at
approximately 8.5 mm distal and 7.8 mm anterior
to the center of medial epicondyle of the humerus
with a surface area of 17-45 mm [1]. The anterior
position relative to the medial epicondyle is
important to conceptualize during UCL recon-
struction, as posterior tunnel position is a com-
mon error. This can decrease graft isometry and
result in a graft which is overly tight in flexion [9]
(Figs. 1.1 and 1.2).

The exact distal insertion site of the anterior
bundle has been a topic of controversy [1, 4, 10].
It was once described at the apex of the sublime
tubercle, at a site 5.5 mm distal to the articular
surface. Now, more recent literature suggests a
more elongated, tapered footprint measuring
66.4-187.6 mm?, and an average of 5.3 mm
(1.5 mm-7.6 mm) distal to the center of the sub-
lime tubercle along the ulnar UCL ridge [1-3,
5-7, 10-13] (Fig. 1.3). Those authors suggest
that the wide variability of distal attachments
may be due to the inclusion of the underlying
joint capsule in addition to the tendinous struc-
ture of the AB of the anterior bundle. It remains
to be seen if changes to distal tunnels should be
made to better reconstruct native anatomy [14—
17]. Camp and colleagues recently assessed an
alteration to the distal tunnel insertion using
cadaveric reconstructions with palmaris autograft

J. S. Dines et al. (eds.), Elbow Ulnar Collateral Ligament Injury,
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In-correct tunneling

Fig. 1.1 Correct and incorrect tunnel reconstruction in both sagittal and coronal planes

Fig. 1.2 TIllustration
demonstrating Docking
technique with correct
tunnel trajectories and
allograft reconstruction
in place
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Fig. 1.3 Medial side of
the elbow demonstrating
the expanded ulnar
footprint of the anterior
bundle of the ulnar
collateral ligament. (a)
insertion length, (b)
articular surface to
proximal ulnar footprint
5.5 mm, (c) center of
humeral footprint to the

center of ulnar footprint, r

. bd
(d) length of distal Cleveland
humeral origin surface Clinic

area 17-45 mm? (center
of origin 8.5 mm distal
and 7.8 mm lateral to
medial epicondyle)

{';n;r,-.

versus the traditional docking technique [18].
They demonstrated a higher mean ultimate load
to failure with anatomical reconstruction over the
traditional docking technique [18].

Biomechanics of Medial Ulnar
Collateral Ligament Complex

Anterior Bundle (Anterior Band,
Posterior Band, and Central Band)

The primary biomechanical role of the mUCL is
to provide valgus stability of the elbow, espe-
cially in overhead throwing athletes. Morrey
et al. demonstrated that with an intact radial head,
the mUCL provides 31% and 54% of valgus sta-
bility of 0° and 90° of elbow flexion, respectively
[6, 19]. Moreover, the authors noted that an intact
mUCL allowed for only 3° of valgus opening in
full extension and 2° of valgus opening in full
flexion.

Similar findings have been reported in several
other studies, which have demonstrated 2° to 8°
of valgus laxity with an intact mUCL [2, 20, 21].
To quantify when the mUCL has the most laxity
with a loaded elbow, Safran et al. analyzed 12
cadaveric specimens with 2 Nm load applied to

22-27 mm center to center
(51-53 mm total length)

Insertion: 29-30 mm in length
Surface area: range of 66-187 mm2

the elbow in 30° of flexion and reported 10.7° of
valgus laxity with the forearm in neutral rotation
[8]. Callaway et al. expanded on these findings by
loading the elbow with 2 Nm at 30° and 90° of
flexion and reported a valgus laxity of 3.6° [22].
The former of these two studies did not quantify
the amount of inherent valgus laxity specimens
had prior to testing, which makes direct compari-
son of the two studies challenging. However, it is
thought the amount of mUCL valgus laxity is
greatest at 30° of flexion [8].

The anterior bundle has been shown to impart
the greatest resistance to valgus loads. It is not an
isometric stabilizer but changes length through-
out progressive elbow flexion [23-25]. Studies
have demonstrated a change of 2.8-4.8 mm as
the elbow progresses from extension to full flex-
ion [20, 26]. One cadaveric sectioning study
sought to define the contribution to valgus stabil-
ity of three distinct sections of the anterior bundle
insertion [27]. They describe the proximal, mid-
dle, and distal third segments of insertional foot-
print at the sublime tubercle. A 5 Nm valgus load
was applied at 30°, 60°, 90°, and 120° of flexion.
Ulnohumeral joint gapping showed no significant
difference between the intact state and sectioning
of both the middle and distal insertion segments.
However, there was a significant difference in

ALGrawany
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joint gapping when the proximal segment was
sectioned. One reason for this may be the relative
thinning of the AB as it inserts distally on the
sublime tubercle. In 16 cadaveric specimens,
Frangiamore et al. found the posterior distal por-
tion of the AB contributed the most to overall val-
gus elbow rotational stability and stiffness [28].
This was most apparent at 90° and 120° of elbow
flexion. Those authors also found that the ante-
rior insertions contributed most to elbow stability
at lower flexion angles [28]. Thus, reconstruction
techniques may take all these properties into
account as more investigations are performed.

Some literature suggest that the presence of
the middle or central band acts as an adjunct to
impart some valgus stability [23, 28, 29]. Unlike
the anterior and posterior bands, this central band
was originally thought to be relatively static and
taut throughout elbow motion [28]. One recent
biomechanical cadaveric study sought to under-
stand the load distribution between the anterior
and posterior bands of the AB during the range of
motion through the transition point of the central
band [30]. The three bands were sequentially
transected and then load tested in varying angles
with valgus stress. The lesser flexion angles, 0°
and 30°, saw the highest slack in the posterior
band and the highest structural stiffness in the
anterior band. The authors concluded that at
higher flexion angles of 60-90°, the anterior band
saw the highest slack and the middle band dem-
onstrated the greatest stiffness. Further in vitro
research is needed to further elucidate the role of
the proposed central or middle band of the ante-
rior bundle MUCL with pertinent clinical
applications.

Posterior Bundle

Several studies have sought to define the contri-
bution of the posterior bundle of the mUCL to
valgus stability by sectioning the mUCL and
measuring valgus angles during elbow range of
motion [22, 31-34]. The posterior bundle (PB)
of the UCL is a broader and thinner part of the
UCL complex, originating from the humeral
epicondyle and broadly inserting on the medial

ulna. The PB provides valgus stability at flexion
angles >120° [21]. Rahman et al. built a compu-
tational elbow joint model simulating varying
levels of MUCL deficiencies [35]. When either
the anterior or posterior bundle was transected,
there was more valgus instability. However,
there was less instability in the posterior bundle
deficient condition. Additionally, less contact
pressure at the cartilage surface was noted only
in the anterior bundle deficient and entire mUCL
deficient conditions. In agreement with other lit-
erature, these data indicate a smaller role of the
posterior bundle in imparting medial elbow joint
stability [36-40].

Transverse Ligament

The transverse ligament of the MUCL was thought
not to impart any inherent stability as it does not
cross the ulnohumeral joint, is not consistently
present, or is poorly developed [19, 22, 23]. Others
suggest that it is the confluence of collagen fibers
from the transverse bundle with the anterior bun-
dle that can contribute to valgus stability [10, 38].
Kimata and colleagues recently describe this con-
nection in 42 cadaveric specimens [39]. The trans-
verse bundle contributed to the distal half of the
anterior bundle insertion in 73% of the elbows
(Type I). In the remaining 27% of specimens, the
transverse bundle contributed to the entire anterior
bundle insertion (Type II). Female cadavers were
more likely to show Type II anatomy at the medial
elbow. These fibers were all represented in a per-
pendicular fashion to the anterior bundle fibers.
Future biomechanical studies will further eluci-
date what role, if any, the transverse ligament con-
tributes to elbow stability.

Anatomy of the Medial Elbow
Complex Dynamic Stabilizers

The dynamic stabilizers of the elbow are made up
of the flexor—pronator muscle complex that cross
the elbow joint. Specifically, the flexor digitorum
superficialis (FDS), flexor carpi ulnaris (FCU),
pronator teres (PT), and brachialis (BR) make up
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Fig. 1.4 Illustration
demonstrating the
contents and
relationships of the
flexor—pronator mass.
(a) Dashed line indicates
incision for MUCL
reconstruction

what is often referred to as the flexor—pronator
mass. They play an integral role in valgus stabil-
ity during the throwing motion and studies have
demonstrated an increased risk of UCL injury
when these are deficient [32]. The medial ante-
brachial cutaneous nerve arises from the medial
cord of the brachial plexus. This nerve must be
observed and retracted in any proposed recon-
struction incision (Fig. 1.4). The forearm flexors
primarily insert proximally on the humerus as
part of the common flexor insertion, 4.4 mm pos-
terior to the medial epicondyle [1]. The common
flexor insertion has been reported to have a sur-

Medial antebrachial
cutaneous n.

Pronator teres
Flexor carpi radialis

Palmaris longus

Flexor carpi ulnaris

Flexor digitor
superficialis

face area of 127.9 mm? (range, 89.5-166.3 mm?)
[1,10]. The FDS and FCU also have demonstrated
secondary ulnar insertions near the attachment of
the AB of the UCL [33]. The FDS ulnar tendi-
nous insertion has been reported to be overlapped
with the AB for 46% of its length, until inserting
6.8 mm distal to the sublime tubercle of the ulna
[1]. The FCU ulnar insertion has been reported to
be 1.9 mm posterior and 1.3 mm proximal to the
sublime tubercle and overlaps 21% with the AB
during its proximal to the distal course (Fig. 1.5).

The pronator teres (PT) inserts just proximal
to the common flexor humeral insertion, 9.4 mm
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Fig. 1.5 (a) Illustration and (b) cadaveric view of relationship of ulnar insertion of the anterior bundle of the UCL and

the ulnar footprints of the FCU and FDS

proximal from the medial epicondyle. The foot-
print of this humeral insertion has been reported
to be 40.1 mm? (range, 33-47 mm?) [1]. The PT
then courses distally to insert 14.5 mm distal to
the sublime tubercle, which is 24.5 mm distal to
the joint line. It should be highlighted that the PT
ulnar insertion is a thin tendinous structure that
runs between the brachialis muscle and the ante-
rior bundle of the UCL.

Microanatomy and Biomechanical
Properties

The microstructural organization of the mUCL
as it relates to biomechanical properties has
recently been investigated [36, 37, 40]. Smith
and colleagues performed a cadaveric study
using tensile forces to measure real-time micro-
structural collagen changes in 34 specimens
[36]. Through the use of a polarization camera,
the characteristics stress—strain curve could be
obtained for both the anterior and posterior bun-
dles. The AB was found over the PB to have a
larger elastic modulus in both the toe region
(2.73 MPa [interquartile range, 1.1-5.6 MPa] vs
0.65 MPa [0.44—1.5 MPa respectively) and the
linear region (13.77 MPa [4.8-40.7 MPa] vs
1.96 MPa [0.58-9.3 MPa] respectively).
Additionally, the AB demonstrated larger stress
values, stronger collagen alignment, and more
uniform collagen organization during stress-
relaxation. The posterior bundle collagen fibers

showed more disorganized fibers in zero, transi-
tional and linear regions of the stress—strain
curve. However, under loading, the magnitude of
change of the collagen fibers was minimal. These
authors opine that the data provide a basis to
describe the relatively static nature of the mUCL
bundles which is not well suited to large tensile
forces. In comparison to the other ligaments,
such as the ACL and PCL, microstructural prop-
erties of the UCL change less under load. The
overall alignment is weaker and more dispersed
before the application of load. These data may
explain why mUCL is less compliant and more
vulnerable to injury with the high valgus loads
that may be seen during throwing.

Conclusion

The anterior bundle of the medial ulnar collateral
ligament is responsible for the primary valgus
stability of the elbow. Proximally, it inserts in an
anterior and distal position relative to the center
of the epicondyle and distally at the sublime
tubercle with an elongated tapered insertion.
Distally, the UCL is intimately associated with
ulnar attachment of the forearm flexors and must
be taken into consideration during dissection.
With an increased understanding of the anatomy
and biomechanics of the UCL and its anatomic
relationships, reconstruction approaches and
techniques can be further refined to reflect these
changes.
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Clinically Relevant EIbow Anatomy
and Surgical Approaches

Xinning Li and L. T. C. Josef K. Eichinger

Pertinent Anatomy of the Thrower’s
Elbow

Osseous Anatomy

The elbow is primarily a ginglymus or hinge
joint, but in reality consists of three bony articu-
lations including ulnohumeral, radiocapitellar,
and radioulnar joint. The primary arc of motion
during throwing motions is flexion and extension
through the ulnohumeral articulation; however,
some pronation—supination does occur through
the ulnohumeral and radioulnar joints. In full
extension, the elbow has a normal valgus-
carrying angle of 11-16°. Morrey and An deter-
mined the osseous anatomy’s contribution to
resistance to valgus stress remains fairly con-
stant throughout elbow motion [1]. In full exten-
sion, roughly one-third of valgus force was
resisted by the ulnar collateral ligament (UCL)
(31%), one-third by the anterior capsule (38%),
and one-third by the bony architecture (31%). At
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90° of flexion, the UCL increased its relative
contribution to 54%, whereas the anterior cap-
sule provided only 10% to valgus stability, and
the bony anatomy contribution remained rela-
tively unchanged at 36%.

Muscular Anatomy
Flexor-Pronator Mass

The flexor—pronator mass is a collection of
muscles that form a common origin from the
medial epicondyle. These muscles can be
viewed and organized into superficial and deep
layers or groups. Pronator teres, flexor carpi
radilais (FCR), flexor carpi ulnaris (FCU),
flexor digitorum superficialis (FDS), and pal-
maris longus (PL) muscle are found in the
superficial layer. In the deep layer, three mus-
cles are found and composed of flexor digito-
rum profundus (FDP), flexor pollicus longus
(FPL), and pronator quadratus (PQ) muscles
(Fig. 2.1). The combined function is to perform
wrist flexion and forearm pronation. An analy-
sis of the primary muscles of the flexor—prona-
tor group (pronator teres, FDS, FCU, and flexor
carpi radialis) indicates that their dynamic
action applies a varus moment and therefore
resisting valgus force across the elbow [2]. In
relation to throwing mechanics; however, elec-
tromyogram (EMG) studies indicate that the
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Fig. 2.1 Anterior view of the superficial and deep components of the elbow flexor—pronator mass

flexor muscles do not reflect a compensatory
increase in activity in throwers with valgus
instability. Furthermore, both flexor carpi radi-
alis and pronator teres show a paradoxical
decrease in activity in throwers with valgus
instability after medial ulnar collateral ligament
(MUCL) rupture [2, 3]. It is unclear whether
the decrease in EMG activity is a cause or effect
of MUCL injuries. Despite these EMG find-
ings, ruptures of the flexor—pronator mass and
medial epicondylitis can occur in the clinical
setting of MUCL injuries of throwers indicat-
ing some level of contribution of the muscles to
function and likely stability [4, 5]. An anatomic
analysis revealed that the FCU muscle is the
predominant musculotendinous unit overlying
the UCL essentially independent of elbow flex-
ion and forearm rotation [6]. The only other
muscle with less frequent contribution to cover-
age was the FDS. Several authors have reported
FCU as the biggest contributor to valgus stabil-
ity in MUCL deficient elbows [7, 8]. In con-
trast, despite suboptimal muscle coverage,
Udall et al. [9] showed FDS as the greatest con-
tributor to valgus stability of the elbow due to
its bulk (increased cross-sectional area).
Furthermore, Hoshika et al. reported that con-
traction of the FDS of the index and middle fin-
gers contributes the most to stabilization of the
elbow against valgus stress [10].

[

Fig.2.2 The presence of the palmaris longus can be veri-
fied preoperatively by opposing the thumb and small fin-
ger together, which creates a characteristic appearance
over the volar surface of the wrist

Palmaris Longus Tendon

The PL tendon is an ideal source of graft for
MUCL reconstruction; however, it is clinically
absent in 15% of the population with incidences
varying widely depending on ethnicity [2].
Clinically, the presence of the PL can be verified
by opposing the thumb and small finger together,
which creates a characteristic appearance over
the volar surface of the wrist (Fig. 2.2). The PL
tendon is located between the flexor carpi radia-
lis tendon and the FDS tendons at the level of
the wrist.
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Nerve Anatomy

Medial Antebrachial Cutaneous
Nerve

The medial antebrachial cutaneous nerve arises
from the medial cord of the brachial plexus. In the
distal brachium, the nerve travels medial to the
brachial artery. The nerve then courses down the
ulnar aspect of the forearm and enters the deep
fascia with the basilica vein. It is responsible for
sensation over the medial aspect of the elbow.
Branches pass 3—60 mm distal to the medial epi-
condyle and are at risk with the typical longitudi-
nal incision used in UCL reconstructive surgery
[11]. Identification and protection of these nerve
branches protect from iatrogenic injury and pre-
vent the development of painful, symptomatic
neuromas or superficial sensory derangement.
The nerves are encountered immediately after
skin incision (Fig. 2.3) and are variable in their
size, appearance, and distribution [12].

Ulnar Nerve

The surgical approach to the UCL demands a
clear understanding of the location of the neuro-
vascular structures. The ulnar nerve is the most
thought of neurologic structure in regard to UCL

Fig. 2.3 The medial antebrachial sensory nerve is
encountered immediately after the skin incision during the
approach for the UCL reconstruction. Care is taken to
identify and protect this nerve throughout the procedure to
prevent injury

Fig. 2.4 The ulnar nerve descends along the posterome-
dial aspect of the humerus and then enters the cubital tun-
nel posterior to the medial epicondyle

reconstructive surgery. The ulnar nerve descends
along the posteromedial aspect of the humerus
and then enters the cubital tunnel posterior to the
medial epicondyle (Fig. 2.4). After exiting the
cubital tunnel, the ulnar nerve gives off an articu-
lar sensory innervation branch and then enters the
flexor compartment of the forearm. It is posi-
tioned under the FCU adjacent to the ulna. The
nerve innervates the FCU and the medial half of
flexor digitorum profundus.

The ulnar nerve courses with the ulnar artery
and distally in the hand it is responsible for sen-
sory innervation of the ulnar 1.5 digits and
intrinsic hand motor function as well. A muscle-
splitting approach for UCL reconstruction can
be performed without detachment of the flexor—
pronator mass of the forearm [11, 13]. Exposure
for this technique is performed either through a
naturally occurring raphe that delineates the
separation between the FCU and the remaining
flexor muscle mass or simply in-line between
the medial epicondyle and sublime tubercle
(Fig. 2.5). This region is a natural watershed
area between motor innervation of the ulnar
nerve and median nerve as verified through
cadaveric analysis. This approach, therefore,
avoids iatrogenic denervation to these muscles
[11, 13]. It is essential that during the muscle
splitting approach that a sharp retractor is never
used posterior medially to prevent injury to the
ulnar nerve (Fig. 2.6).
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Fig. 2.5 Exposure for the muscle-splitting approach is
performed through a naturally occurring raphe that delin-
eates the separation between the flexor carpi ulnaris and
the remaining flexor muscle mass (blue dots) or simply
in-line between the medial epicondyle and sublime
tubercle

Fig.2.6 Muscle-splitting approach is performed with the
ulnar nerve in the cubital tunnel (blue dots). Sharp retrac-
tors should never be used in the posterior and medial
direction to prevent iaotrogenic injury to the ulnar nerve

Ligamentous Anatomy
Medial Ulnar Collateral Ligament

The medial ulnar collateral ligament (MUCL)
of the elbow is composed of three bundles,
including the anterior, posterior, and transverse
bundles [1, 14]. The transverse bundle has also

been described as the oblique bundle [13]. The
anterior bundle is composed of two different
histological layers and two different functional
bands. The deep layer is confluent with the joint
capsule, while the superficial layer is a more
distinct structure above the capsule with thick
parallel fibers with a mean width of 4-5 mm
[15]. An anatomic and biomechanical evalua-
tion of the MUCL revealed that the anterior
bundle can be further delineated into two dis-
tinct functional sub-units, the anterior and pos-
terior bands [16]. The anterior and posterior
bands of the anterior bundle of the MUCL per-
form reciprocal functions with the anterior
band functioning as the primary restraint to val-
gus rotation at 30°, 60°, and 90° of flexion. The
anterior and posterior bands are equal function-
ing restraints at 120° of flexion while the poste-
rior band acts as a secondary restraint at 30°
and 90° of flexion (Fig. 2.7) [16].

The anterior bundle arises from the inferior
aspect of the medial epicondyle [17] and inserts
immediately adjacent to the joint surface on the
ulna near the sublimis tubercle. The anterior bun-
dle widens slightly from proximal to distal and
can be subdivided into anterior and posterior
bands of equal width. The bands tighten in a
reciprocal fashion as the elbow is flexed and
extended (bottom frame), and they are separated
by easily identifiable isometric fibers (arrows).
The posterior bundle arises from the medial epi-
condyle slightly posterior to its most inferior por-
tion. It inserts broadly on the olecranon process.
The posterior bundle appears to be a thickened
joint capsule when the elbow is extended. As the
elbow is flexed, the ligament tightens and fans
out to form a sharp edge that is perpendicular to
the long axis of the ulna. Furthermore, the ante-
rior bundle originates from the anteroinferior
edge of the medial humeral epicondyle with an
origin measuring 45.5 + 9.3 mm? in diameter and
inserts onto the sublime tubercle on the ulna in an
area measuring 127 + 35.7 mm? in diameter [18].

The anterior bundle of the MUCL is the pri-
mary restraint to valgus stress from 20° to 120°
of flexion and is the critical structure requiring
reconstruction after injury in throwers. Because
its origin is slightly posterior to the axis of the



2 Clinically Relevant Elbow Anatomy and Surgical Approaches 13

Anterior bundle
(MCL)

(MCL)

Sublimis tubercle

Isometric fiber

Fig. 2.7 Illustrations of the anatomy of the medial collateral
ligament (MCL) of the elbow at 30°, 60°, 90°, and 120° of
flexion. The anterior bundle arises from the inferior aspect of
the medial epicondyle (ME) and inserts immediately adja-
cent to the joint surface on the ulna near the sublimis tuber-
cle. The anterior bundle widens slightly from proximal to
distal and can be subdivided into anterior and posterior bands
of equal width. The bands tighten in a reciprocal fashion as

Medial epicondyle

Posterior bundle

the elbow is flexed and extended (bottom frame), and they
are separated by easily identifiable isometric fibers (arrows).
The posterior bundle arises from the ME slightly posterior to
its most inferior portion. It inserts broadly on the olecranon
process. The posterior bundle appears to be thickened joint
capsule when the elbow is extended. As the elbow is flexed,
the ligament tightens and fans out to form a sharp edge that
is perpendicular to the long axis of the ulna
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elbow, there is a cam effect created so that the
ligament tension increases with increasing flex-
ion. The anterior bundle of the MUCL is the
strongest of the different components with a
mean load to failure of 260 N [19]. The posterior
bundle is not a significant contributor to valgus
stability unless the remaining structures of the
MUCL are sectioned. The posterior bundle of the
MUCL is thinner and weaker than the anterior
bundle, originates from the medial epicondyle
and inserts onto the medial margin of the semilu-
nar notch and acts only as a secondary stabilizer
of the elbow beyond 90° of flexion [20]. Lastly,
the oblique bundle or transverse ligament does
not span the ulnohumeral joint but instead acts to
increase the greater sigmoid notch as a thicken-
ing of the joint capsule [21].

Relevant Surgical Approaches
Positioning

UCL reconstruction is performed with the patient
under either regional block or general anesthesia
in the supine position with the extremity out-
stretched onto an arm board. A pneumatic tourni-
quet is placed on the upper arm and inflated to
200-250 mmHG during the graft harvest and
critical portions of the procedure. Routine sterile
prep and drape of the extremity is done under
sterile conditions. Diagnostic elbow arthroscopy
is performed before graft harvest and UCL
reconstruction.

Elbow Arthroscopy

Arthroscopic evaluation is performed with the
operative extremity in an arm holder and posi-
tioned across the patient’s chest utilizing the
Spider Limb Positioner (Smith & Nephew, Tenet
Medical Engineering, Memphis, TN) (Fig. 2.8).
An 18-gauge spinal needle is used to enter the
joint via the “soft spot” or “direct lateral portal”
that is located in the middle of a triangle formed
by the lateral epicondyle, radial head, and olecra-
non. Forty to 50 ml of normal saline is injected to

Fig. 2.8 Arthroscopic elbow evaluation is performed
with the operative extremity in an arm holder and posi-
tioned across the patient’s chest utilizing the Spider Limb
Positioner. (Smith & Nephew, Tenet Medical Engineering,
Memphis, TN)

Fig. 2.9 Commonly utilized elbow arthroscopy portals
for evaluation prior to the UCL reconstruction procedure.
Midlateral (M.L.), Anterolateral (A.L.), Posterolateral
(P.L.), and Trans-triceps (7.T") portal sites

distend the elbow joint before trocar insertion to
prevent articular cartilage damage. Distension of
the joint will move the soft tissue along with the
neurovascular structures away from the capsule,
thus minimizing the risk of injury. The direct or
mid-lateral (ML) portal (Fig. 2.9) is excellent for
viewing and evaluations of the posterior com-
partment, specifically, the radioulnar joint, infe-
rior surfaces of the capitellum, and radial head. It
is relatively safe, passes between the plane
between the anconeus and triceps muscle and
within 7 mm of the lateral antebrachial cutaneous
nerve [22, 23].
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An anterolateral (AL) portal (Fig. 2.9) is the
first portal established in the elbow arthroscopy
sequence before the UCL reconstruction to exam-
ine the anterior and medial elbow compartment.
More importantly, we perform an arthroscopic
stress test on every patient to confirm valgus insta-
bility. This is done (viewing from the AL portal)
with the forearm in full pronation and the elbow
in 70° of flexion, an opening of 2 mm between the
humerus and ulna with valgus stress is considered
a positive sign of valgus instability. The AL portal
is preferred for examination and viewing of the
anterior and medial side of the elbow joint.
Andrews and Carson [24] originally described
this portal position as 3 cm distal and 1 cm ante-
rior to the lateral epicondyle. Recent anatomic
cadaver studies have shown that the 3 cm distal
location places the trochar in very close proximity
to the radio nerve, which significantly increases
the risk of injury [17, 25]. Thus, several authors
have moved this portal more anterior and less dis-
tal. Plancher et al. [23] advocate an AL portal
placed in the sulcus, which is located between the
radio head and the capitellum (1 cm distal and
1 cm anterior to the lateral epicondyle). Even with
the newer proposed locations, the average dis-
tance of the radial nerve to the trochar in the AL
portal position is between 3 and 7 mm in nondis-
tended joints [17, 23-25], which increases to
11 mm with joint distension [17].

In order to examine the posteromedial olecra-
non and humeral fossa for impingement, loose
bodies, and spurs, we will establish a second por-
tal posterior and lateral to the triceps tendon (pos-
terolateral portal). The posterolateral (PL) portal
location has the largest area of safety provides
excellent visualization of the posterior and pos-
terolateral compartments. It is established
approximately 3 cm proximal to the tip of the
olecranon and at the lateral border of the triceps
tendon. Allowing the elbow to flex (20-30°) will
relax the posterior capsule and facilitate success-
ful trochar insertion [23]. Structures at risk
include the posterior antebrachial cutaneous and
the lateral brachial cutaneous nerves. The scope
is then advanced distally to the radiocapitellar
joint to further evaluate for pathology. If debride-
ment or removal of spurs or loose body is needed

in the posteromedial gutter, then another acces-
sory trans-triceps (TT) tendon portal (Fig. 2.9)
can be created above the olecranon tip as a work-
ing portal for instrumentation. This portal is
established above the tip of the olecranon through
the musculotendinous junction of the triceps
muscle with the elbow in a partially extended
position. It is excellent for spur debridement and
removing loose bodies from the posteromedial
compartment. Structures at risk include the pos-
terior antebrachial cutaneous nerve (23 mm
away) and the ulnar nerve (25 mm away) when
the elbow is distended [17, 23]. Once the elbow
arthroscopy is finished and the graft (palmaris vs.
gracillis autograft or allograft) is prepared, the
medial approach to the elbow is performed to
start the UCL reconstruction.

Medial Approach—Muscle Splitting

All portal sites from the elbow arthroscopy were
closed with monocryl before the start of the
medial exposure. The arm was then exsangui-
nated to the level of the tourniquet with an
Esmarch bandage. An 9-10 cm incision was
made with a #15 blade starting 2 cm proximal to
the medial epicondyle and extending along the
intermuscular septum to approximately 2 cm
beyond the sublime tubercle (Figs. 2.3 and 2.5).
Meticulous dissection is performed and the
medial antebrachial cutaneous nerve is com-
monly encountered at this time (Fig. 2.3). We
typically tag this nerve with a vessel loop and
care is taken to avoid injury or damage. At this
time, the common flexor—pronator mass is seen
inserting on the medial epicondyle along with the
anterior fibers of the FCU muscle. A muscle-
splitting approach is performed between the
raphe of the FCU and the anterior portion of the
flexor—pronator mass (Fig. 2.5) which comprises
of the flexor carpi radialis, PL, and the flexor
digitorum superficialis. This approach is per-
formed through a true internervous plane between
the median nerve (anterior portion of the flexor—
pronator mass) and the ulnar nerve (FCU mus-
cle). It is also done within the anatomic safe zone
that is defined as the region between the medial



16

X.Liand L.T.C. J. K. Eichinger

humeral epicondyle to the area that is 1 cm distal
to the attachment of the anterior bundle of the
MUCL on the sublime tubercle [11]. A blunt self-
retainer retractor may be used to help with the
exposure of the anterior bundle of the MUCL
during this step of the operation. A sharp retrac-
tor should not be used with the exposure to pre-
vent damage to the ulnar nerve (Fig. 2.6). The
UCL is inspected and a longitudinal incision in
line with the anterior bundle of the MUCL is
made with a deep knife to expose the joint.
Subsequently, the sublime tubercle is exposed
with a periosteal elevator. Two small homans are
placed superiorly and inferiorly to the sublime
tubercle to help with the exposure. A small burr
(3.0 mm) is used to create two tunnels anterior
and posterior to the sublime tubercle perpendicu-
lar to each other. A small curette is used to com-
plete the tunnels; care is taken to make sure that a
2 cm bone bridge is left between the two tunnels.
At this time, the medial humeral epicondyle is
exposed with periosteal elevator and a longitudi-
nal tunnel (along the axis of the epicondyle) is
created on the anterior half of the medial epicon-
dyle/UCL footprint with a 4 mm burr (Fig. 2.10).

™~

Fig. 2.10 Surgical approach to the ulnar collateral liga-
ment (UCL) reconstruction. The osseous anatomy includes
the humerus, forearm, and the Olecranon (blue star). The
ulnar nerve (yellow arrows) is seen behind the medial epi-
condyle and a single bone tunnel is frilled with a burr into
the medial epicondyle (red star). Two converging tunnels
are drilled (green arrows) with the burr into the sublime
tubercle (orange star) and the palmaris longus graft is
passed through the sublime tubercle and docked into the
bone tunnel in the medial epicondyle (red star)

Care is taken not to violate the posterior cortex of
the proximal epicondyle, which would place the
ulna nerve at risk and compromise graft fixation.
See the pertinent chapter for more details on the
tunnel position, graft shuttling, and tensioning
techniques.

Medial Approach—Flexor-Pronator
Mass Elevation

Alternative to the muscle-splitting technique is
the flexor—pronator mass elevation or takedown
described by Jobe et al. [26] as the original
medial elbow approach to the UCL reconstruc-
tion procedure. A similar medial incision is made
centered over the medial epicondyle and extend-
ing down past the sublime tubercle. Care is taken
to protect both the medial antebrachial cutaneous
nerve and the ulna nerve. First, a longitudinal
split was made in the fascia and in line with the
flexor muscles. At this time, the damaged MUCL
is exposed and examined. Additional exposure to
the UCL reconstruction procedure is provided
with elevation and transection of the common
flexor mass along with most of the pronator teres
1 cm distal to the medial epicondyle origin leav-
ing a small stump of tissue for reattachment
(Fig. 2.11). This approach has been shown to pro-
vide a safe and reliable method for the exposure
of the anterior bundle of the MUCL and sur-
rounding anatomy. However, detachment and

Medial epicondyle

Ulnar collateral
ligament, anterior

Fig. 2.11 Flexor—pronator mass is transected approxi-
mately 1 cm distal to the medial epicondyle origin and
retracted to expose the damaged ulnar collateral ligament
for reconstruction
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reattachment of the flexor—pronator mass may
create unnecessary morbidity to the patient; thus,
several authors have advocated the muscle-
splitting technique as a less traumatic approach

to

the UCL reconstruction procedure without

increased risks [11, 27, 28].
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Ulnar Collateral Ligament:
Throwing Biomechanics

Evan E. Vellios, Kenneth Durham Weeks llI,

and David M. Dines

Introduction

The overhead throwing motion is created by a
complex series of coordinated movements involv-
ing different motor groups and the articulations
of the upper extremity as well as the kinetic
chain. The necessary kinematics of throwing
place significant stresses across the joints of the
upper extremity, which can lead to potential over-
load and injury. The shoulder and elbow are most
susceptible to injury during throwing. Even
though this text is centered upon ulnar collateral
ligament (UCL) injury to the elbow, one must be
aware of the biomechanics of the entire upper
extremity in throwers in order to understand the
cause and prevention of such injuries.

Recent technologic advances in motion analy-
sis have given researchers a better understanding
of the anatomic, biomechanical, and physiologic
demands placed on the shoulder and elbow dur-
ing throwing. Clearly, changes in kinetics and
kinematics during throwing can have a signifi-
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cant effect upon the anatomy and lead to serious,
even career-ending injury. For these reasons, it is
imperative to have a comprehensive and sport-
specific knowledge of muscle recruitment
sequences in order to understand potential causes
of anatomic failure and subsequent injury. In
addition, this fundamental knowledge can lead to
the development of better rehabilitation programs
to prevent these injuries.

Of all overhead athletes, baseball pitchers are
at the greatest risk of acute and chronic upper
extremity pathology, particularly injury to the
UCL and medial elbow. While some other ath-
letes may be at risk, such as javelin throwers, ten-
nis servers, and even football quarterbacks,
pitchers carry the highest risk and have the high-
est incidence. Epidemiologic studies of injury
patterns in baseball players have shown that there
are a higher percentage of upper extremity inju-
ries in Division I college players (58%) [1]. In
fact, a study by Rothermich et al. showed that
134 (2.5%) out of 5295 Division 1 college base-
ball players underwent UCL surgery in 2017
alone with most being pitchers and underclass-
men [2]. Moreover, a 2019 study by Leland et al.
which consisted of a survey of 6135 professional
baseball players (Major League, Minor League,
and Dominican Summer League) showed a sig-
nificant increase in the prevalence of UCL recon-
struction in young (<30 years old) Minor League
players (15-19%) compared to an earlier 2012
study [3]. With regard to Major League Baseball
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(MLB) specifically, an early study by Conte et al.
showed that approximately 30% of player days
on the disabled list were the result of shoulder
(and elbow) injury with pitchers comprising the
majority of disability days at 48%, compared to
20% for outfielders [4]. Most of the injuries
pitchers sustained were the result of repetitive
overuse of the shoulder or elbow [4]. Furthermore,
a recent study by Confino et al. looking at first
and second round MLB draft picks from 2008 to
2016 showed that players who underwent early
single-sport specialization (played only baseball
from high school onwards) had a significantly
higher prevalence of upper extremity injuries
(primarily shoulder and elbow) and fewer total
games played in the MLB than multi-sport ath-
letes [5]. This study highlights the detrimental
effects of repeated exposure of the medial elbow
to the excessive forces placed upon it during
throwing especially in athletes who specialize in
a single sport at a young age. The purpose of this
chapter is to define the biomechanics in the over-
head athlete with a special emphasis upon the
biomechanics of the elbow.

Biomechanics of Throwing

As a framework for the understanding of the biome-
chanics of the throwing shoulder, the pitching cycle
is now broken down into six distinct phases, each
with its own changes in muscle and joint activity at
the shoulder and elbow. During this activity, the
thrower must create potential energy generated from
the lower extremities and transmitted upward
through the pelvis to the trunk and ultimately to the
smaller segments of the upper extremity, thereby
creating the kinetic energy delivered to the ball in a
purposeful manner. This is known as “The Kinetic
Chain Theory” of throwing.

Six Phases of the Baseball Pitch

In order to understand the biomechanics of
throwing, one must be aware of the six phases of
pitching and the effect of the kinetic chain. The

throwing motion of the overhead pitch has been
divided into six segments or phases from wind-
up to follow-through [6, 7].

Phasel

This initial stage is called the wind-up phase.
During this phase the pitcher balances on the
trailing push-off leg, while the stride leg reaches
its maximum hip flexion. The arm is in slight
abduction and internal rotation. The elbow is
flexed and the forearm pronated.

Phasel ll

This stage is known as the early cocking phase,
during which the ball is removed from the glove,
the hands separate and the shoulder abducts and
externally rotates. As this occurs, the ground
reactive forces manifest in the lower body seg-
ments and these forces are then directed through
the hip and pelvis of the push-off leg creating
the forward movement of the body to generate
the kinetic energy in the direction of the throw.
As this push-off force increases so does the
velocity of the throw. During this phase, there is
increased activation in virtually all muscle
groups of the shoulder girdle except the upper
and lower trapezius with the highest degree of
activation being observed in the upper trapezius
(64% MVIC, multispectral visible imaging
camera) and supraspinatus (51% MVIC)
(Fig. 3.1; [8]). The elbow remains flexed
between 80° and 90°.

Phase lll

The late cocking phase is characterized by maxi-
mal shoulder abduction and external rotation.
The elbow is flexed 90-120° and forearm prona-
tion is increased to 90°. During this phase, the
greatest activation is noted in the subscapularis
(124% MVIC) and serratus anterior (104%
MVIC) [9].
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Baseball Pitch: EMG Data
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Fig. 3.1 Electromyographic analysis of the upper extremity musculature during overhead throwing. EMG electromy-

ography, MVIC multispectral visible imaging camera

Phase IV

Acceleration is marked by the generation of a
forward-directed force resulting in internal rota-
tion and adduction of the humerus coupled with
rapid elbow extension. The greatest activity is
again noted in the subscapularis (152% MVIC)
and serratus anterior (147% MVIC). There is also
a large increase in the recruitment of the latissi-
mus dorsi (from 32% to 110% MVIC). Stage 4
terminates with ball release and lasts 40-50 msec.
During this brief amount of time, the elbow
accelerates as much as 5000°/s? [10]. The medial
elbow structures experience a tremendous valgus
stress during the late cocking and early accelera-
tion phases. Valgus forces as high as 64 N m are
observed at the elbow during late cocking/early
acceleration [11].

PhaseV

Deceleration begins at ball release and with all
muscle groups about the shoulder maximally
contracting to decelerate arm rotation. Shoulder
abduction is maintained at approximately 100°
while the elbow reaches terminal extension at 20°
short of full extension. Eccentric biceps and tri-
ceps contraction assists in slowing down elbow
extension. Forceful deceleration of the upper
extremity occurs at a rate of nearly 500,000°/s>
over the short time of 50 ms [12].

Phase VI

The final stage is follow-through. This phase
involves dissipation of all excess kinetic energy
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as the elbow reaches full extension and the throw-
ing motion is complete.

The Kinetic Chain Theory

The kinetic chain is defined as a rapid, coordi-
nated progression of muscle activation and force
development from the legs (distal segments) to
the arm during the initiation of unilateral arm
throwing. Muscle activation is first seen in seg-
ments from the contralateral foot stabilizing
structures and progressing through the lower legs
to the pelvis and trunk and ultimately to the rap-
idly accelerating upper extremity. This progres-
sion captures the kinetic energy and transfers it
effectively up the chain to the smaller upper
extremity segments, as the shoulder is not able to
generate very much force by itself. The main
function of the shoulder is to harness the forces
from below and to direct these forces to the arm.
The forces of the kinetic chain within the upper
extremity then propagate from proximal to distal
resulting in a high-velocity ball release.

When looking specifically at the elbow and its
interplay with the kinetic chain, two main inter-
actions are found. First, the forearm muscle
groups have been noted to assist in fine-tuning
ball release. Hirashima et al. [13] analyzed pitch-
ing motions and found proximal-to-distal muscle
activation, peak torque development, and force
development from the trunk to the elbow. In this
study of the trunk and arm muscles, the muscle
activation sequencing and peak intensity pro-
ceeded from the contralateral internal and exter-
nal obliques and rectus abdominis muscles to the
scapular stabilizers, deltoid, and rotator cuff.
Force development also proceeded in this pattern.
The study showed that muscle activation around
the elbow did not appear to continue in this force
development sequence but rather occurred in
conjunction as a way for the upper extremity to
fine-tune and control the pitch. These forearm
muscle activations have been called voluntary
focal movements.

The second interaction between the kinetic
chain and elbow is to create positions and motions
that align the elbow articulation to minimize the

loads dissipated to the supporting ligaments.
Internal rotation of the shoulder with the elbow
near full extension and forearm pronated places
significantly less stress on the medial elbow. This
is seen clinically as elbow injuries during pitch-
ing have been associated with mechanics in
which the elbow is positioned below the shoulder
during the acceleration phase.

Without adequate proximal muscle activation,
the distal extremity (i.e., elbow) will experience
an increased load and significant stress to gener-
ate an equivalent throwing force. Clearly, core
conditioning is a critical factor in creating the
appropriate timing necessary for the efficient
transfer of forces up this chain, as well as in
injury prevention.

Anatomy and Biomechanics
of the Elbow

The medial ulnar collateral ligament (UCL) of
the elbow is a frequent site of serious injury in the
athlete performing overhead throwing motions,
particularly the competitive baseball pitcher. The
stability of the elbow stems from an intricate bal-
ance of osseous, ligamentous, and muscular
forces. Injury to the UCL is rarely found in isola-
tion and, therefore, a keen understanding of the
complex anatomy and the common injuries

encountered along the medial elbow is
paramount.
Osseous Anatomy

The osseous anatomy of the elbow allows for
flexion—extension and  pronation—supination
through the ulnohumeral and radiocapitellar
articulations, respectively. The bony architecture
of the proximal ulna and distal humerus provides
approximately 50% of the overall stability of the
elbow. With the elbow in 0-30° of extension, the
olecranon is the primary stabilizer to varus stress.
The innate resistance to varus stress of the highly
congruous, interlocking ulnohumeral articulation
is further increased by the normal valgus carrying
angle of 11-16° with the arm fully extended. In
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Table 3.1 Elbow ossification centers

Site Age at appearance of epiphysis/apophysis Age at closure of epiphysis/apophysis
Capitellum 18 months 14 years
Radial head 5 years 16 years
Medial epicondyle 5 years 15 years
Trochlea 8 years 14 years
Olecranon 10 years 14 years
Lateral epicondyle 12 years 16 years

contrast, the radiocapitellar joint acts as a sec-
ondary stabilizer to valgus load. The remaining
stability of the elbow is afforded by the radial
collateral ligament complex, the UCL complex,
and the anterior joint capsule.

In the young athletic elbow, it is important to
have a full understanding of the secondary ossifi-
cation centers that form the distal humerus, prox-
imal ulna, and radius. These apophyses of the
elbow appear and fuse at predictable ages and are
listed in Table 3.1. These growth centers do not
contribute to the overall length of the arm, but are
important attachment sites for muscle groups and
stabilizing ligaments.

Vascular Anatomy

The vascular anatomy of the elbow consists of
three arcades: posterior, lateral, and medial. The
posterior arcade is formed from the medial and
lateral arcades as well as the middle collateral
artery. The lateral arcade is formed from the
radial recurrent, interosseus recurrent, and radial
and middle collateral arteries. Lastly, the medial
arcade is formed by the posterior ulnar recurrent
artery and inferior/superior ulnar collateral arter-
ies. Intraosseous circulation to the elbow stems
primarily from perforating branches of the previ-
ously described extra-osseus circulation [14].
Differential blood supply to portions of the UCL
(proximal, midsubstance, or distal) has been
hypothesized for varying success rates of non-
operative treatment for partial thickness UCL
tears [15]. Recently, a cadaveric study by Buckley
et al. showed a reproducibly hypovascular distal
UCL insertion with a well-vascularized proximal
insertion [16]. This same study showed that in the
18 cadaveric specimens roughly 49% of the

length of the UCL experienced vascular penetra-
tion leaving the remaining 51% of the ligament
hypoperfused. Enhanced understanding of the
perfusion of the elbow and more specifically the
UCL could result in more patient-specific treat-
ment algorithms with higher rates of success.

Ligamentous Anatomy: Medial
Elbow

The UCL complex consists of three ligaments:
the anterior oblique (AOL), posterior oblique
(POL), and the transverse ligaments. The origin
of the AOL and POL is from the anteroinferior
surface of the medial epicondyle.

The AOL, consisting of parallel fibers running
from its origin and inserting on the sublime
tubercle of the medial coronoid process, is func-
tionally the most important due to its strength in
resisting valgus stress. The AOL is 4-5 mm wide
and is functionally further subdivided into ante-
rior bands (AB) and posterior bands (PB) that
provide reciprocal functions in resisting a valgus
force through the range of motion. The AB is the
primary restraint to valgus stress up to 90° of
flexion and becomes secondary with further flex-
ion. The PB becomes functionally more impor-
tant between 60° and full flexion of the elbow. As
a corollary, the PB has increased utility in the
overhead athlete, as it is the primary restraint to
valgus force with higher degrees of flexion. When
both bands of the UCL are completely sectioned,
elbow laxity is greatest at 70° of flexion.

The POL is a fan-shaped thickening of the
capsule that originates from the medial epicon-
dyle and inserts onto the medial margin of the
semilunar notch. The POL is 5-8 mm wide at its
midportion, is thinner than the AOL, and forms
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the floor of the cubital tunnel. It plays a second-
ary stabilizing role with the elbow in flexion
beyond 90° and therefore vulnerable to valgus
stress only when the anterior bundle of the AOL
is completely detached.

The transverse ligament, also known as
Cooper’s ligament or the oblique ligament, con-
nects the inferior medial coronoid process with
the olecranon. This ligament does not cross the
elbow joint and is generally believed to confer no
stability against a valgus force.

Musculotendinous Anatomy

Any muscle that crosses the elbow joint does cre-
ate a joint reactive force, thereby stabilizing the
joint through dynamic articular compression.
Morrey et al. have shown the stability conferred
to the elbow by the triceps, biceps, and brachialis
through an elbow model in which the medial
UCL and radial head were resected [17]. In addi-
tion to these three muscles and pertinent to the
overhead thrower, the flexor—pronator muscles
provide further support to valgus stress across the
medial elbow. Originating from the medial epi-
condyle, the flexor—pronator group (from proxi-
mal to distal) includes the pronator teres, flexor
carpi radialis (FCR), palmaris longus, flexor digi-
torum superficialis, and flexor carpi ulnaris
(FCU). The FCU and portions of the flexor digi-
torum superficialis lie directly over the anterior
bundle of the medial UCL and therefore have an
enhanced role in dynamic stabilization. As a cor-
ollary, electromyographic studies have shown
maximal activity for the flexor—pronator muscle
group during the acceleration phase of throwing.

Ulnar Nerve

The ulnar nerve has an intimate anatomic rela-
tionship with the musculotendinous and ligamen-
tous stabilizers along the medial elbow and is
thereby prone to injury during repetitive over-
head throwing activities. As the nerve courses

distally within the brachium, it passes through
the arcade of Struthers, which is located approxi-
mately 8 cm proximal to the medial epicondyle.
Descending through the midportion of the arm,
the nerve then traverses the medial intermuscular
septum emerging from the anterior compartment
into the posterior compartment. About the elbow,
the nerve rests in the cubital tunnel which is bor-
dered anteriorly by the medial epicondyle, poste-
riorly by the medial head of the triceps, and
superficially by Osborne’s ligament. The floor of
the cubital tunnel is formed by the UCL complex.
Sensory fibers within the peripheral nerve are at
increased risk with UCL injury given their more
superficial location in relation to the motor
branches. Exiting the cubital tunnel the nerve
then enters the forearm between the two heads of
the FCU and finally rests on the flexor digitorum
profundus.

Similar to all peripheral nerves, the ulnar
nerve is susceptible to injury due to elongation,
compression, and inflammation. Elongation
occurs during moments of arm abduction, elbow
flexion, and wrist extension. A study evaluating
the pressure within the ulnar nerve during various
elbow and arm positions found a threefold
increase in intraneural pressures with the elbow
flexed at 90° and the wrist extended, which is a
similar position to be seen during the late cocking
and early acceleration phases of throwing [18,
19]. In addition, super physiologic elongation of
the nerve may occur with a valgus stress to the
elbow with an incompetent UCL causing traction
neuritis. Miata et al. demonstrated in a cadaveric
model that maximum ulnar nerve strain at 90° of
elbow flexion nearly doubled with the UCL tran-
sected (6.8% +/— 0.7%) compared to intact
(3.9% +/— 0.9%) [20]. Narrowing of the cubital
tunnel occurs during elbow flexion and is one of
several sources of compression. Gelberman et al.
demonstrated that the diameter of the cubital tun-
nel decreases by nearly half during elbow flexion
[21]. Compression of the nerve can also occur
due to loose bodies, synovitis, thickening of
Osborne’s ligament, chronically inflamed and/or
thickened UCL, or calcification of the UCL.
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Biomechanics of Medial Elbow
Injury

The significant valgus stress from overhead
throwing activities creates tensile stresses that
often predispose the UCL to injury. Kinematic
testing has identified that the resultant valgus
stress applied to the medial elbow during the
acceleration phase is 64 N-m. Moreover, the
static torque on the UCL during pitching has
been estimated to be 32 N-m. This force
approaches the known ultimate tensile strength
of the UCL of 33 N-m seen in cadaveric speci-
mens [22]. This finding provides evidence for
additive dynamic musculotendinous stabilization
by the flexor—pronator group as well as a cause
for attenuation and eventual collateral ligament
failure. In addition, during the acceleration phase,
the torque produced generates approximately
500 N of compressive force at the radiocapitellar
joint and an estimated 300 N of medial shear
force, contributing to valgus extension overload
injuries.

In addition to isolated injuries to the UCL, the
combination of large valgus loads with rapid
elbow extension produces three phenomena: (1)
tensile stress along the other medial compartment
restraints (flexor—pronator mass, medial epicon-
dyle apophysis, and ulnar nerve), (2) shear stress
in the posterior compartment (posteromedial tip
of the olecranon and trochlea/olecranon fossa),
and (3) compression stress in the radiocapitellar
joint. These phenomena have been termed “val-
gus extension overload syndrome” and form the
basic pathophysiologic model behind the most
common elbow injuries in the throwing athlete
[23]. The syndrome is signified by olecranon tip
osteophytes, loose bodies in the posterior or
radiocapitellar compartment, and chondromala-
cia along the posteromedial trochlea. Associated
findings include subtle laxity of the UCL, flexor—
pronator tendonitis, ulnar neuritis, and medial
epicondyle apophysitis in the skeletally imma-
ture. Those physicians who treat such injuries in
overhead throwing athletes must retain a high
degree of suspicion for underlying UCL laxity as
the cause of many of these lesions.
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Monitoring the Throwing Motion:
Current State of Wearables

and Analytics

Vincent A. Lizzio, Eric W. Guo, and Eric C. Makhni

Introduction

Recently, wearable technology has emerged as a
promising alternative to high-speed motion anal-
ysis for the evaluation of an athlete’s throwing
motion. Although this technology is relatively
new, there have been several recent developments
that allow for the routine collection of biome-
chanical data for both academic and competitive
purposes. In this chapter, we review the current
capabilities and limitations of wearable technol-
ogy and examine how this technology might
influence our approach to ulnar collateral liga-
ment (UCL) injury risk assessment and
rehabilitation.

Biomechanical Parameters
of the Throwing Motion

There are several aspects of the throwing motion
that have been described in the orthopedic litera-
ture. These kinetic and kinematic parameters are
the primary targets for analysis and include assess-
ments of the upper body, lower body, and trunk.
Many studies have evaluated the maximum
shoulder external rotation that is achieved during
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the late cocking phase of the throwing motion
[1-4] as well as the shoulder internal rotation
during acceleration and follow-through [4-6].
Another parameter of the shoulder includes the
horizontal abduction/adduction angle of the
throwing shoulder which is defined as the posi-
tion of the elbow when compared to the center of
the torso as assessed in the sagittal plane [7, 8].
This measurement is used to quantify the anterior
position (adduction) or posterior position (adduc-
tion) of the arm at the time of stride foot contact.

Several parameters of elbow motion have
been evaluated as well, including elbow flexion
and extension, angular velocity, and elbow val-
gus torque [9-13]. The throwing elbow is
brought into maximum flexion during the late
cocking phase and achieves maximum exten-
sion during the deceleration phase of throwing,
whereas maximum elbow angular velocity
occurs at ball release.

Maximum medial elbow torque occurs during
the end of the late cocking phase and is a particu-
larly intriguing biomechanical parameter due to
its potential association with elbow injury risk.
Although it is impossible to measure the stress
placed on the UCL during the throwing motion,
the calculated medial elbow torque acts as a sur-
rogate for estimating UCL stress.

The most common forearm measurement is
arm slot, which is used to describe the angle of
the forearm relative to the ground at ball release
and quantifies what is broadly known as over-
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hand, three-quarter, sidearm, or submarine throw-
ing. In addition, arm speed can be measured
using the maximum rotation of the forearm [14].

Several studies have also characterized lower
body and truncal mechanics during the throwing
motion. For example, researchers have investi-
gated the impact of stride length on various bio-
mechanical parameters, particularly for ball
velocity [15-17]. Other studies have character-
ized forward truncal tilt at ball release and maxi-
mum upper torso rotation during the throwing
motion [18-21].

Traditional Methods of Motion
Capture

Traditionally, three-dimensional motion analysis
has been used to quantitatively evaluate an ath-
lete’s throwing motion. This process involves an
extensive setup (most commonly in a controlled
laboratory setting or pitching tunnel) which
includes positioning multiple cameras around the
pitcher. Reflective markers are placed on specific
anatomical locations on the pitcher’s body.
Cameras are used to triangulate the markers’
positions and movements throughout the pitch.
These data are processed to create a three-
dimensional representation of an athlete’s unique
throwing motion, which is then used to calculate
various kinetic and kinematic parameters.

While this method of data collection is reliable
and considered the gold standard for evaluation of
the throwing motion, it has several limitations that
significantly inhibit its routine use for both recre-
ational and professional baseball pitchers. First,
the equipment is expensive and cumbersome. For
this reason, the use of high-speed motion capture
is often limited to academic institutions or profes-
sional organizations and is relatively inaccessible
to the average youth or collegiate athlete.
Furthermore, the elaborate setup necessary for
this analysis means that data collection must
occur in a controlled practice setting and cannot
be performed during active competition. Thus,

any data collected by this method are limited to
simulation studies and cannot evaluate for changes
in the throwing motion that may occur during
competitive gameplay.

Motion Capture Using Wearable
Technology

Recent innovations in wearable technology, par-
ticularly from the commercial sector, have been
developed to overcome challenges associated
with  three-dimensional motion analysis.
Compared to high-speed motion capture, iner-
tial measurement units (IMUs) are significantly
smaller and less expensive, making it now fea-
sible for the average baseball player to quickly
and easily evaluate their own throwing motion.
Furthermore, since these devices do not require
an elaborate setup, they can be used to collect
data during active competition. These innova-
tions have caused both researchers and athletes
alike to consider how wearable technology can
be incorporated into standard pitching
practices.

One such commercially available product is
the motusTHROW sensor (Motus Global,
Rockville Centre, NY). Like many of the sensors
used in wearable technology, this sensor contains
a triaxial accelerometer and gyrometer to mea-
sure various aspects of the throwing motion
throughout a pitch, including arm slot, arm speed,
maximum shoulder external rotation, and medial
elbow torque. The sensor is placed into an elastic
athletic sleeve and positioned just distal to the
medial epicondyle of the humerus (Fig. 4.1). The
measurements obtained by the sensor are trans-
mitted via Bluetooth technology to a mobile
phone application (motusTHROW, v.8.6.3,
Motus Global, Rockville Centre, NY) and can be
evaluated in real-time or retrospectively reviewed
(Fig. 4.2). This sensor has been validated against
gold-standard high-speed motion analysis [14]
and found to be reliable for collecting biome-
chanical data [22-24].
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Fig. 4.1 IMU within athletic compression sleeve and
positioned distal to the medial epicondyle

Evaluation of Fatigue and Workload

There are several other types of wearable tech-
nologies that do not directly measure aspects of
the throwing motion, but instead evaluate other
biometric data to indicate an athlete’s fatigue
and workload. These devices may be used in
conjunction with the aforementioned motion
tracking technologies to associate an athlete’s
physiologic fatigue with changes in their throw-
ing motion. It has been hypothesized that phys-
ical fatigue leads to increased risk of injury due
to loss of control over the dynamic stabilizers
of the elbow [25-27]; therefore, monitoring an
athlete’s fatigue during active competition may
help identify factors leading to increased UCL
injury risk.

One of the most common methods of mea-
suring fatigue is through heart rate monitoring
devices [28-30]. Heart rate strongly correlates
with the level of activity and overall energy
expenditure, and there is evidence that post-
exercise heart rate variability may correlate
with short-term fatigue [31-35]. Furthermore,
it is a noninvasive and relatively low-cost tech-
nique that is easily accessible to the average
athlete. Although psychological factors can
influence heart rate — in fact, there is some evi-
dence that a pitcher’s average heart rate may
even decrease throughout the duration of a
game [28] — there may be value in trending
heart rate to evaluate the influence of fatigue on
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Fig. 4.2 Mobile phone application displaying biome-
chanical data transmitted from IMU

an athlete’s throwing motion,
within each inning.

There are several devices available that
track real-time heart rates in athletes, all of
which use Bluetooth technology to transmit
data in real time. The majority of these devices,
including  WHOOP (Whoop Inc., Boston,
Massachusetts, USA), Zoom HRV (Salutron
Inc., Newark, California, USA), Fitbit (Fitbit,

particularly
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San Francisco, California, USA), and Apple
Watch (Apple, Cupertino, California, USA) are
worn on the wrist, whereas the Polar H7 (Polar
Electro, Lake Success, New York, USA) and
Zephyr Bioharness (Zephyr Technology
Corporation, Annapolis, Maryland, USA) are
worn using a chest strap and SENSE3 (Strive
Tech, Bothell, Washington, USA) is worn with
athletic shorts.

Analysis of Muscle Recruitment

Historically, researchers have used fine-wire
electromyography (EMG) to evaluate an ath-
lete’s dynamic muscle recruitment throughout
the throwing motion. Several studies have used
fine-wire EMG to characterize the recruitment
of specific muscles from the upper body, lower
body, and even the trunk [36-41]. However,
this method of data collection requires the
intramuscular insertion of electrodes to mea-
sure electromyographic activity. The invasive-
ness of this procedure, its potential impact on
an athlete’s natural throwing motion, and the
need to perform this study in a controlled
research setting has severely limited the routine
application of EMG to study the throwing
motion.

Recent advancements in surface EMG has
made the evaluation of muscle coordination more
feasible, bypassing the need for intramuscular
monitoring and instead performing these mea-
surements non-invasively. For example, the sur-
face EMG sensors by Delsys Trigno (Delsys,
Natick, Massachusetts, USA) are positioned over
targeted muscle groups using double-sided adhe-
sive tape (Fig. 4.3). The data are then wirelessly
transmitted to the associated software where the
raw data are processed to reflect the timing and
amount of muscle recruitment for each sensor.
Other similar products include ScanVision
SEMG (MyoVision, Seattle, Washington, USA),
FREEEMG (BTS Bioengineering, Quincy,
Massachusetts, USA), SX230 (Newport, United
Kingdom), and IX-BIOx (iWorx, Dover, New
Hampshire, USA).

Fig. 4.3 Surface EMG sensors used to measure dynamic
muscle recruitment

Wearable Technology in Orthopedic
Literature

There has been a rapid increase in the application
of wearable technology in the orthopedic litera-
ture. Initial studies focused on the development
and validation of these IMUs, whereas subse-
quent studies investigated the impact of pitch
type, fatigue, distance, and effort on the throwing
motion.

Early IMUs were developed in an effort to
more comprehensively count all throwing events
performed by a pitcher during a baseball game.
Murray et al. described the development of a
wearable device consisting of a triaxial acceler-
ometer and gyroscope that could tally warm-up
throws and other fielding events in addition to
actual pitches. They found that their IMU
(Minimax S4, Catapult Innovations, Melbourne,
Australia) was highly sensitive but not specific in
identifying throwing events when tested with 17
youth athletes [42]. Similarly, another IMU by
Rawashdeh et al. was developed and validated for
detecting biomechanical differences between
overhead activities (such as baseball throws and
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volleyball serves) and other common athletic
maneuvers in 11 athletes [43]. This device was
86% accurate in counting the number of throws
and hits performed by these athletes.

With advancements in wearable technology,
there was a transition toward using IMUSs to pre-
cisely measure various aspects of an athlete’s
throwing motion and find correlations among
biomechanical parameters. The first study utiliz-
ing the commercially available motusThrow ana-
lyzed 82,000 throws and found that increased
elbow torque was associated with greater shoul-
der rotation and arm speed [14]. Another study
used this technology and found a strong correla-
tion between high-speed motion capture and the
wearable device, albeit with some differences in
the magnitude of the measurements [44].

The reliability of this device has been evaluated
in high school and collegiate pitchers, demonstrat-
ing consistent elbow torque measurements for
over 96% of all fastballs, curveballs, and change-
ups [23]. Similar results have been found for youth
and adolescent pitchers [45], but with slightly less
precision for professional athletes [22].

Several studies have used this technology in the
controlled laboratory setting to evaluate medial
elbow stress among pitch types. These studies
found that at all levels of competition, it is the fast-
ball — not the curveball — that places the most stress
on the medial elbow [22, 23, 45]. Another study
evaluated the impact of fatigue on the throwing
motion by having high school and collegiate pitch-
ers undergo a simulated game consisting of 90
pitches over six innings [27]. The average medial
elbow stress was found to increase over the course
of the game while arm slot and ball velocity pro-
gressively decreased. Other studies have used
IMUs to determine that medial elbow torque
increases with increasing ball weight [24], and that
elbow torque is not affected by glenohumeral
internal rotation deficit [46].

The ability of these IMUs to calculate medial
elbow stress has made them particularly intrigu-
ing tools for assessment during UCL reconstruc-
tion rehabilitation protocols, where the goal is to
gradually increase the forces placed on the recon-
structed UCL. A study by Dowling et al. used
wearable technology to evaluate the throwing

motion of 95 high school baseball players during
a structured long-toss program that included dis-
tances ranging from 9—46 m [47]. Arm speed and
shoulder external rotation increased at longer
throwing distances whereas arm slot decreased at
longer throwing distances. Interestingly, medial
elbow torque increased up to 37 m but then pla-
teaued at longer distances, suggesting that throw-
ers may be achieving maximum elbow stress at
shorter-than-anticipated distances of these inter-
val throwing programs. A similar study assessed
60 healthy high school and collegiate pitchers
and corroborated these findings, demonstrating
no significant increase in elbow torque at dis-
tances greater than 120 feet [48]. Lastly, a study
which used IMUs to evaluate partial effort pitch-
ing found that pitchers consistently underesti-
mate their throwing effort, exhibiting 76% and
89% of maximum elbow stress at 50% and 75%
of subjective maximum effort, respectively [49].

Recently, a study by Mehta et al. used IMUs to
track the medial elbow torque of 18 varsity base-
ball pitchers for a full season in an effort to cor-
relate elbow stress to injury risk. Over the course
of the season, there were six total injuries, of
which five of them occurred during throws where
medial elbow torque was above the 75th percen-
tile for all occurrences, indicating a link between
particularly stressful throws and injury risk [50].
Although the sample size is limited, this is the
first study to use IMUs to correlate elbow stress
with injury risk for baseball pitchers.

Surface EMG analysis has been used to char-
acterize muscular activation patterns throughout
the throwing motion, particularly for lower
extremity musculature such as hip adductors and
abductors, quadriceps, and hamstrings [51-53].
A study by Erickson et al. demonstrated that
hamstring activity is greater in the driving leg
than the landing leg, which suggests that ham-
string autograft harvested from the landing leg
may be less disruptive to an athlete’s throwing
motion when undergoing UCL reconstruction
[54]. A study by Oliver et al. analyzed 14 youth
pitchers using surface EMG and found no sig-
nificant change in muscle activation throughout
a simulated game consisting of the recommended
pitch limit, regardless of pitch type thrown [41].
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However, another study demonstrated an
increase in muscle activation for fastballs com-
pared to curveballs when pitching from the
stretch position [55].

Current Limitations of Wearable
Technology

There are several limitations of wearable technol-
ogy. Some of these limitations are the result of
technical malfunctions and performance issues,
whereas others are from difficulties with data
interpretation.

Although one of the greatest advantages of
wearable technology is the ability to implement
data collection during the active competition,
there are still barriers to performing these analy-
ses in a reliable manner. Many IMUs have the
ability to transmit data in real-time via Bluetooth
technology; however, the data cannot always be
transmitted to the dugout due to its relatively
short range, making it unreliable for evaluating a
pitcher’s performance during the actual game
itself. It also makes it difficult to determine if the
sensors are malfunctioning or providing incon-
sistent measurements throughout the course of
the game; if this were possible, these issues could
be rectified in real-time to salvage the remaining
data collection.

Retrospective review of the data also has
unique challenges. IMUs indiscriminately regis-
ter sudden movements of the arm as throwing
events. These events could include warm-up
throws, attempts to pick off a baserunner, and
fielding maneuvers in addition to the full-effort
pitches of interest. Thus, it becomes very difficult
to retrospectively differentiate full-effort pitches
from background noise in order to accurately
trend biomechanical parameters throughout the
course of the game.

Since the position of the IMU is vital for accu-
racy, it is important that these sensors are held in
the correct position throughout the duration of
the game. However, IMUs may shift during
gameplay and compromise the reliability of data
collection, especially without a researcher ensur-
ing the accuracy of sensor placement. For exam-

ple, IMUs that are positioned on the arm using
athletic sleeves have a tendency to slide down the
arm over time, skewing the data. While a
researcher would be able to periodically check
sensor placement in a controlled laboratory set-
ting, this is not possible during active
competition.

Aside from the need for more rigorous valida-
tion of IMUs [56], there are also broader con-
cerns that calculations performed by IMUs are
not necessarily representative of their intended
target measurements. For example, IMUs indi-
rectly calculate medial elbow torque using accel-
erometers and gyrometers but do not directly
measure the force placed on the medial elbow
(although it is important to note that this is a limi-
tation for traditional high-speed motion analysis
as well). Furthermore, there is concern that
medial elbow torque may not be representative of
UCL stress. Since it is not currently possible to
directly measure UCL stress — and thus impossi-
ble to truly correlate medial elbow torque against
UCL stress — it is important to keep these limita-
tions in mind when measuring medial elbow
torque using wearable technology.

Probably the greatest limitations of wearable
technology at this time, technical issues aside,
are those associated with the interpretation of the
collected data. Since there are very little data on
the impact of biomechanical parameters on injury
risk, the minimal clinically significant differ-
ences of these measurements are not yet known.
Again, using medial elbow torque as an example,
our understanding of what constitutes high elbow
torque is fairly arbitrary. Since we are still unsure
how to interpret medial elbow torque in a practi-
cal sense, the measurements obtained by these
IMUs are limited to relative comparisons rather
than quantifiable correlations at this time.

Lastly, there is debate about whether these
IMUs would actually help improve the throwing
motion of young athletes. Although biomechani-
cal parameters of the throwing motion are often
described as “modifiable,” many believe that an
athlete’s natural throwing motion is innate. For
this reason, it is unlikely that pitchers would
significantly alter their throwing motion based
on the data collected by these wearable devices.
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It is possible, however, that these athletes could
alter other pitching habits (e.g., pitch counts, rest
days, etc.) if they were identified as higher injury
risk.

Future Outlook

There are many promising applications for wear-
able technology, especially for purposes of UCL
injury prevention and rehabilitation. Further
studies and technological advances in these IMUs
will enable athletes to more routinely collect bio-
mechanical information and make decisions
using those data.

The next steps in utilizing wearable technol-
ogy involve their incorporation into rehabilitation
protocols for UCL reconstruction. Since these
analyses occur in a controlled practice setting, it
would be relatively easy to routinely analyze
medial elbow stress throughout the rehabilitation
process. In addition, athletes could use them-
selves as their own control when evaluating these
measured values, assessing their own relative
changes in elbow torque rather than the absolute
values themselves. Given that recovering athletes
often place greater-than-intended loads on the
elbow during UCL rehabilitation [49] these IMUs
could help guide throwing effort throughout the
rehabilitation protocol.

The routine assessment of biomechanical
parameters during pre-season and tracking inju-
ries throughout the season would help research-
ers identify which biomechanical characteristics
place athletes at greater risk for injury. Whereas
this was previously impractical due to technical
limitations of high-speed motion capture, wear-
able technology has made this type of investiga-
tion much more feasible. Further incorporation of
this technology into active competition would
allow researchers to analyze changes in pitching
biomechanics over the course of a single game,
and even throughout the duration of the competi-
tive season. These data, when correlated with the
timing of pitching-related injuries, would provide
further insight into the impact of pitching
mechanics on injury risk.

Ultimately, the data collected by wearable
technology may even be used for in-game deci-
sion making. The most likely development may
be in moving away from standardized pitch
counts and toward individualized pitch limit
based on an athlete’s unique biomechanical data.
In-game data might also be used to identify
diminishing performance due to fatigue, much
like ball velocity is used in today’s game.
Although not feasible with current IMUs, rapid
innovations in wearable technology are making
these developments increasingly realistic.
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Medial Ulnar Collateral Ligament
Injury Prevention Strategies
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Introduction

Baseball is a popular sport both in the United
States and worldwide and has recently seen its
popularity rise [1]. More than 25 million children
played baseball or softball in 2018 [1].
Unfortunately, throwing-related injuries, includ-
ing injury to the medial ulnar collateral ligament
(UCL), have also increased in both amateur and
professional players, with one study demonstrat-
ing a 50% increase in UCL reconstructions in
high school athletes between 1988 and 2003 [2].
Injury to the ulnar collateral ligament results in a
significant loss of participation time. While these
injuries are not completely avoidable, there are
modifiable risk factors and preventative strategies
to decrease their incidence. This chapter reviews
the risk factors for and preventative strategies to
avoid injury to the medial ulnar collateral liga-
ment at the youth, adolescent, and adult level.
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Youth and Adolescents

Overuse and fatigue remain a leading cause of
elbow injuries among youth and adolescent
baseball players. Pitching volume is the largest
predictor of injury in this age group [3]. Early
sports specialization has created an environment
where young players are playing baseball year-
round, which results in overuse. Overuse leads
to arm pain, which then can lead to a more seri-
ous injury [4]. Alarmingly, when surveyed, 46%
of youth baseball players stated they were
encouraged at least once to keep playing despite
having arm pain [5].

Early sports specialization is defined as the
intensive training or competition in a single sport
by children younger than 12 years old for more
than 8 months per year [6]. This intense focus on
a single sport prevents the athlete from participat-
ing in other sports or free play. Many athletes,
parents, and coaches feel this early specialization
is necessary to obtain a college scholarship or
become a professional athlete. However, there is
no strong evidence that this is true for baseball.
Furthermore, there is evidence that early sports
specialization increases the risk of injury and
burnout.

In addition to overuse and fatigue, increased
velocity, playing for traveling teams, early
maturity, and participating in showcases
increase the risk of ulnar collateral ligament
injury [5, 7-9]. Pitchers that also play catcher
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are at increased risk due to the large amount of
throws made during the season [10]. Months
played per season is another risk factor for
injury. Pitchers that play more than 8 months
per season are at a 5x higher likelihood of sus-
taining a shoulder or elbow injury that requires
surgery than those who play less than 8§ months
per year [8]. Furthermore, the number of pitches
per appearance greater than 80 pitches, fastball
speed greater than 85 miles per hour, and pitch-
ing with arm fatigue were the most significant
risk factors for injury requiring surgery on the
shoulder or elbow [8]. Pitching for more than
one team at a time and pitcher height have also
been shown to be risk factors [11].

For the longest time, the curveball was blamed
for throwing-related injuries leading many
experts to recommend that skeletally immature
players refrain from throwing these pitches.
However, recent data have largely refuted that
claim. Multiple studies have shown that elbow
varus torque is actually lower when throwing a
curveball compared to a fastball [12, 13].
Furthermore, a biomechanical study has shown
no significant difference in the mechanics and
arm slot for a fastball, curveball, or change up
[14]. This further supports the idea that a curve-
ball is no more dangerous than other pitches.

Despite the adoption of pitch counts and
safety guidelines, overuse injuries to the elbow
have continued to occur at an increased rate in
this population. This can be partly attributed
to a lack of awareness of the current recom-
mendations and risk factors (Tables 5.1 and
5.2) [15]. A study of 98 baseball players
between the ages of 4 and 18 showed that 62%
of the participants disagreed with the state-

ment “The more you throw, the more likely
you are to get an injury” [16]. Furthermore,
57% of the respondents stated they would not
seek medical attention if they experienced arm
pain during a game [16]. The public percep-
tion is also flawed regarding risk factors for
elbow injury and the benefits of Tommy John
surgery. A questionnaire study of 189 players,
15 coaches, and 31 parents showed that 31%
of coaches, 28% of players, and 25% of par-
ents did not think the number of pitches was a
risk factor [17]. Even more alarming was that
30% of coaches, 27% of parents, and 51% of
players thought that Medial Ulnar Collateral
Ligament Reconstruction should be performed
prophylactically to improve performance.
Proper mechanics are an important aspect of
injury prevention. Lower humeral internal rota-
tion torque (HIRT), lower elbow valgus load
(EVL), and higher pitching efficiency were seen
in youth and adolescent pitchers that exhibited

Table 5.1 Risk factors for injury

Pitching while fatigued

Throwing too many innings over the course of the
season

Not taking enough time off from baseball each year
Throwing too many innings at a single time
Inadequate rest after throwing

Pitching on consecutive days

Excessive throwing when not pitching

Playing for multiple teams at the same time
Pitching with injuries to other areas of the body
Not following proper strength and conditioning
routines

Not following safe practices at Showcases

Radar gun use

Data from [15]

Table 5.2 Pitch count limits and required rest recommendations

Daily max
pitches (in
Age game) 0 Days rest 1 Day rest 2 Days rest 3 Daysrest 4 Days rest 5 Days rest
7-8 50 1-20 21-35 36-50 N/A N/A N/A
9-10 15 1-20 21-35 36-50 51-65 66+ N/A
11-12 85 1-20 21-35 36-50 51-65 66+ N/A
13-14 95 1-20 21-35 36-50 51-65 66+ N/A
15-16 95 1-30 31-45 46-60 61-75 76+ N/A
17-18 105 1-30 31-45 46-60 61-80 81+ N/A
1922 120 1-30 31-45 46-60 61-80 81-105 106+

Data from [15]
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better pitching mechanics [18]. This study looked
at five basic pitching parameters that included
leading with the hips, hand-on-top position, arm
in the throwing position, closed shoulder posi-
tion, and stride foot toward home plate. Youth
pitchers were found to have lower HIRT and
lower EVL when more parameters were per-
formed correctly. In both adolescent and youth
players, hand-on-top position and closed shoul-
der position were independently associated with
lower HIRT and EVL.

Pitch Smart (www.mlb.com/pitch-smart) is a
collaboration between Major League Baseball,
USA Baseball, and sports medicine experts [15].
The website was designed to serve as a compre-
hensive resource for safe pitching practices. The
goal of Pitch Smart is to provide guidelines and
information players, parents, and coaches can use
to avoid overuse injuries. The website serves as
an excellent source of up-to-date information
from experts in the field. However, studies have
shown that coaches often do not adhere to pitch
counts or recommendations of Pitch Smart.
Knapik et al. [19] surveyed 61 coaches and found
that 56% were noncompliant to age-appropriate
pitch counts, and only 13% were able to identify
risk factors. This shows a disconnect between
preventative recommendations and what is actu-
ally occurring.

While some risk factors, including early
maturity, fastball velocity, and body mass
index, cannot be modified, many can. We rec-
ommend focusing on proper throwing mechan-
ics, adhering to pitch count and rest guidelines,
avoiding pitching competitively more than
8 months a year and avoiding throwing when
fatigued. Young athletes should play multiple
sports and avoid early specialization in base-
ball. Players should only play for one team at a
time and should never throw with arm pain. If a
player develops pain, he or she should be evalu-
ated by a sports medicine physician and not
resume throwing until symptoms have resolved.
Physical therapy focusing on general condition-
ing and core strengthening exercises should be
performed while the injured player is recover-
ing. Furthermore, coaches should avoid the use
of radar guns.

High School and College

High school and college baseball players are at
risk of injury to the ulnar collateral ligament just
as youth and adolescent players. These injuries,
however, are often more severe and more com-
monly require surgery with 13% of reconstruc-
tions being performed on high school students
[1]. Risk factors for these injuries mirror those of
the youth and adolescent population, and most
commonly are due to overuse. Similarly, the rec-
ommendations of pitch count and rest guidelines,
avoiding throwing when fatigued or in pain and
no competitive throwing more than 8§ months a
year apply to these players as well.

There has recently been an increased emphasis
on pitch velocity in high school, college, and pro-
fessional pitchers. This increased emphasis has led
to the development of several velocity enhance-
ment programs that have been marketed to pitchers
at every level. One of the most popular programs
has been the use of underweight and overweight
weighted baseballs. Several studies have shown
these programs are effective at increasing velocity
[20-25]. While these programs have been effec-
tive, there is concern that the program or the
increased velocity from the program could lead to
injury. Recently, a randomized controlled trial
showed that 24% of the pitchers in the weighted
ball training group sustained an elbow injury either
during the weighted ball training or the following
season [25]. There were no players in the control
group that developed an elbow injury. Driveline
Baseball, based in Seattle Washington, has devel-
oped in-gym and remote training programs for
pitchers looking to gain velocity [26]. The com-
pany uses a combination of motion-capture devices,
barbell speed trackers, high-speed video, ball flight
data, and manual tests to create a player-specific
training program geared toward the goals of the
individual player. Pitchers should use caution when
considering these types of programs as more
research is necessary to optimize the program with-
out increasing additional risk of injury.

Dines et al. [27] showed that pathologic gle-
nohumeral internal rotation deficit was seen more
commonly in baseball players with ulnar collat-
eral ligament insufficiency than in asymptomatic
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players. Furthermore, high school and college
baseball players with ulnar collateral ligament
injury were found to have impaired balance com-
pared to an uninjured cohort [28]. These findings
suggest that a stretching and strengthening pro-
gram that focuses on improved range of motion
of the shoulder, elbow and hips, strengthening of
the rotator cuff, scapular stabilizers, core and
lower extremities, and proprioceptive training
should be integrated into the athlete’s regular
routine to potentially decrease injury risk.

Professional

Between 1998 and 2015, the incidence of medial
ulnar collateral ligament injury and MUCL recon-
struction in Major League Baseball players has
increased [29]. Currently, approximately 25% of
Major League Baseball players have undergone
Tommy John surgery [30]. This has resulted in sig-
nificant time lost for the player and monetary loss
for the teams they play for. The cause of the
increased incidence is likely multifactorial but pre-
vious studies have suggested that risks factors for
this group of athletes include pitching mechanics
and release point [31], pitching fatigue, pitch type,
and pitching velocity [32]. Interestingly, in this
population of athletes increased pitching volume
has not been shown to be a direct risk factor [33], as
it is in the youth age group. However, the impor-
tance of prevention is highlighted by Keller et al.
[34] who demonstrated that revision surgery for
professionals was more common in those who
underwent primary surgery at a younger age and
those who had less major league experience.

A recent questionnaire of Major League
Baseball pitchers showed that 45% thought that
injury to the ulnar collateral ligament was avoid-
able [35]. Fifty-five percent of the pitchers sur-
veyed, who had a history of a UCL injury, had a
history of elbow injury as an adolescent or child
compared with 18% in the uninjured group.
Seventy-two percent of these pitchers believed
that fatigue over the season increased the risk of
injury to the UCL. Furthermore, 59% of the MLB
pitchers felt that a six man starting rotation in
Major League Baseball would decrease the inci-
dence of UCL injury.

The mean fastball velocity in Major League
Baseball has gradually increased. Keller et al.
showed that MLB pitchers who pitch a high per-
centage of fastballs had a higher risk of ulnar col-
lateral ligament injury [32]. Pitching greater than
48% fastballs was a risk factor for injury to the
UCL. The risk of injury increased 2% for every
1% increase in fastballs thrown. Furthermore,
Chalmers et al. showed that peak velocity was an
independent risk factor for ulnar collateral liga-
ment reconstruction in MLB pitchers [36]. While
increased velocity has been shown to be a risk
factor, a higher velocity imparts an advantage for
the pitcher. Consequently, it is unlikely that pitch-
ers will throw at slower speeds to avoid injury.

In conclusion, UCL injury prevention, even in
the professional pitcher, starts in youth baseball.
Young pitchers should not pitch more than 100
innings in a single season, adhere to USA
Baseball Medical/Safety Advisory Committee
recommendations on pitch limits, and rest and
avoid playing for more than one team at a time.
Furthermore, pitchers should avoid throwing for
more than 8 months in a year and avoid early
baseball specialization. Players at every level of
play should be discouraged from throwing with
elbow pain or pitching while fatigued.
Furthermore, medical professionals need to
address the common misperceptions and better
educate players, coaches, and parents on risk fac-
tors and current safety recommendations.
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Valgus Extension Overload

David C. Gerhardt, Alexander M. Brown,

and E. Lyle Cain

Introduction

The mechanics of baseball pitching and other
high-velocity throwing sports explain the con-
stellation of elbow injuries that occur in the over-
head athlete. Valgus extension overload (VEO)
syndrome is a result of repetitive high valgus
moments coupled with elbow extension that lead
to pathologic shear forces within the posterome-
dial olecranon and trochlea.

Repetitive near-tensile failure loads experi-
enced by the anterior bundle of the ulnar collat-
eral ligament (UCL) may eventually lead to
ligament attenuation or failure. Valgus overload
is then accentuated, and subtle valgus laxity may
lead to stretch of the other medial structures,
resulting in ulnar neuritis, flexor-pronator mass
tendinopathy, or medial epicondyle apophysitis
in the skeletally immature patient. Overload on
the lateral side of the elbow may lead to abnormal
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compressive forces across the radiocapitellar
articulation, resulting in chondromalacia, osteo-
phyte formation, or osteochondral defects in
younger athletes. Finally, when a valgus moment
is coupled with near terminal extension, posterior
shear forces may produce osteophytes at the pos-
teromedial tip of the olecranon, with a corre-
sponding “kissing lesion” in the olecranon fossa
and posteromedial trochlea (Fig. 6.1). This is the
defining lesion of VEO [1, 2].

The complex interplay between medial tensile
forces, lateral compressive forces, and elbow
extension are controlled by both static and
dynamic stabilizers that confer varying levels of
stability depending on the degree of elbow flex-
ion. Underlying valgus laxity, resulting from
injury to the UCL, must be excluded as the etiol-
ogy of many of the elbow disorders in the throw-
ing athlete, even when the presenting symptom
initially appears to be unrelated [1, 2].

A recent, large epidemiologic study of elbow
injuries in Major and Minor League Baseball
players using injury surveillance data over a
4-year time span indicated posteromedial
impingement (VEO) was the most common bone
injury diagnosed during the season (67% of all
bone injuries) [3]. Medial elbow injuries com-
prised 42.1% of all elbow injuries during the
study period, with 40% of all injured players
being pitchers [3]. However, posteriormedial
impingement accounted for only 2.9% of all
elbow injuries sustained during the season [3].
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Fig.6.1 When a valgus moment is coupled with near ter-
minal extension, posterior shear forces produce osteo-
phytes at the posteromedial tip of the olecranon, with a
corresponding “kissing lesion” in the olecranon fossa and
posteromedial trochlea. (Adapted from [66])

Anatomy and Biomechanics

The bony anatomy of the elbow consists of a
modified hinge joint in which the distal humerus,
radial head, and proximal ulna/olecranon articu-
late. Elbow stability is provided by both static
and dynamic restraints. Static elbow stability
results from the congruent bony articulation and
ligament attachments, while dynamic stability is
provided by the various muscle-tendon com-
plexes that attach to or cross the joint. Cadaveric
and biomechanical studies have helped define the
relative importance of each of the individual
elbow stabilizers [4-9]. A recent biomechanical

study of the dynamic and static stabilizers of the
medial elbow provided quantitative measure-
ments of insertion sites relative to bony land-
marks of both the anterior bundle of the ulnar
collateral ligament and the muscle insertions of
the common flexor muscles, adding precision to
our understanding of the anatomy of the medial
elbow [10].

The mechanics of high-velocity throwing can
help explain elbow injuries specific to the over-
head athlete [2, 11-13]. Valgus forces across the
medial elbow have been estimated to reach
64 N m during the late cocking and early accelera-
tion phases of throwing, and compressive forces
of 500 N have been documented at the lateral
radiocapitellar joint [2, 14]. Angular velocity has
been estimated to reach 6000°/s for shoulder
internal rotation and 3000-5000°/s for elbow
extension during the acceleration phase of throw-
ing [14, 15]. After early and late cocking phases,
the acceleration phase initiates and the trunk
rotates, the shoulder internally rotates, and the
elbow extends to approximately 25° at the time of
ball release. The acceleration to ball release
occurs over approximately 50 ms. As the elbow
extends toward ball release, forces produce a val-
gus and extension moment, which result in tensile
forces across the medial side of the elbow, com-
pressive forces across the lateral side of the joint,
and shear forces in the posterior compartment [1,
2, 11, 15, 16]. Because the ulnohumeral joint has
a greater role in stability with elbow flexion angles
less than 25°, any relative valgus or microinstabil-
ity during throwing as the elbow moves toward
full extension at ball release, forces the postero-
medial olecranon tip, olecranon fossa, and pos-
teromedial trochlea to be exposed to higher shear
forces. This phenomenon has been termed VEO
syndrome and forms the basic pathophysiologic
model behind the most common elbow injuries in
the throwing athlete [1, 2, 16].

History and Physical Examination

A detailed history and physical examination is a
crucial part of the evaluation of the overhead ath-
lete. High-level overhead throwing athletes are
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often acutely aware of the phases of throwing as
they impact technique and training. This depth of
knowledge coupled with a detailed history of the
throwing athlete can help distinguish pathologies
within the elbow. In addition to the history, the
superficial nature of many structures about the
elbow allows the examiner to gather important
information from the physical examination.
When combining information from the history
and the physical examination, it is important to
rule out valgus instability due to UCL injury or
attenuation as the primary underlying cause of
associated pathologic conditions in any thrower
presenting with elbow pain.

The duration and preceding timeline of the
elbow pain is helpful in distinguishing VEO from
other pathologies. For pitchers, any changes in
accuracy, velocity, stamina, and strength are key
indicators of pathology. The timing of the onset
of symptoms, as well as the phase of throwing,
during which pain is experienced is important
[14, 17]. In athletes with medial elbow instability,
nearly 85% will experience pain during the accel-
eration phase of throwing, whereas less than 25%
will experience pain during the deceleration
phase [18]. With VEO, the timing of the pain is
more commonly at or just after ball release and
during the deceleration phase of throwing as the
elbow reaches terminal levels of extension [2,
19-21]. In the context of valgus laxity, mechani-
cal overload of the posteromedial elbow can
occur at 90° of flexion during throwing, suggest-
ing that the process of valgus extension overload-
ing begins higher in the flexion arc of the throwing
elbow than historically suggested [22].
Approximately 60% of patients with UCL injury
present after an acute episode, although many
report prior medial elbow pain or treatment for
flexor-pronator tendonitis or ulnar neuritis [23,
24]. VEO often presents with a slow, insidious
onset of pain. Olecranon stress fractures, ulnar
neuritis, flexor-pronator tendonitis, and radiocap-
itellar compression may have a similar pace of
presentation and should be considered in the dif-
ferential diagnosis. Location of the pain is help-
ful in further delineating the cause of the
symptoms. In cases of VEO, patients typically
describe pain at the posteromedial aspect of the

olecranon consistent with the shearing lesion,
which occurs in that location.

The physical examination of the elbow begins
with inspection to evaluate the resting position of
the arm. The carrying angle is the angle formed
by the axis of the humerus and the axis of the
forearm. A normal carrying angle is 11° of valgus
in men and 13° of valgus in women [25]. In
throwing athletes, carrying angles of greater than
15° can be seen due to adaptive changes from
repetitive stress [26]. Further inspection of the
elbow is performed systematically to evaluate
bony landmarks, including the olecranon tip and
the medial and lateral epicondyles, with special
consideration given to the posteromedial olecra-
non tip.

Range of motion (ROM) should be assessed
both actively and passively, as loss of motion is a
common finding in VEO. Normal motion in the
sagittal plane includes flexion from 0° to 140°
and forearm rotation of 80-90° in both supina-
tion and pronation [27-31]. During ROM testing,
crepitus, pain, or other mechanical symptoms
may represent chondral irregularities, osteophyte
formation, or loose bodies. The end-feel to ROM
testing in extension can be an important indicator
of pathology in the thrower’s elbow. The end-
point in extension testing should be a firm sensa-
tion of bone engaging bone as the olecranon tip
contacts the distal humerus in the olecranon
fossa. Not all loss of motion in the thrower’s
elbow can be attributable to VEO, because ante-
rior capsular and soft tissue contractures may
play a role as well. Flexion contractures have
been seen in up to 50% of professional throwers
and are not always indicative of posterior olecra-
non pathology [26].

Palpation of the posteromedial tip of the olec-
ranon process can help localize the pain caused
by VEO. In addition to palpation, the examiner
can apply a valgus stress to the flexed elbow as it
is brought into extension, causing the medial
aspect of the olecranon tip to impinge on the
medial wall of the olecranon fossa. When this
exam maneuver reproduces the patient’s pain, it
is considered the hallmark of VEO.

The “valgus extension overload test” is per-
formed with the patient in a seated position and the
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Fig. 6.2 The valgus extension overload test. The exam-
iner repeatedly forces the slightly flexed elbow rapidly
into full extension while applying a valgus stress. This
maneuver reproduces pain due to impingement of the pos-
teromedial tip of the olecranon on the medial wall of the
olecranon fossa

shoulder in slight forward flexion. The examiner
repeatedly forces the slightly flexed elbow rapidly
into full extension while applying a valgus stress
[16] (Fig. 6.2). This maneuver reproduces pain
due to impingement of the posteromedial tip of the
olecranon on the medial wall of the olecranon
fossa. A positive finding often indicates the pres-
ence of a posteromedial olecranon osteophyte,
which may occasionally be palpable at the time of
physical examination [1, 2, 15, 17, 20, 21, 32].

Not all proximal olecranon pain is synony-
mous with VEO. Pain noted with palpation of the
lateral border of the olecranon tip, rather than the
medial border, should raise suspicion for an olec-
ranon stress fracture. Additionally, while palpat-
ing the ulnar nerve proximal to the cubital tunnel,
the examiner should palpate the distal medial
aspect of the triceps tendon, as anomalous bands
of the distal triceps insertion have been described
as a cause of pain, ulnar nerve impingement, and
“snapping” as they move across the medial epi-
condyle [33].

The diagnosis of VEO with posteromedial
impingement is made only when the patient his-
tory, physical examination, and imaging studies
suggest the presence of posteromedial olecranon
pain with an intact, functional UCL. Underlying
instability of the UCL must be excluded as the
root cause of posteromedial overload .

Imaging Studies

Imaging of the elbow plays an integral role in
developing an accurate diagnosis in the throwing
athlete. Specialized radiographic views, computed
tomography (CT), and magnetic resonance imag-
ing (MRI) all provide pertinent information.

Standard radiographs of the elbow, including
anteroposterior (AP), lateral, oblique, and axial
views are often the initial imaging study. The
oblique axial radiograph with the elbow in 110°
of flexion helps demonstrate posteromedial olec-
ranon osteophytes [16]. Comparison to the nor-
mal elbow may be performed if needed.
Radiographs are helpful in evaluating for olecra-
non osteophytes but may show additional pathol-
ogy such as calcification within the UCL (an
indirect sign of prior injury), osteochondritis dis-
secans of the capitellum, or intra-articular bodies.
Valgus AP stress views can be obtained if injury
to the UCL is suspected; this is performed with a
valgus stress radiography machine (Telos,
Weiterstadt, Germany). AP views with 0, 5, 10,
and 15 dN of valgus stress applied to each elbow
at 25° of flexion is recommended [2]. An increase
in medial joint space widening with increasing
stress, compared with the uninjured side, is sug-
gestive of medial ligamentous injury [34].
However, standard normal values are not well
established, especially since uninjured baseball
pitchers have been found to have increased laxity
in the throwing elbow compared with the non-
dominant arm [24, 35].

CT is not routinely performed but may be
helpful to evaluate the olecranon osteophyte size,
osteophyte fragmentation, intra-articular bodies,
overall elbow morphology, and olecranon stress
fracture [36]. CT with intra-articular contrast
may also be helpful to assist in the evaluation of
the UCL [35, 37], especially in patients who are
unable to undergo MRI. It is important to note
that normal radiographic imaging studies do not
rule out the presence of an olecranon osteophyte.
Imaging of the olecranon tip and trochlea is dif-
ficult and the diagnosis of olecranon impinge-
ment is made primarily by history and physical
examination, but may be confirmed with radio-
graphs and/or CT imaging modalities.
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MRI with intra-articular gadolinium contrast
is the preferred imaging modality for evaluation
of the UCL and may be helpful to determine the
presence of olecranon osteophytes and the
sequelae of VEO. MR arthrography is much
more sensitive than MRI without intra-articular
contrast for the detection of partial tears of the
UCL [37]. MRI also identifies a reproducible pat-
tern of pathology in throwing athletes. Marrow
edema and/or chondral abnormalities within the
posterior trochlea and anteromedial olecranon,
synovitis in the posteromedial recess, and mar-
ginal osteophytes at the trochlea and olecranon
suggest posteromedial elbow impingement [38].
MRI is also superior for identification of intra-
articular bodies (both chondral and ossific),
osteochondritis dessicans of the capitellum,
synovial plicae, and radiographically occult
stress fractures of the olecranon tip, olecranon
process, posteromedial trochlea, and sublime
tubercle [14, 38].

Treatment

Treatment initially consists of active rest and
rehabilitation. Throwing is avoided, and the ath-
lete is treated with rehabilitation exercises for the
elbow and shoulder. Return to gradual interval
throwing is allowed as symptoms resolve. In the
athlete who fails to obtain symptom relief after
an extended rehabilitation program, elbow
arthroscopy may be considered.

Nonoperative management can be successful
and has been documented in the cases of olecra-
non osteophyte formation in 17 world-class jav-
elin throwers, all of whom eventually returned to
competition. However, these patients were identi-
fied retrospectively, and, thus, the number of ath-
letes with olecranon osteophytes who were
unable to return to play is unknown [39]. Several
authors have reported on the use of orthobiolog-
ics in the treatment of UCL insufficiency in
throwers, but to date no large-scale studies have
looked at this treatment option for posteromedial
olecranon impingement. While the field of ortho-
biologics is promising, particularly for partial
UCL tears in position players, an osteophyte

pathology such as VEO that is recalcitrant to non-
operative treatment will likely be best treated
with surgery [40—42]. Nonoperative management
including rest, nonsteroidal antiinflammatories,
local modalities, and strengthening exercises for
the rotator cuff and flexor-pronator mass with a
focus on throwing technique may allow the
thrower to become asymptomatic, but will not be
curative in regards to the structural pathology
such as the posteromedial olecranon osteophytes
and chondral lesions.

Elbow arthroscopy is indicated for the treat-
ment of posteromedial olecranon impingement in
the thrower secondary to VEO syndrome after
failure of adequate conservative treatment. Elbow
arthroscopy also allows for the treatment of con-
comitant pathology including loose body
removal, osteochondral lesions (i.e., capitellum),
excision of anterior osteophytes, chondromalacia
of the radial head, partial synovectomy, lysis of
adhesions, and evaluation of valgus instability
secondary to UCL insufficiency [1, 16, 19, 21,
24, 32, 43-45].

Surgical Technique

Elbow arthroscopy has been described in lateral
decubitus, prone, or supine positions [43, 46-53].
Our experience is predominantly with the patient
in the supine position due to the simplicity of
positioning and reproducibility with OR staff
[53]. The patient is supine with the arm in 90° of
abduction and the elbow in 90° of flexion sus-
pended by an overhead arthroscopic traction
device (Fig. 6.3). Elbow flexion and extension is
controlled by adding or subtracting weight on a
pulley system. The tourniquet is routinely set at
250 mm Hg, and a pressure-sensitive arthroscopic
pump is helpful in preventing overdistension of
the elbow and fluid extravasation into the soft tis-
sues. Both a standard 4.0-mm arthroscope and
2.7-mm small joint arthroscope are routinely
utilized. A 70° arthroscope is also useful for eval-
uation of the space along the medial and lateral
gutters of the elbow capsule.

A detailed knowledge of elbow anatomy is
imperative for proper portal placement and to
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Fig. 6.3 Elbow arthroscopic positioning. The patient is
supine with the arm in 90° of abduction and the elbow in
90° of flexion suspended by an overhead arthroscopic
traction device

Fig.6.4 Bony landmarks and portal locations are marked

minimize the risk of neurovascular complica-
tions. Prior to injection and incision, all bony
landmarks and portal locations are marked
(Fig. 6.4). The elbow joint is then distended using
a saline injection into the lateral soft spot [54,
55]. The anterolateral portal is established by
placement of an 18-gauge spinal needle into the
anterior capsule to confirm intra-articular place-
ment, followed by careful skin incision. A hemo-
stat is used for blunt dissection to the anterolateral
joint capsule before penetration of the capsule
with a 4.0-mm blunt trocar and sheath.

The anterior compartment diagnostic arthros-
copy is then begun. An anteromedial portal may
be established using an 18-gauge spinal needle
for portal localization. The anteromedial portal is
useful as a working portal to address loose bod-

>
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Fig. 6.5 The accessory straight posterior portal through
the triceps tendon. Care is taken to avoid the ulnar nerve

ies, injury to the coronoid process, capitellum or
radial head, or osteophyte formation within the
coronoid fossa. All compartments must be thor-
oughly visualized in order to avoid missing criti-
cal pathology. During the evaluation of the
anterior compartment, concurrent evaluation of
UCL stability can be performed by placing a val-
gus stress on the elbow at 70° of flexion. Opening
of greater than 1-2 mm suggests UCL insuffi-
ciency [56].

A lateral soft spot portal is then established for
the 2.7-mm arthroscope. A second lateral portal
may be placed approximately 1 cm distal to the
direct lateral portal for instrumentation of the lat-
eral compartment. The posterior compartment is
then viewed by transitioning the 2.7-mm arthro-
scope from the lateral portal to the posterior com-
partment. The elbow is extended to 30° of flexion
by adding traction weight to increase the poste-
rior working space. A posterolateral portal is
established, and the 4.0 mm arthroscope is then
introduced into the posterior compartment. An
accessory straight posterior portal can then be
established through the triceps tendon with care
taken to avoid the ulnar nerve (Fig. 6.5). The pos-
terior portals are kept as far apart as possible to
allow triangulation in the posterior compartment.
Viewing from the posterolateral portal, a shaver
is introduced through the straight posterior portal
to clear synovitis and soft tissue from the olecra-
non tip and olecranon fossa so that the entire
bony margin of the olecranon tip can be visual-
ized (Fig. 6.6).

ALGrawany
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Fig. 6.6 Soft tissue and synovitis is debrided from the
olecranon tip and olecranon fossa so that the entire bony
margin of the olecranon tip can be visualized

Arthroscopic evaluation of the posterior com-
partment in throwers with VEO is of paramount
importance as subtle olecranon osteophytes may
not be visualized well on X-ray, but the margin of
cartilage and bony hypertrophy is easily seen
after adequate soft tissue debridement of the
olecranon tip. The chondral injury on the pos-
teromedial trochlea can also be easily identified
and addressed. Loose cartilage margins and olec-
ranon osteophytes are then excised with a sharp
osteotome and 5.5-mm acromionizer burr. A
small sharp osteotome is used to complete the
osteophyte removal along the articular margin
(Figs. 6.7 and 6.8). The small bone fragments are
then removed with a grasper, typically through
the straight posterior portal. Noticewala et al.
suggest leaving some fibrous attachment to the
osteophyte, debriding part of the fragment to
decrease its size, and then detaching the fragment
to facilitate its removal through a portal incision.
They recommend removing the fragment via the
posterior lateral portal due to fewer layers of sur-
rounding tissue at this site [52]. The exact amount
of olecranon osteophyte that can safely be excised
is unknown. Typically ~3 mm of bone is resected
[57-59]. This allows visualization into the articu-

Fig. 6.8 Olecranon tip postresection of osteophytes

lar space of the ulnohumeral joint and allows full
elbow extension without impingement. A lateral
radiograph is obtained intraoperatively to assess
for adequate bone removal and to assure that no
bone debris remains in the soft tissues around the
elbow (Fig. 6.9). A compressive dressing is
applied, and the arm is iced and elevated postop-
eratively [1, 2, 19, 21, 32, 44, 45, 55].
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Fig. 6.9 Lateral radiograph obtained intraoperatively
demonstrates adequate bone removal

Postoperative Management

The postoperative rehabilitation for elbow
arthroscopy and osteophyte excision is focused
on early ROM [60, 61]. The primary initial goal
is to return to full motion; however, full elbow
extension is often more difficult to obtain than
with routine diagnostic elbow arthroscopy
because of posterior osseous pain and synovitis.
Gentle ROM is initiated on the day of surgery
with the elbow in a soft dressing. The first
7-10 days are spent concentrating on active and
active-assisted elbow ROM and wrist strengthen-
ing exercises. By 10 days after surgery, ROM is
typically 15-100° flexion or better, and 5-10° to
115° flexion by 2 weeks postoperative. In most
cases, full ROM (0-145°) returns by 3—4 weeks
after surgery. The risk of an elbow flexion con-
tracture may be minimized by early aggressive
rehabilitation [60, 61].

Strengthening of the dynamic stabilizers of
the arm is an important part of the rehabilitation
process; these include forearm and wrist flexors
such as biceps brachii, brachioradialis, and bra-
chialis. These dynamic stabilizers play an inte-
gral part in controlling the valgus and rapid
extension forces across the elbow during the
throwing motion. Isometric strengthening is initi-
ated during the first 10-14 days, followed by iso-
tonic  strengthening during weeks 3-6.
Strengthening of the shoulder is started by week
6, with plyometrics and endurance exercises
focused on the thrower’s needs. In most cases, an
interval-throwing program may begin at

10-12 weeks after surgery, with a return to com-
petition after symptom-free completion of the
throwing program [60—63].

Results

Multiple authors have retrospectively analyzed
the results of arthroscopic posteromedial osteo-
phyte excision in throwers, but no prospective,
randomized data are currently available. Andrews
and Timmerman reported the results of elbow
surgery in 64 professional baseball players over a
5-year period [23], the most common procedure
being arthroscopic debridement of posteromedial
olecranon osteophytes (58%). Loose bodies were
found in 27% of patients, and the authors noted
poor sensitivity of both plain radiographs (27%)
and CT arthrography (59%) for the preoperative
diagnosis of loose bodies. Seventy-three percent
of players were able to return to the same or
higher level of play; however, 19 (32%) required
subsequent surgical procedures, including 41%
of patients initially treated with arthroscopic
excision of an olecranon osteophyte [23]. The
authors reported that in the high demand over-
head athlete, these surgical procedures are often
palliative treatments but may result in temporary
relief of symptoms and successful return to play.

Reddy and colleagues [64] reported a large
series performed at the Kerlan-Jobe clinic, in
which the results of 187 arthroscopies were
reviewed. The most common diagnoses were pos-
terior impingement (51%), loose bodies (31%),
and degenerative joint disease (22%) [64]. Ninety-
two percent of 104 patients contacted had results
rated as good or excellent at an average follow-up
of 42 months, with the biggest improvement seen
in pain scores when osteophytes were excised.
Forty-seven of 55 baseball players (85%) were
able to return to the same level of competition.
The complication rate was 1.6% [64].

Park et al. reported on a small series (n = 13)
of adolescent baseball players (mean age
15.4 year) with arthroscopically treated VEO
syndrome and follow up of an average of
3.3 years. Patients reported a mean decrease in
VAS score of 4.1-1.1, and the overall return to
play rate was 85% (11 of 13). Four of the patients
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went on to have UCL reconstructions. The study
suggests that adolescents who require surgical
treatment of VEO have acceptable outcomes in
the short term [65].

Summary

Posterior elbow pain is a common problem in the
throwing athlete due to adaptive bony and soft
tissue changes in response to VEO syndrome.
The injury accounts for 2.9% of all injuries to
players at the professional level. A thorough
patient history and physical examination with
appropriate diagnostic imaging are required to
correctly identify the etiology of the elbow pain.
It is important to recognize that VEO may occur
in combination with other injuries in the elbow
and specifically, an injury to the UCL with resul-
tant micro or macro instability must be ruled out
as the underlying cause. Osteophytes on the pos-
teromedial olecranon that do not respond to rest
and rehabilitation may require surgical excision,
a procedure that may be performed arthroscopi-
cally with a low complication rate. The amount
of olecranon tip that can safely be resected with-
out placing additional stress on the UCL is
thought to be less than 3 mm. Removing the least
amount of olecranon tip while still adequately
addressing the impingement lesions may offer
the lowest risk of overloading the ulnar collateral
ligament. With proper attention to anatomical
landmarks for portal placement and meticulous
surgical technique, arthroscopic evaluation and
treatment of posterior elbow pain can be safely
accomplished in the throwing athlete with mini-
mal risk. Return to previous level of competition
can be expected in a high percentage of cases;
however, the incidence of additional future surgi-
cal procedures is as high as 30-40%.
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Ulnohumeral Chondral
and Ligamentous Overload

Rachel Faber, Christopher Garrett,
Sheref E. Hassan, and Daryl C. Osbahr

Introduction

The concept of ulnohumeral chondral and liga-
mentous overload (UCLO) describes a complex
pathological process associated with posterome-
dial impingement in the elbow that can occur in
association with valgus instability secondary to
ulnar collateral ligament (UCL) insufficiency
throughout the entire throwing motion arc [1].
UCLO can subsequently lead to significant
pathologic changes in the elbow. These patho-
logical changes will typically manifest as pos-
teromedial chondromalacia and osteophyte
formation, which can result in persistent disabil-
ity and inability to play in throwing athletes.

The elbow is subjected to tremendous valgus
force during overhead activities. During the
acceleration phase of the throwing motion, the
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valgus and extension forces placed on the elbow
are resisted by the UCL and dynamic flexor-
pronator musculature [2, 3]. If deceleration of the
throwing motion is also not resisted by the UCL
or flexor-pronator muscles at these low elbow
flexion angles, repetitive valgus forces occur and
result in posteromedial elbow impingement and a
resultant spectrum of injuries [4, 5].

Functional Anatomy

The elbow is a hinged or ginglymus joint. It
includes three articulations inside the same cap-
sule—the ulnohumeral, radiohumeral (or radio-
capitellar), and proximal radioulnar joints. The
ulnohumeral joint provides the primary bony
support. The greater sigmoid notch is linked to
the distal humeral trochlea in a precise V-shaped
articulation. This results in a highly constrained
bony articulation stabilized anteriorly in flexion
when the coronoid process on the ulna enters the
humeral coronoid fossa and posteriorly in exten-
sion when the olecranon enters the humeral olec-
ranon fossa. In full extension and at 90° of
flexion, bony articulation provides approximately
one-third of the total resistance to valgus stress.
Through compressive lateral-based forces, the
radiocapitellar joint also contributes to valgus
stability to a lesser degree [6].

Elbow stability, therefore, relies on a complex
interplay between both static and dynamic stabi-
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lizers. The medial aspect of the elbow is reinforced
by the UCL. The UCL is comprised of three fas-
cicles. The anterior fascicle extends from the
anteromedial aspect of the medial epicondyle to
the coronoid process. The middle fascicle begins
at the inferior aspect of the medial epicondyle and
attaches to the medial aspect of the coronoid pro-
cess and the medial ulna. Combined, these two
fascicles comprise the anterior oblique bundle of
the UCL as they coalesce into a fan-shaped single
band. Posteriorly, the posterior band of the UCL
is another fan-shaped fascicle that originates on
the posteroinferior medial epicondyle and attaches
on the medial aspect of the ulna. This bundle
becomes taut as the elbow is flexed. The trans-
verse band or Cooper’s ligament completes the
UCL as it extends from the base of the olecranon
to the base of the coronoid process. Previous stud-
ies have demonstrated that the anterior bundle of
the UCL remains under tension and serves as the
primary static stabilizer against valgus stress in
the elbow between 20 and 120° [6-10].

The muscles contributing to the dynamic sta-
bility of the elbow against valgus stress are the
flexor-pronator mass. These muscles share an ori-
gin from the medial epicondyle and include the
flexor carpi ulnaris, flexor digitorum superficia-
lis, flexor carpi radialis, and pronator teres.
Although the flexor-pronator mass as a whole is
thought to be important to secondary stability to
valgus stress of the elbow, biomechanical testing
has shown the flexor carpi ulnaris to be the pri-
mary dynamic stabilizer to valgus stress [11].

Pathophysiology and Biomechanics

Posteromedial elbow impingement in the setting
of UCL insufficiency has been classically
described during low elbow flexion angles during
the deceleration phase and was therefore termed
valgus extension overload [5]. However, early
reports in the literature have indirectly supported
the concept of increased forces and posterome-
dial impingement throughout the entire throwing
motion arc [5, 12-15]. More recent biomechani-
cal analysis has confirmed the presence of

increased contact forces in the posteromedial
elbow in the UCL deficient elbow at 90° of flex-
ion (late cocking/early acceleration phase), which
suggests that UCL insufficiency may have an
effect throughout the throwing arc [1]. The con-
cept of UCLO describes this continuum of abnor-
mal contact forces and resultant posteromedial
ulnohumeral impingement throughout the entire
arc of the throwing motion.

Biomechanical analysis has demonstrated
that sectioning of the anterior bundle of the
UCL causes a medial shift of the olecranon on
the distal humeral trochlea. This shift was
found to result in a significant increase in con-
tact pressure and decrease in contact area con-
centrated in the posteromedial elbow. During
the throwing, motion dynamic forces are gener-
ated as the elbow moves from flexion to exten-
sion under extreme speed, and torque may
further increase this tremendous load in the
posteromedial elbow [1].

Subtle shifts and changes in contact forces
between the tip of the olecranon and distal
humeral trochlea associated with UCL insuffi-
ciency may lead to pathologic changes in the
posteromedial elbow, such as chondromalacia
and osteophyte formation (Fig. 7.1; [1]). This
“windshield wiper” effect as the olecranon tip
translates medially on the humerus throughout
the entire throwing motion may account for
chondromalacia and osteophytosis observed in
throwers with UCL insufficiency. These devia-
tions in the biomechanics of the elbow result in
UCLO and are in turn believed to occur as a
direct result of valgus instability secondary to
UCL insufficiency.

Although injury to the anterior bundle of the
UCL has been implicated as the driving force for
clinically apparent UCL insufficiency, there have
been biomechanical studies suggesting isolated
injury to the posterior bundle may also contribute
to this “windshield wiper” effect. In a cadaveric
study evaluating gapping between the medial epi-
condyle and proximal sigmoid notch before and
after isolated posterior UCL transection, there
was an average increase of at least 1.4 mm at all
flexion angles tested [16].
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Fig. 7.1 Pathologic changes associated with UCLO
include ulnar collateral ligament (UCL) insufficiency
under valgus stress, ulnohumeral chondromalacia, and
posteromedial olecranon osteophytes. (© 2013 Daryl
C. Osbabhr, all rights reserved)

Diagnosis
Clinical History

Injury from UCL insufficiency may occur as a
result of an acute tear, a chronic tear causing
abnormal biomechanics, or an acute on chronic
tear in the setting of chronic UCL attenuation and
suboptimal ligament infrastructure. Patients with
acute tears may complain of acute onset of medial
elbow pain, swelling, and instability with resul-
tant decreased ability to throw at the preinjury
level [5, 17, 18]. UCLO is more likely to occur
with chronic symptomatology because postero-
medial impingement and resultant chondromala-
cia and osteophyte formation may occur with
progressive attenuation and failure of the UCL. It
is possible that UCLO occurs subclinically and
can present as an acute on chronic presentation
where the patient may complain of acute onset of

pain and instability in the setting of chronic
changes such as posteromedial osteophytes and
chondromalacia.

Physical Examination

In evaluating for UCL injury, a standard physical
examination of the elbow is done noting range of
motion, strength, neurovascular status, and spe-
cial tests. Pain may be present at or near the UCL
origin at the medial epicondyle or at the insertion
at the sublime tubercle. Provocative tests that
have been found to be useful in identifying UCL
insufficiency include the milking maneuver, val-
gus stress test, the moving valgus stress test, and
trochlear shear test; however, the clinician must
consider that the athlete may not experience
symptoms in the absence of throwing.

The valgus stress test involves placing the
elbow at 20-30° to unlock the olecranon, exter-
nally rotating the humerus, and applying a val-
gus stress. Pain and/or laxity are considered a
positive finding. The milking maneuver is per-
formed by pulling on the patient’s thumb with
the forearm supinated and elbow flexed at 90°
creating a valgus stress across the elbow. A posi-
tive test results in subjective apprehension, lax-
ity, or pain at the UCL. The moving valgus stress
test begins with the elbow in the same position as
the milking maneuver, but a valgus stress is
applied while the elbow is ranged through a full
arc of motion from flexion to extension. A posi-
tive test results in subjective apprehension, lax-
ity, or pain at the UCL between 70° and 120°.
The moving valgus test is considered the most
sensitive and specific of these provocative physi-
cal exam maneuvers [19]. The trochlear shear
test is performed in the same manner as the mov-
ing valgus test but is considered positive when
pain is present at elbow angles <60° (usually
10—40°). A positive trochlear shear test suggests
posteromedial chondral erosion.

When considering the posteromedial impinge-
ment, the clinician must also consider the physi-
cal examination findings in addition to having a
high index of suspicion from the clinical history.
Patients with posteromedial impingement may
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often present with a lack of extension secondary
to osteophyte formation [20]. In addition, the cli-
nician should perform the posteromedial
impingement test by placing a valgus force on a
fully extended elbow and determining whether
there is resultant pain to palpation at the postero-
medial olecranon tip with or without crepitation.
This test can detect symptoms secondary to the
presence of posterior osteophytes and/or chon-
dromalacia [20, 21]. Findings such as a positive
posteromedial impingement test may be present
in the subacute or chronic settings and may
include posteromedial pain and/or crepitation
during elbow extension [5, 17, 18, 20].

It is also critical to fully evaluate for concomi-
tant pathology, including the ulnar nerve and
flexor-pronator mass, because these problems
may be an important component of the pathologi-
cal disease, especially in athletes with chronic
symptomatology. In addition to providing infor-
mation regarding concomitant injuries, these
findings may also help direct treatment through
targeted rehabilitation or surgical interventions
[21]. Testing for subluxation or hypermobility of
the ulnar nerve can be performed by direct palpa-
tion along the posteromedial elbow within the
cubital tunnel with arm abducted and externally
rotated while moving the elbow through a range
of motion. If tapping over the nerve within the
cubital tunnel causes paresthesia or tingling (pos-
itive Tinel test), one must consider neuroma,
compression, or traction injury secondary to
instability associated with UCL insufficiency
[21]. Flexor-pronator mass injury is assessed via
direct palpation of its origin on the medial epi-
condyle and flexor-pronator mass attempting to
elicit pain, which may indicate tendinosis versus
tear. Furthermore, pain provoked with resisted
forearm pronation may signify pronator teres
injury, whereas pain with resisted wrist flexion
may indicate wrist flexor pathology.

In addition to the physical examination tar-
geted at the elbow, it is crucial to consider and
evaluate the entire kinetic chain in the thrower.
This examination includes a thorough analysis of
shoulder, scapula, core, and lower extremity
function. For example, an association with gleno-
humeral internal rotation deficit and UCL insuf-

ficiency has been described in baseball players
[22]. Throwing slot has also been shown to play a
role in the force across the UCL. Pitchers or
throwers with a more overhead delivery reduces
valgus torque across the elbow. A 13-degree
decrease in arm slot (more horizontal delivery)
was correlated to a 1 N-m increase in valgus
torque across the UCL [23]. Therefore, abnor-
malities disrupting any of the components in the
kinetic chain can ultimately cause abnormal
throwing mechanics and excess stress on the
UCL leading to attenuation and subsequent insuf-
ficiency, a decrease in performance, and onset of
clinical symptoms.

Imaging

Although UCL insufficiency and posteromedial
impingement are often clinical diagnoses, imag-
ing may be necessary to further evaluate or rule
out other concomitant pathology, including
radiographs, magnetic resonance imaging (MRI),
and/or dynamic ultrasound. Plain anteroposte-
rior, lateral, and oblique radiographs of the elbow
are often normal but may show evidence of ulno-
humeral opening or posteromedial osteophytes.
An olecranon axial view is very useful in eluci-
dating posteromedial osteophytes that are not
obvious on other radiographic views and is taken
with the elbow at approximately 110° of flexion
and the beam angled 45° to the ulna [5]. In addi-
tion, a valgus stress radiograph using a Telos
device that demonstrate an increase in ulnohu-
meral widening in the injured elbow can be diag-
nostic of UCL insufficiency; however, standard
normal values are not well established, although
a difference >0.5 mm greater than the contralat-
eral elbow has been proposed [24].

MRI with or without gadolinium enhance-
ment may provide invaluable information relat-
ing to the diagnosis of UCLO and other
concomitant pathology. UCL injuries are best
visualized on the coronal T2 images on MRI, and
findings may include complete and partial tears,
edema, calcifications, or a thickened ligament
indicating chronic injury (Fig. 7.2). An MRI
arthrogram is usually diagnostic and can demon-
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Fig.7.2 Coronal T2 fat-suppressed image demonstrating
distal complete tear of the UCL off of the sublime tubercle
(arrow). (© 2013 Daryl C. Osbabhr, all rights reserved)

strate both full thickness and partial undersurface
tears. For example, a “T-sign” with contrast
extravasation along the distal insertion site of the
UCL is classically described and observed in par-
tial UCL tears involving the distal ulnar footprint
at the sublime tubercle [25, 26].

In the setting of chronic UCL insufficiency
with UCLO, a spectrum of MRI findings may be
seen in the posteromedial elbow. This pattern may
include edema in the subchondral bone, cartilage
defects, loose bodies, and/or posteromedial olecra-
non osteophytes and spurring (Fig. 7.3). These
MRI findings have been found to highly correlate
with findings at arthroscopic evaluation [27].

Dynamic ultrasound is another useful evalua-
tion option in which valgus stress is applied to the
elbow and laxity is evaluated dynamically.
Recently, thickening of the UCL on ultrasound
has also been suggested to be an early sign of
UCL injury [28].

Despite the multitude of imaging modalities
used to evaluate pathology relating to UCLO, an
approach utilizing a combination of clinical his-
tory, physical examination findings, and imaging
must be carefully considered to determine appro-
priate treatment options. Multiple studies have
shown imaging abnormalities and increased lax-
ity in the dominant arm in asymptomatic throw-
ers [24, 29]. Therefore, to successfully manage a
throwing athlete, the surgeon should not treat
based on the imaging findings alone.

Fig. 7.3 Axial proton density fat-suppressed image dem-
onstrating a posteromedial olecranon osteophyte (arrow)
in the same patient with complete UCL tear. (© 2013
Daryl C. Osbahr, all rights reserved)

Clinical Implications

From a clinical perspective, an athlete with symp-
toms related to UCLO may initially present with
complaints reflective of UCL insufficiency. This
includes pain over the medial elbow while throw-
ing, especially during the late cocking and early
acceleration phases. This in turn may result in a
decrease in throwing velocity or loss of control
and accuracy, which ultimately are devastating to
the successful performance of a throwing
athlete.

The clinical sequelae of UCLO may include
chondromalacia, osteophyte formation, and ulnar
neuritis, which may manifest in various clinical
presentations. One study found an association
between preinjury MRI findings of posterome-
dial impingement and future elbow surgery in
asymptomatic professional baseball pitchers
[30]. It is therefore essential to establish an early
diagnosis before these pathological changes
require operative intervention and further com-
plicate recovery in the high-level throwing ath-
lete. Upon identifying such posteromedial elbow
pathology in a thrower, the clinician must have a
high index of suspicion for UCL injury. In fact,
one study noted that approximately 25% of pro-
fessional baseball players who had previously
undergone a posteromedial olecranon osteophyte
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excision required a subsequent UCL
reconstruction [31]. This occurrence may be sec-
ondary to an unmasking of existing instability
resulting from an insufficient UCL and highlights
the importance of early recognition of UCL
incompetence and associated conditions.

Treatment

Initially, treatment of UCLO should be focused
on prevention. This includes early recognition of
UCL insufficiency and prompt treatment. In the
nonoperative setting, this may include a period of
rest, followed by physical therapy that should
include the lower extremity, core, scapula, shoul-
der, and elbow. Elbow rehabilitation should focus
on the range of motion, flexibility, and flexor-
pronator strengthening, as well as a well-
constructed throwing mechanics program as
symptoms resolve. A progressive interval throw-
ing program is then subsequently implemented to
gradually transition the athlete back to play. More
recently, throwing athletes, especially pitchers,
have been reintegrated back into full activities
based upon a transition to play program relying
on pitch and/or innings limit, so the throwing ath-
lete is not overloaded within the initial return to
play stages [32].

There has been a more recent trend to use bio-
logics as an adjuvant to a structured rehabilitation
program in the setting of UCL insufficiency with
or without the other manifestations of
UCLO. Several retrospective studies have shown
improvements in the rates of return to play with
the addition of PRP injections prior to beginning
an interval throwing program in comparison to
therapy alone [33, 34]. In addition, these athletes
are returning to competition much faster than ath-
letes who pursue UCL reconstructive surgery
[35]. More recent research, however, has ques-
tioned the benefit of PRP injections in Major
League Baseball (MLB) athletes. Chauhan et al.
[36] used the MLB Health and Injury Tracking
System to compare, in a matched cohort analysis,
several outcomes measures, including return to
play and return to throwing, between athletes
who received PRP injections and those who did

not for UCL injuries. This data suggested longer
return to play and return to throwing times for
athletes who received PRP injections, although
there was significant variability in rehabilitation
protocols and logistics of PRP use (23). While
orthobiologics seem to present a viable alterna-
tive for returning throwing athletes to competi-
tion without requiring surgical intervention, more
investigation into the type of injection, the
amount injected, and the number of injections is
required. Detailed rehabilitation protocols incor-
porating PRP injections have yet to be proposed,
and randomized controlled trials are needed to
determine the efficacy of this possible alternative.
One common principal among these studies is
the use of ultrasound guidance for injection near
the UCL attachment. This modality allows better
visualization of the degenerative area of tendon
and ensures more accurate administration of the
PRP injection (Fig. 7.4).

If an athlete fails a well-constructed nonopera-
tive management plan, continued symptoms may
warrant surgical management addressing UCL
insufficiency and potentially other concomitant
pathology. Specifically with UCLO, it is often
necessary to address concomitant olecranon
osteophytes and posteromedial chondromalacia.
Posteromedial osteophytes and chondromalacia
can be debrided either arthroscopically or via an
open approach depending upon surgeon prefer-

Fig. 7.4 Ultrasound imaging of PRP injection of proxi-
mal UCL attachment (arrow). (© 2020 Daryl C. Osbahr,
all rights reserved)
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ence. Although no long-term studies have evalu-
ated the optimal method in addressing
chondromalacia in this area of the elbow, viable
options include observation, chondral debride-
ment, and microfracture. These options should be
dependent on the nature of the chondromalacia,
but specific algorithms for optimal treatment
have not been developed [20].

Overall, excision of an olecranon osteophyte
has been shown to be reliably successful and is
associated with good clinical outcomes [27, 37,
38]. A recent study highlighted the importance of
addressing this concomitant pathology at the
time of UCL reconstruction because the most
common reason for reoperation was secondary to
a posteromedial olecranon osteophyte [37].
Furthermore, care must be taken to avoid exces-
sive excision of olecranon osteophytes in the
overhead-throwing athlete because this may
cause or unmask medial elbow instability [39].

Other concomitant pathology may need to be
addressed at the time of surgery. Ulnar neuritis
may require monitoring or surgical decompres-
sion with or without transposition. Debridement
and/or reattachment of the flexor-pronator mass
may be necessary depending on the degree of
tendonosis or tearing, respectively. Combined
flexor-pronator mass and UCL injuries should be
suspected in baseball players over 30-years-old,
and those patients should be counseled preopera-
tively that outcomes relating to this combined
diagnosis carry a worse prognosis with an
approximately 12.5% chance to return to prior
level of play [38]. Similar to nonoperative treat-
ment, an extensive rehabilitation and throwing
program is gradually implemented, and a focus
on prevention and proper throwing mechanics is
emphasized.

loose body removal has also been reported to
allow for a high rate of return to play (85-89%)
[26, 37, 43]. A clinical study with 2-year follow-
up after olecranon osteophyte excision performed
concurrently at the time of UCL reconstruction
found comparable return to play rates compared
with UCL reconstruction alone that did not
require osteophyte excision (86 vs. 82%, respec-
tively). Simultaneous treatment may be advisable
in that reoperation for olecranon osteophyte exci-
sion after UCL reconstruction has been associ-
ated with a worse prognosis for return to the same
or higher level of play when compared to having
osteophytes excised during the index UCL recon-
struction procedure (71 vs. 86%, respectively)
[37]. In the setting of UCLO, the surgeon is also
faced with the challenge of treating chondroma-
lacia resulting from the posteromedial impinge-
ment that is likely secondary to UCL insufficiency.
UCL reconstruction in association with postero-
medial chondromalacia resulting from UCLO
has also been found to result in a relatively low
rate of return to the previous or higher level of
play (76%) [20]. Therefore, better strategies for
preventing, identifying, and treating posterome-
dial chondromalacia are needed to optimize clini-
cal outcomes.

Studies also suggest that UCL reconstruction
in patients with previous elbow surgery or com-
bined flexor-pronator mass injuries results in a
low rate for return to play (33 and 12.5%, respec-
tively) [32, 44]. Careful patient selection and
evaluation is therefore paramount as early recog-
nition and treatment may portend a better prog-
nosis if UCL insufficiency is treated earlier in the
disease process, without other concomitant
pathology, prior to the late chronic sequelae asso-
ciated with UCLO.

Outcomes

Isolated treatment of UCL insufficiency via
reconstruction has been shown to reliably allow
athletes to return to their previous level of play
80-90% of the time [12, 15, 40-42]. Arthroscopic
treatment of posteromedial impingement via
debridement, olecranon osteophyte excision, and

Summary

UCLO is a dynamic phenomenon that occurs
throughout the entire throwing motion arc in the
setting of valgus instability secondary to UCL
insufficiency and results in posteromedial
impingement. This process can subsequently
lead to pathologic changes that include
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posteromedial chondromalacia and osteophyte
formation, which can result in persistent disabil-
ity and inability to play in throwing athletes.
UCLO treatment should first focus on early rec-
ognition and prevention in the overhead-throwing
athlete. If nonoperative measures do not relieve
symptoms and improve function, then surgical
intervention may be indicated. In the setting of
UCLO, UCL reconstruction is necessary to rees-
tablish valgus stability, and the surgeon should
also take great care in identifying and treating
any concomitant pathology at the index proce-
dure to optimize outcomes for a successful return
to play.
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Epidemiology of Elbow Ulnar
Collateral Ligament Injuries

Lauren M. Fabian and Stan A. Conte

Introduction

Statistical analysis is nothing new to the sport of
baseball. From box scores, batting average, and
earned run average (ERA) to more complicated
calculations such as on-base percentage plus
slugging percentage (OPS) and walks plus hits
allowed per inning pitched (WHIP), managers,
and fans alike have been fascinated with the sta-
tistics of the game. More recently, the study of
injury rates and their effect on the game and its
players has received more attention, but few
medical articles have examined the epidemiology
of baseball from Little League to Major League
Baseball.

The national pastime recruits a staggering
number of participants across all levels. It has
been estimated that two million children partici-
pate in youth baseball leagues, almost 500,000 at
the high school level, 35,000 in National
Collegiate Athletic Association (NCAA) compe-
tition, and over 7000 on professional teams (6500
minor league players and 750 in Major League
Baseball). The length of the season, the high
number of games and practices, and the repetitive
nature of the sport place a great deal of stress on
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the upper extremity. Many authors have analyzed
the biomechanics of the baseball throw, and how
alterations to the complex nature of the overhead
throwing motion and overuse can lead to injuries
throughout the season [1, 2]. As medical and
coaching personnel have begun to understand the
limitations of the body, this has led to recommen-
dations about structured resting, pitch count and
pitch type limits on youth players, and the 5-day
pitching cycle in Major League Baseball.

Since Frank Jobe first performed an ulnar col-
lateral ligament reconstruction on Dodgers
pitcher Tommy John in 1974, the term “Tommy
John surgery” has joined the common vernacular
of the sport. Perceptions among players, coaches,
and fans reflect the trend that ulnar collateral lig-
ament tears have become a more common injury
in baseball through the years, and because of this
there has even been a common misconception
that prophylactic surgery is desirable [3, 4]. In
the past 10 years, there has been a significant
increase in the knowledge base about epidemiol-
ogy of UCL injuries, particularly at the college
and professional levels. Most of this is due to
large centralized databases such as the NCAA
Injury Surveillance System and detailed injury
data reporting by Major League Baseball.

Analysis of this data on sports-related injuries
can be used to measure comparative risk, identify
risk factors, and predict the expected number of
injuries over time. It allows coaches, trainers, and
medical support personnel to treat expected
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injuries and to prepare players for rehab and
prognosis for return-to-play.

Ulnar Collateral Ligament Injuries
in Other Sports

Although injuries to the ulnar collateral ligament
of the elbow are most often associated with base-
ball, the first reported incident of ulnar collateral
ligament injury was reported in an elite-level jav-
elin thrower [5]. Ulnar collateral ligament inju-
ries have been reported in a number of sports
other than baseball, including javelin throwers,
gymnastics, tennis, wrestling, and football [5—
11]. The epidemiology of the injury in these
groups is largely unknown, as the injuries are
exceedingly rare, and often do not require sur-
gery or extended lost time from sport.

Javelin throwers have been shown to place
extreme valgus moments across their elbows
after foot-strike as they bend their elbows during
their throwing motion [12]. Despite the biome-
chanical risk these throwers place across their
elbows, the relatively small number of elite-level
javelin throwers and the infrequency of the injury
has led to little epidemiologic data in the litera-
ture. At one major medical center, 9 out of 10 jav-
elin throwers were able to return-to-play after
undergoing ulnar collateral ligament (UCL) [7].
At another institution, 136 UCL injuries were
collected over a 15-year period. Though the num-
ber of javelin injuries was low (5), the odds ratio
for injury was highest among javelin throwers at
6.69 and baseball players 1.55 [13].

In youth gymnastics, the elbow is a weight-
bearing joint; it often sees physiologic loads with
valgus loads in the back handspring, uneven bars,
and other maneuvers. Upper extremity injuries
have been reported from 17% to 37% of injuries
in different studies, though elbow injuries range
from 4.1% to 8.5%. These elbow injuries include
osteochondritis dessicans (OCD), elbow disloca-
tions, and elbow “sprains.” [14] While there is no
literature that reports the epidemiology of UCL
injuries specifically, there have been cases in the
literature [6, 8]. In reports of UCL avulsions in
collegiate gymnasts, the majority have been able

to return to sport with conservative management
[15]. Similarly, in wrestling, the elbow often
becomes a weight-bearing joint. Traumatic inju-
ries such as elbow dislocations occur, and UCL
tears have been reported. In a comparison of high
school versus college age wrestlers, 10.1% of the
injuries seen in high school students were elbow
injuries, whereas only 2.3% of the injuries col-
lege wrestlers sustained involved the elbow [11].

In respect to football, ulnar collateral ligament
injuries tend to occur as a result of a contact mecha-
nism. In data collected from the NCAA-ISP, 36
UCL sprains were identified in a 5-year period from
2009 to 2014, with an injury rate of 0.4 per 10,000
athletic exposures. Fewer than 2% required surgery
[16]. Using data from the National Football League
(NFL) Ketner et al. reported on medial collateral
ligament (MCL) injuries during the 5-year period of
1991-1996. Mechanism of injury occurred with
planted hand and valgus loads or contact during
blocking for offensive and defensive line players,
and contact while being tackled for skill players.
None of the players required surgery, and all returned
after missing 0—4 games [10]. Insight on the rate of
UCL injury in pee-wee and high school players is
not available, but is likely exceedingly rare.

Ulnar Collateral Ligament Injuries
in Baseball

It is accepted that the overhead throwing motion
in baseball places stress across the medial elbow.
Extreme valgus stress across the medial elbow
during the late-cocking and early acceleration
phases of throwing among pitchers occurs during
each throw, during which the anterior bundle of
the UCL is subject to high tensile stress [17-21].
Over time, or in one single incident, these forces
may lead to ligament attenuation and failure.
Throwing in baseball, and specifically pitching is
repetitive in nature, and the seasons become pro-
gressively longer with increasing numbers of
games as players get older or progress to higher
levels. Despite the vast literature about UCL inju-
ries and reconstruction in baseball players, the
true epidemiology of the injury is poorly defined
in all major age groups.
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Little League

There has been a trend in youth sports for ath-
letes to start earlier and train harder. Early sports
specialization have led adolescent baseball
players to play year-round baseball, which has
been shown to increase injuries [22, 23]. Young
throwers often begin to complain about shoul-
der and elbow pain as early as little league.
Injury trends in the National Electronic Injury
Surveillance System showed that between 2006
and 2016, greater than 600,000 baseball injuries
occurred annually, 17.7% of which involve the
elbow and 16.2% involve the shoulder. Though
overall incidence of baseball injuries has
decreased, incidence of elbow injuries have
become more prevalent [24]. In adolescent
pitchers surveyed, 50% noted shoulder or elbow
pain during the course of the season [25].
Twenty-eight percent of these youth pitchers
experienced elbow pain at least once, and 7% of
pitching outings resulted in an episode of elbow
pain. Similarly, in a prospective cohort study of
198 youth pitchers over two seasons, 26% of
players experienced elbow pain during the sea-
son [26]. Pitching mechanics, velocity, pitch
counts, participation showcases, or on more
than one team, and fatigue were all risk factors
for increased pain and injury [17, 23, 25, 27].
Most elbow pain experienced by little league
players spares the integrity of the UCL; however.
Harada et al. examined 294 baseball players
between the ages of 9 and 12 and found that of
the 60 who had elbow injuries, most of the radio-
graphic findings included medial epicondyle
widening, fragmentation, and OCD of the capi-
tellum. None of the players in this age group had
ruptures of the UCL [28]. Similarly, Hang et al.
did a radiographic study of 343 little leaguers in
Taiwan and found that 58% of pitchers, 63% of
catchers, and 48% of fielders complained of
elbow soreness during the season. Almost all of
the players showed radiographic evidence of
medial epicondylar hypertrophy, and about half
of the players had fragmentation of the epicon-
dyle [29]. While these findings may be consistent
with a valgus overload of the elbow while throw-
ing, a.k.a. “little league elbow,” magnetic reso-

nance imaging (MRI) studies of throwers in this
age group show no evidence of UCL rupture
[30]. We may conclude in the skeletally imma-
ture elbow with open physes, injury to the UCL is
exceedingly rare, even with exposure to repetitive
valgus stress from throwing.

High School

According to the National Federation of State
High School Associations, about eight million
American high school students participate in
interscholastic sports in the 2017-2018 season,
and nearly 500,000 played baseball [31]. As the
third most popular boys’ sport, there is a large
exposure to throwing in this age group, as an esti-
mated % of all high school players’ pitch.

Over the course of a thrower’s career, there is
a cumulative risk of injury. In a 10-year longitu-
dinal study of pitchers aged 9-14, Fleisig et al.
demonstrated a 5% cumulative risk of serious
shoulder or elbow injury, defined as surgery on
either the shoulder or elbow, or retirement from
the sport due to injury [23]. Data support that the
level of play is commensurate with risk for elbow
injury. Han et al. examined 490 baseball players
undergoing rehab for shoulder and elbow injuries
at one center. High school and college players
were more likely than junior high school players
to suffer from UCL injuries (33 and 38% vs.
27%) and were also more likely to have surgery
for the condition [32]. UCL injuries were the
most common injuries among the players treated
(32.7%) followed by superior labral tear from
anterior to posterior (SLAP) tears and OCD of
the elbow. The vast majority (80%) of injured
players with UCL tears were pitchers, whereas
11% were outfielders and 9% infielders.

Since Jobe reported on UCL reconstruction in
1986, the rate of high school aged players under-
going surgery for the condition has risen steadily
[9]. Petty et al. reported on the rates of UCL
reconstruction by a senior surgeon over the
course of two separate 8-year periods and found
that from 1988 to 1994, there were 85 baseball
players who underwent UCL reconstruction,
seven of which were in high school athletes (8%).
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By contrast, between 1995 and 2003, 609 UCL
reconstructions were done in baseball players, 77
of whom were high school athletes (13%) [33].
More recent research has shown that for the
2003-2014 period, UCL reconstruction rates in
New York State increased by 343%, and 28% of
the patients were high school age. Numbers are
projected to increase significantly again by 2025
[34]. Reports of success rates of surgery in this
age group is about equivalent to other age groups,
with 74-89% of players returning to the same or
higher level, and an average time to return to
sport at 11.6 months [33, 35]. Risk factors for
injury and surgery include velocity >80 mph,
year-round throwing, and learning breaking
pitches at early ages all of which have become
more commonplace, the sport has become more
competitive for younger athletes [33].

College

Collegiate baseball is extremely popular, and par-
ticipation continues to grow. NCAA baseball par-
ticipation has grown from 19,670 in the
1988-1989 season to 27,262 in the 20032004
season, and 35,460 in the 2017-2018 season
[31]. Excellent data collection and monitoring
systems have been put in place in NCAA compe-
tition via the Injury Surveillance System (ISS),
leading to better information and understanding
of the nature of collegiate injuries [36]. These
databases may include the timing and location of
injury events, including episodes during practice
and game situations.

To calculate injury rates, McFarland and
Wasik defined a “complaint” as a problem for
which a player seeks evaluation or treatment
from the medical team, an “injury” as any com-
plaint that results in altered or lost participation
in a practice or a game, and an ‘“exposure” is
defined as one athlete participating in one prac-
tice or one game [37]. Using these definitions,
one may compare the injury rates across sports,
seasons, levels, or different positions in a single
sport.

Multiple studies have corroborated that injury
rates in baseball players at the collegiate level, in

general, are lower than other NCAA sports,
including football, wrestling, soccer, and ice
hockey [36]. The overall injury rate in baseball is
fairly low, but athletes have an injury rate that is
three times higher in games situations than in
practice [36]. Injury rates in collegiate baseball
vary across level of play, as Division I players
have an higher injury rate when compared to
Division II and II athletes, but across all divisions
practice injury rates were the twice as high dur-
ing preseason play as during the season [36]. In
baseball, approximately 64% of game injuries
and 42% of practice injuries are noncontact.
Upper extremity injuries are the most common
injuries among baseball players (45%), whereas
they account for only for 18-21% injuries in
NCAA sports in general [36]. According to
Dick’s NCAA study, while shoulder injuries
remain the most common (23.4% of game, and
16% practice injuries), elbow injuries are still
quite significant, at 9.3% of game and 10.8% of
practice injuries. This is similar to McFarland
and Wasik’s findings that elbow injuries
accounted for 14% of total injuries sustained
[37]. Of the total number of elbow injuries asso-
ciated with throwing, 78% occurred as a result of
pitching.

Elbow ligament sprains, in particular, were
three times more likely to occur in a game situa-
tion (0.18 per 1000 game exposures), than in
practice (0.05 per 1000 exposures) [36]. Though
the number of elbow ligament injuries appears
low, they account for a significant amount of lost
participation time. DeFroda et al. specifically
examined UCL injuries through the NCAA
Injury Surveillance Program in the academic
years of 2009-2010 through 2013-2014 and
found an overall incidence of 20 UCL injuries in
177,992 athletic exposures (1.12 per 10,000
AEs); 85% of these occurred during throwing
and 15% were season ending, requiring surgery.
For those who did not require surgery, all injuries
resulted in lost playing time, as all injured play-
ers were out for 7 days or more [38]. Similarly,
Rothermitch et al. examined the incidence of
UCL injuries in NCAA Division I Baseball dur-
ing the 2017 baseball season. They found that
134 players from 88 teams underwent surgery for
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the UCL, which is nearly 2.5% of all eligible ath-
letes. Pitchers were much more likely to have
UCL injury than nonpitchers (4.4/100 player-
seasons for pitchers vs 0.7/100 player-seasons for
nonpitchers), and underclassmen were more
likely affected than upperclassmen [39].

Professional

The number of participants in professional base-
ball leagues in the USA includes over 7000 minor
league players and 750 major league players.
Roughly half of the players on a major league
team at any given time are pitchers. Over the past
10 years, there has been a number of studies that
have helped improve our understanding of epide-
miology of ulnar collateral ligament injuries in
professional baseball players. Using the disabled
list as a proxy for injury rates in the sport, Conte
et al. examined an I1l-year period in Major
League Baseball from 1988 to 1999 to ascertain
injury rates in the sport. Defining an “injured
player” as any player placed on the disabled list
by his team, certified by a team physician, they
found that both the number of injured players and
the total number of disabled increased over the
11-year period studied [40]. With some perturba-
tion in the trend, Posner et al. corroborated this
finding while studying similar data over the
7-year period from 2002 to 2008 [41]. Despite
improvements in training, conditioning, diagno-
sis, and surgical treatment methods, the incidence
of injuries appears to be increasing over time in
professional baseball.

The overall incidence rate for injuries in Major
League Baseball is about 3.55 per 1000 expo-
sures [41]. Similarly to the trend seen in college
players, injury rates are significantly higher dur-
ing Spring Training and the beginning of the sea-
son as the injury rate in April is 5.73 per 1000
exposures compared with 3.02-3.5 per 1000
exposures during the middle of the season [41].
Though the rates of elbow injuries and UCL tears
have not been reported in this population, it
stands to reason that the trend would be similar to
the overall injury rate.

During these time periods, pitchers comprised
an average of 48.4% of disabled list reports and
56.9% of disabled days. Over the course of
Conte’s 11-year study, both the number of pitch-
ers and the number of disabled list days lost by
pitchers increased [40]. By the time period cov-
ered in Posner’s study, the percentage of disabled
days reported for pitchers reached 62% [41].
Elbow injuries represent between 16% and 22%
of the disabled days, and account for an average
4452 lost days during the Major League season.
Looking specifically at pitchers, elbow injuries
comprised 26% of all pitching disabled list days,
second only to shoulder injuries, which were
30% [41].

In 2015, Conte et al. administered a question-
naire to all 30 Major League Baseball teams, and
all six levels of their minor league affiliates to
ascertain the prevalence of the injury. Of the 5088
athletes who responded, 53% were pitchers. In
Major League Baseball, 25% of pitchers (96 of
382) had undergone UCL reconstruction, and
15% of Minor League pitchers had undergone
UCL reconstruction (Fig. 8.1). Most pitchers at
the Major League level (86%) had surgery as a
professional, while most Minor League pitchers
(61%) had surgery while in high school or col-
lege [42]. Interestingly, for players entering the
amateur draft, those who had undergone UCL
reconstruction before starting their professional
careers were more likely to make it to the Major
League level compared with their peers [43].
Recent studies have shown that rates of UCL
reconstruction continue to climb in both Major
League and Minor League Baseball (Fig. 8.1)
[44]. Recent studies reproduced this data and
showed a significant increase in the prevalence of
UCL surgery in minor leagues pitchers from 15%
to 19% (Figs. 8.2 and 8.3) [44, 45].

Surgical results have been reported at the pro-
fessional level by a number of studies [44, 46—
48]. For pitchers, return to play has been reported
from 79% to 100% at any level, but notably
79-87% return to the same level of play [47].
Conte confirmed for all cases in MLB and Minor
League Baseball that return to play was 83.7%
overall and 72.8% to the same level of play within
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a mean of 506 days [42]. Several authors have
noted that pitching statistics such as ERA, fast-
ball velocity, and number of innings pitched all
declined in major league pitchers who returned
from UCL reconstruction [47].

The early UCL epidemiological studies at the
professional level have been based on use of the
Disabled List. These studies have a significant
limitation in that the DL is not a true injury data-
base but rather a roster management tool. The
principal function of the DL is to replace injured
players on the Major League roster. In addition,
the players are required to stay on a minimum of

H 2012
= 2018

MiLB MLB + MiLB
(P<.001) (P<.001)
League

15 days even if they have fully recovered and can
stay on for an unlimited amount of time thus the
reporting number of DL days and placements
may be manipulated to increase or decrease the
lost time. To mitigate this, Major League devel-
oped an injury surveillance system called the
Health and Injury Tracking System (HITS). HITS
is the first comprehensive injury surveillance sys-
tem developed to explore injuries among profes-
sional baseball players, whereby each team
collects injury data on a daily basis [49].

The HITS database has been used in many
professional baseball epidemiological studies
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that have been published since 2011 [50, 51].
Camp et al. used the HITS database to study the
increasing number of UCL reconstructions and
identified 1429 UCL reconstructions on pitchers
from 1974 to 2016. This is the largest sample size
of any study on UCL reconstructions at any level.
The results indicate that the annual rate of pri-
mary and revision UCL reconstructions are rising
significantly. In addition, it was also noted that
the main reason for the increase in incidence was
due to younger, minor league pitchers increas-
ingly undergoing UCL reconstructions. Other
studies have found that reconstruction surgeries
have a similar increase in incidence in younger
pitchers [52, 53].

For pitchers who return to the same level of
play after ligament reconstruction, survivorship
has been defined as time to play without need for
retirement or revision surgery. In Major League
Baseball, there is a 9.4% revision rate (5.2% in
Minor League), and mean survivorship is about
3.8 years [42]. Erickson et al. evaluated survivor-
ship and reasons for retirement in MLB both in
pitchers who had undergone UCL reconstruction
and controls, and found that both cohorts had
roughly the same career length (4.4 + 4.7 years

and 4.4 + 3.5 years, respectively). Those who had
undergone UCL reconstruction were more likely
to be released during the season, while those
without were more likely to retire due to shoulder
injuries [54].

Perhaps the most surprising data in profes-
sional baseball comes from the evaluation of
position players who suffer UCL injuries. While
it is much less frequently seen in position players
than in pitchers, the annual rate has increased
from 1984 to 2015 and is proportionally higher in
Minor League Baseball than in Major League
baseball. Camp et al. evaluated outcomes in 168
position players and found an overall 75% return
to play at 342 days overall, and only 58.6% return
to play rate for catchers. Position players overall
have a worse return to play rate than pitchers
(83.7%), but usually a reduced time to return to
play (342 days vs. 435 days) [55]. Performance
of position players also seems to suffer after UCL
reconstruction, and 48% of players are found to
change to a different position. Players over
30 years of age have a decreased return rate, and
catchers versus other position players have a sig-
nificantly decreased postoperative career length
(2.8+1.8 years vs. 6.1 = 1.9 years) [56].
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Conclusions

Significant progress has been made in the under-
standing of epidemiology and trends in UCL
injuries and surgical outcomes at every level of
play. While the odds ratio and risk seem to be
highest for javelin throwers, the relative popular-
ity and participation in baseball make this a phe-
nomenon almost unique to the sport.

Elbow injuries, while increasingly common in
little league players, seem to spare the UCL in
terms of rupture, but show evidence of valgus
overload. Once players reach the high school
level, there are alarming trends toward increasing
prevalence of UCL injuries and surgical interven-
tion. Currently, it is quite commonplace among
professional players with increasing incidence
each year with younger players being the most
affected. Continued preventative strategies and
rehabilitation, and guidelines at all levels are
needed to improve outcomes with regard to inci-
dence and return-to-sport. These strategies and
guidelines may help to stabilize an increasingly
more common injury and its significant impact
on players and the sport of baseball.
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History and Physical Exam
of the Thrower’s Elbow

Brian Grawe, William Piwnica-Worms,
Abigail Bacharach, and Joshua S. Dines

Introduction

Overhead athletes frequently sustain injuries to
their dominant elbow secondary to the high val-
gus and extension forces of the throwing motion.
The relatively unnatural motion of throwing can
produce a myriad of pathological stresses on the
structures about the elbow, namely tensile
stresses medially, compression stresses laterally,
and shear stresses posteromedially. Accurate
diagnosis and treatment of elbow pain in the
throwing athlete depend on a detailed history,
methodical physical examination, and appropri-
ate ancillary tests when needed, as any of the
above-mentioned stresses may produce varying
types of lesions in the elbow joint. The clinician
must possess a thorough understanding of the
functional anatomy and biomechanical charac-
teristics of the complex elbow articulation to effi-
ciently evaluate and diagnose such pathologies in
the thrower’s elbow.
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This chapter reviews the proper components
of a thorough history and physical examination
on the elbow in the overhead athlete.

History

Evaluation of an athlete presenting with elbow
pain must begin with a detailed throwing history,
including onset and duration of symptoms, ana-
tomical site of injury, temporal assessment of
symptoms during the throwing motion, associ-
ated symptoms, previous treatment, and competi-
tion level/time of season [1].

Symptom Onset and Duration

Elbow pain in throwing athletes can often present
as an acute event coinciding with a chronic over-
use injury [1]. Pitchers are especially susceptible
to acute-on-chronic injuries of the elbow due to
the high volume and intensity of the overhead
motion associated with pitching. Approximately
60% of throwers with ulnar collateral ligament
(UCL) injury present with acute medial pain, fre-
quently accompanied by an audible “pop” [2, 3].
These athletes recall the exact throw when they
heard the “pop” and typically experience pain in
their elbow immediately following the episode.
Subsequently, the athlete will no longer be able
to compete due to valgus instability of the elbow
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during the throwing motion. Hemorrhage and
edema in the elbow may cause symptoms of ulnar
nerve irritation. If ulnar neuritis is suspected, spe-
cial care must be taken during the ligamentous
examination.

Many athletes, with or without the acute
“pop,” will experience concomitant prior medial
elbow pain or treatment for flexor-pronator ten-
donitis or ulnar nerve neuritis. Incomplete heal-
ing of these pathologies may cause a subtle
change in pitching mechanics that leads to long-
term UCL attenuation. These problems may be
viewed on a spectrum of overuse injuries to the
elbow and are frequently the principal cause of
pathology in the elbow of the overhead athlete.
The clinician must be vigilant to assess for
whether or not the athlete has had repeated or
continuous bouts of medial elbow pain, respon-
sive to conservative interventions. Such athletes
often continue to throw with minor-to-moderate
pain, but 50% demonstrate decreased command
and velocity [4]. Kvitne and Jobe concluded that
these players are typically unable to throw the
ball at over 75% of their standard velocity due to
pain [5]. Other complaints include early fatigue
and inability to throw as many pitches per
appearance.

Location of Injury

Injured athletes can often pinpoint the anatomic
location of where they subjectively experience
pain in the elbow during the overhead throwing
cycle. The athlete’s description of the location and
intensity of pain will facilitate the clinician in for-
mulating an early differential diagnosis that can
be confirmed with a systematic physical examina-
tion of the injured elbow [6]. Pain on the medial
aspect of the elbow can signify a host of different
pathologic scenarios, namely, UCL insufficiency
or tear, medial epicondylitis, ulnar nerve irritation
or instability, flexor-pronator strain or tear, olecra-
non/ulnar stress fracture, or in the skeletally
immature patient, avulsion fracture of the medial
epicondyle. Medial epicondylitis presents with
aching pain over the medial elbow and may
chronically lead to subjective grip weakness.

Point tenderness over the origin of the flexor
mass, at the medial epicondyle, is the hallmark
finding of medial epicondylitis. Ulnar nerve neu-
ritis in the overhead athlete will produce similar
symptoms to those seen in nonathletes who expe-
rience mononeuropathy of the ulnar nerve at the
elbow; however, they are often exacerbated by or
associated with throwing. The ulnar nerve lies in a
precarious anatomic position and is very sensitive
to traction injury as a result of even minor valgus
instability. These symptoms may include medial
joint-line pain, clumsiness or heaviness of the
hand and fingers, numbness and tingling of the
fourth and fifth digits, or medial pain that radiates
along the forearm to the hand [6].

Lateral elbow pain, due to throwing, is often
associated with radiocapitellar compression and
associated chondral wear, lateral epicondylitis,
olecranon stress fractures, a plica, or radial nerve
entrapment syndrome. Posterior pain is often the
direct result of valgus extension overload (VEO),
and its differential diagnosis must include olecra-
non osteophyte formation, triceps tendonitis, or
olecranon stress fracture [7]. Loose chondral
bodies can lead to pain in the medial, lateral, and
posterior aspects of the elbow and may manifest
as a sensation of locking or catching. The athlete
may also have to manipulate or snap the elbow in
order to unlock or free the joint.

Timing During the Throwing Motion
(Fig.9.1)

A complete understanding of the phases that
encompass the overhead throwing motion, and
subsequent pathologic deviations, will enable the
clinician to properly evaluate and diagnose inju-
ries sustained by the overhead athlete during
throwing. The phase at which the athlete experi-
ences pain must be viewed as critical information
and will aid during the process of performing a
focused physical examination [8]. Three phases
are historically connected with elbow pain in the
throwing athlete—late cocking, acceleration, and
deceleration. Nearly 85% of athletes with medial
elbow instability complain of pain during the late
cocking and acceleration phases of throwing,
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while less than 25% complain of pain during the
deceleration phase [4]. Large tensile forces are
generated on the medial aspect of the elbow
which can result in pain, and they are ultimately
the direct result of valgus torque seen during the
late cocking and acceleration phases of throwing.
When the athlete is experiencing pain during the
deceleration phase, posterior pathology is often
the culprit and is most often due to the large prox-
imal forces that are generated during the over-
head throwing motion (VEO, olecranon
osteophyte formation, triceps tendonitis, loose
bodies) [9, 10].

Associated Symptoms and Previous
Treatment

Related symptoms during or in conjunction with
throwing must be documented and further evalu-
ated. Neurological or vascular complaints such as
cold intolerance, numbness, or tingling in the
hand or fingertips, sharp or shooting sensations
radiating down the forearm, and fluctuating grip
strength may be early indicators of significant
neurovascular pathology [11]. Early fatigue or a
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chronic dull aching pain can signify early nerve
compression, as a result of nerve entrapment or
mononeuropathy. Complete motor loss or loss of
precision with fine muscle movements of the
hand often represents more severe nerve injury,
and special care must be taken during the physi-
cal examination.

The physician should ask the athlete about any
prior injuries or treatment to the throwing extrem-
ity. Previous treatment or surgery to the elbow or
shoulder may give valuable information when
determining the etiology of the athlete’s current
symptoms. It is not uncommon for the overhead
athlete to develop elbow pain after a defined
treatment period for shoulder pathology, and
likewise those recovering from elbow pain may
develop ipsilateral symptoms in the shoulder. The
significance of the kinetic chain and its impor-
tance to injury prevention are well documented
[12, 13]. Previous treatment for flexor tendinitis
or ulnar nerve neuritis that continues to hinder
the pitcher’s performance may lead the physician
to consider UCL attenuation as the origin of the
pain generator [1].

All portions of the kinetic chain, which
include the shoulder, back, hip, knee, and ankle,



78

B. Grawe et al.

can subsequently produce undue kinematic
effects in the elbow, and injuries that lead to devi-
ations of successful execution of the kinetic chain
in throwing must be closely evaluated [14].
Detailed analysis of the throwing motion has
shown proximal-to-distal muscle activation, peak
torque development, and force development radi-
ation from the trunk to the elbow [15]. Proximal
body segments provide dynamic mechanisms by
which the forces generated by the overhead
motion can be regulated to allow for minimal
injury risk to the throwing elbow [14]. A more
proximal injury could result in a functional
change that leads to abnormal elbow kinematics
and injury at the distal end of the kinetic chain.
Glenohumeral internal rotation deficiency
(GIRD) has also been linked with acute and
chronic elbow problems in the throwing athlete.
Morgan and colleagues analyzed the elbows of
20 symptomatic professional pitchers who pre-
sented with GIRD, defined as a loss of internal
rotation greater than 25° compared to the contra-
lateral shoulder, and determined that therapeutic
correction of the arc of motion deficits can
decrease subjective complaints of elbow pain in
pitchers [16].

Level of Competition and Timing
of Play

The athlete’s level of competition and the tempo-
ral aspect of the athletic season are important
considerations when discussing treatment
options. Recreational athletes will not require the
same aggressive treatment plan as high-level pro-
fessional athletes, while younger athletes (the
skeletally immature athlete) may consider less
invasive treatment alternatives. Pitchers with
improper mechanics or training regimens can
present with medial elbow pain attributable to
flexor-pronator tendonitis during preseason or
spring training, whereas frank UCL injuries often
occur in the middle or end of the season [3].
Excessive pitch counts, increased workload,
insufficient rest between appearances, changing
of arm slot, and the delivery of a large percentage
of breaking balls are important factors when dis-

cussing modifiable elements that may prevent
medial elbow injuries in the throwing athlete. In
addition, catchers who throw back to the pitcher
from their knees are not utilizing their kinetic
chain properly and can also sustain injuries to
their dominant elbow [17].

Physical Examination

It is important to perform a comprehensive and
reproducible physical examination on overhead
athletes who are experiencing elbow pain during
throwing. A thorough exam can often allow the
surgeon to properly diagnose the pathology with-
out the necessity of further ancillary tests. The
exam should be conducted methodically and
include observation/inspection, palpation, neuro-
vascular, and range of motion testing, and digres-
sions from normal will then permit a more
focused set of special tests to establish a conclu-
sive diagnosis.

Observation/Inspection

It is imperative that all diagnostic maneuvers,
throughout the entirety of the physical examina-
tion, be performed on both the affected and non-
affected upper extremity, thus allowing for
meaningful comparison of what should be con-
sidered a normal finding, an adaptive change, or
overtly pathologic. A complete inspection of the
elbow includes kinematic assessment of the ipsi-
lateral shoulder and scapula [6]. The physician
should note any subtle pathologic changes to the
upper extremity and should recognize normal
adaptive muscular hypertrophy in the throwing
arm [18, 19]. Increased shoulder external rotation
arc with a concomitant decrease in internal rota-
tion, in comparison to the unaffected extremity, is
not uncommon in the healthy throwers’ arm.
However, pathologic GIRD is associated with
UCL insufficiency [13].

The carrying angle, defined as the angle
between the long axis of the humerus and the
long axis of the forearm in the coronal plane,
should be measured and recorded. Normative
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values are typically reported as 11° and 13° of the
valgus in males and females, respectively [20].
Many high-level athletes have carrying angles
greater than 15°, and in the pitcher’s arm, this
angle may be 10-15° greater when compared to
non-throwing extremity [19]. This phenomenon
is likely due to the previous injury or develop-
mental abnormalities from the repetitive stress
put upon the elbow during throwing.

The soft tissues must always be evaluated for
swelling or ecchymosis, which can indicate the
acuity of any injuries to the structures of the
elbow. Ecchymosis often develops in 24-72 h
after sustaining an acute UCL injury. Bruising
will occur along the medial elbow and proximal
forearm in this setting. Significant swelling can
also be seen in patients who rupture their flexor-
pronator mass in conjunction with UCL tears.
Chronic overuse UCL pathology will often
exhibit a relatively normal soft-tissue envelope,
and the clinician should more closely rely on
manual maneuvers for an accurate diagnosis.
Documentation of surgical scars, blanching due
to vascular insufficiency, and olecranon swelling
should be noted as well [21].

If UCL reconstruction is a possibility, the
physician should also determine if the athlete
has a palmaris longus tendon in the throwing or
nonthrowing extremity. This is the most com-
mon tendon graft for UCL reconstruction and is
found in only 80% of throwing athletes [3]. If
the palmaris longus is not found in either fore-
arm, the gracilis or plantaris tendons can func-
tion as viable options for autograft reconstruction
alternatives.

Palpation

Palpation of the thrower’s elbow should be con-
ducted with a stepwise routine to discover the site
of pain and rule out other pathologic conditions
associated with throwing. The physician should
palpate the injured elbow on the soft spot at the
junction of the olecranon, capitellum, and radial
head and compare it to the contralateral arm to
assess for any joint effusion. The presence or
absence of loose bodies must also be docu-

mented, as their significance can be quite dra-
matic, in terms of mechanical symptoms
associated with the thrower’s elbow.

With the elbow in approximately 50-70° flex-
ion, palpation of the UCL should be performed.
This flexion range moves the overlying flexor-
pronator muscle mass anterior to the fibers of the
UCL, giving the surgeon direct access to the liga-
ment proper. Palpation should occur along the
entire course of the UCL, moving proximal to
distal from its origin at the inferior aspect of the
medial epicondyle to its insertion onto the sub-
lime tubercle of the proximal medial ulna.
Athletes with UCL injury most often present
with point tenderness about 2 cm distal to the
medial epicondyle. Tenderness over the UCL
may indicate ligament attenuation; however, it
must be noted that pain over the UCL has an
81-94% sensitivity but only a 22% specificity for
UCL tears [22].

The flexor-pronator muscle mass can be pal-
pated to assess for medial epicondylitis by mov-
ing distal and slightly anterior to the medial
epicondyle. Athletes most often feel pain associ-
ated with the pronator teres (PT) and flexor carpi
radialis (FCR) tendons, which are located directly
anterior to the course of the UCL [1]. Often, it
can be difficult for the clinician to differentiate
between medial epicondylitis and a UCL tear or
avulsion due to their intimate anatomic relation-
ship in the medial elbow. Resisted wrist flexion
and forearm pronation may elicit greater pain in
an athlete complaining of medial epicondylitis,
compared to UCL injury [23]. More specific tests
for the competency of the UCL, such as the val-
gus stress test, can help differentiate between
these separate and often associated pathological
conditions.

Neurovascular

The orthopedist must closely evaluate all neuro-
vascular structure about the affected extremity,
especially in athletes who complain of numbness
or tingling. Gentle palpation of the ulnar nerve
does not cause pain in the healthy elbow, but
often causes discomfort in athletes with ulnar
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neuritis. The ulnar nerve must be evaluated
throughout its entire course in the elbow startling
just proximal to the medial epicondyle, through
the cubital tunnel, and distally into the flexor
carpi ulnaris muscle mass. Stability of the ulnar
nerve must also be judged with gentle pressure
applied on the nerve above the medial epicon-
dyle, as the elbow is taken through a flexion-
extension arc. Frank subluxation can often cause
significant discomfort during hyperflexion and
must be respected during the remainder of the
exam. In some cases, the ulnar nerve dislocates
anteriorly to the medial epicondyle, while the
elbow is moved from extension to flexion, and
this signifies moderate-to-severe ulnar nerve
instability [24, 25].

Range of Motion

In normal controls, the range of motion (ROM)
of the elbow is from 0° of extension to 140-150°
of flexion, with 85° pronation and 90° supination
[26, 27]. Both active and passive ROM should be
determined, and intervals of pain during the arc
of motion should be documented and further
evaluated. Passive movement of the throwing
arm should be checked for blockage or limitation
of motion and compared to the contralateral arm
[28, 29]. It is common for throwing athletes to
demonstrate loss of elbow extension in the domi-
nant extremity, which can either be an adaptive
condition or an overt pathologic loss of motion. A
flexion contracture of up to 20° may develop in a
pitcher’s throwing arm as well, but it is tradition-
ally only considered pathologic if painful [1].
The physician should identify abnormalities
in the attitude of the elbow joint at the end ranges
of motion. At full extension, a bony stop occurs
when the olecranon strikes the olecranon fossa,
whereas terminal elbow flexion creates tissue
approximation as the biceps brachia and wrist
flexors approach one another [28, 30]. Pronation
and supination should elicit a capsular end feel.
The throwing arm should be compared to the
nonthrowing arm as anything that varies from the
contralateral side may indicate pathology.
Osteophytic changes to either the proximal olec-

ranon or coronoid tip can often produce asym-
metric endpoints in extension and flexion arcs of
the elbow, respectively.

Manipulative Tests

Assessing for the functional integrity of the UCL
is a key to the diagnosis and is the most essential
component of the physical examination. The dif-
ference between pathologic and healthy liga-
ments can be difficult to discern and, therefore,
the clinician should always compare to the con-
tralateral normal extremity.

The valgus stress (Fig. 9.2) test can be used to
assess for injury to the anterior bundle of the
UCL. With the elbow flexed to 30°, the physician
stabilizes the athlete’s humerus just above the
humeral condyles and applies a valgus movement
while grasping the athlete’s pronated forearm [6].
UCL laxity in injured athletes is subtle and has
been shown by Field and colleagues to only
increase medial opening by 1-2 mm compared to
the contralateral arm [31, 32]. Failure to maintain
forearm pronation during the valgus pressure
may cause subtle posterolateral instability that
can resemble medial laxity.

The milking maneuver (Fig. 9.3) can also be
used to evaluate valgus stability while the joint is
in flexion. Theoretically the test, as originally
described by Stephen O’Brien MD, isolates the

Fig. 9.2 Demonstrates the valgus stress test. Note the
maintenance of pronation and the valgus pressure applied
just above humeral condyles
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posterior band of the anterior bundle of the
UCL. The athlete flexes the throwing elbow
beyond 90° and with the other arm reaches under
the humerus and grabs the ipsilateral thumb,
which exerts a valgus stress on the affected elbow
[33]. The physician should then palpate along the
course of the UCL to assess for tenderness and
joint space opening.

It must be noted that modifications to the
milking maneuver have also been described. At
an angle greater than 120° flexion, the contribu-
tion of the bony anatomy makes evaluation of the

Fig. 9.3 Demonstrates the “milking maneuver.” The
examiner must palpate the medial portion of the ulnohu-
meral joint to discern the maximum point tenderness and
whether there is medial opening

ligament less sensitive, and consequently Safran
and colleagues have described a variation that
places the contralateral arm under the elbow
being examined, eliminating the confounding
factors associated with the osseous architecture
that occurs during hyperflexion [6]. This position
adducts the shoulder with maximal external rota-
tion, which can be a problem with the original
maneuver. The examiner then holds the throwing
elbow at 70° flexion, which is the position of the
greatest potential valgus laxity, as demonstrated
in cadaveric studies [34-36]. Next, the examiner
pulls down on the thumb with one arm and puts
valgus stress on the elbow with the other, and
with the hand imparting the valgus stress, the
physician can still palpate the medial aspect with
his thumb and assess for gapping or an increased
joint space.

The moving valgus stress test (Fig. 9.4),
described by O’Driscoll and Lawton, can also aid
in the detection of UCL insufficiency [37]. The
throwing shoulder is placed in an abducted and
externally rotated position, while the physician
takes the elbow through its flexion-extension lim-
its under valgus pressure. In many athletes with
UCL injury, pain is often felt at a specific point
within the flexion arc of 80-120°, and this test
aims to reproduce that pain because the shearing
force applied to the ligament is similar to that
applied during the late cocking/early acceleration
phases of actual throwing [6]. It is important to
note that while the authors documented 100%
specificity during their initial study, in our expe-
rience, a positive result in the setting of UCL
insufficiency, at times, depends on when the

Fig. 9.4 Shows the moving valgus stress test as described by O’Driscoll and colleagues. It is important for the exam-
iner to note where, during the arc of flexion, the test elicits pain
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patient last threw. If athletes with UCL injury
have not thrown a ball for weeks prior to their
examination, they may not have pain with the
moving valgus stress test.

If the athlete complains of posterior elbow
pain, the VEO test may detect the presence of a
posteromedial olecranon osteophyte or olecranon
fossa overgrowth [1]. The examiner stabilizes the
athlete’s humerus with one hand, and pronates
the forearm and applies a valgus force while
quickly maximally extending the elbow with the
other hand. The athlete may then experience pain
in the posteromedial compartment of the elbow,
as the olecranon tip osteophyte engages into the
olecranon fossa.

Conclusion

Elbow injuries can be difficult to differentially
diagnose in the overhead throwing athlete. The cli-
nician must possess a comprehensive understand-
ing of elbow anatomy and kinematics, along with
the various stress demands applied to the elbow
during the throwing motion. A detailed history and
a thorough physical examination are essential in
order to obtain an accurate diagnosis for the
thrower that presents with elbow pain. Furthermore,
an appropriate treatment plan will be multifaceted
and involve the athlete’s specific level of play and
timing of the season. The role of imaging will be
discussed in the subsequent chapter.
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The elbow joint is a trochoginglymus joint that
allows for flexion-extension and pronation-
supination. Elbow range of motion extends from
0 to 140° with 75° of pronation and 85° of supi-
nation [1]. The elbow joint is contained within a
capsule whose medial and lateral thickenings
comprise the collateral ligaments; ligamentous
injury may occur with or without injury to the
adjacent flexor or extensor tendons. The ulnar
collateral ligament (UCL) extends from the infe-
rior surface to the anterior and posterior surface
of the medial epicondyle and consists of three
bands [2] as shown in Fig. 10.1.

The anterior band, which is the primary stabi-
lizer of the elbow, is attached to the coronoid pro-
cess at the sublime tubercle (Fig. 10.2a, b); a
variation of ligamentous insertion is just inferior
to the sublime tubercle (Fig. 10.2c). The fan-
shaped posterior band extends from the medial
condyle to the semilunar notch of the ulna and
lies deep to the ulnar nerve forming the roof of
the cubital tunnel (Fig. 10.3). It is a secondary
stabilizer of the elbow when the joint is flexed
beyond 90°. Between the anterior and posterior
bands, a transverse band spans the notch and
bridges the medial olecranon and the inferior
medial coronoid process. The transverse band is
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universally regarded as an insignificant contribu-
tor to elbow stability.

The anterior band is the most discreet and
well-defined band of the UCL. Its origin fans out
and fibrofatty tissue or fibrofatty changes of the
ligament often seen at its origin may mimic a tear
(Fig. 10.4a). In such cases, posterior to anterior
evaluation of the UCL fibers on sagittal sequences
is necessary to assess for fiber disruption
(Fig. 10.4b, c). Insertion on the sublime tubercle
is tight; trace or no joint fluid lies between the
ligament and the sublime tubercle in young indi-
viduals. In older individuals, the normal UCL
attachment at the sublime tubercle often has a
small groove that may also mimic a tear
(Fig. 10.5; [3]). In adolescents, the anterior band
of the UCL commonly originates from, and is an
extension of, the periosteum bridging the physeal
plate of the medial epicondyle (Fig. 10.6; [4]).

Functionally, the anterior band of the UCL is
divided into anterior and posterior components
[5]. These components are, however, not seen as
separate structures on the magnetic resonance
imaging (MRI) or at surgery. In valgus loading,
the anterior portion is tense with elbow flexion
(from 0 to 85°), whereas the posterior portion is
taut (from 55° to full flexion). When under stress,
beginning at 65° of flexion, the posterior bundle
tightens [6]. This sequential tightening of the
anterior band ensures that some portion of the
band is taut during the entire arc of flexion mak-
ing the UCL the primary stabilizer of the elbow
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Fig. 10.1 Anatomy of the ulnar collateral ligament. Of the
three recognized components of the ulnar collateral ligament,
the anterior band (large black arrow) is the most important
for elbow stability and is commonly injured in throwing ath-
letes. The posterior band (white arrow) and transverse band
(small black arrow) are of limited importance

against valgus stress [7, 8]. The UCL provides
both static and dynamic stability to the elbow act-
ing as the primary medial stabilizer in flexion;
forces placed on the UCL during pitching are
near the limits of the UCL tensile strength [9].
The tensile strength of the UCL is approximately
34 N m which exceeds the valgus stress placed on
the medial elbow during pitching; a mean peak
valgus torque of 120 N m has been reported for a
professional population of pitchers [10]. The
flexor—pronator mass is the dynamic, active stabi-
lizer of the elbow and has been shown to be active

Fig. 10.3 The posterior band of the UCL lies deep to the
ulnar nerve and forms the roof of the cubital tunnel

Fig.10.2 Coronal T1-weighted (a) and coronal short tau
inversion recovery (STIR) (b) images show the anterior
band of the UCL as a continuous band of low-signal inten-
sity extending from the inferior medial epicondyle to

insert on the sublime tubercle of the coronoid (arrows
show the attachment to the sublime tubercle). Variation of
UCL anterior band attachment with insertion inferior to
the sublime tubercle (arrow) (c)
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Fig. 10.4 (a) Coronal Tl-weighted image shows high
signal near the posterior origin of a normal anterior band.
Fibrofatty changes can often be seen at the origin of the
anterior band of the UCL (arrow) and should not be mis-

taken for a tear. (b) Coronal PDFS also shows increased
signal at the posterior origin. (¢) Sagittal T1-weighted
image demonstrates an intact anterior band origin

Fig. 10.5 The arrow points to the normal fissure of the
sublime tubercle; the anterior band of the UCL is normal
in its signal intensity, and there is no indication that the
ligament is torn

during the late cocking and early acceleration
phase of throwing.

Five stages of the pitching motion have been
described: wind up, early cocking, late cocking,
acceleration, and follow-through [11]. The late
cocking and acceleration stages are those in
which most UCL injuries occur as the greatest
tensile stresses across the elbow develop during

Fig. 10.6 In adolescents, the origin of the anterior band
of the UCL (large arrow) commonly originates from the
periosteum that bridges the physeal plate (thin arrow) of
the medial epicondyle

these specific stages. In the late cocking phase,
the arm reaches maximal external rotation behind
the trunk. The pitching arm can be in as much as
180° of external rotation. When the pitching arm
has reached terminal external rotation, the accel-
eration phase begins. The arm internally rotates
and extends at the elbow; the forearm pronates,
the wrist flexes, and the fingers extend. A propul-
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Fig. 10.7 Coronal STIR images demonstrate typical val-
gus injuries to the elbow. There is a proximal tear of the
anterior band of the UCL (arrow) and microtrabecular
bone injuries of the capitellum (arrowhead)

sive muscular force is transferred to the pitching
hand and release of the ball. Ballistic stretching
during the cocking phase preloads all involved
muscles. Forces generated in the pitching motion
are considerable and absorbed by muscles, ten-
dons, bones, and ligaments. Repetitive pitching
places tremendous demands upon the upper
extremity they lead to cumulative trauma with at
least 50% of baseball pitchers reporting injuries
during their career [12, 13].

Overhead throwing subjects the elbow to tre-
mendous valgus forces concentrated on the ante-
rior bundle; a sudden valgus injury can lead to
acute rupture of the ligament and typical capitel-
lum microtrabecular bone injuries (Fig. 10.7).
Patients may complain of a “pop” and medial
elbow pain if this occurs. The majority of injuries
to the UCL are the result of chronic overuse
which leads to microtrauma and attenuation of
the UCL. Acute injuries are the result of a sudden
traumatic event. Patients with chronic injuries
complain of insidious onset of pain, soreness,
loss of control when pitching, and/or decrease in
their ability to achieve high ball velocity when

pitching. Complaints of ulnar neuritis, numbness,
or paresthesia in the fourth and fifth digits are
often reported in patients with UCL insuffi-
ciency; these patients may have symptoms of
ulnar neuritis related to inflammation of the UCL
with subsequent ulnar nerve compression or irri-
tation [14].

The anterior band could be completely dis-
rupted, yet valgus opening of the elbow may only
occur to a very limited extent. Tensile stress on
the medial aspect of the elbow produces com-
pressive forces upon the radial head and capitel-
lum; extension of the elbow during the
acceleration phase causes the olecranon to force-
fully make contact with the olecranon fossa and
both of these actions may lead to osteophyte and
loose body formation. This is most pronounced
in the presence of valgus instability as a poorly
aligned olecranon grates against the medial pos-
terior aspect of the humerus in forced extension
(Fig. 10.8) causing injury to the posteromedial
articular cartilage and other signs of posterior
impingement (Fig. 10.9). Occasionally, stress
injuries of the olecranon (Fig. 10.10), or if there
is continuous valgus stress, sublime tubercle
avulsion injury (Fig. 10.11), or frank olecranon
fracture (Fig. 10.12) may result.

Valgus forces produce distraction of the
medial compartment, giving rise to tensile inju-
ries of the UCL, flexor and pronator muscles,
ulnar nerve, and medial epicondyle. Rupture of
the UCL usually occurs in the flexed elbow under
valgus stress. When a full-thickness tear of either
the anterior or posterior band UCL occurs
(Fig. 10.13), the disrupted ligament is often
accompanied by extravasation of fluid or, if intra-
articular contrast is injected, contrast material
leaks into the surrounding soft tissues. Most tears
occur in the midproximal or midsubstance fibers
of the anterior bundle (Fig. 10.14) with distal
anterior bundle UCL tears (Fig. 10.15) being less
frequent. The injured ligament can demonstrate
abnormal signal intensity, thickening and irregu-
larity, ligamentous laxity, and poor definition
[15]. Less frequently, avulsions occur proximally
off the humerus or distally off the ulna. Rarely, an
avulsion fracture of the sublime tubercle has been
reported as a cause of UCL insufficiency.
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Fig. 10.8 Posterior
valgus malalignment
and impingement. (a)
The ulna is centrally
located in the posterior
groove of the dorsal
distal humerus in the
normal elbow. (b) The
medial olecranon grates
against the dorsal medial
humerus in valgus
angulation injuring the
articular cartilage and
underlying bone
resulting in osteophyte
formation

Fig.10.9 (a) Axial T1- and (b) axial T2-weighted images
show early articular cartilage injury and bone damage
(arrows). Chronic extensive articular cartilage damage
and osteophyte formation with posterior impingement and
inability to fully extend the elbow. (¢) Chronic extensive

Partial-thickness tears are diagnosed when
focal disruptions do not extend through the full
thickness of the ligament and are best visualized
if there is a fluid or contrast material adjacent to
the ligament. A partial-thickness tear of the
anterior bundle of the UCL that manifests at its

articular cartilage damage and osteophyte formation with
posterior impingement and inability to fully extend the
elbow (white arrow multiple loose bodies, arrow head
degenerative osteophyte)

insertion on the sublime tubercle with fluid or
contrast extending medial to the sublime tubercle
is described as the “T sign” [16] (Fig. 10.16).
Lateral compartment bone contusions may be
present in association with acute tears of the
UCL. Overlying flexor tendon tears are also fre-
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quently seen. In chronic disease, the UCL may
become significantly thickened with or without
adjacent stress reaction within the sublime tuber-
cle (Fig. 10.17). In the professional throwing ath-
lete, single (Fig. 10.18a) or multiple ossicles may
develop in the anterior band of the UCL or the

Fig. 10.10 Sagittal infrared (IR) image with stress injury
of the ulna (arrow)

anterior band itself may become almost entirely
ossified (Fig. 10.18b, c).

Injury to the UCL in the throwing athlete can
be devastating because athletic performance is
hindered due to pain and altered biomechanics.
One looks for increased signal intensity within
and adjacent to the ligament on MRI; this abnor-
mal signal represents sprain, degeneration, hem-
orrhage, or edema due to microtears resulting
from repetitive injury. Warning signs before UCL
failure in pitchers include bone marrow edema in
the medial epicondyle and sublime tubercle, loss
of the fat pad with an intact anterior band of the
UCL, bone marrow edema in the olecranon with
intact triceps tendon and/or strains (edema) in the
flexor, supinator, and brachialis muscles
(Fig. 10.19).

MRI is the preferred imaging modality for
evaluation of the soft-tissue structures of the
elbow. Although contrast arthrography is com-
monly used to evaluate for UCL tears, it is not
always necessary especially if the radiologist
is experienced. Contrast MRI can potentially
affect athlete performance for several days fol-
lowing intra-articular injection. In the setting
of acute trauma magnetic resonance (MR),

Fig. 10.11 Plain film (a) and coronal STIR (b) demonstrate avulsion injury of the sublime tubercle (arrows)
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Fig.10.13 Coronal T1-weighted (a) and coronal STIR (b)
images demonstrate diffuse abnormal signal intensity adja-
cent to the anterior band of the UCL (arrows) with fluid
extravasation at the sublime tubercle (arrowhead) related to
a full-thickness tear of the anterior band. Axial T1-weighted
(c) and axial T2-weighted (d) images demonstrating diffuse

abnormal signal intensity within the posterior band of the
UCL related to full-thickness tear of the posterior band
(straight arrows) deep to the ulnar nerve (rounded arrows).
Sagittal IR images (e and f) demonstrate the relationship of
the course of the normal ulnar nerve (rounded arrows) and
the torn posterior band (straight arrows)
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Fig. 10.14 STIR coronal (a and b) and STIR sagittal (¢)  arrows). (b) The black and the white arrows point to the
images from different patients demonstrate discreet areas ~ valgus stress injury and the tear of the proximal UCL,
of high-signal intensity consistent with proximal to mid-  respectively. The distal intact UCL is intact (arrowhead)
substance tear of the anterior band of the UCL (a, ¢ white

Fig. 10.15 T1 coronal MR arthrography. The thin arrow
demonstrates a distal tear of the anterior band at its attach-
ment to the sublime tubercle with extravasation of con-
trast into the surrounding soft tissues (large arrow)

Fig.10.16 Coronal IR image following elbow injury in a
major baseball league pitcher. Partial-thickness tear of the
anterior bundle of the UCL, described as the “T sign”
(arrow), manifests at the insertion of the UCL onto the
sublime tubercle. Following arthrography, contrast is seen
extending medial to the sublime tubercle. The fluid takes
the shape of a T as it tracks from the joint to the sublime
tubercle
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Fig. 10.17 Coronal T1-weighted image demonstrates
marked thickening of the anterior band of the UCL seen in
chronic injuries (arrow)

Fig. 10.18 Sagittal image demonstrates a single ossicle
(arrow) in the anterior band of the UCL (a). Coronal
T1-weighted (b) and coronal IR (¢) images demonstrate

arthrography may help with the assessment of
partial-thickness tears. Because the anterior
band of the UCL is not well visualized
arthroscopically, it must be carefully assessed
on imaging.

More than half of adolescent pitching ath-
letes experience elbow pain during a baseball
season [17]. Adolescent injuries are more
often associated with the relatively weak
medial epicondyle apophyseal plate rather the
UCL ligament injuries although chronic
sprains may be seen (Fig. 10.20). The apophy-
seal plate is vulnerable to tensile forces related
to contraction of the flexor—pronator muscles.
Bone marrow edema and microtrabecular bone
injuries of the sublime tubercle (Fig. 10.21),
apophyseal widening and bone marrow edema
of the medial epicondyle (Figs. 10.22 and

R gt

diffuse, prominent thickening of the anterior band of the
UCL which is partially ossified (arrows)

Fig. 10.19 Sagittal T1-weighted (a) and STIR (b)
images demonstrate tears (arrows) of the proximal prona-
tor teres muscle. Coronal STIE image (c) with tear of the

flexor digitorum superficialis muscle (arrow). Axial T1
(d) and T2-weighted (e) images show strains of the triceps
muscle
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Fig. 10.19 (continued)

Fig. 10.20 Sagittal (arrow) and axial (arrowhead) images of a 16-year-old Little League pitcher elbow demonstrating
a chronic sprain injury of the anterior band of the UCL

Fig. 10.21 Axial T1 (a) and axial T2 (b) images show intense bone marrow edema and microtrabecular bone
early injury (arrow) to the sublime tubercle in a 14-year-  injuries throughout the sublime tubercle; no UCL injuries
old pitcher. Coronal IR image demonstrates (arrow) the or cortical fractures (¢)
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Fig.10.22 (a) Coronal T1-weighted image of the asymp-
tomatic elbow of a 15-year-old pitcher demonstrates nor-
mal signal intensity in the bone marrow (arrow) of the
medial epiphysis. (b) The symptomatic elbow demon-

Fig.10.23 A 9-year-old pitcher with sudden onset elbow
pain. (a) Axial T1-weighted image shows irregularity and
widening of the physis. (b and ¢) Sagittal images demon-

strates abnormal signal consistent with edema and widen-
ing of the growth plate (arrow). (¢ and d) Abnormal STIR
hyperintensity is seen in the symptomatic elbow (¢ nor-
mal, d symptomatic)

strate intense edema within the medial epiphysis without
cortical fracture. The UCL is intact



96 S. Muir and J. V. Crues Il

10.23) and/or fragmentation, epiphyseal Following a “Tommy John” [19] procedure,
hypertrophy and/or fragmentation or acute postoperative MRI imaging is used to evaluate
apophyseal avulsion (Fig. 10.24), that is, UCL graft integrity (Fig. 10.25).

Salter-Harris I fracture, may occur, that is, Graft tears appear as high-signal intensity in
“Little Leaguer’s elbow” [18]. the disrupted graft, similar to the native ligament

Fig. 10.24 (a) A 15-year-old pitcher with elbow pain. In the nonsymptomatic elbow, the medial growth plate is normal
(arrow). (b) In the symptomatic elbow, apophyseal widening is evident (arrow)

Fig. 10.25 Major League baseball pitcher underwent
a “Tommy John” procedure. Notice the tunnel in the
medial epicondyle (open arrow) and the tunnel in the
sublime tubercle (closed arrow) with low-intensity
graft in between the two bony tunnels and loss of fat
(circle) medial to the intact graft
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Fig. 10.26 Torn “Tommy John” graft in professional
major league pitcher. Postarthrogram. Coronal axial T1
weighted (a). Coronal STIR (b) and sagittal STIR (c)
images demonstrate distal graft tear with contrast extrava-

(Fig. 10.26). Evaluation of the ulnar nerve is
important in those patients who have undergone
translocation of the nerve.

Summary

The UCL of the elbow, in particular, its anterior
band, is the primary stabilizer to valgus stress at
the elbow. Partial or full-thickness tears of the
anterior band are commonly seen in throwing
athletes, especially professional and amateur
baseball pitchers, who by placing repetitive val-
gus stress injuries on the elbow during the late
cocking and early acceleration phases of throw-
ing frequently injure the UCL. Accurate interpre-
tation of elbow imaging in these athletes requires
intimate and detailed knowledge of the anatomy
of the normal UCL and the spectrum of injuries
to which it is subjected.

sation through the tear (arrows). The position of the ulnar
nerve (rounded arrow) lies in its normal relationship to
the graft, that is, no ulnar nerve translocation (d)
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Collateral Ligament Injury

Christin A. Tiegs-Heiden, Naveen S. Murthy,
Brett Lurie, Jan Fritz, and Hollis G. Potter

Introduction

The ulnar collateral ligament (UCL), also referred
to as the medial collateral ligament (MCL) of the
elbow, may be injured acutely in the setting of a
valgus load to the elbow or as a result of disloca-
tion [1, 2]. In the athlete, the ligament may be
chronically stressed by the high valgus loads that
are repetitively imparted to the medial side of the
elbow during the late cocking phase of throwing.
Diagnosing UCL injury in the patient with medial
elbow pain can be challenging both clinically and
arthroscopically, highlighting the need for accu-
rate diagnostic imaging [3, 4]. MRI offers unpar-
alleled soft-tissue contrast resolution, direct
multiplanar imaging capabilities, and high-
spatial resolution, allowing for reproducible,
accurate, preoperative diagnosis of UCL abnor-
malities. MRI is also useful postoperatively to
assess the integrity of ligament reconstruction
and to diagnose potential re-injury.
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Technique

MRI of the elbow should be performed at field
strengths of 1.5 T or higher, with 3.0 T being pre-
ferred. The elbow is typically imaged either in
the “superman” position or with the patient in the
supine position with the elbow extended at the
side and the forearm supinated. Imaging in this
position tensions the anterior bundle of the MCL,
allowing for more accurate assessment of liga-
ment integrity. If clinically indicated, the poste-
rior bundle of the UCL can be assessed with the
elbow in flexion. A phased array surface coil is
used to obtain the best possible signal-to-noise
ratio [5, 6]. A circumferential coil is necessary to
obtain sufficient signal from the posterior elbow
structures [7].

The multiplanar capabilities of MRI are
extremely valuable for obtaining true sagittal and
true coronal images of the obliquely oriented
elbow joint [8]. We recommend obtaining three
planes of T1 or PD and fluid-sensitive sequences,
with a minimum of one T1-weighted sequence.
Cartilage and fluid-sensitive pulse sequences are
essential for adequate evaluation of all patients. If
the elbow is imaged at the patient’s side, inversion
recovery sequences are recommended over fre-
quency-selective fat-suppressed sequences due to
the magnetic field inhomogeneities encountered
away from the isocenter of the bore [7].

High-resolution (512 x 320 matrix,1.5-2.5 mm
slice thickness) intermediate echo time fast spin
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echo (FSE) imaging performed in the coronal
plane is used to assess the signal intensity of liga-
ments and tendons as well as regional cartilage
status. A high-spatial resolution (512 x 224
matrix, 1.7-mm slice thickness) small field of
view gradient recalled echo (GRE) pulse
sequence in the coronal plane yields an in-plane
resolution of 300 microns, thus diminishing par-
tial volume and signal averaging, and is useful
for assessment of ligament and tendon morphol-
ogy. Axial and sagittal high-resolution (sagittal
512 x 320 matrix) FSE images with intermediate
echo time and slightly increased slice thickness
(3.5 mm) are obtained as well to aid in the assess-
ment of the remainder of the elbow structures.
Fat-suppressed GRE sequences, which are sensi-
tive to the cartilage of unfused physes, are added
for the characterization of growth plates of skel-
etally immature patients.

Some authors advocate the use of magnetic
resonance (MR) arthrography using an intra-
articular injection of a gadolinium-based contrast
agent or intra-articular saline to aid in the detection
of partial tears of the UCL [3, 9]. Distension of the
joint capsule with fluid may improve visualization
of structures which are normally closely opposed
[10]. At the authors’ institutions, elbow imaging is
performed without the use of intra-articular con-
trast, preserving MRI as a noninvasive, painless,
time efficient, and cost-effective examination.
Close attention to high-spatial resolution, noncon-
trast MRI technique obviates the need for intra-
articular contrast [8, 11]. We believe that
noncontrast MRI is superior to arthrography for
assessment of cartilage, taking advantage of the
inherent magnetization transfer contrast provided
by intermediate echo time FSE, and that synovitis
and patterns of synovial proliferation are better
assessed without the confounding factor of a joint
distended with contrast material.

Imaging Anatomy

The UCL is a cord-like structure, which averages
27 mm in length and 4-5 mm in width [12]. The

three components of the UCL are the anterior
bundle, posterior bundle, and transverse bundle
[13]. The anterior bundle is further divided into
biomechanically distinct anterior and posterior
bands, which are taut at different degrees of flex-
ion and extension and serve as the primary
restraint to valgus stress [14—16]. The anterior
bundle originates on the undersurface of the
medial epicondyle and inserts on the ulna at or
within 1-2 mm of the anteromedial facet of the
coronoid process, the sublime tubercle [17]. The
posterior bundle forms the floor of the cubital
tunnel and is more of a thickening of the poste-
rior capsule than a distinct ligament [13]. The
transverse bundle runs between the tip of the
olecranon and the coronoid process and does not
contribute significantly to elbow stability. Neither
the posterior nor the transverse bundles are rou-
tinely assessed on standard MR imaging with the
elbow in extension.

Normal Appearance of the UCL

The UCL is best assessed on coronal images
using the GRE and FSE sequences to assess mor-
phology and the STIR and FSE sequences to
assess signal intensity.

The intact UCL is thin, vertically oriented,
and uniformly low-signal intensity reflecting its
composition of highly organized type I collagen
(Fig. 11.1; [18]). A normal infolding of synovium
may be identified deep to the humeral origin of
the posterior band of the anterior bundle, which
should not be misinterpreted as a tear [1, 3, 4].
Interdigitation of fat can also be seen at the origin
of the posterior band of the anterior bundle,
resulting in a slightly striated appearance to the
ligament in some patients [17, 19]. The humeral
origin of the anterior bundle is fairly broad, with
convergence of the ligament as it approaches its
insertion on the ulna, where the ligament is con-
tinuous with the ulnar periosteum [6, 17, 20]. The
deep muscle fibers of the flexor digitorum
superficialis are closely apposed to the outer sur-
face of the UCL.
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Fig. 11.1 Coronal intermediate echo time FSE MR
image of a normal thin, vertically oriented and hypoin-
tense UCL (white arrow). Note the normal infolding of
synovium and fat deep to the ligament (black arrow)

MR Findings in UCL Injury
Acute Injury

Acute injuries to the UCL are seen as areas of
altered signal intensity, altered morphology, or
indistinctness of the normally hypointense, verti-
cally oriented ligament [1, 4]. There may be a
discontinuity of some or all of the fibers of the
UCL with or without retraction (Fig. 11.2; [6]).
Adjacent soft-tissue edema as well as injury to
the flexor pronator origin may serve as additional
evidence of an acute injury (Fig. 11.3).

Tears of the UCL are most commonly at the
humeral origin of the ligament, while midsub-
stance and distal tears are less common (Fig. 11.4;
[5]). Avulsion fractures of the sublime tubercle or
of traction osteophytes may also be seen
(Fig. 11.5; [11]).

Partial thickness tears of the UCL are further
classified as high-grade partial or low-grade par-

Fig. 11.2 Coronal FSE MR image demonstrating acute
on chronic injury to the UCL. The long black arrow indi-
cates a complete tear of the thickened posterior band of
the anterior bundle. Adjacent soft-tissue edema is noted
within the flexor pronator muscles (short arrow)

tial, which are differentiated based on the involve-
ment of more or less than 50% of the ligament
thickness, respectively (Fig. 11.6; [21]). A focal
defect in the ligament may be seen, but more
commonly, partial thickness tears are diagnosed
on the basis of ligament indistinctness and hyper-
intensity. Fluid imbibition can help to delineate
an acute tear, but the absence of this sign does not
exclude injury to the ligament (Fig. 11.7).

The “T-sign” describes the appearance of fluid
extending distally between the ulna and the UCL
due to stripping of deep fibers of the ligament off
the sublime tubercle (Fig. 11.8; [3]). While origi-
nally described with computed tomography (CT)
and MR arthrography, a T-sign can be observed
in nonarthrographic MRI provided that close
attention is paid to MR technique. It is commonly
held that nonarthrographic MRI has a relatively
low sensitivity for the detection of partial thick-
ness tears, somewhere in the order of 57% [3].
The use of high-resolution, fluid-sensitive inter-
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Fig. 11.3 Coronal FSE image shows an acute complete ~ Fig. 11.4 Coronal FSE MR image shows a complete tear
tear of the flexor pronator origin (long black arrow) with  of the anterior band of the anterior bundle of the UCL off
retraction (short black arrow). The UCL ligament appears  its ulnar insertion (arrow)

high signal and slightly ill-defined reflecting concomitant

low-grade injury to the UCL (white arrow)

Fig. 11.6 Coronal FSE MR image demonstrating intra-
Fig. 11.5 Coronal STIR image shows an avulsion frac-  substance high signal (arrow) indicative of a low-grade
ture of an osteophyte arising off the ulna (long arrow). interstitial partial tear at the humeral origin of the poste-
Adjacent soft-tissue edema is indicated by the short arrow  rior band of the anterior bundle of the UCL
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Fig. 11.7 Coronal STIR image shows a high-grade par-
tial tear of the posterior band of the anterior bundle of the
UCL (long arrow). A reactive marrow edema pattern is
seen within the medial epicondyle reflecting a stress reac-
tion (short arrow)

mediate echo time FSE sequences allows for the
diagnosis of partial tears with much higher sensi-
tivity than is typically quoted in the literature for
nonarthrographic studies [6, 11].

The term interstitial load can be applied to
ligaments that appear stretched, mildly attenu-
ated, and diffusely hyperintense reflecting the
presence of interstitial microtears caused by an
acute distracting force, without a well-defined
partial thickness tear (Fig. 11.9).

MRI-based classification systems for UCL
injuries have been proposed. A 6-stage classifica-
tion system was described by Ramkumar et al.
based on the location (proximal, midsubstance,
or distal) and degree of tear (partial or complete)
[22]. This system demonstrated very good reli-
ability and may aid in decision-making as com-
plete and distal tears are more likely to require
operative management [22, 23].

Fig. 11.8 Coronal STIR MR image shows fluid between
the UCL and the sublime tubercle (7-sign) indicating
avulsion of deep fibers of the UCL off the ulna in the set-
ting of an undersurface partial tear (long arrow). The
short arrow shows edema at the humeral origin of the
chronically thickened UCL

Chronic Injury

Ligaments subject to chronic repetitive stress
may remodel resulting in asymmetric ligament
thickening and altered signal intensity, even in
the asymptomatic patient (Fig. 11.10; [5, 24]).
The chronically stressed UCL may demonstrate
plastic deformation appearing lax, redundant, or
indistinct [8, 12]. Associated mild ligament
hyperintensity has been attributed to the presence
of chronic microtears leading to intraligamentous
hemorrhage and edema [25]. Foci of intraliga-
mentous calcification or heterotopic ossification
may also be identified in the chronically over-
loaded and repetitively injured UCL (Fig. 11.11).

Osseous stress reactions are also commonly
seen and may manifest as a focal bone marrow
edema pattern, either at the humerus or at the
coronoid process. Chronic valgus stress may also
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Fig.11.9 Coronal STIR MR image demonstrates diffuse
hyperintensity of the posterior band of the anterior bundle
of the UCL without focal discontinuity (short arrow) indi-
cating the effects of an acute interstitial load. A focal bone
marrow edema pattern is seen at the ulna reflecting a mild
stress reaction (long arrow)

result in osseous remodeling on the medial side
of the elbow resulting in traction osteophytes,
which may be subject to fracture or avulsion in
the setting of acute on chronic injury.

Associated Elbow Findings
in Chronic Valgus Overload

Chronic valgus overload to the elbow results in
attritional attenuation of the UCL leading to lax-
ity and eventual ligament failure [25]. Prior to
ligament failure, the chronically stressed elbow
will develop osteoarthritic changes as a result of
excessive  posteromedial ~ joint  contact.
Subchondral sclerosis may be observed over the
posteromedial aspect of the ulna and the corre-
sponding posterior aspect of the trochlea, reflect-
ing the presence of subchondral bony remodeling
(Fig. 11.12). Another early sign of posteromedial
impingement is prominent synovitis within the

Fig. 11.10 Coronal FSE MR image of a chronically
remodeled UCL ligament in a pitcher (white arrow). The
ligament is thicker than usual but is still uniformly hypoin-
tense. A small traction spur is noted arising off the slightly
bulbous medial epicondyle (black arrow)

1

Fig.11.11 Coronal FSE MR image demonstrates a focus
of intraligamentous ossification in a chronically injured
UCL (arrow)
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Fig. 11.12 Axial FSE MR image demonstrating features
of posteromedial impingement in the setting of chronic
valgus extension overload. The short arrows indicate sub-
chondral sclerosis, chronic bony remodeling, and partial
cartilage wear in the posteromedial humeroulnar compart-
ment. The long arrow shows a developing osteophyte off
the medial aspect of the olecranon process

posteromedial joint capsule, which is most easily
appreciated on sagittal and axial FSE images
(Fig. 11.13). As posteromedial impingement con-
tinues, chondral thinning may be observed at the
posteromedial ulnohumeral articulation, leading
to the development of osteophytes usually on the
olecranon [24]. In chronic posteromedial
impingement, there may also be intra-articular
loose bodies due to chondral injury. Fractured
osteophytes are also commonly seen and can be
visualized on the far posterior images of the coro-
nal series or on axial images. A lateral radiograph
in maximum flexion is also efficacious in defin-
ing the osteophytes. The inability to obtain full
extension of the elbow should prompt a search
for additional evidence of posteromedial
impingement.

Fig. 11.13 Sagittal FSE MR image shows additional
findings of posteromedial impingement with marked
synovial scarring at the posteromedial aspect of the elbow
joint surrounding a loose body (long arrow). The short
arrow indicates a chronic fracture through an olecranon
osteophyte

Flexor Tendinopathy and Tears

An acute valgus load to the elbow is frequently
accompanied by contusion or tears of the flexor
pronator origin with extensive soft-tissue edema
[2]. Excessive tension on the medial elbow soft
tissues in the setting of chronic valgus extension
overload may also lead to the development of
tendinosis and tears, most commonly affecting
the pronator teres and the flexor carpi radialis [1].
Tendinosis manifests on MRI as intermediate to
increased T2 signal intensity within the tendon,
often with focal enlargement (Fig. 11.14). The
observed areas of increased signal intensity cor-
respond to areas of collagen disruption, mucoid
or hyaline degeneration, and neovascularization
[26]. Areas of heterotopic ossification or dystro-
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Fig. 11.14 Coronal (a) and axial (b) T2 FSE MR images with fat saturation demonstrating mild increased signal and
focal enlargement of the flexor carpi radialis origin compatible with mild tendinopathy (arrows)

phic calcification may also be observed at the ori-
gin of previously injured or chronically
degenerated tendons.

Ulnar Neuropathy

Ulnar neuritis may manifest on MRI as nerve or
fascicular enlargement within or more typically
proximal to the cubital tunnel. The normal fas-
cicular architecture of the nerve can be dis-
rupted, and the nerve may appear hyperintense
on both FSE and inversion recovery pulse
sequences (Fig. 11.15). Masses, osteophytes,
ganglia, and accessory muscles may all cause
impingement of the ulnar nerve in the cubital
tunnel [27], but in the throwing athlete, ulnar
neuritis is more frequently a result of chronic
traction caused by excessive valgus laxity.
Morphological and signal alterations within the
ulnar nerve are a frequent finding even in the
asymptomatic patient, highlighting the impor-
tance of interpreting the MR findings in the con-
text of clinical symptoms.

Radiocapitellar Osteochondral
Defects

Injury to the cartilage of the radiocapitellar com-
partment can occur in the setting of an acute val-
gus load or following dislocation due to direct
impaction of the radius against the capitellum.
Capitellar osteochondral lesions may also
develop in the context of valgus extension over-
load (Fig. 11.16). The possibility of associated
osteochondral lesions in the setting of acute and
chronic UCL injury underscores the importance
of cartilage-sensitive imaging in all patients, as
these lesions reflect a primary ischemic insult to
subchondral bone and the overlying cartilage rep-
resents the “innocent bystander” of the process
[8]. Mild chondral hyperintensity and subchon-
dral flattening may serve as early evidence of an
osteochondral lesion, formerly termed osteo-
chondritis dissecans [28]. As changes progress,
there may be frank subchondral collapse, cystic
resorption of subchondral bone, fluid imbibition
between the osteochondral lesion and the parent
bone, or a loose osteochondral fragment.
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Fig. 11.15 Overhead throwing athlete with recalcitrant ~showing mild increased signal and enlargement of the

ulnar neuropathy despite conservative management. Axial ~ ulnar nerve just proximal to the cubital tunnel (arrows).

(a) and sagittal (b) T2 FSE MR images with fat saturation ~ME, medial humeral epicondyle

Fig. 11.16 (a) Coronal FSE image demonstrates chronic  capitellar osteochondral lesion (long arrow) with loss of the
thickening of the UCL in a throwing athlete (long arrow).  tidemark, subchondral collapse, cystic resorption of sub-

chondral bone, and early fragmentation. The overlying car-

The short arrow indicates a capitellar osteochondral lesion.
tilage (short arrow) is markedly hyperintense

(b) Sagittal FSE image in the same patient demonstrates a
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Apophyseal Injury

In the skeletally immature athlete, acute and
chronic stresses to the UCL are preferentially
transmitted to the medial epicondylar apophysis
with relatively little observable change in the
ligament itself [29]. A Salter Harris I fracture
may occur with variable degrees of separation of
the medial epicondylar apophysis (Fig. 11.17).
Associated bone marrow edema patterns may be
present in the apophysis. In the chronic setting, a
traction apophysitis may be seen with widening
of the growth plate or fragmentation of the epi-
condylar apophysis [5]. The observation of a bul-
bous contour to the medial epicondyle may serve
as evidence of remote apophyseal injury prior to
physeal fusion.

Fig. 11.17 Coronal GRE image demonstrating chronic
widening of the unfused medial epicondylar apophysis in
a skeletally immature pitcher (long arrow). The UCL liga-
ment (short arrow) is mildly thickened but otherwise
unremarkable in appearance reflecting the preferential
transmission of valgus force to the apophysis

Postsurgical Elbow

UCL reconstruction is the primary procedure
available to restore medial elbow stability and
relieve elbow pain in patients with injury to the
UCL [30]. MRI following ligament reconstruc-
tion is technically challenging due to the pres-
ence of metallic debris and associated
susceptibility artifact (Fig. 11.18). This is par-
ticularly prominent on gradient recalled
sequences due to the lack of a 180° rephasing
pulse, limiting the utility of this sequence in the
postoperative setting [6]. Interpreting the post-
operative MRI is also diagnostically challenging
due to the wide spectrum of “normal” postopera-
tive appearances and varying approaches to liga-
ment reconstruction.

Fig. 11.18 Coronal FSE image in a patient following
UCL ligament reconstruction. The white arrow indicates a
normal appearing graft, which is thicker than the native
ligament but demonstrates uniform hypointensity and
appears taut in extension. Note the small foci of magnetic
susceptibility adjacent to the sublime tubercle
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MRI in the postoperative elbow is useful for
the assessment of the integrity of the reconstruc-
tion, detecting stress fractures, for the visualiza-
tion of the transposed and nontransposed ulnar
nerve, for the assessment of cartilage integrity,
and for the evaluation of the remainder of the
elbow and adjacent soft tissues (Fig. 11.19; [31]).

The reconstructed UCL is much thicker than
the native UCL reflecting the double bundle
nature of most grafts and the remnant native
UCL. The well-functioning graft should appear
taut in extension [31]; graft dysfunction may be
suspected when the graft appears lax or redun-
dant. Graft signal intensity is more difficult to
interpret as the signal may vary depending on the

time since surgery and the degree of remodeling.
Heterotopic ossification may be seen within and
adjacent to a reconstructed UCL, rarely resulting
in bony bridging or fibrous bridging at the
humerus or the ulna (Fig. 11.20a). A partial or
complete re-tear of the graft can be confidently
diagnosed when there is linear fluid imbibition
into a focal discontinuity of the graft (Fig. 11.20b).
Interstitial partial tearing may also be seen as
redundancy or outward bowing of the graft or
new high signal within a graft [32]. On the rare
occasion when heterotopic ossification is exten-
sive, a re-tear may be identified as a fracture
through a fibrous union between the ossified liga-
ment and the humerus or ulna.

Fig. 11.19 Axial FSE image in patient following repair
of the flexor pronator origin (long arrow) shows a trans-
posed ulnar nerve which is encased in hypertrophic scar
(short arrow). The nerve is hyperintense with marked
enlargement of individual nerve fascicles reflecting ulnar
neuritis

Fig.11.20 (a) AP radiograph demonstrates multiple foci
of heterotopic ossification within a reconstructed UCL
(arrow). (b) Corresponding FSE MRI demonstrates the
appearance of heterotopic ossification on MRI (short
arrow). A near complete tear of the reconstruction is indi-
cated by fluid imbibition into a defect in the partially ossi-
fied ligament (long arrow)
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Fig. 11.20 (continued)

Conclusion

MR imaging of the elbow allows for accurate and
early diagnosis of acute, chronic, and acute on
chronic injuries to the UCL. Optimized high-
spatial resolution and high soft-tissue contrast
MR imaging may reveal several abnormalities
that could potentially contribute to elbow pain
and dysfunction, particularly in the throwing ath-
lete. The importance of a thorough history, clini-
cal examination, and a good working relationship
between the interpreting radiologist and the
referring clinician cannot be overstated.
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Collateral Ligament Injury
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Introduction

Overhead throwing athletes subject the medial
elbow to tremendous forces during the late cock-
ing and early acceleration phases of the throwing
motion [1]. It has been documented that up to
97% of elbow complaints in pitchers involve
medial elbow symptoms [2]. The ulnar collateral
ligament (UCL), particularly the anterior band of
the UCL, serves as the primary stabilizer of the
elbow against valgus forces and is the most com-
monly injured soft tissue structure of the elbow in
this athletic population [2]. These forces result in
a predictable pattern of stresses across the elbow
including tension medially, compression later-
ally, and shear posteriorly, and a predictable pat-
tern of resultant pathology. Traditionally,
diagnosis of UCL injury has relied heavily on
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history and physical exam. However, physical
exam findings may be unimpressive or nonspe-
cific. Although they remain crucial to arriving at
a correct diagnosis, even a thorough history and
physical examination may yield a broad differen-
tial diagnosis including ulnar collateral ligament
(UCL) injury, flexor-pronator injury, peri-elbow
soft tissue contracture, ulnar nerve irritation,
olecranon or medial epicondyle stress fracture/
apophysitis, posterior medial impingement with
olecranon osteophytes, radiocapitellar osteo-
chondral injury, and associated loose bodies/free
osteochondral fragments [2, 3]. Thus, conven-
tional imaging modalities such as plain X-ray,
stress radiography, magnetic resonance imaging,
and arthrography have played traditionally sig-
nificant roles in the diagnosis of this clinically
challenging entity [3-10]. Imaging allows the
identification of pathologic changes such as bony
changes (medial UCL ossification, radiocapitel-
lar flattening/osteochondral defects [OCD], olec-
ranon/coronoid  spurring), musculotendinous
changes (flexor-pronator and extensor tendon
degeneration/fraying/tearing), ligamentous
changes (UCL degeneration/fraying/tearing), and
nerve changes (ulnar nerve edema/scarring/sub-
luxation) [11-15]. Unfortunately, conventional
imaging is accompanied by limitations such as
significant time, cost, exposure to ionizing radia-
tion, and static imaging. Although initially
described in 1978, ultrasonography (US) of the
elbow, including stress ultrasonography (SUS),
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has become an increasingly important adjunct to
the management of elbow pathology in an ath-
letic population. US/SUS provides the clinician
with a rapid, low-cost, noninvasive, radiation-
free, high-resolution imaging modality. With the
added utility of dynamic/functional assessment,
that can increase the accuracy of diagnosis and
guide the clinician in recommendation of optimal
treatment.

Science of Ultrasonography

Ultrasonography has become increasingly ubig-
uitous in clinical settings ranging from emer-
gency departments to outpatient clinics and
athletic training rooms in addition to radiology
departments. A variety of health-care providers
including athletic trainers, ultrasound technolo-
gists/sonographers, and physicians in multiple
specialties now perform this diagnostic proce-
dure on a routine basis. Both increased access
and growing expertise have accelerated the appli-
cation of ultrasonography to a broad spectrum of
pathology to supplement and/or supplant more
traditional imaging modalities by leveraging the
unique capabilities of ultrasonography. The past
15-20 years in particular have witnessed a nota-
ble increase in the application of ultrasonography
to musculoskeletal medicine, including signifi-
cant interest in the evaluation of the athlete’s
elbow and ulnar collateral ligament injury.

Musculoskeletal ultrasonography (US) is a
real-time imaging modality that utilizes reflected
pulses of high-frequency (ultrasonic) sound
waves to visualize and assess tendons, ligaments,
muscles, nerves, vessels, joints, cartilage, bone
surfaces, soft tissue masses, and fluid containing
structures. The intensity of the reflected ultra-
sound echo from a given structure is depicted uti-
lizing a gray scale, and the time it takes for the
reflected echo to return to the transducer deter-
mines the depth of that structure on the image
that is created.

The ultrasound equipment utilized in muscu-
loskeletal medicine is essentially the same as
equipment used for other medical applications
(Fig. 12.1). Linear array rather than curved trans-

Fig.12.1 A multifrequency, broadband ultrasound trans-
ducer with monitor

ducers are typically preferred for musculoskele-
tal applications. Modern ultrasound machines are
equipped with multifrequency/broadband trans-
ducers in the range of 5-10 MHz, 7.5-13 MHz,
or higher. Higher frequency (and thus a shorter
wavelength) translates to better axial resolution
of the acquired ultrasound image. The trade-off is
that higher frequency transducers come at the
sacrifice of tissue penetration. However, tissue
penetration is not a major issue at the elbow joint
due to the limited subcutaneous adipose tissue,
such that high-frequency transducers can be used
successfully. Ultrasound transducers typically
used for musculoskeletal imaging have an axial
resolution of 0.15 mm at 10 MHz and 0.04 mm at
20 MHz. This superb axial resolution enables
ultrasonography to depict fine anatomic changes
that are difficult to depict with any other imaging
modality, increasing the diagnostic value of mus-
culoskeletal ultrasonography.

A variety of common imaging artifacts can be
seen with ultrasonography. Anisotropy is an
imaging artifact of hypoechogenicity commonly
seen with tendons (and to a lesser degree with
muscles, nerves, and ligaments) due to reflection
of the ultrasound beam into another plane if the
beam is not perpendicular to the tendon surface.
If the beam is reflected into a different plane,
echoes will not be available to return to the trans-
ducer and contribute to image formation.
Acoustic shadowing is the inability to visualize
anything behind intact bone or dense calcifica-
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tions due to absorption and nearly complete
reflection of sound waves. Other common arti-
facts include acoustic enhancement, by which the
zone deep to a structure that does not absorb
much of the ultrasound beam, such as a cyst,
appears brighter than the adjacent soft tissues;
reverberation, by which the bouncing of the
sound wave between the transducer and metal
structures like prostheses, implants, or needles
generates multiple echoes; and edge shadows, by
which hypoechoic areas can be seen behind
spherical, fluid-filled structures.

The image visualized via ultrasound is depen-
dent upon the orientation of the transducer. A trans-
verse orientation, or short-axis view, yields images
similar to axial views obtained by computed
tomography (CT) or magnetic resonance (MR)
imaging. A longitudinal transducer orientation
yields a long-axis view similar to a coronal or sagit-
tal sequence. Echogenicity is dependent upon both
the characteristics of the tissues visualized and the
frequency of transducer utilized. However, stan-
dard characteristics have been defined for musculo-
skeletal tissues when imaged with transducer
frequencies from 5 to 15 MHz, the range of most
commonly available ultrasound transducers. Bone
surface is typically hyperechoic (white) and dem-
onstrates posterior acoustic shadowing (Fig. 12.2).
Articular cartilage is typically anechoic (black)
with a smooth surface (Fig. 12.3); however, degen-
erative cartilage may have increased echogenicity
and demonstrates irregular surface. In contrast,
fibrocartilage such as that of the glenoid labrum is
hyperechoic. Synovium demonstrates an interme-
diate echogenicity while synovial fluid is anechoic,
lacks a Doppler signal, and is displaceable and

Fig. 12.2 Longitudinal ultrasound view of the medial
elbow showing the medial epicondyle of the humerus (B),
the common flexor-pronator tendon (T), and the flexor-
pronator muscle (M)

compressible on examination. The joint capsule
can be visualized as the boundary between the
hypoechoic synovium and anechoic synovial fluid.
Tendons characteristically display a fine internal
fibrillar pattern and are slightly hyperechoic when
perpendicular to the probe (Fig. 12.2); it is impor-
tant to note that tendons may demonstrate anisot-
ropy. Nerves have similar echogenicity to tendons
but are slightly hypoechoic, with a less tightly
packed fascicular pattern compared to the fibrillar
pattern of tendons (Fig. 12.4). Muscles are pre-
dominantly hypoechoic, dependent upon trans-

Fig. 12.3 Longitudinal ultrasound view of the lateral
elbow showing the articular cartilage (arrowheads) of the
capitellum (CAP) and radius (R). Joint fluid is marked
with the asterisk

Fig. 12.4 Cross-sectional ultrasound view of the ulnar
nerve (encircled by cursors) at the level of the cubital tun-
nel showing the characteristic fascicular pattern
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ducer orientation, with hyperechoic lines within
the muscle substance indicating peri- and epimy-
sium and thicker hyperechoic lines indicating sep-
tae and investing fascia (Fig. 12.2). Bursae are
visualized as hypoechoic or anechoic. Finally, liga-
ments have similar echotexture to tendons but con-
sist of several layers with fibrillar patterns running
in different directions (Fig. 12.5).

Abnormal ultrasound findings are common in
the overhead throwing athlete and may be symp-
tomatic or asymptomatic. Such findings include
thickening of the anterior band of the UCL in the
dominant arm compared to the nondominant arm.
Ultrasound may reveal calcification (Fig. 12.6) as
hyperechogenicity within the substance of the
ligament with or without acoustic shadowing, or
conversely pathology may manifest as hypoechoic
foci (Fig. 12.7a, b). Tears of the UCL can be visu-

Fig. 12.5 Longitudinal ultrasound view of the anterior
band (A) of a normal ulnar collateral ligament of the
elbow. The thickness of the ligament is represented by the
cursors

alized as disruption of the substance of the UCL
with anechoic fluid within the tear (Fig. 12.8).

Ultrasound for the Evaluation
of the UCL

The unique capabilities of ultrasonography as a
low-cost, noninvasive, nonradiating, real-time
imaging modality allowing dynamic evaluation
with applied stress address a number of deficien-
cies of traditional imaging. Plain radiography can
define bony changes including osteophytes, cys-
tic changes, joint space narrowing, and loose
bodies; however, it lacks the ability to provide
direct evidence of soft tissue injury [4, 7, 8].
Additionally, it is a static test with the elbow in
one position for each view obtained. In 2007,
Wright et al. used plain radiographs to examine
the elbows of 56 asymptomatic professional

Fig. 12.6 Longitudinal ultrasound view showing calcifi-
cation (arrow) in the ulnar collateral ligament of a pitcher

Fig. 12.7 Longitudinal ultrasound view of (a) a hypoechoic signal (cursors) in the anterior band (A) of the ulnar col-
lateral ligament of a pitcher, (b) compared to the normal anterior band (A) of the contralateral ligament (cursors)



12 Ultrasound Imaging of Ulnar Collateral Ligament Injury 17

Fig. 12.8 Longitudinal ultrasound view of the thickened
anterior band of the ulnar collateral ligament with a focal
tear (*)

baseball pitchers [9]. Although they did find that
degenerative changes developed over time, these
changes correlated poorly to time spent on the
Major League Baseball disabled list or risk of
future injury, showing limited prognostic value
for plain radiography. Some authors have advo-
cated the use of stress radiography to more pre-
cisely evaluate functional UCL laxity [10, 16,
17]. However, this modality also does not provide
direct assessment of the ligament, may be cum-
bersome to employ, and is provider dependent
[18]. Rijke et al. described the use of a calibrated
device to produce a valgus stress during radiogra-
phy to evaluate patients with UCL injuries as a
valuable contribution to the field [17]. Lee et al.
utilized radiography to compare the amount of
ulnohumeral joint space gapping with and with-
out stress in “normal” individuals [16]. They
demonstrated a significant difference in the
amount of gapping when 5 lbs of valgus stress
was applied at both 0° and 30° of elbow flexion.
However, there was no difference in gapping
whether they looked at the nondominant or domi-
nant elbow. Ellenbecker et al. reported the results
of a similar study, but in a more specific popula-
tion of uninjured, professional baseball pitchers
[10]. They found a significantly greater difference
in the amount of ulnohumeral joint space widen-
ing with stress when comparing the dominant to
nondominant elbows. They concluded that
increased medial elbow laxity exists in the domi-
nant arms of uninjured pitchers. Despite provid-

ing a more functional evaluation of the
ulnohumeral joint space, these plain radiography
studies cannot comment directly on the UCL or
surrounding soft tissue structures.

Although conventional MR imaging pro-
vides excellent visualization of acute, com-
plete ruptures of the UCL, it may be less
accurate for the diagnosis of partial thickness
injury [19, 20-23]. Numerous studies have
demonstrated the ability of conventional MR
imaging to provide excellent visualization of
complete tears of the UCL, heterotopic calcifi-
cation, flexor-pronator inflammation, and
associated bony edema [7, 8, 20, 22, 23]. MR
arthrography has been advocated as a more
accurate technique for both partial and chronic
UCL injury, but MR arthrography is expen-
sive, time-consuming, and invasive such that
patient reluctance has limited its routine use in
elite-level pitchers [18, 21-23]. Quite often
elite-level pitchers are extremely reluctant to
have contrast injected into their injured, domi-
nant elbow. Although it may visualize clear
irregularities in the UCL, MR arthrography
nonetheless fails to provide a dynamic assess-
ment of ligament laxity as the patient’s elbow
remains in one position throughout the proce-
dure. In contrast, stress ultrasonography (SUS)
provides the clinician with soft tissue visual-
ization akin to MRI as well as the ability to
functionally assess the elbow with applied
stress akin to stress radiography. Specifically,
SUS has been utilized to diagnose clinically
significant UCL injury with associated valgus
instability.

Although the earliest description of the appli-
cation of ultrasonography to musculoskeletal
medicine was published in 1978, literature
exploring the application of this technology to
ulnar collateral ligament injury has only prolifer-
ated in the past decade [24]. In 2002, DeSmet
et al. were the first to report on two cases of
collegiate-level baseball pitchers with medial
elbow pain and laxity evaluated via dynamic
ultrasonography (DUS) [25]. In both cases, DUS
was able to identify injury to the UCL and the
authors described their ability to measure the
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amount of joint widening occurring with valgus
stress during DUS examination. A case report in
2010 from Wood et al. (one patient) corroborated
these findings by similarly demonstrating the
ability of DUS to assess medial valgus instability
while stressing the elbow with ultrasound of the
contralateral elbow performed for comparison
[26]. In all cases, UCL injury detected at DUS
was later confirmed at the time of surgical recon-
struction. One of the key observations by DeSmet
et al. was the need for additional research to
determine an optimal method for applying repro-
ducible, standardized stress to the ligament.

In 2002, Sasaki et al. reported on DUS evalu-
ations of 30 asymptomatic, collegiate baseball
players [27]. Their work demonstrated that the
ulnohumeral joint space of the dominant elbow
was significantly wider than that of the nondomi-
nant elbow with that additional laxity occurring
with application of valgus stress. Their DUS
methods were slightly different than we employ:
They placed the elbow in 90 degrees of flexion,
used gravity stress instead of manual stress by
standardized device, and did not comment on the
qualitative characteristics of the UCL. In addi-
tion, only 12 of the 30 players in their cohort
were pitchers.

In 2003, Jacobson et al. also reported on the
characterization of the anterior band of the UCL
using ultrasound in four cadavers (eight elbows)
[28]. The elbows were blindly evaluated using
ultrasound by a single musculoskeletal radiolo-
gist with the findings compared to standard
arthrography, MR arthrography, and anatomic
slices by two musculoskeletal radiologists.
Abnormality of the UCL was defined as contrast
material extension into the substance of the liga-
ment or fiber discontinuity, by MR arthrography
or anatomic slices. The UCL was determined to
be unequivocally normal in three specimens,
abnormal in two specimens, and the remaining
three specimens were excluded for failing to
meet either criteria. Ultrasound findings of the
normal UCL included a fibrillar appearance and
hyperechoic signal between the medial epicon-
dyle and proximal ulna. The two abnormal liga-
ments demonstrated areas of hypoechogenicity
and ligament fiber disruption.

Review of Stress Ultrasound
and the UCL: A 15+ Year Experience

Although significant literature exists regarding
the use of ultrasonography in musculoskeletal
medicine, the senior authors identified the defi-
ciencies of traditional static imaging for ulnar
collateral ligament injury and recognized the
dearth of focused literature in this area. They
sought to apply ultrasonography to address the
shortcomings of conventional imaging and more
thoroughly evaluate the elbow in a functional
manner by leveraging the unique capabilities of
the modality described above. Furthermore, they
surmised that stress ultrasonography (SUS) could
identify ulnohumeral joint space gapping as com-
pared to the contralateral arm and thereby indi-
cate significant UCL injury in patients with
equivocal physical exam and/or conventional
imaging. A preliminary cadaveric investigation
was carried out to define technique and applica-
bility of this imaging modality. This led to the
significant amount of prospective published and
submitted [26] clinical data acquired on elite
throwing athletes by these authors [18, 29].

In 2003, the senior authors published a study
utilizing stress ultrasound to evaluate the ulnar
collateral ligament in 26 asymptomatic Major
League Baseball pitchers [18]. Ultrasonography
was performed on both the dominant and non-
dominant elbows of these pitchers at spring train-
ing with a multifrequency 13-MHz linear array
transducer. The thickness of the anterior band of
the UCL and the width of the ulnohumeral joint
were measured at 30° of flexion, at rest, and with
an applied valgus stress (Fig. 12.9a, b) The ante-
rior band of the UCL was found to be signifi-
cantly thicker at rest in the dominant arm
(6.3 mm = 1.1) compared to the nondominant
arm (5.3 mm = 1.0, p < 0.01), as well as with an
applied valgus stress (6.3 mm =+ 1.4 vs.
4.8 mm = 0.19, p < 0.001). With stress applied,
the width of the ulnohumeral joint space was also
significantly different with greater laxity in the
dominant arm (4.2 mm + 1.5) compared to the
nondominant arm (3 mm = 1.0, p < 0.01).
Hypoechoic foci were more common in the UCL
of the dominant arm (69% vs. 12%, p < 0.001) as
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Fig. 12.9 Stress ultrasound demonstrating (a) the width of the ulnohumeral joint at rest; (b) the width of the ulnohu-

meral joint with applied valgus stress

were calcifications (35% vs. 0%, p < 0.001). The
average length of time for bilateral ultrasound
was 10.4 minutes. Stress ultrasound provided a
rapid means of evaluating the UCL in profes-
sional pitchers. In the dominant elbows of these
athletes, the UCL was thicker, more likely to
have hypoechoic foci and/or calcifications, and
demonstrated increased laxity on valgus stress.
In a continuing, prospective evaluation, the
senior authors performed routine, annual SUS on
professional baseball pitchers from 2002 to 2012
during Major League Baseball Spring Training
camp [29]. A total of 736 SUS studies were per-
formed on the dominant and nondominant elbows
of 368 pitchers over the 10-year period. SUS was
performed by a single, experienced musculoskel-
etal radiologist using a 13-MHz linear array
transducer (Fig. 12.10) with the arm at 30° of
flexion. Images were acquired of the dominant
and nondominant elbows both with the elbow at
rest and with a 15-1b stress applied using a stan-
dardized instrumented device (Telos, Marburg,
Germany). Measurements included thickness of
the ligament, width of the ulnohumeral joint
space at rest and with applied stress, and any
abnormal echotextural findings within the liga-
ment. A longitudinal comparison was made for
all players with more than one SUS performed
during the 10-year study period in order to deter-
mine if there were any progressive changes with
continued time pitching. Players with a subse-

Fig. 12.10 A multifrequency US transducer applied to a
cadaveric elbow within a Telos machine for application of
standardized valgus stress

quent UCL injury had their prior SUS findings
compared to the asymptomatic group. Statistical
analysis was carried out in order to determine if
early abnormal findings were associated with an
increased relative risk of future UCL injury. As
noted in the senior authors’ original 2003 study,
the mean thickness of the UCL was greater in the
dominant/pitching arm (6.15 mm vs. 4.82 mm,
P < 0.0001). Although joint space width at rest
was not significantly different, with applied
stress, the dominant elbow demonstrated signifi-
cantly greater gapping (4.56 mm vs. 3.72 mm,
p < 0.02). Similar to previous studies, the domi-
nant arm was also significantly more likely to
demonstrate hypoechoic changes (28% vs. 3.5%,
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p < 0.001) and calcifications (24.9% vs. 1.6%,
p <0.001). During the 10-year study period, 131
players had multiple SUS evaluations with an
average increase in dominant arm ulnohumeral
joint gapping of 0.78 mm. Of the 368 pitchers, 12
sustained subsequent ulnar collateral ligament
injury during the study period, all of which
required surgical reconstruction. When this UCL-
injured subgroup was compared to the remaining
asymptomatic players, these pitchers had differ-
ences trending toward significance in ligament
thickness (6.84 mm vs. 6.11 mm), ulnohumeral
joint gapping (4.5 mm vs. 4.09 mm), proportion
with hypoechoic foci (42% vs. 29.4%), and calci-
fications (25% vs. 24%). As with the 2003 study,
SUS provided a rapid, noninvasive, functional
assessment of the UCL in elite pitchers. This
study noted that the UCL in the dominant elbow
of this patient population is thicker, more likely
to have hypoechoic foci and/or calcifications, and
is more lax with valgus stress than the nondomi-
nant elbow. SUS indicated that a large percentage
of these athletes showed increased joint space
gapping with stress over time. Furthermore, SUS
indicated that pitchers incurring a UCL injury
may have increased abnormalities in their domi-
nant elbow compared to asymptomatic players.
The 10-year follow-up period did not provide
enough UCL injuries to identify a statistically
significant difference from dominant to nondom-
inant elbows with respect to the delta between
stressed and unstressed ulnohumeral joint gap-
ping. These findings suggest that further longitu-
dinal follow-up with SUS evaluation may
ultimately be able to identify athletes with an
increased relative risk of future UCL injury.

Our institution has investigated US/SUS for
throwing elbow complaints in the youth and ado-
lescent pitching population as well. Atanda et al.
have published SUS findings in asymptomatic
professional pitchers aged 17-21, divided by
both age and experience [30]. In this population,
they reported increasing UCL thickness by num-
ber of years of professional pitching. Atanda
et al. have also published the results of SUS in a
youth and adolescent pitching population. In that
study, 102 youth and adolescent athletes were
divided into two groups based on age (aged

12—-14 vs. aged 15-18) [31]. As in the previous
study, a thicker UCL on US/SUS correlated with
greater time pitching and more pitches per
appearance. Cumulatively, these studies suggest
that UCL thickening may represent the earliest
adaptive or pathologic change to occur in
response to the significant stresses of pitching.

The authors have also sought to validate these
techniques by performing a series of cadaveric
studies. The first cadaveric study performed
sequential medial soft-tissue sectioning of 12
freshly frozen cadaveric elbows to determine the
relative contribution of each medial elbow stabi-
lizer to valgus elbow stability [13]. The same
SUS methodology as utilized in vivo was applied.
Medial soft tissue stabilizers including the ante-
rior bundle of the anterior band of the UCL, the
posterior bundle of the anterior band of the UCL,
the posterior band of the UCL, the transverse
band of the UCL, and the flexor-pronator muscle
mass were evaluated. The largest change in ulno-
humeral joint width with applied valgus stress
was measured with the release of the entire ante-
rior band of the UCL (mean 3.4 mm increased in
joint space width). Release of either the anterior
or posterior bundles of the anterior band of the
UCL resulted in an increase in joint space width
>1.4 mm. This was significantly greater than the
increase in joint space width seen with sectioning
of the posterior band of the UCL, the transverse
band of the UCL, or the flexor-pronator mass
when other stabilizers remained intact. As a
result, the authors have adopted a threshold of
>1.4 mm of increased joint space width with
applied stress in the dominant compared to non-
dominant, uninjured extremity to suggest clini-
cally significant injury in vivo.

Using freshly frozen cadavers and the same
SUS methodology as the previous study, the
authors simulated patterns of partial tearing seen
clinically on MRI at different anatomic locations
within the anterior band of the UCL. SUS mea-
surements were performed with the elbow fully
intact, the anterior band of the UCL partially
torn, and the anterior band of the UCL com-
pletely torn. Location of the simulated partial tear
resulted in different degrees of increased joint
space width with applied valgus stress. Some
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partial tears more closely approximated the intact
state whereas others behaved similarly to com-
plete tears. This joins a growing volume of litera-
ture suggesting that some partial tear patterns
based on anatomic location may be indicated for
a trial of nonoperative treatment, while others are
indicated for early reconstruction [32—44].

Finally, our institution has reported results of
a combined diagnostic approach in 144 baseball
players at all levels of competition who had both
MRA and SUS preoperatively [45]. The imaging
findings of MRA and SUS individually as well as
in combination were correlated with surgical
findings as the gold standard for diagnosis. MRA
alone resulted in sensitivity, specificity, and accu-
racy for UCL injury of 81%, 91%, and 88%. SUS
alone resulted in sensitivity, specificity, and accu-
racy of 96%, 81%, and 87% for UCL injury. The
combination of MRA and SUS results signifi-
cantly increased sensitivity, specificity, and accu-
racy for UCL injury to 96%, 99%, and 98%. As a
result, we have adopted this combined approach
in our own practice.

Algorithm Utilizing Ultrasound
for UCL Injury

Evaluation for possible UCL injury in a throwing
athlete should always begin with a thorough his-
tory and a comprehensive physical examination
including the entirety of the kinetic chain. History
indicative of UCL injury includes both sudden and
insidious medial elbow pain/discomfort and/or
decreased throwing effectiveness in terms of
velocity and/or control. Physical examination find-
ings consistent with UCL injury include tender-
ness to palpation along the course of the anterior
band of the UCL, a positive moving valgus stress
test, and a positive milking test. Plain radiographs
remain as an important initial screening tool to
rule out acute or chronic osseous injury. If addi-
tional imaging is warranted on the basis of history,
exam, and initial radiographs, we utilize a com-
bined approach utilizing both MRI/MRA and
stress ultrasound to maximize diagnostic accuracy
as discussed above. With SUS, we utilize either
manual valgus stress with an assistant or a stan-
dardized instrumented device (Telos, Marburg,

Germany) applying a reproducible 15 decaNew-
ton valgus force across the elbow. The width of the
ulnohumeral joint space is measured both with and
without this applied valgus stress and compared to
the contralateral extremity. In our experience, this
is rapid and well tolerated by the patient. Our
ultrasonographic examination of the medial elbow
begins by seating the patient across from the
examiner at a well-padded table such that the arm
can be comfortably placed on the table. The arm is
positioned semi-extended with a padded bump or
rolled towel placed proximal to the elbow as a sup-
port. The ultrasound machine is placed on the
same side of the table as the patient so that the
examiner can easily view the screen. We begin
with the arm fully supinated and the probe ori-
ented in the long-axis view at the medial epicon-
dyle. The origin of the common flexor tendon is
visualized in both the long-axis and short-axis
views to evaluate the full length and width of the
tendon and identify the presence of any calcifica-
tions, tendinopathy, or tears. The probe is then
moved distally to evaluate for edema, hematoma,
or muscle tearing within the flexor-pronator mus-
cles. Next, the anterior band of the UCL is identi-
fied running from the base of the medial epicondyle
to insert broadly on the sublime tubercle of the
ulna, viewing it in both the long-axis and short-
axis views along its entire length. The thickness of
the ligament can be measured as well as the pres-
ence of calcifications or hypoechoic foci. The
ulnohumeral joint space is measured without stress
in a reproducible manner as the distance from the
trochlea to the sublime tubercle in the long axis.
The use of consistent landmarks is critical for
meaningful comparison of the joint space in the
unstressed and stressed states. The elbow is then
raised off the table and the probe is placed in the
short-axis view to bridge across the olecranon and
medial epicondyle so that the ulnar nerve can be
identified between them. With this orientation, the
ulnar nerve appears as an oval structure with a
honeycomb or stippled appearance. The elbow can
be dynamically flexed and extended while con-
tinuing to visualize the nerve in order to identify
any subluxation. The long-axis view can then
identify constriction as areas of narrowing of the
nerve fascicles that result in an hourglass
appearance.
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The stress ultrasound portion of the examina-
tion next assesses medial elbow stability and thus
the functional competency of the UCL by measur-
ing the ulnohumeral joint space with an applied
valgus stress. This is particularly useful when
UCL injury is suspected by history and physical
examination, but conventional imaging remains
inconclusive or equivocal. This portion of the
examination benefits from an assistant to stress
the arm. We perform joint space measurements
in 30 degrees of elbow flexion where the anterior
band of the UCL has been demonstrated to
become the primary restraint against valgus
stress. Both the dominant and nondominant arms
are measured in this manner for comparison.
Based on our prior research, the mean ulnohu-
meral joint space under stress in the nondominant
elbow of a pitcher is 3.72 mm, while the dominant
arm tends to have a wider mean joint space under
stress of 4.56 mm [29]. As noted above, we begin
by measuring the joint space in the unstressed
state using standardized landmarks in the long-

axis view. Next, a 15 daN valgus stress is applied
across the elbow utilizing a standardized device
(Telos, Marburg, Germany) or manually by an
assistant if a standardized device is unavail-
able. Joint space width in the unstressed and
stressed states is measured three times for
each elbow and mean values are calculated.
The change in joint space width between the
unstressed and stressed states, the delta, is cal-
culated by subtracting the mean joint space in
the unstressed state from the mean joint space
under valgus stress. Based on our previous
in vivo and cadaveric experience, we utilize a
cutoff value for the delta greater than 1.5 mm
and a substantial difference between arms as
suggestive of UCL injury.

Based on our institution’s cumulative experi-
ence on imaging of the elbow in the throwing ath-
lete, the authors have established a clinical
algorithm (Fig. 12.11) for the diagnosis and man-
agement of medial elbow injury in this
population.

| Medial Elbow Injury |

| History + for UCL |

\

| History — for UCL |

| PE + for UCL

PE — for UCL

Evaluate for other sources of medial
elbow pain including kinetic chain defect

——
—

| MR/MRA + for UCL | |

MR/MRA — for UCL |

\\

STRESS ULTRASOUND |

| Complete UCL tear | | Partial UCL Tear — —
/\ ¢ | + | | _ |
[ sugery | [ Nonop | [ sTRESsuLTRAsOUND | ¥ N\
¢ / \ Evaluate for other
| Successful | | Failed | | + | | - | S°“éT§§ﬁLZﬁd'a'
! ! e et
[ STRESS ULTRASOUND | | surgery | NO’IOP |
/
/ \ | Successful | | Failed |
| i | | - | | Successful | | Failed |

\

| Review Kinetic Chain |

Y

\
— defect |—>| Surgery |

/
o oo« aee | |

Fig.12.11 Clinical algorithm for the diagnosis and management of ulnar collateral ligament injury including appropri-

ate use of stress ultrasound (SUS)
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Case Examples
Acute, Partial UCL Tear

A 25-year-old, right-hand dominant Minor
League Baseball player had 6 months of pro-
gressive, right medial elbow pain and stiffness.
He did not miss any scheduled pitching starts,
but noted a progressive increase in symptoms.
During his last outing, he noted a sharp increase
in medial elbow pain and was unable to con-
tinue. Examination of the involved elbow
revealed mild swelling with range of motion
from 7° to 135° with full pronation and supina-
tion. Resisted wrist flexion and forearm prona-
tion caused no significant increased tenderness.
He was neurovascularly intact with a negative
Tinel’s sign at the cubital tunnel and a negative
elbow flexion test. He had increased pain with
valgus stress at 30° and a moderately positive
dynamic milking test. Plain X-rays showed no
significant abnormalities while MR arthrogram
showed a partial tear of the deep portion of the
anterior band of the UCL (Fig. 12.12). SUS was
performed and showed an increase in dominant
elbow ulnohumeral joint space width of 3.3 mm
with stress from the resting, unstressed position
(Fig. 12.13a, b). The nondominant elbow had an
increase in ulnohumeral joint space width of

Fig. 12.12 MR arthrogram demonstrating partial tear of
the deep portion of the anterior band of the UCL

0.1 mm with stress from the resting position
(Fig. 12.13c, d). The dominant to nondominant
difference was 3.2 mm. Because of the acute
and chronic history of a partial UCL tear with
clear-cut instability on exam and positive ultra-
sound findings, surgical treatment was recom-
mended. At the time of surgery, he was found to
have a significant undersurface tear of the ante-
rior band of the UCL of the elbow.

Failure of Nonoperative Treatment
for UCL Tear

An 18-year-old, right-hand dominant elite high
school pitcher noted the acute onset of right
medial elbow pain while pitching. He was unable
to continue pitching. His examination revealed
minimal swelling, range of motion from 10° to
130° with 80° of pronation and supination.
Resisted wrist flexion and forearm pronation
caused minimal increased tenderness. He was
neurovascularly intact with a negative Tinel’s
sign at the cubital tunnel and a negative elbow
flexion test. He had increased pain with valgus
stress at 30° and a positive dynamic milking test.
Plain X-rays were normal, and MRI revealed a
partial tear of the anterior band of the UCL
(Fig. 12.14). Nonoperative treatment was initi-
ated including 6 weeks of no throwing and a
focused shoulder, core, lower extremity, and aer-
obic conditioning program. A tossing program
was begun at 6 weeks, and he progressed until
developing recurrent pain while throwing from
the mound. A stress ultrasound was performed
and demonstrated an increase in dominant elbow
ulnohumeral joint space width of 3.7 mm with
stress from the resting, unstressed position
(Fig. 12.15a, b). The nondominant elbow had an
increase in ulnohumeral joint space width of
0.3 mm with stress from the resting position
(Fig. 12.15¢, d). The dominant to nondominant
difference was 3.4 mm. Because of the failure of
nonoperative treatment with positive stress ultra-
sound findings, surgical treatment was recom-
mended. At the time of surgery, he was found to
have a significant undersurface tear of the ante-
rior band of the UCL of the elbow.
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Fig. 12.13 Stress ultrasound demonstrating (a), ulnohu-
meral joint space width in the injured, dominant elbow at
rest (4.0 mm); (b) significant increased ulnohumeral joint
gapping (7.3 mm, delta = 3.3 mm) in the injured, domi-
nant elbow with the application of valgus stress; (¢) ulno-

Fig. 12.14 MR arthrogram demonstrating partial tear of
the deep portion of the anterior band of the UCL

humeral joint space width in the nondominant elbow at
rest (4.6 mm); (d) minimal increased ulnohumeral joint
gapping (4.7 mm, delta = 0.1 mm) in the nondominant
elbow with valgus stress

Revision UCL with Post-op Pain
Secondary to Kinetic Chain Deficits

A 19-year-old, right-hand dominant elite college
javelin thrower developed acute right medial
elbow pain while throwing in an international
competition. He was unable to complete the com-
petition. His examination revealed moderate
swelling, with a range of motion from 12° to 125°
and with 60° of pronation and supination. Resisted
wrist flexion and forearm pronation caused mod-
erate increased tenderness. He was neurovascu-
larly intact with a negative Tinel’s sign at the
cubital tunnel and a negative elbow flexion test.
He had significantly increased pain with valgus
stress at 30° and a positive dynamic milking test.
Plain X-rays were normal and MRI revealed a
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Fig. 12.15 Stress ultrasound demonstrating (a) ulnohu-
meral joint space width in the injured, dominant elbow at
rest (4.2 mm); (b) significant increased ulnohumeral joint
gapping (7.9 mm, delta = 3.7 mm) in the injured, domi-
nant elbow with the application of valgus stress; (¢) ulno-

complete tear of the anterior band of the UCL. He
underwent a right elbow UCL reconstruction and
his initial rehabilitation progressed smoothly. At
8 months postoperatively, he developed vague
recurrent right medial elbow pain while tossing.
On examination, he had no significant swelling.
His range of motion was from 5° to 145°, and he
had no tenderness with resisted wrist flexion and
forearm pronation. He was neurovascularly intact
with a negative Tinel’s sign and flexion pronator
test. He had no significant pain with valgus stress
at 30° and an equivocal milking test. An MR
arthrogram demonstrated no clear-cut recurrent
injury (Fig. 12.16). A stress ultrasound was per-
formed and demonstrated an increase in dominant
elbow ulnohumeral joint space width of 0.6 mm

humeral joint space width in the nondominant elbow at
rest (3.3 mm); (d) minimal increased ulnohumeral joint
gapping (3.6 mm, delta = 0.3 mm) in the nondominant
elbow with valgus stress

Fig. 12.16 MR arthogram demonstrating no recurrent
injury to the UCL reconstruction
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Fig. 12.17 Stress ultrasound demonstrating (a) ulnohu-
meral joint space width of 2.6 mm in the reconstructed
elbow at rest; (b) minimal increased ulnohumeral joint

with stress from the resting, unstressed position
(Fig. 12.17a) to the stressed position (Fig. 12.17b).
The nondominant elbow had an increase in ulno-
humeral joint space width of 0.3 mm with stress
from the resting position. The dominant to non-
dominant difference was 0.3 mm. Because of the
nonfocal nature of his complaints and the nonspe-
cific findings on exam and normal SUS, nonop-
erative treatment was continued. A thorough
evaluation identified deficiencies in the kinetic
chain and after focused shoulder, core, lower
extremity, aerobic conditioning, and a throwing
mechanics program, his symptoms resolved. He
was subsequently able to successfully return to
competition at an elite level.

Summary

Injury of the ulnar collateral ligament is common
in overhead throwing athletes leading to signifi-
cant functional limitations and disability. The
treatment of UCL injury requires a lengthy reha-
bilitation prior to return to full activity.
Unfortunately, UCL injury can be diagnostically
challenging for even the most experienced ortho-
pedic surgeon. Traditionally, orthopedists have
utilized static imaging studies such as plain X-ray,
stress radiography, and MRI/MRA, but these are
time-consuming, costly, and may be accompanied
by radiation exposure. Ultrasonography comple-

gapping in the reconstructed elbow to 3.2 mm with the
application of valgus stress (delta of 0.6 mm)

ments conventional imaging by providing a rapid,
low-cost, noninvasive, dynamic assessment of
medial elbow stability including visualization and
evaluation of the anterior band of the
UCL. Currently, stress ultrasound can be particu-
larly beneficial when evaluating partial tears of
the UCL, athletes who have failed nonoperative
treatment, or in the setting of recurrent injury.
Stress ultrasonography adds to the diagnostic
evaluation of ulnar collateral ligament injury in
the overhead throwing athlete. Furthermore, con-
tinued use and long-term evaluation of stress
ultrasonography may allow it to be used as a pre-
dictor of possible risk for ulnar collateral ligament
injury in currently asymptomatic patients.
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Injuries

Frank J. Alexander, Fiona E. Nugent,
and Christopher S. Ahmad

Introduction

Nonoperative treatment is often the first step in
the management of ulnar collateral ligament
(UCL) injuries, though many factors influence
decision-making. Specific features of the clinical
history, injury mechanism, physical exam, and
imaging help guide the decision to pursue nonop-
erative treatment. Education, injury prevention,
and realistic patient expectations should be
emphasized as important counselling aspects of
nonoperative treatment.

Treatment is aimed at reducing pain and
inflammation prior to initiating active rehabilita-
tion. A period of throwing cessation may be
combined with biologic treatment to accelerate
and/or improve UCL healing and associated
injuries such a flexor muscle strain. Rehabilitation
for UCL injuries involves global conditioning of
the entire kinetic chain with correction of modi-
fiable UCL injury risk factors. Throwing athletes
should undergo a supervised program of pro-
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gressive throwing that emphasizes proper
mechanics and technique. The outcomes of non-
operative management of UCL injury are often
satisfactory in well-selected patients with opti-
mal injury features.

Treatments typically include physical therapy,
anti-inflammatory medications, and the use of
biologic injections. Biologic use has become a
popular treatment in the athletic population but
with controversial evidence. Physical exam,
imaging, seasonal/career timing, and a player’s
future aspirations are just a few criteria that factor
into decision-making. In the setting of recurrent
sprains or failure of nonoperative treatment, the
desire to continue playing, surgical intervention
is indicated.

Clinical History

The majority of patients who experience medial
elbow pain and are overhead throwers sustain
UCL injury due to the repetitive valgus stress on
the medial elbow. Pitchers can exert a valgus load
of up to 60—65 Nm on their UCL during cocking
and acceleration phases of pitching which
approaches or exceeds normal UCL strength [1].
As such, baseball players injure their UCL often
and are unable to return to high-effort throwing if
their UCL is compromised.

Throwers may present with different features
of medial elbow pain. Some may complain of a
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single pop at the medial elbow, whereas others
may have slow progressive stiffness and/or diffi-
culty warming up. They may describe pain in the
acceleration phase of pitching, often associated
with tingling in their fingers, and loss of com-
mand and/or velocity. Additionally, players may
describe the inability to throw at higher effort
levels and “not being able to hit the next gear.”
History taking should ascertain modifiable
risk factors that may be managed as part of the
nonoperative treatment. Examples include fast-
ball velocity, recent increase in throwing volume,
change in throwing mechanics, working on new
types of pitches, use of velocity enhancement
programs and weighted balls, and injury to other
areas in their body that may affect kinetic chain.

Physical Examination

Global musculoskeletal assessment of the patient
must be emphasized as problems in the kinetic
chain are intimately connected to the upper
extremity. A general physical examination of the
upper extremity should include cervical spine
and bilateral shoulder range of motion, strength
testing, and provocative maneuvers including
Spurling’s and O’Brien’s. Additionally, the
extremities should be examined for posture,
asymmetry, atrophy, edema, or ecchymosis. The
examiner should take time to evaluate the scapula
for periscapular muscular tone and bulk as well
as normal scapulothoracic rhythm during func-
tional shoulder motion. Scapular dysfunction is
commonly found in throwing athletes and should
be addressed during rehabilitation [2].
Furthermore, the shoulder should be evaluated
for glenohumeral internal rotation deficit (GIRD),
which has been identified as a significant risk fac-
tor associated with UCL injury [3]. Any deficits
in shoulder rotation should be corrected through
rehabilitation and reassessed in conjunction with
conservative treatment of UCL injury.

The bilateral elbows should be examined for
active and passive range of motion. Painful limi-
tations in motion can be indicative of posterior—
medial impingement, loose bodies, or contracture
and may alter the treatment plan. Provocative

testing such as an arm bar or bounce test should
be performed toward the end of the examination
as they may elicit increased pain and compromise
the remainder of the exam. Laterally, the radio-
capitellar joint should be palpated and assessed
for crepitus, as youth baseball players are suscep-
tible to osteochondritis dissecans.

At the medial elbow, the ulnar nerve should be
located, assessed for hypermobility, and for full
motor and sensory function. The UCL originates
at the medial epicondyle proximally, and inserts
at the sublime tubercle distally. These anatomic
sites along with the midsubstance of the ligament
should be palpated, as tenderness may be indica-
tive of pathology. The moving valgus stress test
may indicate partial or complete tear of the UCL
[1]. Injury to the flexor mass may produce pain
anterior and distal to the medial epicondyle, and
may elicit pain and weakness with resisted fore-
arm pronation. Recently, Hodgins et al. [4] con-
cluded that flexor mass injuries may be a
significant risk factor for subsequent upper
extremity injuries including UCL tears.

Imaging

Patients should receive standard elbow antero-
posterior (AP), lateral, and oblique radiographs.
Radiographs can identify avulsion fractures at
either the medial epicondyle or the sublime
tubercle, which have a poor prognosis with non-
operative care [5, 6]. Radiographs can also evalu-
ate for chronic UCL insufficiency as evidenced
by calcifications within the ligament (Fig. 13.1)
and posterior—-medial olecranon osteophytes.
Osteophytes at the olecranon can be suggestive
of ligament insufficiency due to valgus extension
overload [7, 8]. If injury to the UCL is suspected,
valgus stress radiographs can evaluate for the
presence of ulnohumeral medial joint gapping [9,
10]. Gapping of greater than 0.5 mm when com-
pared to the contralateral elbow has been shown
in complete and large partial tears [11]. Valgus
stress testing is more commonly performed with
ultrasound currently.

Patients with suspected UCL injury benefit
from magnetic resonance imaging (MRI) of the
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Fig. 13.1 X-ray demonstrating calcification within the
UCL (arrow), indicative of chronic changes

elbow to allow for evaluation of chronic changes
and characterization of the UCL [12]. In addition
to the presence of partial- and full-thickness tears
of the UCL, MRI also reveals concomitant
pathology such as loose bodies, flexor-pronator
tendinopathy, and posteromedial ulnohumeral
chondromalacia [13]. MRI can also identify
chronic changes to the UCL including ligament
thickening and signal changes [10, 14].
Furthermore, MRI can identify tear patterns with
a poor prognosis, such as sublime tubercle avul-
sions (Fig. 13.2) [15]. MRI has also been shown
to aid in predicting the outcome of nonoperative
treatment. A study by Kim et al. [16] demon-
strated that low-grade partial tears and tears-in-
continuity—specifically, those  with  low/
intermediate MR signal intensity of the UCL on
fat-suppressed T2-weighted images—were asso-
ciated with successful nonsurgical rehabilitation
in a cohort of 39 baseball players. MR arthrogra-
phy can improve the diagnosis of partial under-
surface tears [17, 18].

Patients with a history and physical examina-
tion suggestive of a UCL injury can be evaluated
under dynamic stress ultrasound. Ultrasound

Fig. 13.2 MRI scan indicating a distal tear of the UCL at
the sublime tubercle (arrow)

allows for the application of dynamic forces to
evaluate ulnar humeral gapping with valgus
stress, and is both cost and time effective [19—
22]. Ultrasound can evaluate for morphologic
changes of the UCL, such as ligament thickening
and ligament calcification, and can determine
UCL incompetence. Dynamic stress ultrasound
has demonstrated that athletes with medial-sided
elbow pain were more likely to have increased
ulnohumeral gapping than those athletes without
elbow pain and as compared to the contralateral
side [19, 23].

Treatment Options
Injection Treatments

The use of corticosteroid injections is highly
discouraged for treatment of UCL injuries due
to the concern for its detrimental effect on tissue
integrity. The literature has widely favored bio-
logic augmentation, specifically the use of
platelet-rich plasma (PRP) for the treatment of
UCL pathology.
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Fig. 13.3 PRP separated from the oxygen-carrying red blood cells

PRP uses autologous platelets in high concen-
trations that are injected over an area of injury,
affecting the release of growth factors and bio-
logic factors to stimulate healing. The process of
a PRP injection can be performed in a same-day
office visit. Blood is drawn from the patient and
spun in a centrifuge. The PRP is separated from
the oxygen-carrying red blood cells (Fig. 13.3).
PRP is then injected over the superficial aspect of
the damaged portion of the ligament, bathing it in
the solution under ultrasound guidance for accu-
racy (Fig. 13.4).

Few complications have been reported with
the use of PRP injections and it is readily avail-
able, making it a favorable treatment modality for
athletes. Consensus is lacking regarding the ideal
number of PRP injections necessary or which
family of PRP is most beneficial. Different varia-
tions of PRP include pure platelet-rich plasma,
leukocyte- and platelet-rich plasma, pure platelet-
rich fibrin, or leukocyte- and platelet-rich fibrin
[24]. Kato et al. [25] favored the use of pure plate-
let-rich plasma to avoid the anabolic and catabolic

Fig. 13.4 A PRP injection being administered to the
UCL with ultrasound guidance
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effects associated with leukocyte use which may
cause ligament and tendon degradation.

There is little evidence supporting the use of
mesenchymal stem cells for orthopedic injuries in
humans. A study in rat models published in 2016
did have promising results with primed mesen-
chymal stem cells injected into the medial collat-
eral ligament (MCL) that resulted in improved
ligament healing compared to control groups
[26]. Much more research and evidence are
needed before mesenchymal stem cells are uti-
lized as a treatment modality for UCL injuries.

Principles of Rehabilitation

Physical therapy performed during nonoperative
treatment of UCL injuries follows a similar con-
struct to a rehab program following UCL surgery.
The primary goals are to decrease pain and
inflammation and increase elbow range of motion
and strength. Throughout the rehab process, spe-
cial attention is also paid to the throwing shoul-
der. The entire kinetic chain is enhanced by
identifying and correcting any flaws that may be
present.

Physical therapists and athletic trainers ini-
tially select exercises that avoid valgus stress but
increase the strength of the flexor pronator mass.
As the rehab progresses, exercises, such as plyo-
metric (plyo) ball tossing into a trampoline, are
incorporated to amplify the demand on the medial
elbow. These exercises are used with the inten-
tion of focusing on strength and endurance rather
than velocity enhancement. It is imperative that
the athlete knows the difference.

The phases of rehab are typically broken down
into 6-week intervals with athletes progressing at
different paces. Various studies have identified
rest periods of 6 weeks, 6-8 weeks, and
8-12 weeks [15, 27]. The first week includes
complete rest, anti-inflammatory medications,
stretching, and elbow range-of-motion exercises.
To limit valgus stress in the immediate phases of
rehab, a hinged brace may be utilized until the
elbow is pain-free [27, 28]. Once pain-free and
there is minimal tenderness to the UCL, exercises
can progress.

Weeks 2 through 4 incorporate more intense
strengthening with a progression to isotonic
elbow, wrist, and forearm work [29]. Rotator cuff
and periscapular muscle strengthening is also ini-
tiated. Eccentric movements are emphasized,
manual resistance for shoulder proprioceptive
neuromuscular facilitation (PNF), diagonal pat-
terns, and wrist and forearm movements are also
included [29]. It has been recommended that
PNF patterns should be performed with a more
proximal lever to reduce force with a progression
to distal forces [29].

Advanced strengthening can be implemented
in weeks 4 through 6. This phase of the therapy
program is directed at preparing the athlete for a
throwing progression. Exercises including two-
and one-handed plyo-ball tosses are added to the
program with the goal of increasing the intensity
by decreasing the contact time, thus preparing the
athlete for higher-level throwing activities [28].

Throughout the process, modalities are incor-
porated into the programming. Modalities such
as electric stimulation, soft tissue mobilization,
massage, scraping, ultrasound, and laser thera-
pies have been shown to aid in recovery [30].
Recently, blood flow restriction (BFR) has gained
significant popularity and has been incorporated
in physical therapy clinics and athletic training
rooms alike. BFR was initially applied during
exercise to create a metabolic environment capa-
ble of altering neuromuscular activity [31]. A
restrictive device, typically a tourniquet, is placed
at the proximal portion of the extremity with the
purpose of reducing both the amount of arterial
blood flow and venous return. BFR has been
shown to be effective with lower load required to
elicit a response [31]. Moreover, it has shown to
increase skeletal muscle size, strength, and pos-
sibly induce positive vascular and bone adapta-
tions as well [31]. BFR can be used with low-load,
high-repetition exercises such as prone horizon-
tal abduction (Fig. 13.5) and internal and external
rotation (Figs. 13.6 and 13.7).

In addition to shoulder, elbow, and wrist
strengthening, the core and lower extremity
should not be neglected. Failure to address insuf-
ficiencies in the entire kinetic chain may compro-
mise and undermine the recovery process [32].
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Fig. 13.5 Blood Flow Restriction (BFR) is utilized dur-
ing a prone horizontal abduction exercise

Fig.13.6 Shoulder internal rotation performed with BFR

Furthermore, proprioceptive training may also
play a role in the rehabilitative process as it may
help prevent future elbow injuries since impaired
balance has been associated with UCL injures at
higher levels of competition [32, 33].

Athletic trainers and physical therapists
should also take time to assess the athlete’s lower
extremity for hip and knee range of motion, and
assess for strength deficits in the core, ham-
strings, quads, and adductors. There is a correla-
tion between the incidence of a hip or groin injury
and UCL injury. One study demonstrated that of

Fig. 13.7 Shoulder external rotation performed with
BFR

145 MLB pitchers with UCL pathology, 40% had
suffered a hip, hamstring, or groin injury [34].
Thus, hip injuries can lead to compensatory
changes within the kinetic chain that could result
in elbow injury. Any deficits in these areas should
be addressed while the athlete is rehabilitating to
reduce the incidence of UCL injuries.

Once the athlete has demonstrated that they
have full, pain-free range of motion, normal clini-
cal exam, and adequate strength of the shoulder
and elbow, a throwing progression may be initi-
ated. If, at any point, symptoms return throughout
the rehab progression, then the player needs to be
shut down immediately. Once symptoms resolve,
the program may be reinitiated at the point prior to
the recurrence of symptoms. Should symptoms not
resolve, surgical intervention should be considered.
In some cases, the healthcare team may prefer to
accelerate or slow the player’s rehab progression
based on factors such as lingering or absence of
symptoms and seasonal or career timing.

Thrower’s Assessment

Return to Sport (RTS) assessments are becoming
increasingly popular prior to an athlete returning
to competition following injury and reconstruc-
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Fig. 13.8 Plyometric ball tossing into a trampoline or
rebounder to emphasize dynamic mobility and control

tive surgery, especially so for anterior cruciate
ligament reconstructions in the knee. RTS assess-
ments are comprised of a battery of tests that are
designed to safely return an athlete to sport with-
out increasing their risk for re-injury. These
assessments are typically employed at the final
stages of rehabilitation to clear the athlete [35].
In the lower extremity, RTS assessments have
varied with regard to battery content; however, the
tests are designed to include a number of risk fac-
tor domains [35]. It has been described that
assessments should include various strength test-
ing and should assess the quality of range of
motion; for patients coming off of returning to
play from knee surgery, hop testing has also been
included [35]. For the upper extremity, strength
testing and range of motion quality are also
imperative to be included in the assessment.
Additionally, shoulder and elbow dynamic mobil-
ity (Fig. 13.8) and endurance (Fig. 13.9) should
also be assessed as players will be required to
throw multiple efforts in a given practice or game.
As Webster and Hewett [35] expertly stated,
the true value of any RTS assessment is the abil-

Fig. 13.9 Plyometric wall taps with a ball are performed
for a predetermined period of time to increase dynamic
mobility and endurance

ity to assess whether patients have returned to
their prior level of sport at a high-performance
level while also reducing the risk for a second
injury. Therefore, testing athletes who have been
treated nonoperatively for UCL injuries could
reduce the risk of further injury propagation lead-
ing to surgery. While a UCL RTS assessment is
currently being implemented and validated at our
institution, it has not been clearly defined in the
UCL literature as of this writing.

Progressive Throwing Program

In order for a player to start a throwing program,
they must have already demonstrated a normal
clinical exam and have adequate shoulder and
elbow strength. Furthermore, increasing litera-
ture exists that a functional assessment should be
incorporated prior to initiating a return to sport
progression to decrease the likelihood of re-
injury [35]. The length of the throwing progres-
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sion is typically based on the length of time that
the athlete is sidelined for. Should a player
undergo a 6-week rehab program, then the throw-
ing program should also be for 6 weeks.

Throwing progressions are performed in a
gradual fashion and steps should not be skipped.
However, seasonal timing may lend itself to an
accelerated or decelerated progression. For
instance, an athlete being treated nonoperatively
at the beginning of the off-season will be man-
aged differently than one who sustained their
injury in the middle of the regular season.

A typical progression has 3 days of throwing
separated by off days which may include physi-
cal therapy, treatment sessions, and/or arm care.
It is our recommendation that players do not per-
form their exercises prior to throwing, so that
should they fatigue, they know exactly the cause.
A warm-up may include riding a stationary bike
or a light jog around the field to increase core
temperature.

Throwing distances typically include 60, 90,
and 120 feet. Each week of the progression
increases the number of throws or the distance
throws are performed at. The player’s ability to
progress relies upon the successful completion of
each phase without pain or recurring symptoms.
A general principle is that the rehabilitating ath-
lete should throw with enough effort to reach
their partner. Rehab throwing should not be a
maximal effort event. Players may exceed
120 feet but evidence exists that suggests throw-
ing longer distances changes kinematic and
kinetic forces [36]. Longer throws also produced
greater elbow and shoulder torques, which may
attenuate the healing ligament; therefore, a
throwing progression should focus on mechanics
while progressively loading the UCL [36].

Injury Prevention

Injury prevention starts at the youth level and
should continue throughout a player’s career. As
the amount of injury risk factors continues to
rise, so too do the number of prevention pro-
grams. Such programs include pitch counts,

decreasing sport specialization, and arm care pro-
grams (i.e., the Thrower’s Ten). In conjunction
with conservative treatment of UCL injury, it is
important to educate patients and families regard-
ing injury prevention, focusing on age-specific
guidelines for safe activity level and proper pitch-
ing mechanics. It is imperative to elicit opportu-
nities for rest and activity modification when
chronic overuse is suspected, and emphasize that
the strongest correlation to upper extremity injury
is the total amount of throwing [34].

Pitch Counts and Off-Days

In 2007, Little League Baseball implemented its
pitch count rule. Prior to this implementation,
there was an innings limit, which is less precise
as pitchers could dramatically vary in number of
pitches thrown in a given inning. Being as pitch
counts have been linked to injury rates in adoles-
cent baseball players [37], in addition to Little
League Baseball, Major League Baseball (MLB)
established a task force to reduce the amount of
injuries at the youth level, called the Pitch Smart
Initiative. This task force has made recommenda-
tions for pitch counts and mandated off-days
based on age [38]. It is recommended that players
not only keep a log of their single-game pitch
count but also their season-long pitch and inning
counts. Fleisig et al. [39] found that if a youth
player throws over 100 innings per season, they
are at a higher risk for shoulder and elbow injury.

Aside from the recommendations set forth by
MLB Pitch Smart, researchers have concluded
that pitching on back-to-back days without rest
is also an injury risk factor for youth baseball
players [39]. The guidelines are not based solely
on age, but also by number of pitches thrown
[39]; however, pitch type has not been estab-
lished. Furthermore, pitchers who also play a
catcher should not play either battery position
on consecutive days [40]. Pitchers should not be
removed and put in the catcher position in the
same game and vice versa to decrease the
amount throws a player is required to make in a
given game.
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Sport Diversification

Recently, there has been a push for players to
specialize in a single sport year round in hopes
that they gain a competitive advantage and suc-
ceed in their given sport [37]. Padaki et al. [41]
surveyed 235 youth athletes with a mean age of
about 14 years regarding sport specialization.
The authors found that players started special-
izing around 8 years of age and 31% played a
single sport with 60% of the athletes playing a
single sport for 9 or more months per year [41].
Shockingly, one-third of players were
instructed by a coach to not play other sports;
this was significantly higher in the athletes
who specialized [41].

Sport specialization is also of interest in play-
ers who have made it to the most elite levels of
their sport. Confino et al. [42] studied first- and
second-round MLB draft picks over a 9-year
span. Professional baseball players who partici-
pated in multiple sports in high school played in
more Major League games than those who spe-
cialized. Moreover, the players who did not spe-
cialize experienced lower injury rates than their
specializing counterparts [42].

Education

Prevention also includes the education of not
only the players but also their parents, coaches,
and all others involved in a player’s develop-
ment, as they are just as impactful on a player’s
career decisions. This is extremely true due to
the misperceptions of UCL surgery. In a survey
of players, coaches, and parents, 51% of high
school players, 26% of college players, 37% of
parents, and 30% of coaches believed that
Tommy John Surgery should be performed in the
absence of injury in order to enhance perfor-
mance [43]. With regard to pitch counts, 31% of
coaches, 28% of player, and 25% of parents did
not believe that pitch count is a factor in UCL
injuries [43]. These misperceptions are among
many reasons to educate the public on UCL inju-
ries and various treatment options.

Seasonal Timing Considerations

Seasonal timing should be a consideration in
determining a patient’s treatment options. The
average return to play with conservative treat-
ment is 12 weeks [26-28]. A conversation with
the patient around timing to have the patient
ready for spring baseball may influence their pur-
suance of conservative measures. It is in the play-
er’s best interest to not miss two consecutive
seasons recovering from the same injury, if at all
possible.

RTS timelines may be affected by career tim-
ing, which can impact a single or multiple sea-
sons. An athlete in their junior year of high school
may need to be ready for a college recruitment
showcase and the protocol will be adjusted to get
them ready instead of adhering to a traditional
timeline. Nonetheless, symptoms and kinetic
chain kinematics in physical therapy dictate if the
player is ready or not to initiate a throwing pro-
gram in spite of how quickly they wish to
RTS. The player’s health should not be compro-
mised at the expense of a quicker return to sport.

Extrinsic factors such as parents, coaches, and
advisors may add additional pressures for ath-
letes to return to the field quicker. Regardless of
pressures and perceived need to RTS, it should be
the common goal of the sports medicine team to
return the player safely without exacerbating the
injury.

Outcomes

The likelihood of success with nonoperative
treatment is heavily influenced by the location of
tear, grade, and severity of the tear [40]. In gen-
eral, distal tears are 12.40 times more likely to
fail nonoperative treatment [44]. Another study
concluded that a high-grade tear at the distal
aspect of the ligament has an 88% chance of fail-
ure with conservative measures [15]. Outside of
baseball, football players also have excellent
return-to-play rates. One report on quarterbacks
demonstrated 90% success rate of nonoperative
treatment and a mean RTS of 26 days [45].
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Conservative management of grade 1 partial
UCL tears is heavily supported by the existing
literature [15, 28, 44, 46, 47]. A retrospective
study of baseball players with isolated symptom-
atic partial UCL tears treated with platelet-rich
plasma yielded favorable outcomes. Dines et al.
[47] reported on 44 athletes treated with PRP, 15
returned to play with excellent outcomes and 17
returned to play with good outcomes.
Furthermore, four of the six professional athletes
included in the study were able to return to pro-
fessional play. The mean time to return to throw-
ing was 5 weeks, and the mean return to
competition was 12 weeks. These results favor
the use of PRP treatment for isolated UCL injury
in symptomatic throwers who wish to avoid the
risks and lengthy recovery of reconstructive
surgery.

Similarly, a study of 34 baseball players with
partial or complete UCL tears that were treated
with PRP injection resulted in 26 athletes being
able to return to preinjury level of play within
6 months [25]. The authors reported a range of
return-to-play time between 10 and 18 weeks and
an average of 12.4 weeks [25].

Conclusions

Seasonal timing is an important consideration
when deciding to move forward with conserva-
tive versus surgical management. The treating
provider should have a conversation with the
patient to discuss the athlete’s goals and desires
to return to sport, and set reasonable expectations
for return to play. Ideally, an athlete should avoid
missing two seasons due to injury. The sports
medicine team and the athlete should also con-

sider the athlete’s potential for future career in
baseball when deciding on conservative
treatment.
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Introduction

The throwing motion places an extreme demand
on the shoulder and elbow of overhead throwing
athletes. An injury can occur within this cycle
when either the throwing shoulder or elbow is
subject to applied stresses at a rate that exceeds
the tissues’ maximum load to failure [1]. This is
especially true for the medial ulnar collateral
ligament (MUCL) [2]. Anatomically, the MUCL
is composed of three bundles: anterior, posterior,
and oblique [2]. The anterior bundle is the pri-
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mary static stabilizer to valgus stress from 20° to
120° of elbow flexion and can be injured due to
the large amount of valgus torque generated dur-
ing the late cocking phase of throwing. The ante-
rior bundle originates from the anteroinferior
edge of the medial humeral epicondyle and
inserts onto the sublime tubercle of the ulna
where it is divided into an anterior and posterior
band [3, 4]. Histologically, the anterior bundle is
composed of two separate layers: a deep layer,
which consists of collagen bundles contained
within the capsule, and a superficial layer that is
a distinct ligamentous structure separate from the
underlying joint capsule [5]. When medial liga-
mentous insufficiency develops from repetitive
valgus loads, the athlete may have chronic, dis-
abling elbow pain or have an inability to throw
effectively [6, 7]. The combination of improved
diagnostic capabilities, earlier participation in
competitive sports, and prolonged athletic sea-
sons have led to an increased incidence of MUCL
injuries in overhead throwers of all ages across
all levels of competition [8—14]. Management of
these injuries includes both operative and nonop-
erative options. Ultimately, the treatment deci-
sion is multifactorial and must include evaluation
of location (proximal, midsubstance, or distal)
and degree of tear (complete vs partial), previous
treatments, injury acuity, age of patient, and level
of competitive sport.
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Management Decision-Making

The current gold-standard management for full
thickness, attritional, midsubstance tears in high-
demand or professional throwing athletes is sur-
gical reconstruction [8, 15]. Since the original
description by Jobe, there have been several
modifications for ligament reconstruction with
return to play rates as high as 80-95% and mean
return to play time in Major League Baseball
(MLB) players being between 11.6 and
16.8 months [16-32]. Given the prolonged recov-
ery period after surgical intervention, other ave-

nues for successful treatment of MUCL
insufficiency have been explored including
potential  injections into the ligament.

Conservative treatment can be considered for
select patients as nonoperative management pro-
vides the potential for a quicker return to sport
without jeopardizing outcomes in appropriately
selected patients. Nonoperative protocols are uti-
lized in nearly all cases of partial ulnar collateral
ligament (UCL) tears and typically involve rest,
anti-inflammatory medications, and a structured
rehabilitation program with a gradual return to
competitive throwing once asymptomatic.
Nonoperative options must also be considered for
skeletally immature patients with full thickness
tears and amateur-level athletes without plans for
future competitive play [8, 15]. Despite strides in
our understanding of UCL injuries and a general
consensus for operative management of full
thickness tears and injuries in professional ath-
letes, Hurwit et al. [33] reported a survey of the
American Shoulder and Elbow Surgeons (ASES)
indicating a lack of consensus regarding manage-
ment of partial tears and non-professional ath-
letes. Overall, 36.3% of respondents reported
using platelet-rich plasma (PRP) in their treat-
ment protocols while 8% reported using stem cell
augmentation. This study revealed the lack of
clarity regarding management of partial tears and
amateur athletes in addition to the variable use of
biological augmentation in UCL injuries.

A crucial aspect of patient evaluation includes
a critical evaluation of advanced imaging.
Frangiamore et al. [34] evaluated magnetic reso-
nance imaging (MRI) findings in 32 professional

pitchers who initially underwent conservative
management of their UCL injury. The investiga-
tors defined successful management as return to
at least the same level of play at a minimum of
1 year and failure as recurrent pain or weakness
when attempting a return to throwing rehabilita-
tion program after a minimum of 3 months rest.
The authors found 34% (11/32) failed conserva-
tive management prompting operative recon-
struction and 64% (21/32) successfully returned
to play without operative intervention. Of those
that failed conservative management, 82% (9/11)
had tears of the distal UCL. Of the patients suc-
cessfully managed nonoperatively, 81% (17/21)
had tears of the proximal UCL. After adjusting
for confounding variables they reported a 12.4
time greater likelihood of failing nonoperative
management with a distal UCL tear. The study
highlights the importance of tear location in pre-
dicting successful outcomes in nonoperative
management. The findings may be explained by a
cadaveric investigation by Buckley et al. [35]
reporting a more robust blood supply to the prox-
imal UCL as compared to the distal UCL while
also noting a potential osseous contribution from
the medial epicondyle. These investigations high-
light the importance of critically evaluating MRI
examinations to precisely determine the anatomic
location of the injury, as this may help predict the
potential success of nonoperative management.

Biologic Augmentation

There are several options for nonoperative treat-
ment protocols that commonly include a combi-
nation of rest, bracing, and physical therapy.
Injection of biologic agents is an emerging field
that is commonly used in nonoperative protocols
for MUCL partial tears, and this will be the main
focus of the current chapter. Corticosteroids are
not utilized for an acute ligamentous injury, as
they have been shown to have a negative effect on
ligament healing. In a study by Walsh and col-
leagues, an acute injection of betamethasone into
a transected rabbit medial collateral ligament
(MCL) was shown to negatively impact the bio-
mechanical and histological properties as
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compared to control ligaments that did not have
an injection [36]. These effects were observed for
up to 3 months following the injury and steroid
injection. Due to the negative influence of corti-
costeroids on acute ligamentous injuries, other
potential options for an injection have been
explored including platelet-rich plasma (PRP)
and autologous stem cells.

The natural tendon and ligamentous healing
response involves a cascade of events including
inflammation, repair, and remodeling. In general,
tendons and ligaments display a poor intrinsic
healing potential, which has ignited an interest in
biological agents to augment the healing process
[8, 37-44]. During the repair phase, there is an
increased expression of growth factors that help
enable cellular proliferation and matrix produc-
tion [45]. Many of these growth factors and cyto-
kines have been shown to potentiate the effects
of other factors within the repair phase of heal-
ing. When platelet-derived growth factor (PDGF)
has been combined with insulin-like growth fac-
tor-1 (IGF-1), the two have been shown to work
synergistically and potentiate the tendon- and
ligament-healing response through matrix for-
mation, cell proliferation, and differentiation
[46]. In addition, platelet derived growth factor-
BB (PDGF-BB) has been shown to increase the
expression of vascular endothelial growth factor
(VEGF), which results in an increased angiogenic
response via the targeting of endothelial cells
[47]. These findings suggest that an increased
concentration of these growth factors/cytokines
may lead to a potential for an augmented healing
response through enhanced endothelial cell, stem
cell, and tenocyte recruitment. PRP is the most
researched biologic agent in the setting of UCL
injuries. It has an autologous, ultra-concentrate,
whole blood product within a small volume of
plasma with a higher concentration of platelets
[8, 38, 39, 48-52]. PRP has been shown to con-
tain over 300 distinct cytokines and growth fac-
tors including PDGF, VEGF, IGF, transforming
growth factor (TGF) beta-1, and basic fibroblast
growth factor, creating an environment thought to
promote healing [8, 48-50].

Platelet-rich plasma is not without limita-
tions, most notably cost and variability in the

preparation process. In regard to cost, it is cur-
rently not covered by insurance companies,
which can limit the availability in cases where
the patient deems it to be cost-prohibitive.
Furthermore, there can be a significant variabil-
ity in the content of PRP based on the prepara-
tion process. The specific bioavailability of
various growth factors can theoretically be
altered by formulation changes such as leuko-
cyte-rich (LR-PRP) versus leukocyte-poor
(LP-PRP) preparations and methods of activa-
tion [49, 50]. As of 2019, over 16 commercially
available PRP systems were on the market with
variable collection and preparation protocols
and without a precise understanding of clinical
implications [49]. In addition, variability exists
even within an individual as platelet, cell, and
growth factor levels have been shown to fluctu-
ate regardless of the collection and formulation
protocol, making it challenging to accurately
assess and compare PRP effectiveness between
studies [50, 53].

Current research into the use of PRP within
the field of orthopedics is varied. In general, there
is evidence supporting the use of LR-PRP for lat-
eral epicondylitis of the elbow and patellar tendi-
nopathy, LP-PRP for osteoarthritis of the knee,
and support for PRP injections over corticoste-
roids for the treatment of plantar fasciitis [49,
54-60]. Investigations into other musculoskeletal
pathologies including rotator cuff disease,
Achilles tendinopathy, osteoarthritis of the hip,
donor site pain in anterior cruciate ligament
(ACL) reconstruction, and ankle sprains remain
unclear [49, 61-69].

The use of PRP for chronic elbow tendinosis
and lateral epicondylitis of the elbow has also
been investigated. A 2006 investigation by
Mishra and colleagues demonstrated that patients
treated with a PRP injection for chronic elbow
tendinosis had significantly reduced pain as com-
pared to a control group treated with a bupiva-
caine injection alone [70]. In a series of two
studies in 2010 and 2011, randomized controlled
trials comparing the effectiveness of PRP to cor-
ticosteroid injections in patients with chronic lat-
eral epicondylitis confirmed the benefit of PRP
for elbow tendinosis [71, 72].

ALGrawany
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Recently, there have been a few notable
reports on the management of UCL injuries using
PRP. Posdesta et al. [73] prospectively reported
on the use of PRP in 34 athletes with MRI-
confirmed partial UCL injuries. Each athlete
underwent 2 months of nonoperative manage-
ment followed by a failed attempt at return to
play. Each patient then received a single LR-PRP
injection under ultrasound guidance followed by
a formal physical therapy program. At a mean
follow-up of 70 weeks, 88% (30/34) patients
returned to the same level of play without com-
plaints at an average of 12 weeks. It should be
noted that this study was limited by a lack of MRI
follow-up or comparison to a control group.

A 2016 report by Dines et al. [74] also investi-
gated the effects of PRP injection on partial UCL
tears in high-level throwing athletes. This retro-
spective review of 44 baseball players (6 profes-
sional, 14 college, 24 high school players) with
MRI-confirmed partial tears reported an excel-
lent outcome in 15 patients (34%), a good out-
come in 17 patients (39%), a fair outcome in 2
patients (5%), and a poor outcome in 10 patients
(23%). A total of four out of six professional ath-
letes returned to professional play. The mean
time from injection to return to throwing was
5 weeks with a mean time to return to competi-
tion of 12 weeks. While the results were promis-
ing, the study was limited by a variable amount
of PRP injections and lack of a control group.

Deal et al. [75] also conducted an investigation
on 23 patients with MRI-confirmed, primary
grade II UCL tears. This 2017 study utilized a
series of two LR-PRP injections administered
2 weeks apart. The injections were augmented
with bracing, a physical therapy program, and a
structured throwing program. Twenty-two patients
(96%) returned to play at the same level of com-
petition or higher with repeated MRIs revealing
full ligament reconstitution in 91% (20/22). The
mean return to athletic competition was 82 days.

The most recent investigation into PRP use in
UCL injuries was conducted in 2019 by Chauhan
et al. [76]. This was the first comparative study
performed in a homogenous cohort of profes-
sional baseball players treated nonoperatively
with and without PRP injections. The authors uti-
lized the Major League Baseball (MLB) Health

and Injury Tracking System to identify 544 pro-
fessional baseball players who had been treated
nonoperatively for UCL injuries between 2011
and 2015. Overall, 133 of these players received
PRP injections prior to their treatment program
while 411 did not. To reduce bias, the authors
performed a 1:1 matched comparison between
groups. The overall results found a 54% rate of
return to play. The PRP group experienced a sig-
nificantly longer delay in return to throwing and
return to play. Pitchers in the MLB and Minor
League Baseball (MiLB) leagues who managed
without PRP had a significantly faster rate of
return to throwing. MiLB pitchers without PRP
also experienced a statistically faster return to
play. In this comparative analysis, PRP did not
improve return to play outcomes although the
authors did note variability between PRP prepa-
rations, injection protocols, time from injury to
injection, and specific rehabilitation protocols.
More recently, interest has increased in the use
of autologous stem cells in various orthopedic
pathologies, including the UCL. The goal of this
therapy is for cells to differentiate into healthy tis-
sue and to secrete factors to promote an environ-
ment of healing. An understanding of the current
state of stem cell therapy requires clear definitions
of these therapies. Stem cells are progenitor cells
classified by their ability to self-renew and differ-
entiate into various tissue lines with long-term
viability [37, 77]. Stem cells are affected by mul-
tiple variables, creating a significant heterogene-
ity within the literature. The term “stem cell” is a
broad term which can be more specifically defined
as adult versus embryonic, pluripotent versus
multipotent, dedifferentiated versus predifferenti-
ated, pure stem cell versus bone marrow concen-
trate, and connective tissue progenitors versus
mesenchymal stem cells. Further classifications
can be made based on harvest sites such as bone
marrow, adipose, vascular, or muscular derived.
These terms and definitions can create confusion
for patients and even providers when discussing
“stem cell therapy.” A mesenchymal stem cell, as
generally defined by the International Society for
Cell Therapy (ISCT), must display the ability to
be plastic adherent when maintained in standard
culture conditions, display tri-lineage differentia-
tion under standard in vitro differentiating condi-
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tions, and must have a specific cell surface marker
profile [78, 79]. To be defined as a mesenchymal
stem cell, the cells must have the ability to differ-
entiate into osteocytes, tenocytes, chondrocytes,
and adipocytes under specific environmental
stimuli [37, 80].

Due to ethical considerations related to the
harvesting of embryonic stem cells, adult sources
are typically utilized in the field of orthopedic sur-
gery. Orthopedic literature includes investigations
reporting cell procurement from bone marrow,
adipose tissue, peripheral blood, and the subacro-
mial bursa [37, 80-85]. Cell-based therapy has
been investigated in the management of rotator
cuff repairs, anterior cruciate ligament recon-
struction, lateral epicondylitis, patellar tendinopa-
thy, and bone healing in fractures and nonunions
without conclusive evidence to support efficacy
[40-44, 52, 86, 87]. One of the more common
cell-based formulations utilized in orthopedics is
bone marrow aspirate concentrate (BMAC).
BMAC has been reported to be harvested from
multiple sites including the iliac crest, distal
femur, and proximal humerus [87-92]. The aspi-
ration is then mixed with an anticoagulant and
centrifuged to isolate cells. As with PRP, a lack of
standardization during this process leads to sig-
nificant variability. Additionally, based on the for-
mal criteria, the concentration of stem cells in
BMAC is low with reports indicating yields of
0.001% to 0.01%. Therefore, it is unknown if the
efficacy related to BMAC is related to other
aspects of its composition including PDGF, TGF-
B3, bone morphogenic protein BMP-2, and BMP-7
[78, 87, 93-95].

The only published report on the efficacy of
cell-based therapy in the management of UCL
injuries was by Hoffman et al. [96] in 2015. This
case report described the treatment of a 25-year-
old professional baseball pitcher with UCL insta-
bility and ulnar neuritis. The patient underwent
operative intervention consisting of a dermal
allograft, PRP, and mesenchymal stem cells
(MSCs) with ulnar nerve decompression.
Following a postoperative course of occupational
therapy, 6 weeks of bracing, and progressive
range of motion with strengthening exercises, the
patient began a throwing program after 4 months.
At 21 months postoperatively the patient reported

no signs of ulnar neuropathy or instability and
successfully returned to throwing.

Currently there is no consensus regarding the
use of PRP or cell-based therapies in the setting
of UCL injuries. The current literature reports
mixed results regarding the use of PRP which
may be partly explained by the significant vari-
ability pertaining to PRP preparations, injection
protocols, rehabilitation protocols, injury pat-
terns, and indications for use. The use of cell-
based therapies remains primitive, with a need
for further research to better define indications
and treatment protocols.

Our Preferred Treatment Algorithm

We consider a potential PRP injection in ath-
letes with physical examination and imaging
findings (Fig. 14.1), consistent with grade I
or grade II proximal partial MUCL insuf-
ficiency, especially if a trial of conservative
management has been unsuccessful. We do
not consider a PRP injection for patients with
complete MUCL insufficiency (i.e., grade III
tear) regardless of tear location. In the setting
of a low-grade partial distal MUCL tear, we
will consider a possible PRP injection depend-
ing on the patient’s preference based on age,
level of play, and timing within the season.
However, the role of PRP injections in the
management of distal partial tears is especially
ambiguous due to the poor healing potential of
the distal MUCL. Therefore, we have a much
lower threshold to offer surgical management
to patients with a distal MUCL tear who have
failed conservative management.

The PRP solution is prepared according to
manufacturer’s guidelines and typically a total of
3 ml of PRP is injected into the ligament under
ultrasound guidance. After the injection, patients
use acetaminophen and ice for pain control. Anti-
inflammatory medications are avoided for a mini-
mum of 2 weeks after the injection in order to
allow a maximum inflammatory healing response.

Following the injection, our preferred conser-
vative treatment plan includes rest, activity modi-
fication, anti-inflammatory medications, and
physical therapy followed by an attempt to return
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Fig. 14.1 Magnetic resonance imaging (MRI) of the right
elbow in a professional pitcher, from (a) 04/2009 to (b)
04/2012, utilizing coronal fast inversion recovery that dem-

to throwing using an interval throwing program.
Most patients require at least 1 month off from
throwing, followed by a return to play around
12—-16 weeks once an interval throwing program
can be successfully completed.

Once the injection has been performed, the
athlete is progressed through a criterion-based
rehabilitation program. This includes a focus on
range of motion (ROM) for the shoulder and
elbow, good overall rotator cuff and scapular sta-
bilizer strength, and the ability to tolerate a dou-
ble arm then single arm plyometric program.
Additionally, the athlete should demonstrate
good glenohumeral joint proprioceptive aware-
ness. Axe and colleagues have reported a reha-
bilitation program for the overhead athlete that
involves a gradual restoration of ROM, strength,
muscular endurance, dynamic stabilization, and
neuromuscular control [97]. Reinold et al. have
also described treatment guidelines for an over-
head athlete involved in a rehabilitation program
for the shoulder all of which can be applied to an
MUCL injury [98]. These guidelines require
maintaining appropriate ROM for the thrower,
developing acceptable glenohumeral and scapu-
lar strength, emphasizing dynamic stabilization

onstrates a progressive partial tear of the posterior band of the
anterior bundle of the medial collateral ligament with recent
injury to the ulnar attachment without complete discontinuity

and neuromuscular control, and enhancing core
and lower body strengthening.

After the athlete has completed these phases
of the rehabilitation program, an interval throw-
ing program can be started to prepare the athlete
for return to competition. For the overhead ath-
lete, an interval throwing program should be con-
sidered to be the final and necessary phase of
rehabilitation before return to regular competi-
tion. There is modest evidence in the literature
describing interval throwing programs for base-
ball athletes and none specifically described for
those athletes who have received a PRP injection
for an MUCL injury. Axe and colleagues provide
data-based interval throwing programs for base-
ball players based on position (pitchers, catchers,
infielders, and outfielders), age, and level of play
[97]. In addition, program progression is broken
down into whether the injury is tendon/ligament
or bruise/bony in nature, involvement of the dom-
inant or nondominant arm, or if recovering from
surgery. This may serve as a helpful guide in
returning the athlete back to competition after a
PRP injection for an MUCL injury.

Our interval throwing program, Table 14.1, is
a modification of our MUCL surgical reconstruc-
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Table 14.1 Interval throwing program

Phase I: Long-toss program
45’ stage Warm-up throwing
25 throws
15-min rest
Warm-up throwing
25 throws
60’ stage Warm-up throwing
25 throws
15-min rest
Warm-up throwing
25 throws
90’ stage Warm-up throwing
25 throws
Rest 15°
Warm-up throwing
25 throws
120’ stage Warm-up throwing
25 throws
Rest 15°
Warm-up throwing
25 throws
150 stage Warm-up throwing
25 throws
Rest 15°
Warm-up throwing
25 throws
180’ stage Warm-up throwing
25 throws
Rest 15°
Warm-up throwing
25 throws
Throwing performed every other day (phase I and
phase II)
Pre- and post-throwing exercises must be performed
(phase I and phase II)
Each stage should be 1 week
If pain occurs during any stage, back up to previous
stage
Begin throwing from mound or to respective position
once completed
Phase I1: Throwing off the mound
Stage I: Fastballs only

Step 1 Interval throwing

15 throws from mound (50%)
Step 2 Interval throwing

30 throws from mound (50%)
Step 3 Interval throwing

45 throws from mound (50%)
Stage II: Fastballs only

Step 4 Interval throwing
60 throws from mound (60%)
Step 5 Interval throwing

30 throws from mound (75%)

Table 14.1 (continued)

Step 6 30 throws from mound (75%)
45 throws from mound (50%)
Stage III: Fastballs only

Step 7 45 throws from mound (75%)
15 throws from mound (50%)

Step 8 60 throws from mound (75%)

Stage IV:

Fastballs only

Step 9 45 throws from mound (75%)

15 throws in batting practice

tion program. The starting point for an athlete
within the program is determined by when an
athlete last participated in significant overhead
throwing. Many athletes who have had less down
time from throwing would therefore require less
time in the shorter distances and could be pro-
gressed more quickly than a player who has not
been throwing for a longer period of time.

Conclusion

Platelet-rich plasma injections for the MUCL
may play a role in the management of young
overhead athletes who have acute damage to an
isolated part of the ligament, and in those athletes
who are unwilling or unable to undergo the
extended rehabilitation required after surgical
reconstruction of the ligament. Despite promis-
ing clinical results, the significant variability
within PRP formulations, timing and number of
injections, and postinjection rehabilitation proto-
cols makes it difficult to determine the true effi-
cacy. Even more so than PRP, the efficacy of
cell-based therapy remains unclear in the setting
of an UCL injury as research investigating its
general utility in the field of orthopedic surgery
remains primitive.

While PRP and cell-based augmentation can
be considered in the setting of MUCL insuffi-
ciency, further research is needed in order to clar-
ify indications. Specifically, future investigations
to determine optimal procurement and formula-
tion protocols, timing and number of injections,
and appropriate clinical application of these bio-
logical augmentations are needed.
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Introduction

Medial ulnar collateral ligament (MUCL) tears
were once known as devastating injuries for over-
head athletes, particularly for baseball pitchers.
However, in 1974, Dr. Frank Jobe invented a
novel surgical technique to reconstruct the ante-
rior bundle of the MUCL, and this new procedure
allowed many athletes to return to their high lev-
els of competition [1-3]. This surgery, known as
the “Tommy John” procedure, revolutionized the
surgical management of MUCL tears.

Since the initial description of MUCL recon-
struction surgery was published in 1986, there
have been many subsequent modifications to the
initial technique, many of which have themselves
been altered further over time [4]. Currently, the
phrase “Tommy John surgery’ actually refers to a
heterogenous population of surgical techniques,
all of which ultimately reconstruct the anterior
bundle of the MUCL but with technical differ-
ences according to soft tissue management and
graft fixation methods.

In this chapter, we will review this evolution
of MUCL reconstructive surgery. MUCL repair
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techniques are discussed elsewhere in this book.
Although we have included a chronologic listing
of published techniques (Table 15.1) [5-18], our
aim is to describe the evolutionary process of the
surgical technique (Fig. 15.1) and to emphasize
not only what changes were instituted with each
new surgical technique, but the reasons for those
changes.

MUCL Reconstruction Techniques -
Figure of Eight Constructs (Fig. 15.2)

Jobe Technique (1986)

Dr. Jobe’s original technique involved releasing
the flexor-pronator mass off of the medial epicon-
dyle and used a submuscular transposition for the
ulnar nerve for complete visualization of the
MUCL [5]. For osseous graft fixation, a V-shaped
bone tunnel was drilled into the ulna at the level
of the sublime tubercle and a Y-shaped bone tun-
nel was drilled into the medial epicondyle [5].
The common, distal aspect of the medial epicon-
dyle’s bone tunnel was wide enough to accom-
modate both strands of the eventual graft, while
the two proximal tunnels were just wide enough
for one limb each. Of the two proximal humeral
drill holes, one was directed posteriorly toward
the ulnar nerve, so ulnar nerve transposition was
performed prior to drilling [5]. The tendon graft
was then passed through the two ulnar and
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Table 15.1 Introduction of MUCL reconstruction techniques by year

Year Technique name

1986 Jobe

1995 American Sports Medicine Institute (ASMI)
1998 Hybrid

2001 Modified Jobe

2002 Docking

2003 Dual interference screw
2005 EndoButton

2006 DANE TJ

2006 Three-strand docking
2006 Four-strand docking
2007 Double docking

2013 Docking plus

2013 GraftLink

2013 TightRope

2019 Anatomic

Figure of 8 Constructs

Jobe

Triangular Constructs

Authors Construct family
Jobe et al. [5] Figure of 8
Andrews et al. [6] Figure of 8
Hechtman et al. [7] Triangular
Thompson et al. [8] Figure of 8
Rohrbough et al. [9] Triangular
Ahmad et al. [10] Linear
Armstrong et al. [11] Linear
Conway [12] Linear
Koh et al. [13] Triangular
Paletta et al. [14] Triangular
Furukawa et al. [15] Linear
McGraw et al. [16] Figure of 8
Lynch et al. [17] Linear
Lynch et al. [17] Linear
Camp et al. [18] Linear

Linear Constructs

Dual Interference Screw

1986

Modified
Jobe
2001

ASMI
1995

2003

i

EndoButton
2005

DANE TJ
2006

1998

Docking
2002

2007

Docking Plus
2012

TightRope
2013

GraftLink

2006

Four Strand Docking

2013

2006

Three Strand Docking

Anatomic
2019
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Fig. 15.1 MUCL reconstruction evolution flowchart

humeral bone tunnels and sutured onto itself, cre-
ating a figure of eight construct [5].

In Dr. Jobe’s initial study, 63% of his 16
patients were able to return to preinjury level of
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competition [5]. However, 31% experienced
postoperative  ulnar neuropathy (including
Tommy John himself) [5]. Another study of 56
patients found that 68% returned to preinjury
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Figure of 8 Constructs

Jobe
(1986)

Docking Plus
(2012) |

Fig. 15.2 Figure of eight MUCL reconstruction constructs

level of competition but, again, there was a high
rate of ulnar neuropathy (25%) [19].

Although these return to play rates are much
lower than those of most modern techniques,
these results represented an incredible improve-
ment for athletes with MUCL tears at that time.

American Sports Medicine Institute
(ASMI) Technique (1995)

Due to the high rates of ulnar neuropathy in Dr.
Jobe’s cohort of patients, Drs. Andrews and
Timmerman of the ASMI proposed a modifica-
tion of the Jobe technique which became known
as the ASMI technique [6]. This first evolution of
Tommy John surgery sought to decrease ulnar

Modified Jobe
(2001)

neuropathy rates by minimizing manipulation of
the soft tissues and the ulnar nerve. The ASMI
technique therefore utilized a flexor carpi ulnaris
(FCU) split instead of flexor-pronator mass
detachment and performed a subcutaneous trans-
position in place of a submuscular one [6]. The
osseous graft fixation method was not modified
from the Jobe technique [6].

A large study published by the ASMI group in
2010 demonstrated that their technique resulted in
excellent results for 83% of their patients with just
a 16% ulnar neuropathy rate, which was typically
self-resolving by 6 weeks [20]. Both of these val-
ues represented notable improvements over those
from the original Jobe technique, marking these
soft tissue changes of the ASMI technique a suc-
cessful adaptation of the Tommy John surgery.
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Modified Jobe Technique (2001)

A cadaveric study published in 1996 showed that
a “muscle-splitting” approach to the MUCL,
through a raphe between the ulnar-innervated
FCU and the median-innervated common flexor
mass, did not violate branches of either nerves
[21]. Based on this work, Drs. Thompson and
Jobe published a modification of their technique
in 2001, which became known as the modified
Jobe technique [8]. Three modifications were
adopted in this technique in an effort to decrease
ulnar neuropathy rates: in addition to using the
muscle-splitting approach in lieu of the flexor-
pronator mass release, the authors moved the
proximal humeral tunnels so that both exited
away from the ulnar nerve, and the ulnar nerve
was protected but not dissected or routinely
transposed as it previously had been [8].

Using the modified Jobe technique for MUCL
reconstruction, the authors found that 94% of
patients had good or excellent clinical results and
just 15% had self-resolving postoperative ulnar
neuropathy [8]. A systematic review on the use of
the muscle-splitting approach, as compared to the
flexor-pronator mass detachment, found a 17%
increase in excellent clinical results and decrease
in ulnar neuropathy rates from 14% to 5% [22].
Ultimately, these three changes to Tommy John
surgery have improved clinical outcomes and
decreased complication rates from previous itera-
tions of the surgery.

Docking Plus Technique (2012)

After the docking technique, which will be dis-
cussed in the Triangular Construct section, was
described in 2002, the docking plus technique
was created in 2013. Also a figure of eight con-
struct, the impetus behind the docking plus
technique was to hold tension on the tendon
graft during osseous fixation and to allow entire
graft utilization without having to remove
redundant graft, as occurs with the docking
technique [16]. To achieve these goals, one of
the graft limbs is sutured back onto the graft
after being passed through the ulnar tunnel.

They are then docked together into the common
humeral tunnel, leaving the other graft limb free
to be passed through the two proximal humeral
tunnels, as in the other figure of eight construct
methods, and through the ulnar tunnel again, all
while tension is held [16].

A retrospective study of the docking plus tech-
nique found 88% good or excellent Conway
scores [23]. However, it is currently unclear if the
evolutionary changes of the docking plus tech-
nique represent true clinically relevant improve-
ments to the traditional docking technique, as
clinical results thus far have been equivalent.

MUCL Reconstruction Techniques -
Triangular Constructs (Fig. 15.3)

Docking Technique (2002)

The docking technique, developed by Dr.
David Altchek and first published in 2002,
marked the first major change to graft construct
orientation in Tommy John surgery [9]. Instead
of a figure of eight graft construct, the docking
technique and its evolutionary descendants uti-
lize a triangular graft construct [9]. The main
purpose of this change was to minimize bone
loss from the medial epicondyle during
humeral tunnel preparation [9].

Instead of drilling three 3.2-mm tunnels in a
Y-configuration in the medial epicondyle as
occurs in the Jobe technique, the docking tech-
nique uses a single 4.0-mm common humeral
tunnel into which graft is “docked” and two prox-
imal 2.0-mm connecting tunnels through which
sutures only are passed [9]. After the graft has
been cut to length and docked into the common
humeral tunnel, thus creating the triangular graft
construct, the suture limbs are retrieved out of the
smaller proximal humeral tunnels and tied over a
bone bridge on the medial epicondyle [9].

The docking technique modifications of
MUCL reconstruction surgery addressed many
perceived technical weaknesses of previous tech-
niques. Multiple clinical studies have found close
to or greater than 90% return to play rates and
very low rates of ulnar neuropathy with use of the
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Triangular Constructs

Hybrid
(1998)

Three Strand Docking
(2006)

Fig. 15.3 Triangular MUCL reconstruction constructs

docking technique [9, 24-27]. Accordingly, the
docking technique has become the most com-
monly performed variant of Tommy John surgery
for professional baseball players [28].

Three- and Four-Strand Docking
Techniques (2006)

One perceived weakness of the docking tech-
nique is that excess graft is removed prior to
docking the graft, thus decreasing the potential
collagen content of the ultimate construct. To
address this perceived weakness, the three-strand

Docking
(2002)

Four Strand Docking
(2006)

and four-strand docking techniques were sepa-
rately described, both in 2006.

In the three-strand docking technique, the
anterior limb of the graft is folded back on itself
after being passed through the ulnar tunnel [13].
This results in two anterior limbs and one poste-
rior limb being docked into the medial epicon-
dyle [13]. In the four-strand docking technique,
the entire length of graft is first folded and then
passed through the ulnar tunnel, such that there
are two anterior and two posterior limbs to be
docked into the medial epicondyle [14]. In both
situations, excess tendon graft is incorporated
into the final construct rather than being excised.
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Clinical studies on the two techniques have
demonstrated greater than 90% excellent clinical
outcomes and very low rates of ulnar neuropathy
[13, 29, 30], results that are comparable to those
of the docking technique. These evolutions of the
docking technique appear to increase collagen
content of the graft construct without compro-
mising clinical results, but whether these changes
lead to clinical improvements for patients is not
known.

Hechtman’s Hybrid Technique (1998)

Dr. Hechtman’s Hybrid technique was published
in 2011 as an attempt to minimize soft tissue dis-
section and more closely approximate normal
MUCL anatomy than is seen with the Jobe tech-
nique [7]. The first iteration of this Hybrid tech-
nique initially utilized dual suture anchor fixation
on both the humeral and ulnar ends, resulting in a
rectangular shaped construct, but was ultimately

changed to a triangular shaped construct with
Jobe-style tunnels instead of suture anchors for
the ulnar fixation [31].

Excellent clinical results have been found in
85% of patients undergoing the Hybrid technique
for MUCL reconstruction, with just one case of
ulnar neuropathy reported [31]. Thus, compared
to the Jobe technique from which it was derived,
the Hybrid technique has been a successful
improvement in clinical results and complication
rates.

MUCL Reconstruction Techniques -
Linear Constructs (Fig. 15.4)

In 2002, a cadaveric study demonstrated that the
central fibers of the anterior bundle of the MUCL,
located between the anterior and posterior bands,
were the most important aspect of the anterior
bundle for valgus stability [32]. It was hypothe-
sized that reconstructing just these central fibers

Linear Constructs
Dual Interference Screw EndoButton DANE TJ
(2003) (2005) (2006)

Double Docking
(2007)

Fig. 15.4 Linear MUCL reconstruction constructs

Anatomic
(2019)
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of the anterior bundle of the MUCL with a linear
graft construct would maximize valgus stability
while also decreasing the risk of bone bridge
fracture and irritation to the ulnar nerve posed by
the previous MUCL reconstruction techniques
[32]. Many Tommy John techniques utilizing lin-
ear constructs were subsequently described, all of
which attempted to achieve these theoretical ben-
efits of a linear construct.

Dual Interference Screw Technique
(2003)

The first of these linear constructs to be described
was the dual interference screw technique, pub-
lished originally in 2003 [10]. As the name
implies, an interference screw is used to fixate the
tendon graft on both the ulna and the humerus,
thus creating a linear construct. While there is
conflicting biomechanical evidence about the
structural integrity of the dual interference screw
construct [10, 15], the sole clinical study on this
technique reported 90% excellent results and just
one case of ulnar neuropathy [33].

David Altcheck and Neal ElAttrache
Tommy John (DANE TJ) Technique
(2006)

Due to the potential of medial epicondyle frac-
tures from drill holes used with interference
screws in the humerus [34, 35], Drs. Altchek and
ElAttrache published a hybrid linear construct
that used docking-style tunnels instead of an
interference screw on the humerus [12]. This
technique was named the DANE TJ technique
and was published in 2006 [12]. The two clinical
studies that have evaluated the DANE TJ tech-
nique reported 85-86% excellent results with few
transient ulnar neuropathies [12, 36].

EndoButton Technique (2005)

Dr. Armstrong proposed a linear construct utiliz-
ing EndoButton (Smith & Nephew, Mansfield,

MA) ulnar sided fixation and docking-style fixa-
tion on the humerus, and then compared this con-
struct to previously described constructs in a
biomechanical study [11]. While the biomechani-
cal study found that the EndoButton construct
had greater mean peak load to failure than figure
of eight or dual interference screw constructs, no
clinical data have yet been published.

Double Docking Technique (2007)

In 2007, Dr. Furukawa described another linear
construct in which the graft is fixed to both the
ulna and humerus through docking constructs
[15]. This technique was therefore called the
double docking technique [15] and, in a cadav-
eric study, it was found to have favorable biome-
chanical properties as compared to other
constructs [15]. Like many of the other linear
constructs, no clinical data have been reported for
the double docking technique.

GraftLink and TightRope Techniques
(2013)

Similarly, Dr. Lynch described two linear con-
structs that have supportive biomechanical data
but no clinical results to date. The first technique,
called the GraftLink (Arthrex, Naples, FL) tech-
nique, utilizes cortical buttons through bicortical
drill holes in both the ulna and humerus for graft
fixation [17]. The other, called the TightRope
(Arthrex, Naples, FL) technique, also utilizes a
cortical button through a bicortical drill hole in
the ulna but, instead, uses docking-style fixation
on the medial epicondyle [37].

Anatomic Technique (2019)

Anatomic studies of MUCL, published after Dr.
Jobe first described the Tommy John procedure,
have found that the ulnar insertion of the anterior
bundle is more extended and distally tapered than
was previously thought [38—40]. Because of this
finding, Dr. Camp described a unique construct



160

A.R.Jensen etal.

that attempted to more accurately reconstruct the
elongated triangular shaped ulnar footprint of the
native MUCL anterior bundle [18]. This surgery
was therefore called the Anatomic technique.
Additionally, it is well known that the graft-bone
interface on the humeral side is a common site of
failure of MUCL reconstructions that utilize a
docking technique. There is concern that this
may be related to the high volume of suture in
this socket that prevents interdigitation of bone
growth into the graft. In an ideal setting, the
socket would be drilled to size based on the graft
diameter. This would ensure all a tight fit increas-
ing direct graft to bone contact circumferentially
with minimal suture to impede healing. To accom-
plish this goal, the folded end of the graft is fixed
into a socket in the medial epicondyle that has been
drilled to size. After performing docking-style fixa-
tion in the medial epicondyle, the two graft limbs
are attached to the ulna proximally with two small
all-suture, suture anchors and distally with a single
unicortical cortical button. This configuration
therefore creates a broad and distally tapered ulnar
insertion footprint for the reconstructive graft. It
also allows for sequential tensioning of both sides
after initial fixation. In a cadaveric study, the
Anatomic technique had improved biomechanical
parameters compared to the docking technique
[18]. No clinical studies have been published on the
Anatomic technique to date.

Conclusion

Tommy John surgical techniques have evolved
significantly since initially described in 1986 and
now refer to a heterogenous group of unique pro-
cedures that, broadly speaking, categorize into
one of the three groups based on graft configura-
tion: figure of eight, triangular, and linear shaped
grafts. Surgical techniques that result in figure of
eight and triangular graft constructs have longer
clinical track records, while linear constructs are
mostly supported by biomechanical data from
cadaveric studies thus far. The technical changes
that have been implemented over time have been
in response to real or perceived limitations of pre-
vious iterations of the surgery. The many current

techniques vary based on soft tissue management
and osseous graft fixation methods. It is critical
for elbow surgeons to understand the history of
Tommy John surgery, the evolutionary changes
that have occurred, and the reasons for these
changes to better understand areas of future inno-
vation and improvement.
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Introduction

Ulnar collateral ligament (UCL) reconstruction
has proven effective in correcting elbow valgus
instability in overhead athletes. Return to the
same or higher level of sport has been reported to
be as high as 73-90% in the recent literature [1—
3]. UCL reconstruction (UCLR) has been
described using several well-described methods,
including the classic Jobe, modified Jobe, dock-
ing, double docking, and other techniques [4-8].

The goal of UCLR is to reproduce the anat-
omy, tension, and stability of the anterior bundle
of the UCL, which is the primary stabilizer of
valgus stress to the elbow [2, 4, 9]. Reconstructive
options must attempt to resist the tremendous
forces generated across the elbow joint during the
overhead throwing motion. At end of the late-
cocking phase and initiation of the acceleration
phase of the throwing cycle, the elbow extends at
speeds over 2300° per second generating medial
shear forces of nearly 290 N. The valgus load to
the elbow at this phase has been documented at
64 N m. This force exceeds the ultimate tensile
strength of the native ligament, particularly in the
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setting of repetitive overhead throwing [10, 11].
The applied load-to-failure moment of the native
UCL has been reported by Ahmad et al.,
Prud’homme et al., and Paletta et al. as 18.8 N m,
20.9 N m, and 30.4 N m, respectively, based on
the cyclic loading testing models utilized [12—
14]. Hence, every time a pitcher throws, the UCL
approaches failure. Supporting structures around
the elbow, both bony and soft tissue, help offload
the UCL to prevent failure during each pitch.

The selection of an appropriate graft for
UCLR, therefore, focuses on obtaining the stron-
gest available graft with the lowest donor site
morbidity. The chapter discusses the available
graft selection options and harvest techniques
utilizing the most current literature.

Graft Selection Options

Ipsilateral or contralateral palmaris longus ten-
don autograft is the most commonly utilized graft
in UCL reconstruction [1-8, 15, 16]. The gracilis
tendon is the second most frequently utilized
graft. In a series of 100 consecutive overhead
throwing athletes, Dodson et al. reported the use
of 70 palmaris (59 ipsilateral, 11 contralateral)
and 30 gracilis tendons for reconstruction [2]. In
the original description of the UCLR procedure
by Jobe et al., the donor tendon was the palmaris
longus (12 patients), the plantaris (3 patients),
and a 3-mm wide and 15-cm long strip of Achilles
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tendon (one patient) [4]. Cain et al. reported the
largest published series of UCLR to date which
included 743 patients [1]. Autograft distribution
consisted of 552 palmaris (512 ipsilateral, 40
contralateral), 175 gracilis, and 16 palmaris ten-
dons. Additional autograft sources in the litera-
ture include toe extensor tendons and patellar
tendon [3].

The authors primarily utilize ipsilateral pal-
maris tendon autograft in most cases due to ease
of harvest in the same surgical field. An excep-
tion is in the case of female overhead athletes,
such as a javelin thrower, wherein the authors
experience the tendon may be smaller than the
desired 3 mm. All patients are given the option to
utilize palmaris or gracilis tendon autograft based
on their desired preference after the procedure
has been explained. Allograft tissue is typically
only utilized in the revision setting when a rea-
sonable autograft option is not available, although
studies have found no significant difference in
performance or return to sport (RTS) rates when
comparing autograft to allograft [17].

A small percentage of the population has dem-
onstrated an absence of a palmaris tendon. Troha
et al. randomly evaluated 200 Caucasian patients
for the presence or absence of the palmaris lon-
gus tendon [18]. It was absent unilaterally in 3%
of patients and bilaterally in 2.5% for a 5.5%
total overall absence. Soltani et al. prospectively
evaluated 516 patients for the absence of the pal-
maris tendon based on ethnicity [19]. There was
no difference between white (non-Hispanic) and
white (Hispanic) patients, with a prevalence of
149% and 13.1%, respectively. However,
African-American (4.5%) and Asian (2.9%)
patients had significantly fewer absences of the
palmaris. Furthermore, in patients who only have
a palmaris on one side, the authors have occa-
sionally found this palmaris to be less robust,
with a shorter tendon length secondary to a low-
lying muscle belly. Hence, in these patients the
surgeon should be prepared to use a gracilis if
needed.

Biomechanical studies have been performed
to evaluate the ideal graft choice for UCL recon-
struction. In a cadaveric model with a uniaxial
load applied to catastrophic failure, Regan et al.

reported the palmaris tendon had a load to failure
of 358 N compared to 261 N in the native UCL
[20]. Paletta et al. reported no difference in load
to failure between the intact UCL and a four-
strand palmaris reconstruction using the docking
technique in a single load-to-failure model with-
out cyclic loading [14].

More recent studies have reported a different
result. Armstrong et al. performed cyclic testing
of the elbow with incremental increases in load
until failure defined as 5-mm elongation [21].
The authors reported the native ligament failed at
142.5 N and the palmaris reconstruction failed at
53 N. The mean number of cycles to failure was
2536 for the intact UCL and 701 for the recon-
struction. Using a slightly different loading pro-
tocol, Prud’homme et al. reported the native UCL
failed at 193.3 N and the palmaris reconstruction
failed at 102.7 N [12]. The mean number of
cycles to failure was 367 for the intact UCL and
185 for the reconstruction. Larger gracilis and
patellar tendon grafts showed no statistical differ-
ence in load to failure or number of cycles to fail-
ure. The authors concluded there was no
biomechanical advantage to a larger graft; there-
fore, the palmaris is the ideal graft source sec-
ondary to its ease of harvest with low morbidity.

Finally, when choosing a graft consideration
should be given to future injury risk and ability to
RTS at the same or higher level of play. Recent
evidence has evaluated outcomes and future
injury risk in major league baseball (MLB) and
minor league baseball players who underwent
UCLR with either a palmaris longus or a ham-
string graft [22]. Overall, 195 professional base-
ball players underwent UCLR with hamstring
autograft. This group was compared to matched
controls who underwent UCLR with palmaris
autograft. No difference in RTS rate or timing of
RTS existed between the groups. However, sig-
nificantly more subsequent injuries to the contra-
lateral lower extremity were seen in the hamstring
group versus the palmaris group (25 vs 13,
respectively) (P = 0.040) while more subsequent
injuries to the upper extremity were found in the
palmaris group versus the hamstring group (73 vs
55, respectively), although this difference was
not significant (P = 0.052).
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While the ipsilateral palmaris is frequently
used as the palmaris graft of choice given its
proximity to the operative elbow, when the deci-
sion is made to use a hamstring graft, whether to
use the ipsilateral or contralateral hamstring is a
matter of debate. A recent survey found the
majority of MLB team physicians (72.4%) har-
vest the hamstring from the contralateral (land-
ing) leg [23]. An electromyographic study
evaluated hamstring muscle activation in the ipsi-
lateral (drive) versus contralateral (landing) leg
in adolescent baseball pitchers during the base-
ball pitching motion [24]. The study found higher
hamstring muscle activity in the drive leg com-
pared to the landing leg, indicating the ham-
strings of the drive (ipsilateral) leg are more
important during the pitching motion. These
results seemed to validate the clinical practice of
the MLB team physicians. Finally, a recent study
evaluated the outcomes and future injury risk in
MLB and minor league baseball players who
underwent UCLR with either an ipsilateral or a
contralateral hamstring autograft [25]. The study
found no difference in RTS rate, performance
upon RTS, or subsequent injury rates (hamstring,
lower extremity, or upper extremity) between
players who underwent UCLR with hamstring
autograft from the ipsilateral (drive) or contralat-
eral (landing) leg. Hence, surgeons should coun-
sel patients preoperatively on the risks and
benefits of each graft choice for UCLR.

Graft Harvesting Techniques
Palmaris Longus Tendon

The harvesting techniques for the palmaris ten-
don have been published in recent clinical studies
with several small variations [1-5, 7, 8, 26]. It is
important in the office and again in the preopera-
tive area to confirm the presence of a palmaris
tendon prior to entering the operative suite. The
clinical examination to identify the palmaris lon-
gus consists of asking the patient to actively
oppose the thumb and small finger while slightly
flexing the wrist. Both wrists should be checked
for the presence/absence of a palmaris longus as

the palmaris is often smaller and may be unus-
able when patients only have a palmaris on one
side. If the tendon is present, it can be easily visu-
alized and palpated in the forearm just proximal
to the wrist crease (Fig. 16.1). Signing both the
surgical site and the palmaris tendon at the level
of the wrist is routinely performed by the author
(Fig. 16.2). The surgical extremity is positioned
using a hand table extension.

A 1-cm incision is made in the distal volar
crease of the wrist. Superficial exposure is per-
formed with a dissecting scissor to expose the

Fig. 16.1 Clinical photograph demonstrating the tech-
nique for examining the presence of a palmaris longus
tendon. The patient is asked to actively oppose the thumb
and small finger while slightly flexing the wrist. If present,
the tendon is visualized and palpated just proximal to the
wrist crease

Fig. 16.2 The surgical site and the palmaris tendon har-
vest site are signed individually in the preoperative hold-
ing area to confirm the clinical presence of the tendon
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tendon. Caution is exercised to avoid deep dis-
section to avoid iatrogenic injury to the underly-
ing median nerve. The tendon is delivered from
the incision using a right-angle hemostat and
tagged with a braided No. 1 or No. 2 suture in a
Krackow fashion (Fig. 16.3). This will prep one
end of the tendon for later use. The distal end of
the tendon is then cut in preparation for harvest.
A tendon stripper is then utilized to harvest the
tendon (Fig. 16.4). Complete harvest of the ten-
don is confirmed by visualizing the proximal
muscular attachment (Fig. 16.5). Azar et al. have
described using two additional small incisions at
7-9-cm intervals along the palmaris to further

confirm the ligament has been appropriately
identified at the musculotendinous junction
before harvest [3] (Fig. 16.6). This step may
further decrease the risk of iatrogenic median
nerve injury.

After harvest, the tendon is prepared by
removing any muscle tissue proximally. The ten-
don diameter is confirmed using a tendon sizer
and is typically 3-3.5 mm in diameter in most
cases (Fig. 16.7). The tendon should be at least
10 cm in length and can range up to 20 cm. Most
surgical descriptions of UCL reconstruction
describe drilling 3-3.5-mm bone tunnels on the
ulna; therefore, the graft should accommodate

Fig. 16.3 (a) The intraoperative image of a right wrist
demonstrates delivery of the palmaris tendon through a
1-cm incision in the wrist flexion crease using a curved

Fig. 16.4 The intraoperative image of a right wrist dem-
onstrates passage of the tendon harvester over the pal-
maris tendon through a 1-cm incision in the wrist flexion
crease

hemostat. (b) The tendon is tagged in a Krackow fashion
using a braided suture and its distal attachment is released

Fig. 16.5 The intraoperative image demonstrates a har-
vested palmaris tendon with proximal muscle attach-
ments. The tendon is gently debrided of any residual
muscle tissue during graft preparation
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Fig.16.6 The intraoperative image of a left wrist demon-
strates delivery of the palmaris tendon through a 1-cm
incision in the wrist flexion crease and a second incision
proximal incision confirming identification of the tendon
to avoid iatrogenic median nerve injury. (The wrist crease
and hand are to the /eft of the image)

Fig.16.7 The intraoperative image demonstrates use of a
tendon sizer to confirm the palmaris tendon diameter. The
tendon is typically 3-3.5 mm in diameter

this [1-3, 5, 8]. The graft is then placed in a moist
sponge and protected on the back table.

Gracilis or Semitendinosus Tendon

The gracilis or semitendinosus tendon may be
utilized as the primary autograft source for UCLR
when the palmaris tendon is absent or in the revi-
sion setting when either the palmaris has been
previously harvested or a thicker graft is needed
because of tunnel issues. In some cases, overhead

athletes have elected to use the gracilis as the pri-
mary source of autograft secondary to concerns
of forearm pain with pitching, although the
occurrence of this is quite rare [1, 3]. Harvest of
the gracilis from the contralateral leg of the
thrower has been reported by Dugas et al. [27].
Contralateral harvest avoids the potential for
residual weakness at deep knee flexion angles
reported after hamstring harvest that may affect
the power generated when pushing off the back
leg (ipsilateral) during the throwing cycle [28—
30]. The surgeon must consider this when posi-
tioning the patient and operative table during the
procedure for ease of access to the extremity.

Gracilis and/or semitendinosus tendon harvest
is employed most commonly in the setting of
anterior cruciate ligament (ACL) reconstruction
[28, 31, 32]. The technique for harvest of the ten-
don for UCLR is quite similar. A gracilis harvest
can be performed through a slightly smaller inci-
sion due to preservation of the more distal semi-
tendinosus. The gracilis is larger than the palmaris
and may require careful trimming of the graft to
a diameter of 3-3.5 mm to fit the standard size
tunnel or will require the surgeon to upsize the
ulnar tunnel to 4.0-4.5 mm.

Harvest of the gracilis is performed using a 2-
to 4-cm incision in the anteromedial tibia. The
incision is made 1 cm medial to the tibial tubercle
and often starts 2 cm distal to the tibial tubercle.
The sartorius fascia was identified and incised in
line with the fibers taking care to protect the
saphenous nerve. Adhesions between the gracilis
and semitendinosus tendon or gracilis and gas-
trocnemius are carefully removed to circumfer-
entially free the tendon (Figs. 16.8 and 16.9). A
tendon stripper is then used to harvest the tendon.
The knee is flexed during harvest to decrease the
risk of saphenous nerve injury and iatrogenic
truncation of the tendon [28, 29, 33]. The tendon
is often much longer than 10 cm. The proximal
muscle is removed from the tendon in a similar
fashion as discussed for the palmaris. An alterna-
tive “posterior” method of hamstring harvest has
been proposed by Prodromos et al. that may
allow for easier distinction of the hamstring ten-
dons and improved cosmesis, although this is not
used by the authors [32, 34]. The semitendinosus
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Fig. 16.8 The intraoperative image of a left knee demon-
strates the isolated gracilis tendon prior to harvest. The
gracilis tendon is then inspected for adhesions to the gas-
trocnemius, as shown in this image. Adhesions must be
freed prior to gracilis harvest to prevent truncation of the
tendon

is harvested in a similar manner, ensuring the
bands from the semitendinosus to the medial
head of the gastrocnemius are released to prevent
premature amputation of the tendon.

Complications

Complications of palmaris and hamstring tendon
harvest are, fortunately, infrequent. It is impor-
tant to discuss the potential complications during
preoperative planning in order for the patient to
make the most informed decision about autograft
selection.

A rare, but potentially devastating complica-
tion of palmaris tendon harvest is inadvertent
transection or harvest of the median nerve [34].
Deep dissection during palmaris tendon harvest
should be avoided. The author recommends using
an additional proximal incision to confirm the

Fig. 16.9 The intraoperative image of a left knee demon-
strates the isolated gracilis tendon prior to harvest.
Gastrocnemius adhesions have been freed and the tendon
is adequately mobilized for harvest

palmaris musculotendinous junction. If the pal-
maris cannot be clearly identified, an alternative
graft choice should be considered.

In the series of UCLRSs reported by Azar et al.,
four (4.4%) patients reported complications
related to palmaris harvest. Two patients reported
superficial wound infections that resolved with
oral antibiotics and two of them reported tight-
ness or tenderness at the harvest site.

Gracilis and semitendinosus tendon harvest
complications have primarily been reported in
the setting of ACL reconstructions [28-33].
Superficial wound infection, saphenous nerve
injury, and loss of knee flexion strength are the
most commonly reported complications. The risk
of knee flexion weakness may be less when har-
vesting the gracilis tendon alone [30].
Postoperative sensory disturbance in the saphe-
nous distribution has been reported to be as high
as 73% [33]. Sanders et al. reported the saphe-
nous nerve was intimately associated with the
gracilis for 4.6 cm in the distal thigh over a seg-
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ment of the tendon spanning 7.2-11.8 cm
proximal to the insertion [33]. This places the
nerve at risk when passing the tendon stripper for
harvest.

Conclusion

Surgical reconstruction of symptomatic UCL
injuries in the overhead athlete has demonstrated
high levels of return to play. Graft selection and
safe harvest technique are critical steps in UCL
reconstruction for a successful outcome. The pal-
maris longus and gracilis tendon autografts are
the most commonly used and accessible options
for reconstruction. Complications can be mini-
mized with attention to surgical technique and
knowledge of the surrounding neurovascular
anatomy.
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Introduction
History

Injuries to the medial ulnar collateral ligament
(MUCL) can be devastating in overhead and
throwing athletes. Prior to 1986, injury to this
ligament was considered to be career-ending. In
that year, Dr. Frank Jobe reported on his initial
experiences with reconstruction of the
MUCL. His first case was a professional pitcher
Tommy John, who injured the MUCL in 1974.
He had extensive nonoperative management that
was unsuccessful in allowing him to return to
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play (RTP). Unwilling to end his career, he
underwent what at that point was considered an
experimental surgery to reconstruct the ligament
using a palmaris longus autograft. Dr. Jobe gave
him a one in a million chance of resuming his
career. However, after a long and arduous recov-
ery, he was able to return and pitch successfully
for many years. Dr. Jobe continued to perform
this operation with increasing success over the
years, resulting in a paradigm shift in the treat-
ment and results of injury to the throwing elbow.
The surgery now often bears the name “Tommy
John” surgery, and the ligament is often called
the “Tommy John” ligament by nonmedical
personnel.

The “Tommy John” or anterior oblique liga-
ment of the MUCL complex is the primary stabi-
lizer of the elbow to valgus stress [1-8]. When an
injury to this ligament in an athlete occurs, con-
servative management soon after the onset of
symptoms may effectively treat the athlete and
allow some to return to competition [9, 10].
Podesta et al. showed that the use of platelet-rich
plasma (PRP) improves healing rates in conjunc-
tion with early bracing and rehabilitation [11].
More recently, Deal et al. treated 23 patients with
grade 2 MUCL tears with bracing, physical ther-
apy, and two leukocyte-rich PRP injections and
demonstrated a 96% return to play rate [12].

Although often considered, surgical repair of
the MUCL in professional athletes failing nonop-
erative management has produced varying results
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and has not been recommended for professional
athletes [13—17]. It remains much more common
for professional athletes to show diffuse areas of
injury to the MUCL and require grafting. In these
patients, treatment with one of the reconstruction
procedures pioneered by Jobe and modified by
Altchek, Conway, or ElAttrache results in superb
recovery and return to play compared to other
treatment options [14-16, 18, 19]. Furthermore,
most of the published research focuses on male
overhand throwers in the professional ranks with
regard to MUCL insufficiency. These profes-
sional athletes usually present with a ligament
that is damaged throughout its entire length, pre-
cluding an operative repair and necessitating a
reconstruction [15, 16].

Evolution of Repair

Initially, the MUCL graft reconstruction was lim-
ited to professional overhead athletes. However,
there has seemingly been an exponential increase
in the number of patients sustaining these injuries
at younger ages [20]. The success of the classic
“Tommy John” surgery in professional athletes
has led most of these injuries to be managed by
the same reconstructive technique. And while the
overall rate of elbow injuries in adolescents
remains low, the total number continues to rise
due to increased participation in organized ath-
letic participation and single-sport specialization
with year-round activity [21, 22]. There has been
a corresponding increase in MUCL reconstruc-
tion in adolescents with one study showing a
22-fold increase between 1994 and 2010 [22,
23]. However, these young athletes and their
injuries do not appear to be the same as those sus-
tained by professionals. In fact, one of the issues
that led Dr. Jobe to utilize a reconstruction rather
than a repair was the “wear and tear” of repetitive
microtrauma over many years that resulted in a
ligamentous insufficiency rather than a discrete
area of injury. Fortunately, in younger athletes,
while the injury is still commonly chronic in
nature [21], it is often isolated to a single area
without degeneration, increasing the chance of
success for both nonoperative treatment and

direct repair in allowing a return to sport.
Unfortunately, there has been little focus on alter-
native treatment options in these young, nonpro-
fessional athletes who continue to have instability
despite conservative treatment and who wish to
continue in sports.

Indications and Rationale for Repair

We began seeing these injuries in our younger
athletes who wished to continue to compete in
the early 1990s. Although we initially treated
those requiring surgery with a classic reconstruc-
tion, we noticed that unlike their professional
counterparts, the ligament in these young athletes
appeared almost completely normal except for
the area of acute injury. Furthermore, the MUCL
is an extraarticular structure and therefore has
vascularity that can allow for healing. The proxi-
mal MUCL (where most focal tears occur) has
been shown to have a consistent dense blood sup-
ply compared to the hypovascular distal MUCL
[24]. However, another cadaveric study out of the
Steadman Phillopon Research Institute has
shown equal distribution of vascular endothelial
and progenitor cell markers through the proximal
and distal MUCL insertions suggesting a well-
vascularized ligament throughout its entire
course [25]. This likely explains why proximal
injuries are more likely to respond to nonopera-
tive management but also supports repair for
proximal and distal injuries that fail nonoperative
treatment. Rather than extrapolating the data
from professional athletes that reconstruction is
necessary for all of these patients to return to
sports, we developed a protocol of repair. Our
indications for repair after failure of nonoperative
treatment are listed in Table 17.1.

Using these criteria, our initial study showed
that 93% (56 of 60) of these athletes (age range
13-23, avg. 16) returned to play within 6 months
(range 4-11.7 months) postoperatively at the
same or higher level of competition [26]. Multiple
studies have now shown success with MUCL
repair, allowing a more rapid return to play with
less complications than those reported with the
classic reconstruction [13, 27].



17 Primary Repair of Ulnar Collateral Ligament Injuries of the Elbow

173

Table 17.1 A table comparing indications for repair ver-
sus reconstruction of MUCL

Repair Reconstruction
Failure of nonoperative

treatment with partial tears

Failure of nonoperative
treatment with partial
tears

Professional or semi-
professional athlete
Degenerative/diffuse
ligament injury

College level or lower
athlete

No aspirations of
professional career
Focal area of ligament
injury on exam, imaging,
and inspection

Healthy mid-substance
tissue

Acute bony avulsion either
proximally or distally
Severe valgus instability
after acute injury

Tulane-MSMOC Protocol

An initial injury to the elbow in a young (nonpro-
fessional) athlete is evaluated by physical exami-
nation and radiographs. It is important to evaluate
the entire body, beginning with hip range of
motion (ROM) and abductor strength, core
strength assessment (usually performed by ath-
letic trainer, or physical therapist), scapular posi-
tion and tracking patterns and the strength of the
rotator cuff in addition to the elbow. These ath-
letes may also have inflamed plicas, flexor-
pronator inflammation, capitellar osteochondritis
dissecans (OCD) and other nonligamentous inju-
ries with or without the MUCL injury.

In the injured elbow, we begin by testing ROM
and areas of tenderness. In most cases, the area of
injury is easily palpated. Valgus testing is per-
formed at 0°, 30°, 70°, and 90° of flexion, as well
as the milking maneuver test, valgus extension
overload (VEO) test, and moving valgus stress
test. The O’Driscoll moving valgus stress test is
the most predictive test available for an injury to
the MUCL and is positive if pain is reproduced
between 70 and 120 degrees of flexion [28]. If the
exam is positive for medial instability, the athlete
is initially placed in a hinged brace and started on
a comprehensive rehabilitation  program.
Concurrently, we perform a magnetic resonance
imaging (MRI)-arthrogram (MRA). Imaging will
often show an area of strain without focal tearing,

Fig.17.1 MRA scan of a humeral avulsion of the MUCL
amenable to repair

in which case, nonoperative treatment is contin-
ued. In some cases, especially when there was a
history of a “pop” in the elbow during throwing,
the MRA will show a proximal or distal avulsion
with or without a bony fragment. In these young
athletes, the rest of the MUCL is usually com-
pletely normal and we often recommend repair or
continued conservative treatment depending on
the patient’s desire to return to play (Fig. 17.1).

The decision to repair rather than reconstruct
is complex. The ideal candidate is one with a sud-
den, acute avulsion that is displaced and who
shows no other area of injury on history, exam, or
imaging. In most cases, however, it is not that
straightforward. In patients with more chronic
symptoms, the palpation part of the exam
becomes more critical in the decision-making
process. If the area of major tenderness can be
isolated to one area of the ligament (proximal
tenderness is more common) and the MRI shows
a corresponding area of focal damage, then repair
is strongly considered. Furthermore, partial tears
on the humeral side that fail to heal with nonop-
erative treatment are also considered for repair in
the nonprofessional athlete (Table 17.1).

In discussing surgery, it is important to
stress that the final decision to repair or recon-
struct the ligament is made at surgery while
directly visualizing the ligament; thus, patient
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and family are counseled and consent is
obtained for both procedures.

Surgical Technique

The patient is placed in the prone position with a
tourniquet around the upper arm. A small block
or rolled towel is placed under the upper arm for
support (Fig. 17.2). An exam under anesthesia is
performed to document the ROM and the degree
of opening. A diagnostic arthroscopy is per-
formed to confirm the instability and to rule out
other pathology.

The shoulder is then internally rotated, and the
arm placed on a regular arm board, exposing the

Fig. 17.2 The patient is positioned in the prone position
with the elbow elevated on a small rolled towel

Fig. 17.4 (a) The initial medial incision is made and the
fascia exposed in preparation to split the fascia. (b) The
fascia is split to expose the underlying flexor-pronator

medial side of the elbow (Fig. 17.3). The muscle-
splitting approach described by Altchek is uti-
lized to expose the MUCL ([18]; Fig. 17.4). The
ligament, along with the capsule, is then split
along its anterior edge so the undersurface can be
completely visualized (Fig. 17.5). At this point, if
there are multiple areas of damage to the liga-
ment, a reconstruction with palmaris longus auto-
graft or gracilis allograft can be performed [29].
If the ligament appears to have an isolated area of
injury and is otherwise normal, a repair is per-
formed. A bioabsorbable double-loaded suture
anchor is placed into the medial epicondyle near
the base for proximal avulsions (Fig. 17.6) or
directly into the center of the sublime tubercle for

Fig. 17.3 The shoulder is internally rotated which allows
the hand to be placed on the arm board, exposing the
medial side of the elbow

muscle. (¢) The muscle is bluntly split, exposing the
underlying medial ulnar collateral ligament
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distal avulsions. The most reliable way to ensure
proper proximal anchor placement is to center
the anchor at the base of the epicondyle, ensuring
that the ligament will be anatomically reduced to
the distal aspect of the epicondyle. The two sets
of sutures are then placed in a mattress fashion
though the ligament (Fig. 17.7) in order to recre-
ate the normal anatomy and allow the proximal
end of the ligament to fold medially onto the dis-
tal epicondyle when tensioned (Fig. 17.8a, b).

Fig. 17.5 A small incision is made along the anterior
aspect of the MUCL, allowing a complete evaluation of
both the outer and inner ligament

In special cases, a small part of the flexor-prona-
tor fascia may be harvested and sewn into the
ligament to reinforce the native ligament repair,
and/or PRP clot may be added to the repair site
(Fig. 17.8¢).

The elbow is cycled to ensure the ligament is
repaired isometrically and the split in the liga-
ment and capsule along the anterior edge is
closed with “pants over vest” absorbable suture.
The fascia is repaired and the small incision
closed with a subcuticular closure.

Post-op Rehabilitation

The patient is placed in a posterior splint for the
first week and then switched to a hinged elbow
brace. Physical therapy initially focused on leg
and core and scapular strengthening is initiated at
this time with shoulder and wrist exercises
allowed as long as there is no pain in the elbow.
We follow the program designed by Wilk,
reported most recently by Ellenbecker et al. [30]
but allow the milestones to be reached more rap-
idly with repair compared to reconstruction. It is
critical in these early rehab sessions that the brace
is worn full time, only removing it for showers.
Range of motion is set in a pain-free range, usu-
ally 60-90°, and slowly increased in both direc-
tions as swelling and pain resolve. In most cases,

Fig. 17.6 (a and b) The proximal anchor is placed into the humerus
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Fig.17.7 (a and b) The two sets of sutures are placed through the ligament in horizontal mattress configuration to pull

the ligament back to its anatomic position

Fig.17.8 (a) Final view of the repaired ligament prior to
closure. (b) After the ligament is repaired, the split made
at the beginning of the case is closed with an absorbable

by 4 weeks, the brace is allowed to be unlocked.
Anywhere from 4 to 6 weeks postoperatively, a
more aggressive elbow and wrist rehabilitation is
incorporated into the recovery process.
Approximately, 68 weeks postoperatively, the
clinical exam, palpation of the ligament, and a
repeat diagnostic ultrasound or MRI should show
healing of the ligament and a return to hit and
throw program is started in the brace. At this
point, many athletes may return to most sports in
the brace but are not allowed to do any sports out
of the brace. Twelve weeks postoperatively, the
program is continued without the brace and the
patient may resume sporting activities when the
return to play program is completed.

suture. (¢) In some cases, we now add a clot from PRP to
improve the healing of the ligament

Return to Play

In our initial study, 93% (56 of 60) of these
young (age range 13-23, avg. 16) athletes
returned to sport within 6 months (range
4—11.7 months) postoperatively at the same or
higher level of competition. Forty of the patients
had proximal repairs, 11 patients had distal
repairs, and 9 patients had both proximal and
distal repairs [26]. Fifty-eight of the 60 patients
(96%) were able to return to high school or col-
legiate sports without difficulty, although two
patients who continued to play elite level sports
5 years postrepair sustained a late failure requir-
ing reconstruction. Fifty-eight of the 60 patients
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(93%) would have the same procedure done
again. Fifty-seven of the 60 patients were able
to complete their athletic careers without addi-
tional surgery.

Functional Outcome

The average postoperative Andrews-Carson
Elbow Outcome Score improved from 132 pre-
operatively to 188 postoperatively (p < 0.05),
and 93% had good to excellent results [2, 26,
31, 32]. Postoperative means were significantly
higher than preoperative means for the subjec-
tive, objective, and overall categories of the
outcome score for the total population
(Table 17.2). Two patients were considered fail-
ures according to their functional results and
Andrews-Carson rating scale. One patient was
a high school baseball player who underwent
anchor repair, had a stable exam, excellent core
strength, and shoulder mechanics but was still
unable to return to throwing. He declined fur-
ther surgery. The other patient was a freshman
college pitcher who was able to play for three
more years. However, near the end of his third
year of pitching, he developed recurrent symp-
toms in the elbow. An MRA revealed a new area
of injury, however, surgery was declined as he
was graduating.

Table 17.2 Andrews and Carson outcome scores

Preoperative ~ Postoperative

N %o N %
Subjective
Excellent (90-100) 0 0 51 85
Good (80-89) 0 0 5 8
Fair (60-79) 7 12 |2 35
Poor (60) 53 88 2 35
Objective (60)

Excellent (90-100) 43 72 55 92

Good (80-89) 7 12 2 35
Fair (60-79) 5 8 2 35
Poor (60) 5 8 1 1
Overall

Excellent (180-200) 0 0 53 88.3
Good (80-89) 6 10 3 5
Fair (120-159) 42 70 3 5
Poor (120) 12 20 1 1.6

Reoperation

There were three additional surgeries (5%) per-
formed in this repair group, one for arthrofibrosis
and two for late failure. One patient was a college
baseball player who underwent repair of the
MUCL with an anchor and subsequently devel-
oped arthrofibrosis and was unable to compete.
After conservative treatment for 1 year, he
decided that he wanted to play again and returned
for arthroscopic treatment with restoration of full
ROM. Furthermore, the elbow was stable on
exam and MRI. He was able to return to play for
two more years.

Two patients were considered to have a suc-
cessful result but sustained late failure (3.33%).
One player completed 2 years of high school ath-
letics and 3 years of college baseball without dif-
ficulty. During predraft workouts, he sustained a
repeat injury to the MUCL. Repeat surgery with
graft reconstruction allowed him to return to col-
lege for his senior year. He was drafted and
played several years of minor league baseball
without elbow complaints. The other patient had
a similar history of having a repair at age 14 and
returning to high school and junior college base-
ball without problem. In professional tryouts, he
sustained a repeat injury and recently had addi-
tional surgery to the elbow, with full recovery and
return to baseball.

Complications

Postoperative complications were found in 10%
of patients. One patient developed arthrofibrosis
necessitating treatment. Three males developed
postoperative ulnar nerve symptoms. Two
patients had ulnar nerve paresthesias that resolved
within 6 weeks postoperatively. Both patients
had flexor-pronator mass tears that required
repair after the medial collateral ligament (MCL)
was addressed. One patient had an ulnar nerve
neuropraxia that completely resolved within
8 weeks. This patient had a muscle-splitting
approach and we believe that excessive retraction
resulted in the neuropraxic injury. None of these
patients had preoperative ulnar nerve symptoms



178

R.S.O’Connell et al.

and none had an ulnar nerve transposition. A
fourth patient had a stitch abscess that resolved
with oral antibiotics and removal of the stitch. A
fifth patient had a superficial wound infection
that required a formal open irrigation and debride-
ment in the office before recovering.

Discussion

The treatment of medial instability of the elbow
has classically focused on the elite, high-level
male overhead throwing athlete as a result of
chronic valgus overloads [14-16, 18, 19].
However, MUCL injuries have also been reported
with various injury patterns, including throwing,
weight-bearing, extreme torsion, and sudden
impact [10, 17, 33, 34]. However, few reports
have focused on treating symptomatic instability
of the elbow failing conservative treatment with
primary repair of the MUCL [13, 26, 27]. In
young athletes, repetitive activities such as throw-
ing and gymnastics may produce focal injuries to
the MUCL that prevent the continuation of elite
level competition. In these athletes, one would
expect the ligament to be of better quality and
perhaps damaged in only one area. Additionally,
if addressed early, the rest of the elbow may be
spared the chronic attritional and secondary
pathologic changes common in elite throwing
athletes, leaving a more biomechanically stable
joint amenable to repair and rapid recovery [1, 2,
5, 6, 33, 35, 36]. If the area of injury is localized
to the proximal or distal end without mid-
substance changes, then repair rather than recon-
struction is a viable option. Recent evidence has
also shown the excellent vascular supply and
favorable healing environment of the MUCL [24,
25]. Repair of the ligament, especially in the
absence of secondary pathologic changes allows
a more rapid return to sports than the standard
reconstruction.

In 1980, Norwood reported on four male
patients undergoing primary repair of the ulnar
collateral ligament after acute disruption [17]. All
patients were able to return to previous activity.
In 2002, Salvo et al. reported their results in treat-
ing avulsion fractures of the sublime tubercle in

throwing athletes. Four of these patients were
directly repaired with bioabsorbable anchors
with excellent results [37].

More recently, Argo et al. showed excellent
overall results in 16 athletes and good results in 2
female athletes who underwent MUCL repair
using a variety of techniques. There was only one
patient who required graft reconstruction after
intraoperative evaluation of the ligament. After
surgery, 17 of 18 patients (94%) were able to
return to their sport at a mean of 2.5 months [13].
Similarly, in 2008, Richard et al. treated 11 ath-
letes with repair, rather than reconstruction. In
their study, 9 of 11 patients (82%) were able to
return to sport within 6 months of surgery. While
these are small sample sizes, they have similar
success as our larger study of 60 patients as dis-
cussed above with RTP of 93% at an average of
6 months [26].

Over the last few years, repairs have become
more frequent, especially with the addition of
ligament augmentation. Recent biomechanical
data have shown that MUCL repair with suture
tape augmentation can provide similar time-zero
failure strength but more resistance to gap forma-
tion compared to traditional reconstruction [38].
Similarly, Dugas et al. reported on this technique
in 111 overhead athletes with a 92% RTP rate at
mean time of 6.7 months [39].

There are a few studies that directly compare
MUCL repair with reconstruction; however, most
of these focus on elite level throwers. In 1992,
Conway et al. reported their results of 14 repairs
and 56 reconstructions [15]. In the repair group,
50% were able to return to their previous level of
activity prior to injury, while 68% of patients had
a similar result in the reconstruction group. The
majority of patients were major league profes-
sional baseball players (39%). In the repair group,
7 of 14 patients were playing professional
baseball with only two (29%) able to return to
their same level of play or higher. In the recon-
struction group, 20 of 56 patients were playing
professional baseball with 13 (65%) able to
return to their same or higher level of play. In
2000, Azar et al. reported their results on 59
reconstructions and 8 repairs [14]. In the recon-
struction group, 81% of patients were able to
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return to their previous level of competition or
higher. In the repair group, 69% of patients in the
repair group were able to return to a similar level
of play. However, again all of their patients were
male baseball players who played professionally
(41%) or in the college ranks (45%).

While there are limited studies evaluating
UCL reconstruction in young athletes, we can
extrapolate some information from the literature.
The RTP rate varies in the literature for recon-
struction between 68% and 95% at about
12 months postoperatively [19, 40, 41] in profes-
sional athletes. In one of the largest studies by
Cain et al. in over 1242 MUCL reconstructions,
the RTP rate was 83% at a mean of 11.6 months
(range 3-72 months) [41]. Looking specifically
at younger athletes, Petty et al. showed a 74%
RTP in high-school baseball players at a mean of
11 months after undergoing ligament reconstruc-
tion [22]. Similarly, Jones et al. showed an 87%
success rate of reconstruction in adolescent ath-
letes with most failures occurring in patients with
concomitant injuries to the elbow [42]. These
results indicate the reconstruction has similar
success rates in adolescents compared to more
elite professional athletes. Therefore, the RTP
rate for UCL repair tends to be somewhat higher
than most studies of reconstruction procedures. It
should be emphasized that we believe that this is
largely due to patient selection as we are treating
elbows that are completely normal other than an
isolated ligament injury with excellent healing
potential [13-16, 18, 19, 35].

In the very young athlete, long-term outcomes
after reconstruction are unknown. The current
criteria for success after MUCL reconstruction is
one season at the same or higher level of play.
The long-term consequences are elusive, but we
do know that revision reconstruction has a much
lower success rate [11]. In our two patients who
had late revision surgery with a graft, there were
no technical problems in the reconstruction
related to the previous surgery. Indeed, it appeared
as though there had been no prior surgical insult.
Thus, it would appear that repair when appropri-
ately indicated, can lead to improved results in
this younger patient population.

Conclusion

Repair of MUCL remains a viable and most
likely underused option in the management of
MUCL injuries in these young athletes. Recent
literature has shown excellent results and return
to play in properly selected athletes [26, 27, 43].
Our current technique involves the use of absorb-
able anchors with dual suture fixation. Our rehab
program has become more aggressive allowing
RTP between 3 and 6 months. We recommend
primary repair of MUCL for patients participat-
ing at the college level of play or younger if the
damage is found localized on clinical exam,
MRA, and direct inspection. Our conclusion is
that select patients can obtain a favorable out-
come after repair with a more rapid return to
competition when the appropriate patient is
selected for primary repair of the MUCL.
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Augmentation of the Medial Ulnar
Collateral Ligament

Ryan S. Selley, Elizabeth R. Dennis, Eric N. Windsor,
James B. Carr I, and Joshua S. Dines

Introduction

The ulnar collateral ligament (UCL) is the pri-
mary restraint to valgus stress at the elbow par-
ticularly during the late cocking and early
acceleration phases of throwing [1-4]. Overhead
athletes and pitchers in particular rely heavily on
the UCL which is subject to injury with over use.
This is especially of concern as younger athletes
increasingly engage in single sport specializa-
tion, year-round play, and higher ball velocity
[5-7]. The UCL is particularly important for
baseball pitchers, injury to this ligament was con-
sidered career-ending until the advent of the
Tommy John or UCL reconstruction procedure in
1974 [8]. UCL reconstruction has undergone sev-
eral technical modifications since its initial
description with higher rates of return to play and
low rates of complications [9-14]. However,
UCL reconstruction is not without its downsides,
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rehabilitation takes a period of 12—18 months
before return to play [15]. Further, UCL injuries
are being reported in younger athletes and as a
result being diagnosed earlier in the injury pro-
cess [16]. Injuries to the UCL can be mild and
range from a sprain to partial rupture or in more
chronic scenarios, complete deficiency of the
ligament [17]. More mild cases of UCL injury
can be treated conservatively with rest and ther-
apy; however, a subset of these fail nonoperative
management and meet criteria for operative inter-
vention [17]. In these scenarios, orthopedic sur-
geons have sought other methods of stabilization
in the form of UCL repair.

UCL repair has been tried previously with
poor outcomes, specifically among pitchers [8,
18]. In an initial reported series on UCL repair in
seven professional pitchers, only two returned to
playing major league baseball compared with
75% of patients undergoing reconstruction [18].
Another series of patients undergoing either
repair or reconstruction noted return to play at
previous levels or higher in 63% of the repair
group and 81% of the reconstruction groups [19].
Subsequent attempts at repair at this time were
less frequently utilized aside from select circum-
stances in favor of reconstruction secondary to
these outcomes.

Despite this, more recent reports of direct
suture repair in young athletes with less severe
UCL injuries have demonstrated successful out-
comes [20, 21]. Savoie et al. reported on a series
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of 60 high school and college athletes who under-
went direct repair of the UCL with 58 able to
return to sports within 6 months of surgery, less
than half of the time a typical UCL reconstruc-
tion takes to rehabilitate [15, 21]. Dugas et al.
have reported similar successful results in UCL
repair with augmented techniques using an inter-
nal brace [22]. Their cohort of 111 overhead ath-
letes had a 92% return to play rate at a mean of
6.7 months [22]. These results are encouraging
and highlight the utility of UCL repair in young
overhead athletes as a more favorable option
compared to reconstruction allowing safe and
faster return to play.

Biomechanics

The UCL is the primary restraint to valgus stress
in the elbow during overhead throwing. The ante-
rior band of the UCL is of particular importance
and the focus of UCL reconstruction and repair.
Several cadaveric studies have analyzed the bio-
mechanics of the internal brace in UCL repair
[23-26]. Dugas et al. compared the strength of
UCL reconstruction with the modified Jobe tech-
nique to UCL repair with internal brace augmen-
tation. They noted significantly less gapping in
the repair group compared to the reconstruction
group at low cyclic loads; however, they noted no
difference in time-zero failure strength with
respect to maximum torque, torsional stiffness,
and gap formation [24]. In a similar study with
slight modification, Bodendorfer et al. compared
the UCL reconstruction docking technique to
repair with internal brace and noted no significant
difference between groups in terms of load-to-
failure, gapping, or valgus opening angle during
cyclic loading at time zero [23]. Contrarily, Urch
et al. compared UCL repair and reconstruction
with a three-strand technique with results that
favor reconstruction in terms of load-to-failure
testing for yield torque, yield angle, and ultimate
torque. They did, however, note that the repair
state restored valgus laxity to native values at all
degrees of elbow flexion [26]. Lastly, Jones et al.
compared UCL reconstruction and repair under
cyclic fatigue mechanics. They observed that after
10, 100, and 500 flexion extension cycles and

applied valgus stress, the repair group demon-
strated significantly less gap formation than the
reconstruction group [25]. The above results sug-
gest that UCL repair is similar in time-zero
strength to the native UCL state as well as the
reconstructed states, and in some circumstances
maybe more durable than UCL reconstruction.

UCL Repair Indications

Correct indications for UCL surgical interven-
tion are crucial to obtaining a successful out-
come. The authors of this chapter categorize
patients into three different categories: recon-
struction, repair, and repair + internal brace. The
first determination is if a patient would benefit
from a reconstruction versus repair. Candidates
for repair are young, overhead athletes with par-
tial UCL tears refractory to conservative man-
agement and those with proximal or distal
avulsions. Other considerations include level of
competition, desired timing for return to sport
and concomitant injuries. MRI evaluation is
helpful in determining quality of tissue prior to
intra-operative evaluation and with setting
patient expectations with regard to repair or
reconstruction on the day of surgery. Intra-
operative determinants are the last factor, these
include gross assessment of the UCL tissue
quality, contraindications to repair include poor
quality, large bony avulsions or ossification
within the ligament that once excised render the
ligament incompetent. Lastly, when considering
whether or not to augment with an internal
brace, the authors assess the quality of potential
repair; if it is felt that the tissue is adequate for
repair but would benefit from additional stabil-
ity, then an internal brace is added as a supple-
ment (Fig. 18.1). There is little evidence to
guide decision-making in this regard and is
largely left to expert opinion.

Surgical Technique

Several surgical techniques for UCL repair have
been described, these include direct suture
repair, repair with bone tunnels or repair with
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Fig. 18.1 When it is felt that the native tissue is adequate
for repair but would benefit from additional stability, an
internal brace is added to the repair construct

suture anchors [18, 20, 21, 27]. We present our
preferred technique for UCL repair. The patient
is positioned supine on the operating table with
the operative extremity on a hand table. Prior to
prep and drape, an exam under anesthesia is per-
formed documenting range of motion through-
out all elbow arcs of motion, blocks to extension
in particular are noted. Next the operative
extremity is prepped and draped along with the
contralateral leg should the need for a hamstring
autograft arise if UCL reconstruction is required.
The arm is exsanguinated and a tourniquet is
raised to 250 mmHg. A medial-based incision is
made extending from the medial epicondyle
toward the sublime tubercle with sharp dissec-
tion carried down through skin and subcutane-
ous tissue to the level of fascia. A muscle splitting
approach in the flexor carpi ulnaris (FCU) is uti-
lized. The ulnar nerve is not exposed unless pre-
operative subluxation or symptoms necessitates
transposition. After mobilization of the FCU, the
UCL is visible and subperiosteal dissection is

Fig. 18.2 The UCL is visualized through the FCU dis-
section and a subperiosteal dissection is performed anteri-
orly and distally

Fig. 18.3 The native ligament is analyzed for tear loca-
tion and whether its integrity is amenable to repair. Any
attenuated or friable tissue is sharply debrided leaving the
healthy ligamentous tissue intact

performed anteriorly and distally with a combi-
nation of scalpel and soft tissue elevator
(Fig. 18.2). At this point, the ligament is ana-
lyzed for location of tear and if it would be ame-
nable to repair. Any attenuated or friable tissue is
sharply debrided leaving healthy ligamentous
tissue intact (Fig. 18.3). In the case of partial
tears, the tear is completed and the free end is
whip stitched using suture tape in a Krakow
fashion. Next a hole for the 3.5 mm swivel lock
(Arthrex, Naples, FL, USA) is drilled at the side
of injury (insertion of the UCL on the medial
epicondyle or sublime tubercle) (Fig. 18.4a).
The hole is tapped (Fig. 18.4b), and the anchor is
loaded with the free suture end that is attached to
the UCL; if it is deemed that the repair would
benefit from an internal brace (Arthrex, Naples,
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Fig. 18.4 (a) The insertion site for a 3.5 mm swivel lock
(Arthrex, Naples, FL, USA) is drilled at the origin of the
native UCL. (b) The drill hole is tapped. (¢), An internal

brace (Arthrex, Naples, FL, USA) is loaded into the
anchor. (d) The loaded anchor is inserted with the elbow
in 30 degrees of flexion and slight varus force

Fig. 18.5 (a—d) The free suture loaded through the anchor is used to repair the underlying native ligament

FL, USA), then this is loaded into the anchor as
well (Fig. 18.4c). The anchor is then inserted
with the elbow in 30 degrees of flexion and slight
varus force (Fig. 18.4d). The free suture loaded
through the anchor is used to repair the underly-
ing native ligament (Fig. 18.5a—d). Next, in the
case of internal brace use, the opposite site for

anchor placement is prepared in a similar fash-
ion and a second 3.5 mm swivel lock is loaded
on the other end of the internal brace (Fig. 18.6a).
Prior to fixation, the elbow is taken through a
range of motion to ensure that no over constraint
has occurred and the remaining half of the inter-
nal brace is secured with the ulnohumeral joint
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Fig. 18.6 (a) The distal site for the internal brace inser-
tion prepared in a similar fashion. (b) The internal brace is
loaded into a second 3.5 mm swivel lock and secured at
the distal insertion site. Prior to final fixation, the elbow is

Fig. 18.7 The final UCL repair construct augmented
with the internal brace

reduced in relative extension (Fig. 18.6b). The
elbow is then taken through range of motion to
ensure that there are no impediments to motion
and the ends of the suture are cut. The final con-
struct can be seen in Fig. 18.7. Next, the wound
is copiously irrigated and closed in a layered
fashion. The patient is placed in a soft dressing
and a brace is placed locked in 90 degrees of
flexion.

Patients who undergo UCL repair with inter-
nal brace augmentation undergo an accelerated
rehabilitation schedule when compared to the
traditional UCL reconstruction protocol with
most athletes returning to throwing in competi-
tion at 6 month postoperatively. The two main
complications that have been reported include
ulnar nerve symptoms either related to com-
pression or subluxation and heterotopic bone
formation [22].

taken through a range of motion to ensure that the con-
struct is not over-constrained. The distal end of the inter-
nal brace is secured with the ulnohumeral joint reduced in
relative extension

Outcomes

Historically, outcomes of UCL repair demon-
strated poor results and low return to play rates.
The initial reports by Norwood et al. in 1981 in
four players noted that only two players were able
to return to sport [27]. In 1992, Conway et al.
reported on their experience with UCL repair and
reconstruction, of the 14 patients who underwent
direct repair, 7 were able to return to the same level
of play [18]. Of these 14, however, 7 were profes-
sional athletes and only of 2 of the 7 were able to
return to the Major League Baseball (MLB) [18].
Due to these poor results, UCL reconstruction was
considered the gold standard for return to sport in
overhead throwing athletes and minimal consid-
eration was given to UCL repair. Recent investi-
gations, however, have demonstrated promising
results. Argo et al. published a series of 18 female
athletes undergoing UCL repair with 17 return-
ing to their respective sports [20]. Subsequently,
Savoie et al. published their experience with a
direct UCL repair in 60 overhead athletes with a
mean age of 17.2 years; they noted that 93% of
athletes demonstrated good to excellent outcomes
and a 97% rate of return to play at an average of
6 months postoperatively [21]. Dugas et al. most
recently published a series about 111 patient who
underwent UCL repair with internal brace aug-
mentation. They noted a 92% rate of return to
sport at an average of 6.7 months from surgery.
Further, they noted improvements in Kerlan-Jobe
Orthopaedic Clinic (KJOC) scores in all patients
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with a mean score of 88.2, and significantly more
improvement from year 1 to year 2 postopera-
tively (86.2 vs. 91.1). These results demonstrate
that UCL repair maybe a superior option in appro-
priately indicated patients with UCL injuries.

Conclusion

UCL injuries are a heterogeneous group of
pathology with a multitude of treatment options.
Our knowledge of how to treat these injuries has
expanded greatly over the past several decades.
When specifically considering UCL repair, recent
studies with modern techniques in appropriately
indicated patients demonstrate excellent out-
comes with faster return to play compared to a
UCL reconstruction cohort.
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Ligament Injuries

Curtis Bush and John E. Conway

Introduction

Medial elbow pain is common in the overhead
throwing athlete. The diagnosis of medial ulnar
collateral ligament (MUCL) injuries is mostly
based on a history of medial elbow pain, physical
exam findings, and imaging studies. The repeated
valgus load that causes MUCL attenuation or
rupture might also cause ulnar nerve symptoms,
posterior impingement, formation of posterome-
dial osteophytes , formation of loose bodies,
stress fractures of the ulna, lateral plica syn-
drome, trochlea chondromalacia, and less com-
monly capitellar osteochondritis  dissecans
(OCD) lesions. Operative treatment of acute
MUCL tears may involve open repair [1] or graft
reconstruction, whereas operative treatment of
chronic MUCL insufficiency involves open graft
reconstruction. Failure to address associated con-
ditions may compromise outcomes of reconstruc-
tion. With direct visualization afforded by
arthroscopy, the diagnosis and treatment of con-
comitant pathology may be accomplished at the
time of MUCL reconstruction, making elbow
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arthroscopy a useful adjuvant in the evaluation
and treatment of elbow pain in the overhead ath-
lete. The objective of this chapter is to review the
indications and techniques of elbow arthroscopy
in athletes with MUCL insufficiency.

Diagnostic Arthroscopy

The diagnosis of ulnar collateral ligament (UCL)
injury is based on clinical history, physical exam-
ination, and diagnostic tests including stress
radiographs, ultrasound, and magnetic resonance
imaging (MRI) arthrography . The physical exam
for valgus instability can be difficult and is often
unreliable [2]. Furthermore, Timmerman and
Andrews found little difference between the clin-
ical exam and exam under anesthesia, with nei-
ther particularly accurate in evaluating the
stability of the ulnohumeral articulation. In Dr.
Frank Jobe’s landmark description of MUCL
reconstruction for valgus instability, arthroscopy
was not a routine element of the reconstructive
procedure. Timmerman and Andrews, however,
found that arthroscopic exam was most helpful in
detecting instability in cases with equivocal clini-
cal findings. Altchek’s modification of the Jobe
reconstruction  (the “docking technique”)
included routine arthroscopy to improve the diag-
nosis and treatment of concomitant intraarticular
pathology [3]. In a later publication by the same
authors, arthroscopy was no longer routine but
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instead reserved for patients with preoperative
exam findings of extension overload [4]. Although
it was once considered to be an effective diagnos-
tic tool in the evaluation of MUCL instability,
that role has diminished significantly due to lim-
ited capacity to evaluate the appearance and
function of the MUCL arthroscopically [4, 5] .

Timmerman and Andrews showed that only
the anterior 20-30%, approximately 2—3 mm, of
the anterior bundle of the UCL could be ade-
quately visualized with the arthroscope through
the anterolateral portal. Meanwhile, the posterior
30-50% of the posterior bundle could be visual-
ized through the posterolateral portal [6].
Visualization was only slightly improved with a
70° scope, which offers a wider field of view
around the corner of the ulna. Longitudinal cuts
made by the researchers could not be visualized,
which suggests that naturally occurring tears
likewise may be missed. Following a transverse
cut, only the most anterior aspect of the defect
(2 mm) could be visualized. Based on these find-
ings, the arthroscopic appearance of a normal
ligament does not necessarily preclude the pos-
sibility of MUCL tear [6, 7].

Early limitations with the arthroscopic exam
of the MUCL led to the development of the
arthroscopic “stress test,” designed to evaluate

the dynamic function of the ligament. The
arthroscopic “‘stress test” [2] places a valgus
stress across the ulnohumeral joint in 70° of flex-
ion with the scope in the anterolateral portal
(Fig. 19.1). Field et al. showed that opening of
the medial ulnohumeral joint 1-2 mm required
complete release of anterior bundle. By also
releasing the posterior bands and/or placing the
forearm in full pronation, one might see a greater
ulnohumeral opening, but only after having
released the anterior band [8]. Posterior bundle
tears with/without partial anterior bundle tears
did not create any discernible instability
arthroscopically. Based on the findings in this
study, the arthroscopic stress test has very limited
ability to detect partial tears of the UCL, though
the limitations of the test may simply reflect our
inability to recreate in vivo forces of throwing.
The stress test has not proven to be a particularly
reliable test and rarely alters the diagnosis or
treatment of MUCL insufficiency [4, 5]. The
diagnosis of MUCL insufficiency is usually
decided before heading to the operating room,
based mostly on history, physical exam, and MRI
findings [4, 5]. In a limited number of cases, one
might find that an arthroscopic exam is helpful in
choosing between ligament repair and recon-
struction. With that said, isolated repairs are less

Fig.19.1 (a) Arthroscopic valgus stress test without stress. (b) Arthroscopic view showing opening of the ulnohumeral
ligament consistent with UCL insufficiency
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commonly performed compared to full recon-
structions based on historically inferior outcomes.
Chap. 17 covers this in more detail [5, 9].

Though elbow arthroscopy has limitations as
it relates directly to the treatment of MUCL tears,
it has substantial utility in the diagnosis and treat-
ment of the intraarticular pathology that often
accompanies chronic MUCL insufficiency. The
repeated valgus load of the pitching motion that
causes MUCL attenuation or rupture might also
cause ulnar nerve symptoms, lateral plica syn-
drome, posterior impingement, trochlea chondro-
malacia, formation of posteromedial osteophytes,
formation of loose bodies, stress fractures of the
ulna, and less commonly capitellar OCD lesions.
Concurrent treatment of these conditions is
important to the success of MUCL reconstruction
surgery. Fortunately, awareness of the prevalence
and presentation of MUCL injuries in the over-
head throwing athlete has improved in the sports
medicine community, and with better awareness
and improved imaging techniques fewer chronic
sequelae of MUCL insufficiency seem to accu-
mulate. Nevertheless, elbow arthroscopy remains
an indispensable skill set when treating the over-
head throwing athlete.

Posterior Impingement

Chronic MUCL insufficiency in the overhead
throwing athlete can result in valgus extension
overload, which may then develop into posterior
impingement. Posterior impingement is a broad
term subcategorized into posterolateral impinge-
ment, posterior impingement, and posteromedial
impingement. Arthroscopy has an essential role
in the management of each.

Posterolateral Impingement

Posterolateral impingement can present with lat-
eral gutter pain with throwing, palpation, moving
valgus stress test, flexion, and extension. These
are also findings associated with an olecranon

stress fracture or loose body; therefore, one must
also consider them among the differential diag-
noses. The underlying cause of posterolateral
impingement is not well known, though it is gen-
erally believed that valgus laxity occurring with
MUCL insufficiency leads to reduced resistance
to valgus loading, increases in radiocapitellar
contact pressures and perhaps symptomatic
entrapment of the plica. The posterolateral type
impingement may involve the lateral gutter plica
or radiocapitellar plica (meniscus). Kim et al.
found that 58% of symptomatic patients com-
plained of clicking or catching, and 25% com-
plained of swelling [10]. Exam findings include
lateral gutter pain with palpation, moving valgus
stress test, flexion, extension, and the flexion—
pronation test. The flexion—pronation test,
described by Antuna and O’Driscoll, is a provoc-
ative test in which the pronated elbow is pas-
sively flexed from an extended position. One
might find reproducible, painful snapping of
plica over the radial head elicited with this
maneuver, usually between 90° and 110° of flex-
ion [11]. Akagi and Nakamura demonstrated in a
patient with plica impingement that with <90° of
flexion the synovial fold is in the joint and that it
slips distally over the radial head with flexion
>100° [12]. Kim et al. [10] reported that 25% of
symptomatic patients had a positive flexion—pro-
nation test. MRI is helpful in making the diagno-
sis of posterolateral impingement and might
reveal thickened or nodular plicae. There are lim-
ited data correlating plica size and symptoms,
though thickness >3 mm and nodularity are sug-
gestive of plica syndrome. Kim et al. [10]
reported that 9 of 12 patients had an abnormally
thickened plica.

Arthroscopic findings in a patient with symp-
tomatic lateral gutter plica include frayed margins,
hypertrophy, capillary infiltration with hyperemia,
and lateral ulnar chondromalacia. Arthroscopic
findings of radiocapitellar plica syndrome are sim-
ilar but with anterolateral radial head chondroma-
lacia—from snapping back and forth over the
radial head—as opposed to the lateral ulna
(Fig. 19.2). Kim et al. [10] found that all patients
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Fig. 19.2 (a) Arthroscopic view of radiocapitellar plica. (b) Chondral damage evident secondary to abrasion of plica

against capitellum. (c¢) Lateral gutter plica

demonstrated a thickened, hypertrophic synovial
plica and eight (67%) patients had associated
synovitis and inflammation of the adjacent capsu-
lar tissue. Seven (58%) patients demonstrated
chondromalacia with visible articular chondral
changes, most commonly involving the capitellum
and posterolateral distal humerus (five patients),
followed by the radial head (two patients).

For the majority of cases, the scope is best
placed in the posterolateral portal and instruments
in the direct posterior radiocapitellar portal. The
author’s preferred method of plica resection is to
place the scope in the posterolateral portal and
shaver through the direct posterolateral portal or
midradiocapitellar portal. The scope may also be
placed in the direct posterolateral portal and shaver
through the midradiocapitellar portal. Care should
be taken to preserve the anconeus muscle fascia.
We might suggest using minishavers because they
remove less fascia and allow better access to the
ulnohumeral joint, radiocapitellar joint, and the
lateral margin of the radial head.

Outcomes of arthroscopic treatment of pos-
terolateral impingement are generally good.
Antuna and O’Driscoll reported on 14 patients
with posterolateral impingement in which 54%
had a positive flexion—pronation test, 93% had
chondromalacia visualized arthroscopically, and
86% excellent outcomes following arthroscopic
excision. Kim et al. [10] reported on 12 patients
in which 25% had a positive flexion—pronation
test, 58% had chondromalacia, and 92% excel-
lent result with arthroscopic resection [11].

Posteromedial Impingement

Posteromedial impingement is the most common
diagnosis (51%) for which arthroscopic elbow
surgery is performed in athletes [13]. Andrews
and Timmerman noted that posterior extension
injury was the most common diagnosis associ-
ated with MUCL injuries [14]. In their group of
baseball players treated with elbow arthroscopy
for posteromedial impingement, MUCL injuries
were initially underestimated. Among the patients
requiring a second surgery, 25% required MUCL
reconstruction.

Posteromedial impingement may develop as a
course of chronic valgus extension overload.
Overload is caused by the combination of medial
elbow tension, lateral compression, and valgus
extension. Wilson and Andrews describe a wedg-
ing effect of the olecranon into the olecranon
fossa, with abutment of the medial outer rim of the
olecranon and inner rim of the olecranon fossa of
the humerus [15]. MUCL insufficiency that
increases valgus laxity alters both the contact pres-
sure and area on the posteromedial olecranon and
partially explains the development of posterome-
dial olecranon osteophyte formation [16]. The
impingement appears to occur during late accel-
eration, ball release, and early follow-through
phases of throwing. Physical exam findings may
include pain in extension and valgus stress.
Crepitance and/or loss of elbow extension may
also be seen. In the throwing athlete, posterome-
dial impingement should focus the physician’s
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attention toward instability. Imaging evaluation of
posteromedial impingement may include CT and/
or MRI. Ko et al. [17] found that the most common
imaging manifestations of posteromedial impinge-
ment were joint space narrowing, subchondral
sclerosis, and osteophyte formation. The authors
concluded that CT is superior to MRI in detecting
joint space narrowing, medial olecranon sublux-
ation, and loose bodies, whereas bone marrow
edema and associated soft tissue injuries were
more readily visualized on MRI. Conway et al.
reported that over 50% of their patients undergo-
ing UCL reconstruction or repair had posterome-
dial osteophytes.

Posterior medial gutter synovitis may occur in
isolation or along with other posterolateral
pathology. This condition usually resolves with-
out surgery. In the senior author’s experience,
this condition may respond to injections and is
rarely treated with synovectomy.

Direct Posterior Impingement

Repetitive hyperextension of the elbow may also
cause a discrete form of posterior impingement.
This injury pattern is seen in softball players and
seen in other repetitive hyperextension activities
where pain occurs in extension. Radiographic
findings include osteophyte/reactive lesions of
the olecranon tip and thickening of the bone
bridge between the coronoid and olecranon fos-

sae. UCL tears are usually not present in associa-
tion with this process. Primary osteoarthritis
(OA) may develop predominately in the posterior
elbow creating posterior impingement, though
this is seen almost exclusively in males between
the fourth and sixth decades [18].

Trochlear Chondromalacia

MUCL insufficiency that increases valgus laxity
leads to an increase in total contact pressure on
the PM trochlea while decreasing the overall con-
tact area and shifting it medially [19]. Trochlear
chondromalacia may be detected on high-
resolution, high-field, thin-section MRI with
intraarticular contrast on sagittal and axial
sequences, appearing as subchondral edema sig-
nal, insufficiency stress patterns, osteochondral
collapse, and/or marginal exostosis. When con-
firmed arthroscopically, these lesions may only
require debridement and/or chondroplasty
(Fig. 19.3). Formal microfracture is rarely neces-
sary. To improve visualization and protect the
ulnar nerve during this procedure, one might con-
sider maintaining the elbow at 45-90° of elbow
flexion, using a curved retractor, a 2.7-mm micro-
shaver, and briefly increasing the fluid pressure
manually. Here we stress the importance of leav-
ing the posteromedial capsule intact, which is
facilitated by the use of the smaller shaver and
momentarily increasing fluid pressure.

Fig. 19.3 (a) Trochlear chondral lesion. (b) Trochlear chondral lesion delineated after debridement. (¢) Microfracture
of the lesion
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Olecranon Exostosis
and Fragmentation

Repetitive stress on the posteromedial olecranon
may cause stress reactions, stress fractures of the
posteromedial tip or transversely through the
more proximal process, and exostosis formation/
fragmentation. Olecranon exostosis formation
was found in 24% of asymptomatic professional
baseball pitchers and in 50% of players aged
30-35 years [20]. Exostoses and fragmentation
may be detected on preoperative imaging.
Conventional X-ray view may underestimate the
actual fragment size. The senior author presented
aradiographic technique using an anteroposterior
(AP) view of the elbow with the patient seated,
the shoulder abducted 90°, externally rotated 40°,
and elbow flexed 140° [20]. This X-ray view may
provide a more accurate estimate of the size and
location of medial olecranon exostoses.

The objective of arthroscopic treatment is to
remove loose fragments and restore the normal
shape of the olecranon. The posterior impinge-
ment view, described earlier and depicted in
Fig. 19.4, helps define the size of the posterior
medial exostosis to be removed. Excessive
olecranon resection can negatively affect the
results of elbow surgery [14] and one should

avoid resecting more than 3 mm of the normal
posterior medial margin. Kamineni et al.
showed in a biomechanical model that 3 mm
incremental olecranon resection created step-
wise valgus angulation and that resection
greater than 3 mm may jeopardize MUCL
function due to added strain on the ligament
[19]. These findings challenged the rationale of
removing any amount of normal bone. An ade-
quate resection may be facilitated by using two
to three working portals and moving the scope,
instruments, and retractors between them as
needed. The two primary portals are the poste-
rior central and posterolateral portals, and a
good accessory portal is the high posterolateral
portal (Fig. 19.5). Resection may be performed
using sharpened miniosteotomes and small
bone cutting shavers (used with a retractor).
We recommend using retractors to protect the
ulnar nerve and switching portals as often as
needed for visibility and access. We recom-
mend against using suction or burrs due to the
tendency to over-resect. We might also recom-
mend clearing all bone fragments and debris
after resection and closing the deep layer of all
posterolateral portals. As shown in Table 19.1,
the outcomes in terms of return to play follow-
ing olecranon resection are generally good.

Posterior Impingement
View

Fig. 19.4 Posterior impingement view defining posterior medial exostosis
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Fig. 19.5 Posterior portals most commonly used to
remove posterior medial exostosis

Table 19.1 Outcomes in terms of return to play follow-
ing olecranon resection

Rossenwasser 83%
AANA 1991

Rossenwasser 74%
AANA 1991

Ward 78%
JHSurg 1993

Andrews 73%
AJSM 1995

Fideler 74%
JSES 1997

Hepler 95%
Arthroscopy 1998

Reedy 85%
Arthroscopy 2000

Cohen 77%
Arthroscopy 2011

Loose Bodies

Loose bodies may cause painful mechanical
symptoms and produce crepitus, tenderness,
and motion loss. Radiographs routinely under-
estimate the presence/quantity of loose bodies
[21, 22]. Loose bodies may appear anterior,
posterior, lateral, and rarely medial (Fig. 19.6).
Treatment usually involves simple fragment
removal unless the fragment is needed for OCD
repair.

Fig. 19.6 Multiple loose bodies in lateral gutter

Capitellar Osteochondritis
Dissecans

Capitellar osteochondritis dissecans lesions are
rarely seen in association with UCL injury, how-
ever, the treating physician must be prepared to
manage such lesions if they occur. With larger
OCD lesions, it may be best to treat the OCD first
and stage the UCL reconstruction at a later time.
The diagnosis and treatment of OCD of the capi-
tellum is a lengthy discussion to itself and is
beyond the scope of this chapter.

Surgical Technique

Elbow arthroscopy can be quite technically
demanding and each physician may have his or
her own learning curve. As it is with other disci-
plines in orthopedics, it is important in elbow
arthroscopy that the treating surgeon understand
his/her learning curve and commit only to proce-
dures that fall under that curve. It is very helpful
to be familiar and comfortable using multiple
patient positions, including the supine cross
body, supine suspended, lateral decubitus, and
prone positions. It is particularly important to be
comfortable with elbow arthroscopy in the supine
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position when an arthroscopic procedure is called
upon in conjunction with MUCL reconstruction.
We recommend this position in order to avoid the
need to reposition and redrape during surgery.
When arthroscopy is indicated with UCL recon-
struction, we recommend performing the
arthroscopic portion of the procedure before the
open portion. Associated arthroscopic procedures
are usually simple and relatively short, for exam-
ple, plica excision, loose body removal, chondro-
plasty. There are circumstances in which it might
be best to perform the open procedure prior to
arthroscopy. For instance, when performing con-
tracture release surgery or other complex
arthroscopic procedures in combination with
ulnar nerve neurolysis, it is probably best to per-
form the nerve surgery before the arthroscopic
procedure.

Portal placement is an essential step toward
successful elbow arthroscopy. The standard
portals used are the high (proximal) anterior
medial, high anterior lateral, posterior central,
posterior lateral, and posterior direct radiocapi-
tellar. Accessory portals might include a high
posterior lateral and midradiocapitellar portal.
The first arthroscopic portal is usually anterior,
unless one expects to perform the entire proce-
dure through posterior portals.

The initial anterior portal may be made either
medial or lateral, and there is debate on this sub-
ject [23, 24]. Surgeon preference and patient
diagnosis may determine which is most suitable.
The three commonly described anteromedial por-
tals are the standard anteromedial, proximal
anteromedial, and midanteromedial portals. The
standard anteromedial portal offers excellent
visualization of the anterolateral elbow joint, but
is probably most commonly used for capsular
retractors. As described by Andrews and Carson,
it is located 2 cm anterior and 2 cm distal to the
prominence of the medial epicondyle. The
median nerve-to-sheath distance averages
between 6 and 14 mm for this portal [25]. The
high or proximal, anteromedial portal is described
as 2 cm proximal to the prominence of the medial
epicondyle and just anterior to the medial inter-
muscular septum [26]. Some have described it as

much as 2 cm anterior to the septum [24]. This
portal provides visual access to the lateral joint
structures, though perhaps less visualization of
superior capsular structures, the lateral capitel-
lum, and the radiocapitellar joint space in com-
parison to the standard anteromedial portal [25].
The midanteromedial portal is a modification of
the proximal anteromedial portal and is located
1 cm proximal and 1 cm anterior to the promi-
nence of the medial epicondyle [27].

The distal anterolateral portal is less com-
monly used than the other lateral portals due to
safety concerns and is typically reserved for
retraction. It is located 3 cm distal and 1 cm ante-
rior to the prominence of the lateral epicondyle.
The midanterolateral portal is most useful for
visualizing the medial elbow structures and
debridement of the anterior radiocapitellar joint
surfaces. It is located 1 cm anterior to the promi-
nence of the lateral epicondyle and just proximal
to the anterior margin of the radiocapitellar joint
space. The high or proximal, anterolateral portal
is thought to provide the most extensive evalua-
tion of the joint, especially when viewing the
radiocapitellar joint [25, 28]. It is located 1-2 cm
proximal to the prominence of the lateral
epicondyle.

The posterior portals are relatively safer than
the anterior portals. The posterior central portal
is commonly the initial posterior portal and
provides visualization of the olecranon fossa,
olecranon tip, posterior trochlea, and the medial
recess. It is typically located 2—4 cm proximal
to the olecranon tip and midway between the
medial and lateral condyles. The posterolateral
portal can provide a view of the olecranon
fossa, olecranon tip, and posterior and central
trochlea, medial recess, lateral recess, and the
posterior radiocapitellar joint. It is located 3 cm
proximal to the olecranon and through the lat-
eral border of the triceps tendon. The direct
posterolateral portal may also be known as the
midlateral portal, the dorsal lateral portal, or
the soft spot portal. This portal typically pro-
vides the best view of the radiocapitellar joint.
It is located at the center of the triangle defined
by the prominence of the lateral epicondyle,
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prominence of the olecranon, and the radial
head. The lateral radiocapitellar portal is a dif-
ficult portal to create and use due to limited
space. It is useful in the management of capitel-
lar OCD lesions and radiocapitellar chondral
injuries. It is located at the radiocapitellar joint
line where an 18-gauge needle may be used to
localize the appropriate portal position.

Elbow arthroscopy requires specialized instru-
mentation. We recommend the availability of a
minishaver system, curved 3.2 mm retractors,
sharpened miniosteotomes, sharpened minicu-
rettes (3-0, 4-0), and beaver blades.

Rehabilitation Considerations

When one or multiple arthroscopic procedures
described earlier are performed in conjunction
with MUCL reconstruction, the risk of postoper-
ative stiffness increases. Motion recovery should
be the first priority for therapists. At the time of
surgery, we might recommend thoroughly irrigat-
ing the joint and extending the elbow to evacuate
any hemarthrosis before final ligament fixation.
Postoperatively, we do not recommend shorten-
ing the immobilization period unless microfrac-
ture is performed, in which case we recommend
limiting motion or continuous passive motion
(CPM) to 10-50° of motion for the first 10 days,
then 40-100° for 10 days.

Conclusion

The throwing motion places extreme stresses
across the elbow, which may result in medial,
lateral, and posterior pathology. Clearly, the
focus of this chapter is on the medial-based
pathology, namely UCL insufficiency. However,
failure to treat radiocapitellar changes and/or
posterior impingement may result in subopti-
mal outcomes. For this reason, thorough under-
standing of elbow biomechanics as it relates to
the throwing athlete and a mastery of elbow
arthroscopy are critical to success when treat-
ing the throwing athlete.
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Introduction

Ulnar collateral ligament (UCL) injuries in over-
head athletes are common because the motion of
throwing subjects the elbow to high valgus
stresses during every pitch. It has been estimated
that the UCL receives forces of up to 3100°/s and
valgus stresses of up to 64 N m [1, 2]. Until the
1970s, this injury was career ending because non-
operative management yielded poor results and
no surgical treatments were available. In 1974,
Jobe performed the first UCL reconstruction on
major league pitcher Tommy John, and the proce-
dure bears the pitcher’s name. The first published
series in UCL reconstruction was subsequently
published by Jobe in 1986 [3]. This original Jobe
technique of reflecting the flexor—pronator mus-
cles prior to autograft ligament reconstruction
yielded excellent results with 63% return to play
[3]. Newly available technologies and surgical
approaches have contributed to the improvements
in this technique with a focus on minimizing mus-
cle disruption. In this chapter, we review the origi-

M. A. Wright
Department of Orthopaedics, MedStar Union
Memorial Hospital, Baltimore, MD, USA

A. M. Murthi (<)

Shoulder and Elbow Surgery, MedStar Union
Memorial Hospital/Georgetown University School
of Medicine, Baltimore, MD, USA

e-mail: Anand.m.murthi @medstar.net

© Springer Nature Switzerland AG 2021

nal technique and newer techniques that have
evolved. We also review the biomechanical data
available on various procedures.

Jobe Technique

The goal of the classic Jobe technique was to
restore elbow stability using a reconstruction to
restore the anterior band of the UCL [3]. The
procedure involved a takedown of the flexor—
pronator mass and submuscular ulnar nerve
transposition. The entire flexor—pronator muscu-
lature was reflected off the medial condyle and
proximal ulna to provide an uncompromised
view of the surgical reconstruction site. The pri-
mary goal was to reconstruct the anterior band of
the UCL. A palmaris longus graft was then
woven through 3.2 mm bone tunnels at the sub-
lime tubercle of the ulna and medial epicondyle
of the distal humerus in a figure of eight fashion
(Fig. 20.1). This procedure was later modified by
Smith et al. by using a muscle-splitting approach,
thus avoiding the morbidity associated with the
takedown of the flexor—pronator mass [4]. This
became known as the modified Jobe technique
and is one of the popular techniques available
today.

In 2002, Mullen et al. [5] evaluated the Jobe
procedure in the laboratory by comparing it to the
intact state using 14 cadaveric elbows. The speci-
mens were fixed on a load frame, and a 50-N
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Fig. 20.1 Jobe technique. Bone tunnels are placed at the
sublime tubercle and medial humeral epicondyle. A pal-
maris longus graft is weaved in a figure of eight fashion
and tied with sutures

force was used to elevate the forearm, creating a
5-N-m moment on the medial side of the elbow.
Displacement was measured at 30° intervals from
30° to 120° of elbow flexion. The UCL was then
transected and the specimen was tested. Finally,
the elbows were reconstructed using the tradi-
tional Jobe technique and tested in the same fash-
ion. The investigators found that sectioning the
anterior bundle of the UCL increased displace-
ment from 140% to 150% during the range of
motion. When the UCL was reconstructed with
the Jobe technique, displacement ranged from 98
to 112% during range of motion compared to the
intact state. These differences were statistically
significant. This basic biomechanical study gives
mechanical credibility to the Jobe reconstruction
method.

Ciccotti et al. also looked at the biomechan-
ics of the Jobe technique compared to the native
UCL and the docking technique [6]. In this
study of 10 cadaveric specimens, the authors
potted the elbows and mounted them on a cus-
tom elbow loading system. The investigators
then subjected the elbows to a valgus load of
5 N m for 6-8 s and then offloaded them. They
performed each loading test five times at 30°
intervals from 30° to 110° of elbow flexion.
Once this was done, the elbows were placed at
90° of flexion to simulate the throwing position
and then loaded to failure. Results from this

study showed that the maximal elongation of
the anterior band of the native UCL did not
change with elbow flexion; however, the valgus
laxity decreased with increasing flexion angles.
The same result was observed in elbows recon-
structed with the Jobe technique and the dock-
ing technique, and no differences were observed
compared to the intact state. In terms of load to
failure, the native UCL was stronger than both
reconstructions by almost 80%. Modes of fail-
ure of the native UCL were 50% ulnar avulsion,
5% humeral avulsion, and 45% midsubstance
tear, whereas the Jobe technique showed 70%
ulnar tunnel fracture, 20% midsubstance tear,
and 10% suture pullout, and for the docking
technique, there were 40% ulnar tunnel frac-
ture, 40% suture pullout, 10% midsubstance
tear, and 10% humeral tunnel fracture.

Docking Technique

Rohrbough et al. described the docking technique
in 1996 [7]. In this technique, the authors placed
ulnar tunnels similarly to what is used in the tradi-
tional Jobe technique, but they replaced the
humeral tunnels with a single bony tunnel with
two converging exit suture holes. The graft is
secured using sutures over a bone bridge. This
technique was designed to improve graft tension-
ing while minimizing the number or bone tunnels
in the humerus [7, 8]. Care must be taken to mea-
sure and cut the graft to fit snugly into the humeral
socket to prevent graft slippage and loosening.
Cohen et al. tested the load to failure of 10 elbow
pairs to determine the optimal position for ten-
sioning the UCL docking reconstruction [9]. The
load to failure of the native ligament was signifi-
cantly higher than in the reconstructed ligament
tensioned at either position, but there was no sig-
nificant difference in load to failure between the
reconstruction tensioned at 30° or 90° of flexion.
Valgus laxity (degrees per Newton-meter) when
the reconstruction was tensioned at 30° was more
similar to the native ligament than when tensioned
at 90°, but difference in valgus laxity between all
three states was not statistically significant.
Fixation is generally recommended at 30° of flex-
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ion. A case series of the docking technique by
Bowers et al. looking at 21 throwers, 5 of which
were professional and 11 were college players,
showed 19 (90%) of 21 excellent results and 2 of
21 good results with no complications [8].

In a biomechanical study, Armstrong et al. [10]
compared the docking technique to figure of eight,
Endobutton, and interference screw techniques.
The investigators tested 20 cadaveric elbows by
potting them and placing them on a custom jig
(Fig. 20.2). A cyclic load of 20 N was applied for
200 cycles. The load was then increased by 10 N
increments until ligament failure occurred or a gap
formation greater than 5 mm was seen. A palmaris
tendon graft was used for the reconstruction in
all four of the different reconstruction states. The
investigators found that the intact elbow failed at
142.5 + 39.4 N, whereas all other reconstruction
techniques failed at much lower loads. The docking
technique failed at 53.0 £ 9.5 N and the Endobutton
group failed at 52.5 + 10.4 N. Interference screw
and figure-eight reconstructions were the weakest,
failing at 41.0 + 16.0 N and 33.3 = 7.1 N, respec-
tively. Moreover, the docking and Endobutton tech-
niques failed at a much higher number of cycles

Fig.20.2 Test setup.
(Reprinted from [9],
with permission from

Elsevier) Actuator

Linear Bearing with
Pin Connection

than the interference screw and figures of eight
groups. No intrasubstance failures were reported.
The primary mode of failure was tendon pullout
from the tendon—suture interface in the docking,
figure of eight, and Endobutton techniques. In the
interference screw cohort, failure occurred via dis-
sociation of the tendon from the tendon—screw
interface.

Hurbanek et al. proposed the addition of an
interference screw to the docking technique [11].
They used nine matched cadaveric elbows and
compared the traditional docking technique to
docking with the addition of a 4.75-mm bioabsorb-
able screw. The investigators found a statistically
significant difference in valgus instability of the
elbow between the intact and docking alone groups.
There was no difference in laxity of the UCL
between the intact and the docking + interference
screw groups. The most common mode of failure
in both groups was suture pulling out of the tendon.
The stiffness of the interference screw construct
was higher than in the traditional docking group
(14.7 N/mm vs. 9.9 N/mm; p = 0.044). The authors
concluded that the addition of a bioabsorbable
interference screw might enhance fixation strength.
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Bernas et al. examined the time-zero biome-
chanical properties of the docking technique in
an attempt to better define safe rehabilitation
[12]. They used eight cadaveric elbows and mea-
sured strain on their UCL reconstruction in three
settings: passive range of motion, 22.2 N isomet-
ric flexion and extension contractions, and
3.34 N-m varus and valgus torques at 90° of flex-
ion. They found that strain increased by 7% (>3%
considered unsafe) with flexion beyond 50°.
Isometric contractions were performed at 90° and
also caused unsafe levels of strain; the strain,
however, was not increased beyond the level seen
with simple flexion to 90°. Valgus stress increased
the strain significantly. The authors concluded
that motion from 0° to 50° is safe following UCL
reconstruction with a docking technique and that
isometric strengthening may be safe as long as it
is performed in the 0-50 degree zone. Valgus
stress should be avoided.

Suture Anchor Technique

In the early 1990s, the advent of new suture
anchor technology led to their use in reconstruc-
tion of the UCL [13]. Suture anchors were
thought to obviate the need for bone tunnels and
therefore to prevent complications such as bone
bridge fracture and screw pullout. In all UCL
reconstructions, preventing sublime tubercle and/
or medial condyle fracture and protecting the
ulnar nerve are paramount for a good outcome.
These issues stimulated new, safer techniques
that continue to provide strong constructs. In
1998, Hechtman et al. [14] described a technique
using suture anchors as the primary form of fixa-
tion of the UCL graft. In this procedure, the
investigators identified the origin of the anterior
bundle at the anteroinferior border of the medial
epicondyle and created an anteroposterior trough
just distal to it, large enough to accommodate a
palmaris longus graft. Two anchors were placed
on the medial and lateral borders of the anterior
bundle origin. Next, the insertion of the anterior
bundle was identified on the sublime tubercle,
where a vertical trough was made. Two anchors
were placed at the anterior and posterior borders
of the anterior bundle insertion. The center of the

Fig. 20.3 Suture anchor technique. Suture anchors are
placed at the sublime tubercle and medial epicondyle. A
palmaris longus graft is secured to the anchors and tied to
itself with sutures

graft was fixed to the epicondyle with a 2-0
suture. The free limbs were passed under the
ulnar anchor sutures and tied back to the epicon-
dyle with the arm at 45° of flexion (Fig. 20.3).
Hechtman et al. [14] compared this new recon-
struction technique with the classic Jobe tech-
nique using 31 cadaveric elbows. Length
measurements were collected throughout the
range of motion arc. Specimens were then taken
through the same range of motion and strain mea-
surements were similarly calculated. The investi-
gators found that toward extension, strain
increased in the anterior band of the normal and
anchor groups, but were decreased in the tunnel
group. Moreover, the posterior band was lax in the
normal and anchor groups, but tight in the tunnel
group. No significant difference in maximal val-
gus load to failure versus intact was found
between the two groups, with 76.3% in the tunnel
group and 63.5% in the anchor group. Primary
mode of failure in the intact group was a tear in
the anterior bundle, and no tears were seen in the
posterior bundle. Of the tears in the intact group,
68% occurred at the ligament—bone interface and
32% were intrasubstance. In the Jobe technique
group, 65% of failures occurred by suture slip-
page, 14% by humeral fracture, 14% by ulnar
fracture, and 7% by intraligamentous failure. In
the anchor group, 53% of samples failed from
suture slippage, 18% by suture failure, 6% by
intraligament failure, 12% by ulnar bone fracture,
and 12% by anchor pullout. The authors con-
cluded that although there was no difference in
resistance to valgus stress, suture anchor fixation
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was more anatomic. However, it is important to
note that in this study, fixation strength in the
suture anchor group was significantly lower than
in the intact ligament, plus this technique creates
an onlay reconstruction versus the intraosseous
bone tunnel/docking techniques which may create
an issue with bony healing. These may be some
reasons why this procedure showed a dismal 30%
clinical failure rate in clinical studies [13, 15].

Interference Screw Technique

To avoid ulnar tunnel complications, avoid mus-
cle dissection, and decrease the risk of nerve
injury, Ahmad et al. described an interference
screw technique in which both the ulnar and
humeral sides of the graft are fixed with interfer-
ence screws [16]. This technique was described
in a cadaveric study in which the investigators
created 5 mm bone tunnels at the isometric ana-
tomic insertion sites on the sublime tubercle and
medial epicondyle. The ulnar tunnel was drilled
at a 45° angle to the long axis of the ulna to a
depth of 20 mm, and the humeral tunnel was
placed 5 mm distal to the anterior tip of the epi-
condyle directed to exit at the superior aspect of
the epicondyle. An ipsilateral palmaris longus
tendon graft was used. Fixation was achieved
with five 15 mm interference screws. The elbows
were mounted on a custom frame and loaded
with a valgus load of 3 N m at 15° intervals from
0 to 120° of elbow flexion.

When compared to the intact state, the recon-
structed state had lower stiffness (42.81 = 11.6 N/
mm vs. 20.28 £ 12.5 N/mm; p < 0.05), but there
was no difference in ultimate moment
(34.29 £ 6.9 N/m vs. 30.55 + 19.24 N/m). No dif-
ferences were seen in valgus stability of the
elbow. The authors concluded that this technique
returned elbow kinematics to near normal and
achieved failure strength comparable to that of
the native elbow. The investigators did not com-
pare their technique to other established recon-
struction techniques.

McAdams et al. [17] used a bioabsorbable
interference screw technique and compared it to
the docking technique. In this study, 16 elbows
were mounted on a custom jig and a cyclic valgus

load was applied to the intact state and to the
reconstructed specimens. The investigators
looked at the valgus angle that was created after
1, 10, 100, and 1000 cycles. They found that the
valgus angle was significantly greater in the
docking technique group than in the intact and
interference screw groups at 1, 10, and 100 cycles.
No difference between the groups was seen after
1000 cycles. The authors concluded that a bioab-
sorbable interference screw technique can better
restore the native elbow biomechanics at early
cyclic loading.

Subsequent studies comparing interference
screw fixation techniques with other techniques
suggest that interference screw fixation may have
lower load to failure than other techniques [10,
18]. Interference screw fixation was compared
with the traditional Jobe technique in a study by
Large et al. [18]. Using 10 matched cadaveric
elbows, the investigators looked at differences
between the two reconstruction techniques under
valgus load at four different flexion angles. The
investigators showed that elbows reconstructed
via the Jobe technique reproduced the overall
stiffness of the intact UCL at all angles tested.
Interference screw stiffness was lower than the
intact state at almost all tested degrees of flexion.
In terms of load to failure, the elbows recon-
structed with the Jobe technique failed at
22.7 N m absorbing 1.59 N m of energy, whereas
the interference screws failed at 13.4 N m absorb-
ing only 0.97 N m of energy (=0.0045). The bone
tunnels in the Jobe technique failed 40% of the
time, whereas 70% of the interference screw con-
structs failed by graft slippage. The authors con-
cluded that the traditional Jobe technique appears
to be superior to interference screw fixation. The
study by Armstrong et al. previously discussed
also suggested that interference screw fixation is
inferior to the docking technique and endobutton
technique [10].

High-Strength Suture Tape
Augmentation

High-strength suture tape augmentation with the
InternalBrace (Arthrex) has become a wide-
spread concept for reinforcing various ligament
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reconstructions and repairs throughout the body,
including the UCL [3, 4]. A suture tape, often
collagen coated, is fixed in the orientation of a
reconstructed or repaired ligament to reduce the
stress on the ligament above a certain threshold
of strain and provide improved biomechanical
stability. UCL repair, once abandoned due to
poor clinical outcomes, has seen a resurgence in
recent years with the advent of the high-strength
suture tape augmentation technology. Dugas
et al. performed a biomechanical study on 18
cadaver elbows and found no difference in ulti-
mate torque failure, rotational stiffness, or gap
formation between UCL repair in conjunction
with high-strength suture tape augmentation and
the modified Jobe reconstruction technique [19].
At repetitive low loads, there was actually less
gap formation in the repair with suture tape aug-
mentation. Bodendorfer et al. followed up this
study with a biomechanical analysis comparing
UCL repair with suture tape augmentation to
UCL reconstruction with the docking technique
[20]. They similarly found similar biomechanical
properties between the two techniques in terms of
ultimate failure, valgus opening, and gap forma-
tion. Small studies have demonstrated high rates
of return to play (92% at 6 months) in patients
undergoing UCL repair with suture tape augmen-
tation, adding clinical relevance to the biome-
chanical data [21].

Given the success of suture tape augmentation
in improving the biomechanics of UCL repair,
Bernholt et al. compared the biomechanical per-
formance of the docking UCL reconstruction with
and without high-strength suture tape augmenta-
tion [22]. They found that mean stiffness and
mean ultimate failure torque in the UCL recon-
struction with suture tape augmentation were
equivalent to the native UCL, whereas stiffness
and ultimate failure torque were lower in the stan-
dard reconstruction with docking technique
group. Mean ulnohumeral gapping was not differ-
ent among the standard reconstruction, the recon-
struction with suture tape augmentation, and the
native UCL. The most common modes of failure
in the reconstruction with suture tape augmenta-
tion specimens were ulnar tunnel fracture (58%),
followed by graft failure (42%). In the standard

docking reconstruction, graft failure was by far
the most common mode of failure (75%). These
findings demonstrate that suture tape augmenta-
tion of UCL reconstruction increases the stiffness
and ultimate failure torque of the construct rela-
tive to reconstruction alone. Whether these
improved biomechanical properties translate into
clinical outcomes remains to be seen.

Other Novel Techniques

A new technique for UCL reconstruction using
an adjustable cortical fixation device (ACL
TightRope, Arthrex) has been described in which
a cortical button and tensioning sutures are used
to fix the graft on the ulnar side through a single
tunnel. This technique places the graft directly
against the ulnar bone with just one tunnel, with-
out the risks of an interference screw. Lynch et al.
performed a biomechanical study comparing the
adjustable cortical fixation device to a traditional
docking technique [23]. There were no differ-
ences in joint kinematics between 15° and 75° of
flexion, but at 90° the novel device had signifi-
cantly higher angular displacement. The adjust-
able cortical fixation device also had inferior
failure torque compared to the intact elbow,
whereas the docking technique did not differ
from the intact elbow in terms of failure torque.

Another new technique for UCL reconstruc-
tion is using two linked adjustable cortical fixa-
tion devices (GraftLink, Arthrex), which fixes the
graft with cortical buttons and self-reinforcing
tensioning sutures on both the humeral and ulnar
sides. Lynch et al. compared this dual linked cor-
tical fixation device reconstruction technique to
the traditional docking technique and found no
difference in joint kinematics between the native
state and either reconstruction techniques [24].
Although the dual cortical fixation device was
less stiff, there was no difference in torque at fail-
ure between the docking technique and the dual
linked cortical fixation device. As new techniques
are described for UCL reconstruction, it is impor-
tant to rigorously compare their biomechanical
properties to those of established clinically suc-
cessful techniques.
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Anatomic Considerations

Regardless of the reconstruction technique that
is chosen, a biomechanically sound reconstruc-
tion starts with an accurate understanding of the
anatomy that is being recreated. Early anatomic
studies of the UCL found its insertion on the
sublime tubercle to be a relatively small area
approximately 5.5 mm distal to the articular sur-
face [25]. However, more recent studies have
described a long insertion, extending beyond the
sublime tubercle, as far as 24.5 mm distal to the
articular surface [26], calling into question the
traditional ulnar tunnel placement 5 mm from
the joint line in UCL reconstruction. Erickson
et al. studied the biomechanics of this broader
UCL footprint and found that the distal and
middle thirds contributed little to elbow stability
[27]. There were no differences in gap resis-
tance at 5 N-m of valgus load between speci-
mens that were intact, those with the distal third
of the insertion removed, and those with the dis-
tal and middle thirds removed. When the proxi-
mal third of the ligament was sectioned, the
ligament failed in half of the specimens.
Although the UCL insertion may be broader
than initially thought, the proximal portion of
the insertion is most critical to the biomechani-
cal properties of the ligament. Despite this,
however, Dutton et al. did not find differences in
valgus stability and ultimate torque failure when
they performed UCL reconstruction at various
positions along this UCL insertion footprint
[28]. They reconstructed the UCL on 18 cadav-
eric specimens using a standard docking tech-
nique. They placed the ulnar tunnel at 5, 10, or
15 mm from the joint line and found no differ-
ences in valgus rotation under a 3-N-m stress
and no differences in ultimate torque failure.
While the most proximal portion of the UCL
insertion may be the greatest contributor to sta-
bility, reconstruction done up to 15 mm from the
joint line appears to provide equivalent biome-
chanical stability to the elbow and could be use-
ful in revision settings or in the setting of
challenging anatomic variations.

Conclusions

Numerous procedures exist for reconstruction of
the UCL in overhead-throwing athletes looking
to return to a high level of sport. Biomechanical
studies show that these reconstruction techniques
fall short from restoring native stability to the
elbow under valgus load. The classic Jobe and
docking techniques appear to come closest to
replicating the strength of the native UCL than
other techniques. However, there is potential for
bone tunnel fracture when using the Jobe tech-
nique. Bone tunnel fracture appears to be less
common with the docking technique, but failure
can occur at the suture. Conclusive biomechani-
cal data are not yet available on the newer tech-
niques. Results with interference screw fixation
are equivocal in the studies reviewed. The suture
anchor and adjustable cortical fixation device
techniques have shown some positive results in
the laboratory. Reinforcement of reconstruction
or repair techniques with a high-strength suture
augmentation technique may provide a biome-
chanical profile more similar to the native liga-
ment, but further studies are needed.
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Introduction

The figure of 8 technique developed by Dr. Frank
Jobe was the first described technique for ulnar
collateral ligament (UCL) reconstruction [1]. It
was this technique that was first performed on
Tommy John whose name has become synony-
mous with this procedure. While the originally
described technique has undergone several evolu-
tions and modifications, the fundamental basis of
the reconstruction remains the same.

The figure of 8 reconstruction takes its name
from the configuration of the reconstructed liga-
ment which loops through drill holes in the ulna
and humerus to create a figure of 8. Dr. Jobe’s
original technique for UCL reconstruction uti-
lized release of the flexor-pronator mass during
the surgical approach. Additionally, the ulnar
nerve was mobilized to further aid in visualiza-
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tion. While the initial reconstruction performed
by Dr. Jobe did not include transposition of the
ulnar nerve, all other cases in his initial report
had routine ulnar nerve transposition as part of
the procedure. The figure of 8 reconstruction
involves creation of two drill holes in the ulna
and three drill holes in the humerus. The ulnar
drill holes were placed anterior and posterior to
the sublime tubercle, while the drill holes in the
humerus were located at the UCL insertion on the
medial epicondyle with exit holes placed on the
posterior aspect of the distal humerus within the
ulnar groove.

Due to the high rate of complications, the
original technique as described by Dr. Jobe has
been subsequently modified. In his original
report, Dr. Jobe reported a 31% incidence of
ulnar nerve problems following surgery. His sub-
sequent report involving a larger series of patients
still demonstrated a 21% incidence of ulnar nerve
problems [2]. This high rate of ulnar nerve issues
prompted the first significant evolution in this
technique, namely the muscle splitting approach.

Dr. Jobe first described the muscle splitting
approach as a way to reduce ulnar nerve compli-
cations. Smith et al. mapped out the neuroanat-
omy of the ulnar nerve during a muscle splitting
approach, helping to establish a safe zone [3].

The modified Jobe technique is the senior
author’s preferred method for reconstruction of
the UCL [4]. The primary modification involves
the use of the muscle splitting approach, which
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obviates the need for routine ulnar nerve transpo-
sition and changes the humeral tunnel placement
from the posterosuperior aspect of the medial
epicondyle to the anterosuperior aspect.

Modified Jobe Technique

The procedure is begun with the patient placed
supine with the arm abducted on an arm board or
hand table. Following induction of general anes-
thesia, the elbow is tested for range of motion,
carrying angle and instability, while palpating the
ulnar nerve to make sure it is posterior to the
medial epicondyle and to rule out subluxation.

@ o

Fig. 21.1 Medial view of the arm with the medial epi-
condyle, sublime tubercle, and course of the ulnar nerve
outlined

A marking pen is used to outline the medial
epicondyle, the sublime tubercle, and the course
of the ulnar nerve (Fig. 21.1). Following inflation
of a nonsterile tourniquet to 250 mmHg, a 10-cm
incision is made, centered over the medial epi-
condyle and just posterior to the sublime tuber-
cle. After hemostasis is achieved by cauterizing
superficial vessels, blunt dissection is carefully
performed in order to visualize and protect the
medial antebrachial cutaneous nerve and its
branches. The medial antebrachial cutaneous
nerve and its branches have been shown to cross
the surgical incision at an average of 3.1 cm distal
to the medial epicondyle (Fig. 21.2) [5]. Once the
nerve is identified, it is mobilized, protected, and
retracted with a vessel loop.

The fascia overlying the flexor-pronator mus-
culature is subsequently visualized (Fig. 21.3).
The incision for the muscle split is through the
posterior one-third of the common flexor-
pronator mass within the anterior fibers of the
flexor carpi ulnaris muscle. This is demarcated by
a dense raphe in the fascia overlying the flexor
carpi ulnaris and palmaris longus muscles super-
ficially and the flexor carpi ulnaris and flexor
digitorum superficialis muscles deeper within the
internervous plane, as defined by Smith et al. [3].

An incision is made in line with the fibers of
the fascial raphe of the flexor carpi ulnaris mus-
cle extending from the medial epicondyle to
approximately 1 cm distal to the sublime tuber-
cle. The fascial raphe is more readily identified at

Fig. 21.2 (a) Medial antebrachial cutaneous nerve identified. (b) Medial antebrachial cutaneous nerve and branches
have been shown to cross the incision at approximately 3.1 cm distal to the medial epicondyle
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Fig. 21.3 Fascia
musculature

overlying the flexor-pronator

Fig.21.4 The UCL and capsule

the distal portion of the incision as the flexor-
pronator musculature separates and becomes
more easily defined. In cases where the fascial
raphe is not visualized, the incision is made in the
anterior aspect of the flexor carpi ulnaris.

During the incision, the ulnar nerve is identi-
fied by palpation and protected to ensure the dis-
section does not extend too far posteriorly. The
underlying muscle is then split and elevated with
a blunt periosteal elevator down to the level of the
UCL and capsule (Fig. 21.4). Once the UCL is
visualized, a longitudinal incision is made
through the UCL and capsule to expose the
underlying ulnohumeral articulation (Fig. 21.5).
A valgus stress test is performed to confirm insta-
bility and insufficiency of the ligament. The ante-
rior and posterior portions of the split UCL are

Fig.21.5 The ulnohumeral articulation visualized via an
incision through the UCL and capsule

Fig. 21.6 Anterior and posterior portions of the split
UCL elevated allowing visualization of the UCL attach-
ments on the sublime tubercle and medial epicondyle

elevated to allow visualization of the attachments
of the UCL on the sublime tubercle and the
medial epicondyle and are then tagged with a 0
Vicryl stitch (Fig. 21.6).

To expose the anterosuperior aspect of the
medial epicondyle, an L-shaped incision is made
with a short vertical limb anterior and parallel to
the intermuscular septum and a transverse limb in
line with the fibers of the flexor-pronator fascia
(Fig. 21.7). A blunt periosteal elevator is used to
elevate the musculature to expose the anterosupe-
rior aspect of the medial epicondyle. Following
the exposure of the sublime tubercle and medial
epicondyle, the tunnels can then be created.

The ulnar tunnels are made first using a 3.5-
mm drill to create two convergent holes anterior
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Fig. 21.7 Exposure of the anterosuperior aspect of the
medial epicondyle

Fig. 21.8 Two convergent ulnar tunnels being created
anterior and posterior to the sublime tubercle. Note the
posterior hole is slightly proximal with respect to the ante-
rior hole

and posterior to the sublime tubercle, with the
posterior hole placed slightly more proximal
(Fig. 21.8). It is important to monitor the orienta-
tion of drilling to prevent penetration into the
ulnohumeral joint, given the proximity of the
joint to the bony tunnels. The tunnels are con-
nected with a small curette leaving a 0.5-1 cm
bone bridge between the holes.

The insertion of the UCL on the anterior
aspect of the medial epicondyle is noted and a
3.5-mm drill is aimed proximally to create a sin-
gle tunnel directed anterior to the medial inter-
muscular septum, taking care not to penetrate the
superior cortex of the medial epicondyle
(Fig. 21.9). The hole is subsequently enlarged

'\

Fig. 21.9 At the native insertion of the UCL on the

medial epicondyle, a single tunnel is created directed
anterior and medial to the intermuscular septum

Fig. 21.10 Drill guide used for creating two converging
tunnels on the anterosuperior medial epicondyle

with a 4.5-mm drill. A hemostat or curette is
inserted into the tunnel to serve as a guide for the
creation of the two converging tunnels on the
anterosuperior medial epicondyle (Fig. 21.10).
The first anterior proximal tunnel is placed
slightly anterior to the epicondylar attachment of
the intermuscular septum, with the second tunnel
placed 1 cm anterior to the first (Fig. 21.11) [6].
The converging humeral tunnels are drilled with
a 3.2-mm bit from proximal to distal aiming
toward the hemostat placed in the main humeral
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Fig.21.11 Two converging tunnels on the anterosuperior
medial epicondyle. The anterior proximal tunnel is placed
slightly anterior to the epicondylar attachment of the
intermuscular septum and the second tunnel is 1 cm ante-
rior to the first

tunnel, taking care to ensure a bony bridge of at
least 5 mm separates them.

After the tunnels are drilled, the tourniquet is
released and the wound is irrigated and hemostasis
is achieved prior to graft harvesting. There are a
number of potential donor sites for graft harvest-
ing including the palmaris longus, gracilis, toe
extensor, plantaris, and the Achilles tendon [4, 7].
The authors’ preference is to use the ipsilateral
palmaris tendon. It is important during the preop-
erative assessment to ensure the patient has a pal-
maris longus. If the palmaris is absent as is the
case in 20% of the population, the authors’ pre-
ferred secondary graft is the contralateral gracilis.

If the palmaris tendon is used, its insertion is
palpated at the wrist crease and a 1-2-cm trans-
verse incision is made. Once the tendon is
exposed, a hemostat is used to isolate and grasp
the tendon while making sure the median nerve is
protected. Additional incisions are made every
8 cm along the length of the palmaris until the
musculotendinous junction is identified. The use
of the hemostat is continued in order to isolate
the tendon and protect the nerve. A number 1
Ethibond suture is used to create a locking stitch
at the distal end of the tendon prior to releasing
its distal insertion. Once the distal end is secured,
the proximal end is subsequently released. The
graft should be 15-20 cm in length and 5 mm in
diameter.

During graft passage, the arm is held between
30 and 40° of flexion with a varus force applied for
graft tensioning. A 22-gauge wire is folded in half
and twisted on itself to serve as a suture passer to
facilitate graft passage through the tunnels. The
graft end that is tagged is first passed through the
ulnar tunnels from anterior to posterior, along with
a suture loop leaving the looped end posteriorly.
The tagged end is then pulled through the distal
humeral tunnel exiting the anteromedial hole. As
the graft is subsequently passed through the
anterolateral hole, another suture loop is passed
with the looped end, exiting the distal humeral tun-
nel along with the tagged end of the graft. Once
again, the tagged end is then passed through the
ulnar tunnel, this time from the posterior to ante-
rior using the suture loop. The free end of the graft
is then whipstitched with a number 1 Ethibond
suture and passed through the distal humeral hole
with the previously passed suture loop.

Tension is applied to the graft while the arm is
placed under varus stress and the ulnohumeral
joint is visualized to assess adequacy of the
reconstruction (Fig. 21.12). A free needle is used
to secure the distal end of the graft to the native
UCL and the proximal end to the medial inter-
muscular septum. A 0 Vicryl suture is used to
suture the graft to itself to further tighten the
construct and minimize the chance of graft slip-
page. The remnants of the original UCL are
sutured over the graft for additional strength.
After hemostasis is obtained, the fascia overlying

Fig. 21.12 Tension applied to the graft to assess ade-
quacy of the reconstruction
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the flexor carpi ulnaris is reapproximated fol-
lowed by a subcutaneous and subcuticular clo-
sure [8]. The elbow is immobilized in a posterior
splint with side slabs, to prevent rotation, at 90°
of flexion and neutral rotation for 7-10 days.

American Sports Medicine Institute
(ASMI) Modification

Dr. Andrews has published the largest series of
UCL reconstructions utilizing his modifications
to the original Jobe technique [9]. The primary
modification involves anterior elevation and
retraction of the flexor-pronator mass without
release during the surgical approach. In addition,
this approach necessitates routine transposition of
the ulnar nerve, which is done subcutaneously
versus submuscularly as described by Dr. Jobe
[1]. The drill holes are placed in the same position
as Dr. Jobe’s original technique with the proximal
humeral tunnels exiting the posterior cortex.

Postoperative Rehabilitation

0-10 days:

e Splint is worn for 7-10 days with the elbow in
90° flexion.

* No valgus stress to the elbow.

e Wrist circles.

e Ball/putty squeeze.

10-14 days:

e Full active forearm pronation and supination
range of motion.

e Full active wrist radial and ulnar deviation
range of motion. Gentle stretching of wrist
and fingers is okay.

e Active and active assistive wrist flexion and
extension range of motion exercises.

e Instruct a family member/caregiver in active
and active assistive exercises for the shoulder.

2-4 weeks (bracing is optional at the surgeons’

discretion):

e Active range of motion (ROM) 30-100° in
week 2.

¢ Advance to 15-110° in week 3.

e Advance to 10-120° in week 4.

e Two weeks postoperation, begin a lower
extremity conditioning (bike, no running for
first 2 months) and core stabilization program
after incision is closed (starting earlier, you
run the risk of getting perspiration in or on the
wound, increasing the risk of infection).

e Avoid forced full extension or flexion for the
first month.

e Continue range of motion for forearm, wrist,
and shoulder as needed.

e Scapular stabilizing exercises.

e Week 4 shoulder/wrist/elbow isometrics.

4-6 weeks:

* Should have full motion.

e Light rotator cuff strengthening avoiding val-
gus stress.

e In week 5, begin light resistance exercises
including 1 Ib wrist curls, extension/prona-
tion/supination, elbow flexion, and extension.

e Begin active assistive range of motion
(AAROM) to full flexion, but do not force
flexion.

» Continue exercises in phase I.

6-8 weeks:

e Athlete should obtain full range of motion at
elbow, wrist, forearm, and shoulder joints.

e Progressive elbow strengthening exercises.

e Progressive shoulder internal/external rotation
strengthening.

e Add throwers ten program.

2—4 months:

¢ Continue active, resistive exercises for the
entire extremity, including the rotator cuff.

e Continue lower body and trunk conditioning
program.

* Continue joint mobilization as needed.

* Maintain full elbow range of motion.

4.5-5 months:

e If there is no swelling and the athlete has full,
pain-free elbow range of motion, the athlete
may start the throwing program and/or agili-
ties specific to their sport in weeks 18-20.
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Table 21.1 UCL figure of 8 reconstruction outcomes

Flexor-pronator

Number of Ulnar nerve

Percent excellent

results on Conway Rate of ulnar nerve

Author mass approach  patients transposition scale (%) complications (%)

Jobe et al. [1] Detached 16 Submuscular 63 31

Conway et al. [2] Detached 71 Submuscular 68 21

Andrews and Elevated and 12 Subcutaneous 78 11

Timmerman [9]  retracted

Azar et al. [7] Elevated and 78 Subcutaneous 81 1
retracted

Thompson et al. ~ Split 83 Not performed 82 5

[4]

Cain et al. [12] Elevated and 743 Subcutaneous 83 7
retracted

Petty et al. [13] Elevated and 27 Subcutaneous 74 16
retracted

5-12 months:

e [Initiation and progression of an interval throw-
ing program with pitching from a mound at
70% of maximum ability by month 8 or 9.

12 months:

e If the athlete has full, pain-free elbow and
shoulder range of motion with full strength,
the athlete may begin throwing in
competition.

Outcomes

In his original series, Dr. Jobe reported 63% of
patients returned to play at the same level with an
overall complication rate of 31% [1]. As the figure
of 8 technique has evolved, so have the outcomes
with regard to lower complications and improved
rate of return to play. Using a modified Jobe tech-
nique, the senior author demonstrated 82% excel-
lent results based on the modified Conway scale
with a 5% rate of transient ulnar nerve symptoms
[4]. When those with prior surgery were excluded,
the rate of excellent results jumped to 92%. Other
authors have demonstrated similar findings as out-
lined in Table 21.1 below as adapted from Jones
et al. and Vitale et al. [10-13].

The modified Jobe technique and the docking
technique are the two most common techniques
for UCL reconstruction with a trend toward

increased use of the docking technique in recent
studies, although outcomes have been similar
between both groups [14]. In a single surgeon
study of 25 patients, there was no difference in
KJOC scores, need for additional surgery, or
return to play between the modified Jobe and
docking technique at 7-year follow-up [15].
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Reconstruction: Docking

Technique

Joshua S. Dines, Alexandra D. Berger,
Jonathan S. Yu, Brittany Dowling,

and David W. Altchek

Introduction

Prior to Jobe’s description of a reconstruction
technique for ulnar collateral ligament (UCL)
insufficiency, the injury was career ending [1].
Despite successful results in about 70% of cases,
concerns with elevation of the flexor-pronator
mass, ulnar nerve complications, and relatively
large bone tunnels in the medial epicondyle of the
humerus led to modifications to Jobe’s technique.
One of the most novel modifications was the
“docking technique” [2]. Differences included (1)
arthroscopic evaluation and management, when
indicated, of concomitant intra-articular pathol-
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ogy, (2) maintenance of the ulnar nerve in situ
unless symptoms specifically indicate transposi-
tion, (3) use of a muscle-splitting approach through
the flexor mass, and (4) “docking” of the graft into
a humeral socket. Ulnar preparation remained the
same as the originally described Jobe. These mod-
ifications facilitated improved graft tensioning
while minimizing the number of large tunnels
drilled in the relatively small medial epicondyle.
The intraoperative morbidity was minimized by
the muscle-splitting approach and the reservation
of ulnar nerve transposition only when indicated
based on preoperative exam. This is our preferred
technique for UCL reconstruction.

Preoperative Considerations
History

Athletes with injury to their UCL will complain
of medial-sided elbow pain. With regard to base-
ball players, the pain typically occurs during the
late cocking and early acceleration phases of
throwing. Occasionally, the injury will be acute
as evidenced by a pop while throwing, but more
commonly it is a chronic or acute-on-chronic
scenario. In these cases, the athletes may report
decreased pitch velocity or control, and they may
find it difficult to warm up. It is important to ask
about ulnar nerve symptoms, as these are
commonly associated with UCL tears. Transient
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ulnar paresthesias that occur during throwing are
likely due to the valgus instability. These typi-
cally resolve after reconstruction of the ligament.
More persistent sensory symptoms, or motor
symptoms, indicate intrinsic pathology to the
nerve. These cases require transposition at the
time of UCL reconstruction. Mechanical symp-
toms such as catching or locking may be due to
posteromedial olecranon osteophytes and/or
loose bodies. It is important to realize that all
medial-sided elbow pain is not UCL insuffi-
ciency. A thorough differential diagnosis
includes: flexor-pronator tendonosis, ulnar neuri-
tis, stress fractures of the olecranon or ulna, and
posteromedial osteophytes.

Physical Examination

A thorough physical exam of an athlete with
elbow pain begins with an assessment of the
proximal components of the kinetic chain, includ-
ing the shoulder, scapula, core, and lower extrem-
ities, as injuries to these areas can lead to changes
in throwing biomechanics and subsequent elbow
injury. The medial and lateral recesses should be
performed to detect the presence of an effusion.
Patients will often have tenderness along the
course of the ligament. Focal tenderness in the
area of the flexor-pronator mass or various bony
landmarks, including the posterior olecranon or
radial head, may signify associated pathology. A
positive compression test or positive Tinel’s sign
at the cubital tunnel may suggest the presence of
ulnar neuropathy.

UCL competency is assessed with several spe-
cific physical examination maneuvers. The val-
gus stress test is performed with the elbow flexed
at 30° and the forearm pronated. A valgus stress
is applied to detect any widening at the ulnohu-
meral joint. Even in the absence of frank instabil-
ity, some patients will complain of pain with this
maneuver. The moving valgus stress test, as
described by O’Driscoll, is extremely sensitive
for UCL tears [3]. The patient is seated upright
with the arm placed in the abducted and exter-
nally rotated position to simulate the throwing
position. A valgus stress is applied to the elbow,

which is ranged quickly from full flexion to
extension. The maneuver is designed to simulate
the valgus forces experienced during the over-
head throw. In a positive test, a patient complains
of pain from 70 to 120° of flexion arc. Despite
O’Driscoll’s reporting 100% sensitivity, in our
experience, even in patients with UCL tears, this
test is often dependent on when the player last
threw. Occasionally, players with UCL insuffi-
ciency who have been resting for weeks can have
a negative moving valgus stress test, whereas
those with tears that threw within the few days
prior to being examined will almost always have
a positive test.

Imaging

Imaging evaluation includes standard anteropos-
terior (AP) and lateral radiographs of the elbow.
With chronic valgus loading of the UCL, varying
degrees of ligamentous ossification may be
observed. At our institution, we routinely use
noncontrast magnetic resonance imaging (MRI)
to diagnose UCL pathology (Fig. 22.1). It can
also help identify other signs of valgus extension
overload. Reported sensitivity for noncontrast

Fig. 22.1 Coronal MRI showing a complete tear of the
UCL
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MRI approaches 75% and specificity has been
reported to be 100% for UCL tears.

Indications and Contraindications

We reserve ligament reconstruction for athletes
with medial-sided elbow pain consistent with
UCL insufficiency who have failed conservative
treatment. Additionally, they must be willing to
be compliant with the year-long rehabilitation
process typically required after reconstruction.

In contrast to the original description of the
docking technique, in which elbow arthroscopy
was routinely performed in all elbows prior to
UCL reconstruction, we only perform arthros-
copy on patients with preoperative physical exam
or imaging findings consistent with valgus exten-
sion overload.

Ulnar nerve transposition is indicated for ath-
letes with motor changes due to ulnar nerve
pathology or persistent sensory deficits. We pre-
fer to use an anterior subcutaneous ulnar nerve
transposition technique.

Preoperatively, we identify the source of our
graft for ligament reconstruction. Gracilis or pal-
maris grafts are our preferred choices.

UCL reconstruction is contraindicated in
patients unwilling to go through the prolonged
postoperative rehabilitation course. Additionally,
if the athlete does not have the opportunity to play
baseball again, the surgery is likely unnecessary.
An example of this would be the high school ath-
lete who is not talented enough to play in college.
Clearly, active infection is a contraindication.

Surgical Technique
Anesthesia and Positioning

The procedure is performed under regional anes-
thesia with the patient supine and the injured arm
on an arm board. We apply a nonsterile tourni-
quet to the upper arm, and the arm is prepped and
draped sterilely. If arthroscopy is indicated, the
arm is placed in a Spyder arm holder, and the
arthroscopy is performed with the patient supine.

Surgical Landmarks/Incisions

At this point, the previously determined graft is
harvested. If the Palmaris longus tendon is to be
used, we make a small transverse incision just
proximal to the wrist flexor crease. A no. 1
braided, nonabsorbable suture is placed in a
Krackow fashion in the tendon prior to utilizing a
tendon stripper to harvest the graft. We then
exsanguinate the arm and inflate the tourniquet.
A medial incision starting 1 cm proximal to the
medial epicondyle extending distally over the
UCL to a point about 2 cm past the sublime
tubercle is made (Fig. 22.2).

A muscle-splitting approach through the pos-
terior third of the common flexor mass within the
anterior fibers of the flexor carpi ulnaris is used.
A submuscular dissection is used to expose the
anterior bundle of the ligament. The joint is
exposed by incising the native ligament in line
with its fibers (Fig. 22.3). UCL laxity can be con-
firmed by joint surface separation of 3 mm or
more with the application of a valgus stress. We
place a 2-0 Vicryl suture on each side of the liga-
ment to be used for repair later in the case.

Next, we turn our attention to the creation of
the ulnar tunnel. Burr holes are made anteriorly
and posteriorly on the sublime tubercle using a
3.5-mm burr taking care to maintain at least a
1-cm bone bridge between the holes. The tunnel
is created by connecting the holes with a curved

Fig. 22.2 Medially based incision beginning just proxi-
mal to the medial epicondyle and extending distally past
the sublime tubercle
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Fig. 22.3 Native ligament exposed through a muscle-
splitting approach, which is then incised in line with its
fibers

Fig.22.4 Ulnar tunnel created in the sublime tubercle

curette (Fig. 22.4). A shuttling suture is placed
through the tunnel and clamped for later use. If at
any time during the approach or drilling of burr
holes, the ulnar nerve cannot be safely protected,
it should be transposed.

On the humeral side, a 4-mm burr is used to
create the humeral tunnel in the origin of the
UCL on the anterior-distal aspect of the medial
epicondyle (Fig. 22.5). Care should be taken to
avoid being too shallow in the epicondyle, leav-
ing only a thin roof of bone over the graft. The
tunnel is drilled longitudinally along the axis of
the medial epicondyle to a depth of 15 mm. Two
connecting puncture holes are made with a dental
burr. These exit punctures should be located
about 10 mm apart on the anterior surface of the
epicondyle. Shuttling sutures are then brought

Fig. 22.5 Humeral socket drilled to a depth of about
15 mm in the medial epicondyle

through the humeral tunnel out of each exit punc-
ture and clamped for later use.

The graft is shuttled through the ulnar tunnel.
The native ligament is repaired using the previ-
ously placed sutures while the elbow is flexed 30°
with the forearm supinated while a varus stress is
applied. The posterior limb of graft is then shut-
tled into the medial epicondylar tunnel, and the
grasping suture is pulled through the inferior exit
portal. Application of tension through the grasp-
ing suture keeps this limb of graft “docked” in the
humeral tunnel. The elbow is again reduced with
a varus force and the forearm supinated for
cycling and tensioning of the graft. The anterior
graft limb is then positioned next to the humeral
tunnel to estimate the needed length (Fig. 22.6).
A nonabsorbable suture is passed in a Krackow
fashion for the estimated length to be positioned
in the tunnel. With tension maintained on the pos-
terior limb, and the elbow reduced with varus and
supination, the anterior limb suture is shuttled
through the tunnel and out the superior exit por-
tal. Tension on the Krackow docks the anterior
limb adjacent to the posterior within the humeral
tunnel. Final graft tensioning is verified, and the
grasping sutures are tied over a bone bridge
(Fig. 22.7).

The tourniquet is deflated, and hemostasis is
achieved. The fascia of the muscle splitting
approach is reapproximated. The wound is closed
in layers, and the patient is placed in a posterior
splint with the elbow flexed about 50° and the
forearm supinated to reduce the joint.
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Fig. 22.6 With posterior limb of graft docked, the
amount of graft needed for anterior limb is estimated

Fig.22.7 Final graft configuration

Postoperative Protocol

Patients are switched to a hinged elbow brace at
1 week postoperatively. Because the anterior
and posterior bands of the reconstructed liga-
ment are not isometric, bracing is used to pre-
vent excessive strain on the graft at extremes of
range of motion. Motion is allowed from 60 to
100° and it is advanced by about 15° per week.
The goal is a full range of motion by 6-8 weeks
after surgery at which point the use of the brace
is discontinued. Physical therapy is instituted to
work on rotator cuff, forearm, core, and lower
extremity strengthening. Any residual loss of
elbow motion is addressed. Most baseball play-
ers start an interval throwing program at about
4 months after surgery and progress to throwing
off a mound at about 8 months. Return to com-
petitive pitching is allowed about 12 months
after surgery.

Results

Rohrborough reported the results of Altchek’s
first 36 patients treated with the docking tech-
nique. In this series, 92% (33/36) of patients
returned to a preinjury level of play for at least
1 year, and all 22 professional or collegiate ath-
letes returned to or exceeded prior competition
levels [2]. A larger, more recent follow-up study
by the same group reconfirmed these data with
excellent outcomes in 90% (90/100) [4]. There
were three (3%) postoperative complications,
including two patients who required ulnar nerve
transposition for ulnar nerve symptoms and one
patient who required arthroscopic lysis of
adhesions.

Several groups have modified the docking
technique by using multiple-stranded grafts to
increase the amount of collagen incorporated in
the reconstruction [5-7]. Koh and Bowers both
reported on the results using a three-strand con-
struct modification of the docking technique,
with excellent outcomes in 85% and 90% of
patients, respectively [5, 7]. Paletta and Wright
used a four-strand construct modification of the
docking technique in elite baseball players [6].
Their results showed that 92% of the athletes
return to the same or higher level of play. Two
postoperative complications occurred including
one transient ulnar nerve neurapraxia and an
ulnar tunnel stress fracture. Donohue et al.
reported on results for a 4-strand “docking plus”
technique with a return to play rate of 91% [8].

A systematic review by Vitale et al. in 2008
illustrated that the docking technique with a
muscle-splitting approach and decreased handling
of the ulnar nerve resulted in improved outcomes
and reduced complications compared to other
UCL reconstruction techniques [9]. A separate
review by Watson et al. in 2014 showed that the
docking technique compared to the Jobe technique
resulted in a significantly higher return to play
rate, 90% and 67% respectively, and lower com-
plication rates, 6% and 29% respectively [10].

More recently in 2019, Arner et al. compared
the docking technique to the modified Jobe tech-
nique and found no statistically significant differ-



222

J.S.Dines et al.

ences in return to play, KJOC scores, or rates for
subsequent surgeries [11]. These results were
similar to an outcomes comparison in 2019 by
Griffith et al. in professional baseball players.
Their results demonstrated that return to play
rates were similar for docking and modified Jobe
techniques (80% vs 82%) while rates for subse-
quent surgery (10% vs 15%) and revision surgery
(3% vs 6%) were slightly lower for the docking
technique [12].

A recent survey of 159 American Shoulder
and Elbow Surgeons revealed that 66% of the
group preferred the docking technique as their
method for UCL reconstruction [13].
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Introduction

Over the past several decades, injuries to the
medial ulnar collateral ligament (UCL) of the
elbow have become increasingly more common
in overhead athletes. First described in javelin
throwers in 1946, these injuries have gained more
attention in the late twentieth century and early
twenty-first century in baseball players [1].
Biomechanical literature has demonstrated that
the chronic and repetitive valgus stress placed on
the medial structures of the elbow during the
throwing motion contribute to the high incidence
of UCL injuries in overhead athletes [2, 3]. In
recent years, these injuries have been shown to
occur with an increasingly higher incidence in
younger athletes, leading to the recognition of an
epidemic of medial elbow injuries primarily in
youth baseball players [4, 5]. This health crisis in
young athletes has accelerated the research
regarding the optimal treatment techniques for
these injuries as well as opportunities for preven-
tion of UCL injuries.
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The surgical treatment of UCL injuries has
evolved since the initial UCL reconstruction pro-
cedure was performed on Tommy John by Dr.
Frank Jobe in 1974 [6]. Since that time, a variety
of modifications to this original surgical tech-
nique have emerged [7-14]. These include the
modified Jobe technique, the docking technique,
the DANE TJ technique, the American Sports
Medicine Institute (ASMI) technique, and pri-
mary repair of the ligament. Although these pro-
cedures are all variants of the original Jobe
technique, each has demonstrated successful out-
comes in restoring medial elbow stability and
allowing athletes to return to play at high levels
[15-21].

In the treatment of a patient with medial elbow
pain, a complete clinical evaluation including the
history of the elbow injury, the physical examina-
tion, and appropriate imaging is critical in mak-
ing an accurate diagnosis of injury to the
UCL. Following the confirmation of this diagno-
sis, a discussion of conservative and surgical
treatment options is necessary before the deci-
sion is made to proceed with operative manage-
ment. After surgery, the post-operative
rehabilitation of the elbow is an important com-
ponent of a successful outcome and eventual
return to play. Although patient outcomes are
excellent with UCL reconstruction and particu-
larly with the ASMI modification of the Jobe
technique, prevention of these injuries in young
athletes is a priority for the sports medicine
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community. Continued education of modern
guidelines for pitching counts and recommended
throwing technique is critical for players, par-
ents, and coaches in youth baseball to decelerate
the epidemic of UCL injuries.

Clinical Evaluation
History

The clinical evaluation of medial elbow pain in
an overhead athlete typically begins with a thor-
ough discussion of the history of symptoms. It is
important to differentiate between an acute trau-
matic injury and a more chronic, insidious devel-
opment of elbow pain. Some pitchers can isolate
which phase of the throwing cycle causes the
onset of pain, and this information can be valu-
able to the examining clinician. Classically, pain
in the late cocking and early acceleration phase
of throwing is consistent with UCL injury as this
phase generates the highest torque and valgus
stress across the medial elbow [22-27]. Many
pitchers cannot describe an acute injury or trau-
matic event that causes the pain, but instead
describe a decrease in throwing accuracy or veloc-
ity. This decrease in performance is typically asso-
ciated with structural damage to the medial elbow,
and often is the key piece of history described by
the patient during the clinical evaluation.

In addition to the description of the pain onset,
a qualitative discussion of the nature and location
of the pain is an important component of the clin-
ical history. Pain in the medial elbow isolated on
the medial epicondyle and distal to the epicon-
dyle is most concerning for UCL injury. It is also
critical to note any paresthesia symptoms radiat-
ing down the upper extremity, as this is often an
indicator of concomitant ulnar nerve pathology.
This plays an important role in the treatment
plan, as ulnar nerve symptoms may necessitate
an ulnar nerve transposition to be performed at
the time of UCL reconstruction.

A final element of a thorough history is a dis-
cussion with the patient and the family regarding
both previous injuries to that extremity and the
future goals of the patient. An understanding of

where the athlete is at on the career timeline can
be valuable in recognizing potential motivating
factors regarding treatment decisions. A high
school athlete seeking a college scholarship often
has different ambitions than a recreational player
or a player nearing retirement from the sport.
This comprehensive history involving the nature
and timeline of the injury, the location and qual-
ity of the pain, and the psychosocial factors
related to the patient and the family are all con-
tributory elements toward a thorough understand-
ing of the clinical scenario.

Physical Examination

After the thorough history has been obtained, the
next step in the clinical evaluation of the patient
with medial elbow pain is the physical examina-
tion. A general inspection of the elbow consists
of evaluating for an effusion, medial ecchymosis,
and a resting flexion contracture. Additionally,
testing the range of motion compared to the con-
tralateral extremity is helpful in assessing for a
dynamic flexion contracture of the dominant arm
[28-30]. This range of motion testing can also
serve to detect general ligamentous laxity.
Importantly, pain at the medial elbow with
resisted wrist flexion typically indicates pathol-
ogy of the flexor-pronator muscle mass, originat-
ing over the medial elbow and often associated
with UCL injuries. Pain in the posteromedial
olecranon fossa with terminal extension is often
indicative of concomitant valgus extension over-
load which is also often seen in the setting of
UCL pathology.

Following inspection and range of motion
testing, palpation of the medial elbow from the
medial epicondyle to the sublime tubercle is criti-
cal in the evaluation for UCL injury. Ideally, this
palpation occurs with the elbow in 50-70° of
flexion to best expose the UCL from underneath
the flexor-pronator muscle mass [9]. Pain over
the medial epicondyle or within 1-2 cm distal to
the epicondyle is often associated with UCL
pathology [30]. Stability testing is performed
with the forearm in pronation and a valgus force
applied to the elbow flexed to approximately 30°,
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Fig. 23.1 Milking maneuver

which isolates the anterior bundle of the UCL [7,
9]. The diagnosis of instability is often subjective
and this valgus stress testing is used only to sup-
port the diagnosis of UCL injury [31].

The final element of the physical examina-
tion of the elbow is the provocative maneuver
testing to assess for UCL damage. A common
provocative test is the “milking maneuver”
which places a valgus stress on the medial elbow
by pulling on the supinated thumb with the
shoulder in external rotation [32]. The elbow is
brought through a range of motion with palpa-
tion of the UCL distal to the medial epicondyle,
and pain elicited with this maneuver indicates a
positive test (Fig. 23.1). Additionally, the “mov-
ing valgus stress test” applies a valgus stress to
the elbow as the upper extremity is brought
through a throwing motion [33]. With the shoul-
der in 90° abduction, the elbow is hyperflexed to
120° and then quickly and smoothly extended to
30° with a constant valgus force applied to the
elbow (Fig. 23.2). This reproduces the late cock-
ing and early acceleration phases of the pitching
cycle, and pain caused by this test is also indica-
tive of UCL injury.

Imaging

During the clinical evaluation of patients with
medial elbow pain, routine radiographs are typi-
cally taken to evaluate for avulsion fractures,
loose bodies, or osteophytes in the elbow [34].
The standard 5-view series includes an anterior-
posterior (AP), lateral, axial, and internal and

Fig. 23.2 Moving valgus stress test

external oblique views. For most patients with
normal radiographs and clinical suspicion for
UCL pathology, magnetic resonance imaging
(MRI) is subsequently performed to evaluate the
status of the UCL.

MRI arthrography continues to be the gold
standard for the diagnosis of partial and complete
UCL tears in symptomatic patients. The literature
has demonstrated a definitive improvement in the
diagnostic accuracy of MRI arthrography [35,
36]. While non-contrast MRI demonstrated a
57% sensitivity and 100% specificity for diag-
nosing UCL tears, MRI with an intra-articular
dye injection improved the sensitivity to 92%
while maintaining a 100% specificity for accu-
rate diagnosis [35, 36]. Complete tears often
demonstrate dye extravasation into the surround-
ing soft tissues, whereas partial undersurface
tears typically demonstrate a “T-sign” which
indicates an undersurface tear with dye pooling
around the intact superficial layer of the distal
UCL (Fig. 23.3). The combination of routine
radiographs and advanced imaging can comple-
ment the comprehensive history and physical
examination to provide a complete clinical evalu-
ation of the patient with medial elbow pain.

Treatment
Conservative

After the diagnosis of UCL injury has been made,
the next step in the counseling of the patient is a
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Fig. 23.3 MRI arthrogram with T-sign

thorough discussion of treatment options. This
conversation should include a variety of conser-
vative as well as surgical treatment modalities. A
critical element of the diagnosis of the UCL
injury is the differentiation between a partial tear
and a complete tear of the ligament. This classifi-
cation is often made after the physical examina-
tion and evaluation of the MRI arthrogram of the
elbow.

For overhead athletes with partial tears, con-
servative management is an appropriate initial
treatment algorithm. This typically involves a
period of “active rest” in which inflammation is
controlled and overhead throwing is restricted for
at least 2—6 weeks following the diagnosis [37,
38]. An active rest period includes range of
motion exercises, strengthening of the flexor-pro-
nator musculature (typically consisting of a high-
repetition, low-weight program), core exercises,
and potentially bracing in the setting of an unsta-
ble elbow or bony avulsions in pediatric patients.

In addition to a period of active rest, some
patients elect to proceed with platelet-rich plasma
injections during the conservative management
of UCL injuries. PRP refers to autologous blood
that is centrifuged to isolate a platelet concentra-
tion higher than baseline levels, which includes a
significantly higher growth factor concentration.

The goal of PRP injections is to increase the
return to play rate in patients with UCL injuries
that are refractory to traditional conservative
management. Ideally, a successful PRP injection
in addition to a supervised throwing program
could avoid the need for surgical intervention and
decrease the total recovery time for these patients.
At ASMI, adult partial UCL tears are often
treated with ultrasound-guided PRP injections in
competitive overhead athletes [39-42].

Following a period of active rest with or with-
out a PRP injection, the patient is progressed to a
plyometric program with rhythmic stabilization
drills to improve muscular balance. An advanced
interval-throwing program is then initiated and
the player is progressed toward a gradual return
to play.

Conservative management of overhead ath-
letes with partial UCL tears has traditionally
been met with mixed results. Rettig and col-
leagues initially reported a 42% return to play
rate with non-operative management of partial
UCL tears at an average of 24.5 weeks [38]. More
recent literature including PRP injections in
appropriate candidates has been more encourag-
ing. Dines and colleagues recently reported a
73% rate of good to excellent outcomes follow-
ing PRP injections in high-level players who had
failed a traditional conservative treatment course,
with a mean time of return to play at 12 weeks
[42]. For overhead athletes with continued pain
following conservative management of partial
UCL tears and for patients with complete tears,
operative intervention is the most appropriate
next step of the treatment algorithm.

Operative

Several operative techniques are available for
treatment of UCL tears in overhead athletes. For
patients with partial tears and high-quality native
tissue, there has been recent renewed interest in a
primary repair of the ligament [14, 43]. UCL
repair with internal brace augmentation has had
encouraging early results in appropriately
selected patients [14]. For patients with complete
tears and poor-quality native tissue, UCL recon-
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struction is still the gold standard of surgical
treatment. Following the initial UCL reconstruc-
tion procedure by Dr. Frank Jobe in 1974, there
have been several modifications to the original
technique [6—14]. Dr. James Andrews developed
the ASMI modification of the Jobe technique by
retracting the flexor-pronator muscle mass medi-
ally rather than releasing it, as well as performing
a subcutaneous ulnar nerve transposition as
opposed to submuscular. This modification
remains the primary technique for UCL recon-
structions performed at ASMI.

The patient is brought to the operating room
and placed supine with the operative upper
extremity on an arm board. If the contralateral
gracilis tendon is to be harvested due to the lack
of a palmaris longus tendon, the contralateral leg
is prepped and draped as well. Examination
under anesthesia is performed, and the shoulder
is externally rotated with the elbow in 30° of flex-
ion. A half stack of towels is placed under the
elbow, and full stack is placed under the wrist. A
tourniquet is set at 250 mmHg and is inflated
after exsanguination with an Esmarch bandage.

A 10-cm incision is made just posterior to the
medial epicondyle, with one third of the incision
proximal to the medial epicondyle and two thirds
distal to the epicondyle (Fig. 23.4). After sharp
dissection through the skin, subcutaneous skin
flaps are developed and the medial antebrachial
cutaneous nerve is identified superficial to the
fascia (on average 3 cm distal to the medial epi-
condyle) and is protected with a vessel loop
(Fig. 23.5) [44]. The ulnar nerve is then identified
in the cubital tunnel posterior to the medial epi-
condyle and is carefully dissected from the
medial intermuscular septum proximally to the
first muscular branch of the flexor carpi ulnaris
distally. This nerve is also protected with a vessel
loop. A strip of the medial intermuscular septum
is then released proximally and is carefully dis-
sected. This remains attached distally and will be
used following UCL reconstruction to form a soft
tissue sling keeping the ulnar nerve transposed
anterior to the medial epicondyle.

The muscle belly of the flexor-pronator mass
is then elevated with a 15-blade scalpel, exposing
the anterior bundle of the UCL. The ligament is

Fig. 23.4 UCL reconstruction incision

Fig.23.5

Medial antebrachial cutaneous nerve

evaluated from its origin on the medial epicon-
dyle to its insertion on the sublime tubercle.
Following this inspection, the anterior bundle of
the native UCL is splint longitudinally in line
with its fibers. If any bony ossicles are present
within the substance of the ligament, these are
removed to expose the intra-articular space of the
elbow joint. If any loose bodies or osteophytes
are present, these can be removed under direct
visualization.

Following this preparation of the elbow joint,
graft harvest is then performed. If the palmaris
longus is present, this is the gold standard graft
for UCL reconstruction. Interestingly, the
absence of a palmaris longus tendon in 3—15% of
the population has been linked to ethnic trends
[45, 46]. Non-Hispanic whites are most com-
monly missing the tendon, with the reliable pres-
ence of the palmaris longus most common in
patients of Asian descent. Three transverse inci-
sions are used to harvest the palmaris longus ten-
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don, and are often marked pre-operatively by
having the patient flex the wrist while opposing
the thumb to the small finger. Starting with the
most distal incision at the proximal wrist crease,
and second small incision is made 2 cm proximal
to the first. The critical element of transecting the
palmaris longus tendon from the most distal inci-
sion is ensuring that the median nerve or flexor
carpi radialis tendon is not harvested. Following
transection of the palmaris longus tendon, the
tendon is then pulled out through the second,
more proximal incision. A locking whipstitch is
placed on the distal end of the tendon with a #0
Ticron suture and traction is placed on the tendon
to identify the musculotendinous junction. A
third small incision is then made at the junction
of the proximal third and distal two thirds of the
forearm. The tendon is removed from the third
small incision with a hemostat. The tendon is
then transected at the proximal aspect of the ten-
don for a minimum graft length of 13 cm. Excess
muscle is cleaned from the tendon and the free
end of the tendon is also whipstitched. This graft
is then placed in a moist sponge on the back table
until the elbow is ready for graft passage.

If the palmaris longus is absent or of insuffi-
cient length, the contralateral gracilis is then har-
vested [17]. In the contralateral leg, an oblique
incision is made over the pes anserine tendons
with full-thickness skin flaps, and the sartorial
fascia is identified and incised. The sartorial fas-
cia is then reflected and the gracilis tendon is
identified. This is freed from the undersurface of
the sartorial fascia with a hemostat. The tendon is
freed from soft-tissue adhesions to prevent tran-
section. An open tendon stripper is used to har-
vest the tendon by passing it in line with the
trajectory of the gracilis tendon with the knee in
a flexed and externally rotated (“figure-4") posi-
tion. Following proximal harvest at the musculo-
tendinous junction, the tendon is transected at the
conjoined insertion of the gracilis and semitendi-
nosis tendons distally. Excess muscle is then
removed from the tendon with the end of a metal-
lic ruler and both ends are whipstitched with #2
Vicryl suture with a minimum length of 13 cm.
The prepared graft is then placed in a moist
sponge on the back table until the elbow is ready
for graft passage.

Fig. 23.6 Sublime tubercle tunnel drilling

Following graft preparation, bone tunnels are
drilled to prepare the elbow for graft passage.
The distal bone tunnel on the sublime tubercle is
typically drilled first, often approximately 10 mm
from the articular surface of the ulna. For a pal-
maris longus graft, a 3.6-mm drill bit is used,
whereas a 4-mm drill bit is used for a gracilis
graft. The first drill hole is started posteriorly on
the sublime tubercle and is aimed anteriorly and
laterally (Fig. 23.6). After a unicortical drill hole
is made, a hemostat is placed into the drill hole
and a second tunnel is drilled 1 cm anterior to the
first drill hole and is directed posteriorly until the
hemostat is contacted. Angled curettes are passed
through the tunnel and the tunnel is irrigated to
remove bony debris. A curved Hewson suture
passer is used to pass the graft through the ulnar
tunnel that has been created.

The tunnel drilled about the medial epicon-
dyle of the humerus is lambda-shaped, and begins
with a drill hole from the UCL origin on the
anteroinferior aspect of the medial epicondyle.
This is aimed proximally and exits the posterosu-
perior medial epicondyle as far lateral as possible
(Fig. 23.7) [24]. Again, a hemostat is placed in
first drill hole and a second tunnel is drilled 1 cm
from the posterosuperior exit point of the first
drill hole (Fig. 23.8). When the hemostat is again
contacted with the drill bit, the tunnels are cleared
with a curette and irrigated. The graft is then
passed through the medial epicondyle with the
Hewson suture passer in a figure-8 fashion.

Following passage of the graft in a figure-8
fashion, the arm is placed in 15-20° of flexion
and a varus force is placed on the elbow to close
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Fig. 23.7 Medial epicondyle tunnel drilling1

il

Fig. 23.8 Maedial epicondyle tunnel drilling2

down the medial joint line (Fig. 23.9). With this
tension on the graft, the two limbs of the graft are
sewn together between the two proximal drill
holes on the medial epicondyle with #0 Ticron
suture. Excess graft is removed and the native
ligament is closed with #0 Ticron suture. Finally,
the graft is sewn to the native ligament with the
same #0 Ticron suture.

After securing the graft and completing the
UCL reconstruction, the ulnar nerve is trans-
posed anteriorly to the medial epicondyle and
loosely secured with the slip of soft tissue from
the medial intermuscular septum with 3-0 Ticron
sutures (Fig. 23.10). Following the ulnar nerve
transposition, the elbow is taken through a range
of motion to ensure that the ulnar nerve is not
compressed. The cubital tunnel is then closed
with #0 Vicryl suture and an antipropagation
stitch is placed in the most distal aspect of the
flexor carpi ulnaris fascial split.

Fig. 23.10 Subcutaneous ulnar nerve transposition

At this point, the tourniquet is let down and
the bipolar electrocautery is used to achieve
hemostasis. A drain is placed and the wound is
thoroughly irrigated and closed with a 2-0 Vicryl
and running 3-0 subcuticular Prolene with an
escape stitch. The upper extremity is cleaned and
steri-strips, sterile dressings, and a posterior
splint are applied at 90° flexion with the wrist in
neutral position.

Rehabilitation

The rehabilitation following UCL reconstruction
is a critical component for the overhead athlete to
safely return to play. A detailed protocol has been
designed by Dr. Kevin Wilk and is utilized on
patients at ASMI following surgery [47]. This
program has been broken into four phases: an
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immediate post-operative phase, an intermediate
phase, an advanced strengthening phase, and a
return to play phase.

The immediate post-operative phase includes
the first 3 weeks following UCL reconstruction,
and focuses on controlling the post-operative
inflammation of the elbow, protecting the recon-
struction, and limiting the muscle atrophy that
occurs in the elbow following surgery. A poste-
rior elbow splint is typically applied at the time of
surgery and is discontinued after the first week.
During week 1, gripping exercises and shoulder
isometrics without shoulder external rotation are
begun. After the splint is removed, a hinged
elbow brace is applied during week 2 and elbow
range of motion is allowed from 30° to 105° with
wrist range of motion exercises and elbow exten-
sion isometrics. During week 3, passive elbow
range of motion is advanced from 15° to 115°
with the initiation of active wrist, elbow, and
shoulder range of motion.

The intermediate phase includes weeks 4-8
and focuses on gradually progressing the elbow
to full range of motion while improving strength.
The brace is unlocked from 0° to 125° during
week 4 and one-pound weights are used during
wrist, elbow, shoulder, and scapular strengthen-
ing exercises. During week 5, the brace is discon-
tinued and full active range of motion at the
elbow is allowed. Activity is gradually increased
and during week 6 the Advanced Throwers Ten
Program is initiated, a collection of activities
designed to improve strength and endurance of
the operative upper extremity. These activities
continue during week 7.

The advanced strengthening phase, which
includes weeks 8—14, consists primarily of core
strengthening, plyometrics, eccentric elbow exer-
cises, and isotonic forearm strengthening. During
week 10 the plyometrics program progresses
from two-handed chest passes near the body to
soccer and side throws. If the progression of the
rehabilitation continues without significant pain,
the conclusion of the advanced strengthening
phase in week 14 includes bench presses, lat pull-
downs, and an interval hitting program.

The final phase of the UCL reconstruction
rehabilitation program at ASMI includes an even-

tual return to competitive throwing. From week
15 to week 32, power and endurance training
continues to progress. The interval throwing pro-
gram begins during week 16 with an important
stretching program to be performed before and
after the long toss. For most overhead athletes,
this program allows for a gradual return to com-
petitive throwing at the conclusion of the ASMI
rehabilitation protocol.

Outcomes

With the advancement of our understanding of
UCL injuries through biomechanical studies and
progressive rehabilitation protocols, the out-
comes following UCL surgery continue to be
highly satisfactory. Several large-scale studies
have demonstrated consistently high return to
play rates for players in both short-term and long-
term follow-up periods [4, 15, 48, 50]. Also,
recent literature has shown similar outcome data
regardless of both surgical technique and graft
used in elite baseball players.

The largest cohort of short-term outcomes was
published in 2010 and reported outcomes on
1281 patients at ASMI following UCL recon-
struction by Dr. Andrews [4]. This minimum
2-year follow-up data demonstrated a return to
play rate at the same or higher level of 83% in
these patients. The cohort began throwing at an
average of 4.4 months and returned to competi-
tion at an average of 11.6 months following the
UCL rehabilitation protocol. The outcomes were
not significantly different regardless of graft
choice or previous injury. In addition to a high
return to play rate, there was a low complication
rate in these patients. From this cohort, 53
patients (4.2%) had subsequent arthroscopic
olecranon osteophyte debridement and only nine
patients (0.7%) had a recurrent UCL tear with
revision UCL reconstruction.

These encouraging short-term outcomes were
supported by later long-term outcome data on the
same patient cohort [15]. A total of 313 baseball
players with minimum 10-year follow-up data
demonstrated an identical 83% return to play
rate. The nature of the longer follow-up period
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allowed for a greater retrospective evaluation of
player performance following surgery. Career
longevity in this cohort was an average of
3.6 years following surgery, and 86% retired for
reasons other than the elbow. Following retire-
ment in these patients, 93% were satisfied overall
with the outcome of the UCL reconstruction
experience and 98% of patients had the ability to
throw recreationally.

A recent study supported the excellent return
to play outcomes seen from the short-term and
long-term cohort at ASMI. A large cohort of 566
professional baseball pitchers with a minimum
2-year follow-up demonstrated an overall return
to play rate of 79.9% at an average of 14.5 months
[51]. These players were treated at several differ-
ent high-volume centers, and a variety of surgical
techniques and graft types were utilized with no
significant differences in outcomes for the differ-
ent techniques or grafts.

Prevention

Although the treatment and rehabilitation follow-
ing UCL reconstruction has yielded generally
favorable outcomes and high return to play rates
in elite overhead athletes, the incidence of UCL
injuries in youth baseball players continues to
rise annually. There have been several factors
described to explain the high rates of injury in
young overhead athletes. Biomechanical analysis
has demonstrated that the elbow experiences
64 Nem of torque during the pitching motion
[52-55]. This varies for different types of pitches
thrown, with the curveball causing greater torque
than the fastball or changeup. Several environ-
mental factors have been identified that also con-
tribute to the rise of elbow injuries in youth
baseball. The increasing emphasis on playing for
travel teams and participating in elite showcases,
as well as the growth in the number of indoor
facilities in northern states, have made year-
round play much more prevalent in recent years
for young athletes.

At ASMLI, the incidence of surgical UCL inju-
ries in Division-I collegiate baseball players has
been studied recently in a large-scale national

injury registry [56]. With 99.0% of Division-I
baseball programs participating, the data have
demonstrated a consistently high incidence of
surgical UCL injuries in Division-I baseball.
Over 200 surgeries have been reported annually
for the 2017-2018 and 2018-2019 college base-
ball seasons, with a surgical rate of 0.77 surgeries
on the UCL per Division-I program during that
time [57]. The average age over that time was
19.9 years old, indicating that these injuries are
happening predominantly on underclassmen.
With a primary UCL surgery at a young age,
these players are often set up for potential recur-
rent problems in the future if they continue to
play in the major leagues for another decade or
more following surgery. Clearly, the high inci-
dence of UCL surgery at a young age is a major
concern for young players and their parents,
coaches, scouts, and collegiate and professional
baseball organizations.

With the increasing incidence of UCL injuries
in young players, an emphasis has been placed on
the development of guidelines for youth baseball
organizations to help prevent the continued accel-
eration of the injury rate. Recommendations for
prevention include avoiding pitching when
fatigued, observing a 4-month period of rest dur-
ing the calendar year, following the current age-
appropriate pitch count regulations, pitching no
more than 100 innings per calendar year and not
playing on multiple teams with overlapping sea-
sons, and using appropriate pitching mechanics.
By following these guidelines, a young overhead
athlete has the best chance to avoid a surgical
UCL injury early in the career timeline.

Complications

Although recent outcome data have shown con-
tinued improvement in return to play rates in
high-level athletes, complications following sur-
gery do still unfortunately occur. For a player
who has undergone surgical intervention and pro-
gressed through the exhaustive rehabilitation pro-
gram, a recurrent injury to the medial elbow is a
devastating complication. Thankfully, the rate of
recurrent UCL injuries continues to be low in
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baseball players. When a recurrent tear occurs, a
difficult treatment decision is encountered by the
athlete to proceed with conservative treatment or
a secondary operative intervention. For revision
UCL procedures, both revision UCL reconstruc-
tion and the modern UCL repair with internal
brace augmentation are both viable treatment
options.

Revision UCL Reconstruction

With the consistent increase in the incidence of
primary UCL reconstruction and the declining
age at the time of this procedure in overhead ath-
letes, the rate of revision UCL reconstruction in
this population is also expected to rise over time
in the future. The national Division-I UCL Injury
Registry at ASMI has demonstrated an average
revision rate of 2.6% of UCL surgeries performed
in collegiate baseball players from 2017 to 2019
[57]. In professional players, recent data have
shown a 4.9% revision rate in players from the
minor and major leagues [50]. Outcome data
have demonstrated an average time of revision to
be 47 months following primary UCL recon-
struction [58]. In this cohort of professional base-
ball players, 76.6% of players returned to play at
any level, whereas only 55.3% were able to return
to the same level of play. The career length in the
patients following the revision procedure in one
study ranged from 2.6 to 3.2 years following sur-
gery [50]. Although revising the previously
drilled bone tunnels with secondary graft choices
in the revision setting is technically challenging,
revision UCL reconstruction remains an option
for high-level overhead athletes.

UCL Repair with Internal Brace
Augmentation

There has been a renewed interest in UCL repair
for treating both primary UCL injuries as well as
in the revision setting. The recent modification of
the repair procedure includes the addition of a
collagen-coated FiberTape (Arthrex) to augment
the repair [14]. This augmentation serves as an

additional backstop to the valgus stress applied to
the medial elbow during the pitching motion, and
the biologic addition of the collagen helps in
healing of the repair. Although this procedure is
ideal in young patients with high-quality native
UCL tissue, there has been interest in UCL repair
as an option in high-level baseball players with a
recurrent tear in a reconstructed UCL. Early out-
come data following UCL repair have been
encouraging. In 111 patients who underwent
UCL repair with internal brace augmentation at
ASMI with a minimum 2-year follow-up, a return
to play rate of 92% was seen at the same or higher
level of competition at an average 6.7 months fol-
lowing surgery [14]. Although these data are
based on patients who underwent a primary UCL
repair of the native ligament, the surgical tech-
nique avoiding the drilling of bone tunnels and
the accelerated rehabilitation protocol is an inter-
esting and attractive option for consideration in
high-level throwers who have sustained a recur-
rent UCL tear of a reconstructed ligament.
Certainly, the outcome data following UCL
repair in the revision setting will be an area of
increased interest in the future.

Conclusion

In overhead athletes with medial elbow pain,
UCL injuries continue to be a major cause of mor-
bidity and loss of playing time. In these patients, a
thorough clinical evaluation including a detailed
history of the injury, a complete physical exami-
nation, and appropriate imaging is critical to
determine the nature of the pathology. For patients
with damage to the UCL who have failed conser-
vative treatment, UCL reconstruction remains an
excellent surgical option. At ASMI, the modified
surgical technique and specific rehabilitation pro-
tocol have consistently yielded satisfactory out-
comes and a high return to play rate for these
players. While complications including recurrent
UCL tear remain low, revision UCL reconstruc-
tion and primary UCL repair with internal brace
augmentation are surgical treatment options.
Research related to the outcomes following the
recently modified UCL repair technique is ongo-
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ing, but early outcome data are encouraging.
Although the treatment and rehabilitation proto-
cols typically yield satisfactory outcomes, the
incidence of elbow injuries in young athletes con-
tinues to rise. Prevention of these injuries through
an awareness of common causes and adherence to
current playing guidelines is a primary goal for
the future of youth baseball.
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Reconstruction: Alternative
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Introduction

The number of UCL reconstructions performed
annually has rapidly increased in recent years,
especially in throwing athletes [1]. By subjecting
the elbow to massive valgus force during compe-
tition, throwing athletes are at risk for injury to
the ulnar collateral ligament (UCL) of the elbow
[2]. While a trial of nonsurgical treatment is rec-
ommended as the initial treatment for UCL
injury, many of these athletes need surgical
reconstruction of the UCL to return to their prein-
jury level of performance. The modern surgical
management of UCL injuries in throwing ath-
letes was based upon the initial method described
by Jobe et al. [3]. While the fundamental goals of
reconstruction of the UCL still focus on returning
the athlete to the sport, the evolution of UCL
reconstruction has led to research regarding
almost every step of the surgery.

Research has quantified the magnitude of the
forces on the elbow during the throwing motion;
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the late cocking and acceleration phases can
result in valgus moments that near 290 N [2]. The
primary restraint to valgus forces on the elbow, as
seen during the overhead throwing motion, is the
anterior bundle of the UCL [4]. Due to these high
forces, the reconstructed ligament must achieve
strength near that of the native UCL. Innovation
regarding UCL reconstruction has focused on
three aspects of the surgery: the type of approach,
humeral graft fixation, and ulnar graft fixation.
Multiple techniques have been investigated
regarding the biomechanical effects of varied
graft fixation methods that differ from bone tun-
nel figure-of-eight graft passage as initially
described by Dr. Frank Jobe.

Modifications of the figure-of-eight technique
have been developed to facilitate anatomic recon-
struction and strength comparable to the native
UCL. Furthermore, surgical techniques have also
been developed to facilitate graft fixation in an
expeditious and secure manner. The spectrum of
humeral graft fixation has included the figure-of-
eight technique, docking technique [5], interfer-
ence screw fixation [6], suture anchor fixation
[7], and cortical suspensory fixation [8]. Graft
fixation options for the ulna have included tunnel
utilization, interference screw fixation [9], and
cortical suspensory fixation [8].

The most common UCL surgical techniques
have been the figure-of-eight and the docking
technique [10, 11]; however, other alternative
techniques have been proposed to improve out-
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comes and decrease the risk for complications,
such as bone tunnel fracture and failure of fixation.
Two of the most common alternative techniques
include interference screw and cortical suspensory
fixation of the tendinous graft. The main benefits
of these alternative fixation methods have been to
facilitate ease of technique and limit complica-
tions, but a relative paucity of clinical outcomes
data exists for these newer fixation methods com-
pared to the figure-of-eight and docking tech-
niques. The literature on these techniques has
mostly focused on surgical methods and biome-
chanical assessments. Nonetheless, the concepts
behind these UCL reconstruction techniques are
important to consider, as we optimize surgical out-
comes relating to UCL injuries in the future .

UCL Reconstruction: Biomechanical
Assessment

Biomechanical studies have compared the various
UCL reconstruction techniques with the native
ligament. Additionally, the integrity of various
graft constructs has been compared to established
techniques. These studies have attempted to quan-
tify the strength of the reconstruction options and
the kinematics to optimize outcomes.

Much of the literature has focused on load to
failure due to the considerable forces during the
throwing motion [12]. Paletta et al. compared the
valgus moment measured to failure of the native
ligament in comparison to reconstructed liga-
ments using the figure-of-eight and docking
techniques [13]. The native UCL had a maximal
valgus moment to failure of 18.8 N m. In com-
parison to the figure-of-eight technique
(8.9 N m), the docking technique had a signifi-
cantly greater maximal valgus moment to failure
(14.3 N m, p = 0.0148). The docking technique
was not statistically different from the native
UCL valgus moment to failure. The location of
failure was most common at the suture—tendon
interface for the figure-of-eight reconstructions;
the docking technique failed most commonly
due to suture failure. For both types of recon-
structions, bone tunnel fracture was the second

most common reason for the loss of graft integ-
rity. The strain of each reconstruction type was
also assessed at 3 N m, with the docking tech-
nique having significantly less strain compared
to the figure-of-eight technique (p = 0.378).
While research has shown excellent Conway
scale outcomes with the use of the figure-of-
eight technique, the greater maximal valgus
moment to failure and decrease strain with the
docking technique has led to further research on
this method over the past decade .

In a study by Armstrong et al., a biomechani-
cal evaluation of the native ligament was com-
pared to four reconstruction methods [14]. The
four methods of UCL reconstruction included:
(1) figure-of-eight technique, (2) docking tech-
nique as described by Rohrbough [5], (3) ulnar
metal interference screw fixation with humeral
docking technique (DANE TJ), and (4) ulnar cor-
tical suspensory fixation with humeral docking
technique. The peak load was measured to failure
with the elbow flexed 90°; the increasing load
was applied in a cyclic manner until 5 mm of
joint displacement occurred. For the native ante-
rior bundle of the UCL, the peak load to failure
was 142.5 N. All of the reconstruction techniques
had a peak load to failure significantly less than
the native ligament (p = 0.001). The docking
technique had a significantly greater peak load to
failure in comparison to both the figure-of-eight
and interference screw reconstructions. The cor-
tical suspensory technique was found to have a
significantly greater load to failure in comparison
to the figure-of-eight technique .

Additionally, both the docking (701 cycles)
and suspensory (703 cycles) reconstructions
endured a significantly greater number of cycles
before failure in comparison to the figure-of-
eight technique (333). The failure of the graft
occurred at the suture—tendon interface with UCL
reconstructions using the figure-of-eight, dock-
ing, and suspensory fixation methods. Grafts
with interference screw fixation failed at the
screw—tendon interface; two grafts actually tore
during interference screw insertion and required
subsequent revision with another graft to com-
plete the biomechanical analysis.
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Jackson et al. tested the load to failure in
cadaver elbows using a single-bundle graft
construct [8]. UCL reconstruction with bisus-
pensory cortical fixation was compared to the
docking technique as described by Rohrbough
[5]. Suspensory fixation of the proximal ends
of the graft was achieved with the Arthrex ACL
Tightrope RT (Arthrex, Naples, FL). The ulti-
mate torque to failure was 25.1 N m for the
docking technique and 26.5 N m for the bisus-
pensory fixation; these were not significantly
different (p = 0.78). The failure occurred at the
suture—tendon interface in six of six (100%) of
the cadaver elbows reconstructed with bisus-
pensory fixation and in five of six (83%) of the
elbows reconstructed using the docking tech-
nique, with the remaining failure occurring as
an ulnar bone bridge fracture. For both recon-
struction types, valgus laxity was similar to the
elbow with a native UCL from O to 120° of
elbow range of motion .

Reconstruction of the UCL using interference
screw fixation was evaluated by Ahmad et al. [6].
In their study, the native ligament was compared
with UCL reconstruction using interference
screw fixation for both humeral and ulnar graft
fixation. A doubled palmaris longus graft was
used and tensioned at 60°. The data demonstrated
an ultimate valgus moment for intact elbows
(34.0 N m) that was not significantly different
from the reconstructed elbows (30.6 N m). Graft
failure was most commonly due to the graft rup-
ture (60%) followed by ulnar tunnel fracture
(20%). The biomechanical stability of this tech-
nique and ease of interference screw insertion in
the ulna have encouraged research regarding
interference screw fixation in conjunction with
the docking technique (DANE TJ technique).

In summary, none of the classic UCL recon-
struction methods have been found to consis-
tently match the native UCL in terms of the
biomechanical load to failure. Generally, the evi-
dence supports the docking technique over the
figure-of-eight techniques in regard to strength.
The data are less clear in delineating the biome-
chanical advantages when using the docking
method in conjunction with interference screws,

suture anchors, or cortical suspensory devices.
More recent studies suggest that UCL repair with
internal brace augmentation may be superior to
all types of reconstruction in appropriate patients,
which is discussed in a separate chapter.

Results of biomechanical studies are valuable
but must be subsequently supported by clinical
data, especially as these time zero biomechanical
studies do not account for the biomechanics of
the reconstruction techniques when the graft has
reached final maturation. No single biomechani-
cal study can support the supremacy of one type
of reconstruction technique; surgeon experience
and clinical research must also be used to guide
which reconstruction is best for each patient. We
will now discuss three of these alternative UCL
reconstruction techniques that may provide suc-
cessful outcomes and minimize complications in
both the primary and revision surgical settings.

Surgical Approach

The patient is placed in the supine position in the
surgical theater, with a hand table to support the
upper extremity. A tourniquet is applied to the
upper arm outside of the sterile field. After a stan-
dard sterile preparation, the patient is draped in a
normal fashion. Appropriate antibiotics are given
for surgical prophylaxis prior to incision. The
tourniquet is typically inflated to approximately
100-125 mmHg above the systolic blood pres-
sure to control bleeding in the surgical field.
Adjusted to the patient’s size, an approximately
8 cm incision is made to allow for visualization
of the medial epicondyle and the proximal—
medial ulna in the region of the sublime tubercle.
The medial antebrachial cutaneous nerve and
branches are identified and protected.

Deep dissection is then performed to expose
the ulnar collateral ligament. Two surgical
approaches are typically used in modern-day
UCL reconstruction surgery: flexor-pronator split
and flexor-pronator elevation. The flexor-pronator
split approach is performed at the anterior margin
of the flexor carpi ulnaris, which targets the inter-
nervous plane between the flexor digitorum
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superficialis and the flexor carpi ulnaris. The
flexor-pronator split approach does not require
exposure in the region of the ulnar nerve or sub-
sequent ulnar nerve transposition. The flexor-
pronator elevation approach is performed more
posteriorly between the humeral and ulnar heads
of the flexor carpi ulnaris in the plane on the ulnar
nerve; therefore, this approach requires an oblig-
atory ulnar nerve transposition.

In both alternative UCL reconstruction tech-
niques, routine subcutaneous ulnar nerve trans-
position is not necessary but may be performed
depending upon the desired approach. However,
ulnar nerve transposition may be considered if
the patient has evidence of ulnar subluxation on
physical exam, documented ulnar nerve conduc-
tion pathology, or sensory paresthesias in the
ulnar nerve distribution.

Retraction of the flexor-pronator muscle group
will allow visualization of the UCL. Confirmatory
findings of an avulsion fracture, calcifications
within the ligament, pathologic ligamentous lax-
ity, and/or ligament disruption are then evaluated.
Based on patient factors and surgeon preference,
the palmaris or gracilis tendon grafts are har-
vested in the usual manner.

Surgical Technique: DANE TJ UCL
Reconstruction

Potential advantages of interference screw fixa-
tion in the ulna have led to its use in conjunction
with the docking technique for humeral fixation.
This combination of two concepts is referred to
the DANE TJ technique, in acknowledgment of
innovation by Dr. David Altchek, Dr. Neal
ElAttrache, and the first professional baseball
player, Tommy John, to have a UCL reconstruc-
tion [9]. Some surgeons have even subsequently
suggested utilizing interference screws for both
ulnar and humeral fixation.

The ulna is prepared by identifying the sub-
lime tubercle for interference screw placement.
The bone tunnel should be angled toward the lat-
eral aspect of the ulna, just distal to the region of

the supinator crest, with a depth of 15 mm
(Fig. 24.1). To prevent iatrogenic injury to the
articular surface, the ulnar joint surface and the
bone tunnel should be separated by 3—4 mm of
subchondral bone. The diameter of the tunnel is
usually equal to the diameter of the folded end of
the stitched tendon graft .

Preparation of the humeral tunnel for the
docking technique begins with the identification
of the humeral insertion of the UCL on the infe-
rior medial epicondyle. Drilling of the docking
tunnel is performed in a distal-to-proximal direc-
tion with a 4.5 mm diameter drill bit. Two exit
tunnels are drilled using a 2.7 mm drill bit with
the distal aspect of each tunnel meeting in the
4.5 mm tunnel. The distal tunnel size is checked
to ensure proper graft docking; if needed, the tun-
nel size can be increased to allow for the passage
of the graft. A bone bridge of at least 5 mm
between the 2.7 mm drill holes is needed to pre-
vent fracture of the bone during knot tying.

Ulnar graft fixation is then performed
(Fig. 24.2). The folded end of the graft is secured
in the ulnar tunnel with a biotenodesis screw
(Arthrex Inc., Naples, FL) that approximates the
diameter of the tunnel. A smaller screw may be
needed with a thicker autograft.

Humeral graft tensioning and fixation are
then performed (Fig. 24.3). With the ulnohu-

Fig. 24.1 Ulnar socket drilled in sublime tubercle. Note
the preservation of bone bridge between socket and articu-
lar cartilage
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Fig. 24.2 The folded end of the graft is secured in the
ulnar socket with an interference screw

Fig. 24.3 Humeral graft tensioning and fixation is
performed

meral joint appropriately positioned in a
reduced position, the two ends of the graft are
measured for proper tensioning in relation to
the medial epicondyle. After removing the
excess tendon, the two ends of the graft are pre-
pared with a locking stitch using a nonabsorb-
able suture (Number 2 Fiberwire, Arthrex Inc.,
Naples, FL). The respective stitch for each end
of the graft is then passed through one of the
humeral tunnels, and the graft is seated in its
ideal position. The native UCL is repaired
before tensioning the graft. The suture ends are
then tied over the bony bridge of the medial
epicondyle with the ulnohumeral joint in a
reduced position .

Surgical Technique: Cortical
Suspensory UCL Reconstruction [8]

Cortical suspensory fixation in UCL reconstruc-
tion has been adapted from the anterior cruciate
reconstruction literature. In both primary UCL
reconstruction and in revision cases, cortical sus-
pensory fixation can offer an alternative graft
fixation method, especially in patients with bony
defects that limit fixation options at the anatomic
insertions of the UCL. Either proximal or distal
suspensory fixation can be used in conjunction
with established techniques such as the docking
technique or interference screw fixation. For
patients in whom both proximal and distal sus-
pensory fixation is additionally desired, a cortical
bisuspensory technique can be used [8] .

After a muscle splitting approach and identifi-
cation of an incompetent UCL anterior bundle,
sharp dissection is used to identify the proximal
and distal insertions of the native ligament. The
humeral tunnel is prepared using a 3.2 mm spade
tip pin, which is placed at the inferior medial epi-
condyle. The pin is left in place and over-drilled
with a 4.5 mm cannulated drill to create a 15 mm
bone tunnel. The cortical suspensory implant
(Arthrex ACL Tightrope RT, Arthrex, Naples,
FL) is passed through the bone tunnel so that the
implant is secured and seated on the proximal
and slightly anterior cortex of the medial column
of the distal humerus. The graft is passed through
the looped end of the suspension suture and
folded across the loop to create a doubled graft.
This humeral graft fixation technique can be used
with multiple fixation options for the ulna includ-
ing interference screw fixation and cortical sus-
pensory fixation.

The ulnar tunnel at the sublime tubercle is
identified to locate the desired location for tunnel
placement of the distal suspensory fixation. The
3.2 mm spade-tip pin is used to guide the cortical
suspensory button placement; after initial per-
pendicular bony penetration, the pin is directed
30° posteriorly and 30° distally. The pin is left in
place to allow the 4.5 mm cannulated drill to cre-
ate a bone tunnel measuring about 30 mm. The
cortical suspensory implant is then passed
through the tunnels and seated on the lateral ulnar
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cortex, with the tightrope loop resting outside of
the bone tunnel. The graft is then passed through
the looped end of the suspension suture and
folded across the loop to create a doubled graft.
The cinching suture is ready for graft seating and
tensioning. Ulnar fixation with the suspensory
technique can be used with various fixation
options proximally, including bone tunnels,
suture anchors, interference screw fixation, the
docking technique, and suspensory fixation. Prior
to fixation of any UCL reconstruction, the native
UCL is then repaired.

In cases of bisuspensory fixation, graft ten-
sioning and fixation have been proposed to be
performed in the following fashion. The folded
graft should measure approximately the same
diameter as the drill bit diameter and be at least
15 cm in length. The graft should be passed
through the tightrope loop of the proximal and
distal suspensory fixation devices, with the graft
divided into thirds at each loop location. Position
the central third of the graft between the two
tightrope loops; this will allow later end-to-end
suturing after seating the folded graft in each tun-
nel. The humeral cinching suture is used to seat
the proximal end of the graft by pulling in-line
with graft seating. Next, the cinching suture of
the ulnar suspensory implant is pulled to seat the
ulnar portion of the graft, with up to 20 mm of the
distal graft within the ulnar tunnel. The tension-
ing of the distal end of the graft within the ulna
should be performed with the ulnohumeral joint
reduced anatomically while maintaining a varus
force at 30° of flexion. With the central third of
the graft well tensioned, the proximal and distal
ends of the graft should have adequate length to
cross the joint line for secure fixation to each
other utilizing figure-of-eight nonabsorbable
sutures (Number 2 Fiberwire, Arthrex Inc.,
Naples, FL).

Surgical Technique: Anatomic UCL
Reconstruction [15]

Recent studies on the anatomy of the UCL have
demonstrated that the ulnar insertional footprint
is more broad and tapered distally than previ-

ously thought [16, 17]. As a result, Camp et al.
[15] developed a novel anatomic UCL recon-
struction technique based on this new anatomic
understanding.

After a standard approach, a 4.0 mm socket
with a 15 mm depth and 2 small (2 mm) perforat-
ing tunnels are drilled into the humerus in the
same manner as the docking technique. Two
shuttle sutures are then used to pass an all-suture
adjustable suspensory loop (Arthrex, Inc.,
Naples, FL) from the smaller 2 mm tunnels out
through the 4 mm socket. A palmaris graft is then
folded in half and the suspensory loop is assem-
bled around the center of the graft. The loop is
then tensioned until the graft is 10 mm into the
humeral socket.

Focus is then shifted to the ulnar fixation. Two
1.3 mm all-suture anchors (FiberTak, Arthrex)
are placed just distal to the joint line at the ante-
rior and posterior footprints of the native liga-
ment (approximately 5 mm apart). These are set
aside for future use. A 2-0 absorbable suture is
then used to repair the native capsule and liga-
ment if amenable. This suture is placed prior to
passing the graft, but is tied afterward. A closed-
loop number 0 nonabsorbable suture is then used
to suture together the two distal limbs of the graft
using a whipstitch technique. The excess graft is
excised. The loop suture is then cut to create two
free ends, which are then loaded onto an intra-
medullary cortical suspensory button (Arthrex,
Inc., Naples FL).

The sutures from the two anchors are now
passed around each limb of the graft, with the
more anterior anchor being passed around the
anterior limb and the posterior anchor around the
posterior limb. The graft is then tensioned and
cycled. The arm is put into 30 degrees of flexion
and a varus load is applied. While maintaining
this position and force, the sutures from the
anchors are tied around each limb of the graft,
securing it to the proximal aspect of the UCL
footprint on the ulna.

For the distal ulnar fixation, a 3.2 mm, unicor-
tical hole is drilled at the apex of the UCL foot-
print. The suspensory button is inserted into the
intramedullary canal and deployed. The sutures
are tensioned in order to reduce the graft to the
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Fig. 24.4 Anatomic UCL reconstruction technique

ulna. Sutures are tied over the top of the graft,
creating a closed-loop construct. The suspensory
loop on the humeral side is again tensioned, and
the suture ends are tied over the bone bridge to
create a closed-loop construct. Finally, the sutures
that were originally passed through the capsule
and ligament for repair are tied in order to ensure
that the graft remains extra-articular (Fig. 24.4).

Surgical Closure
and Postoperative Care

The wound is then closed in layers, beginning
with the flexor-pronator mass fascia, and ending
with the skin. Release of the tourniquet should be
performed prior to skin closure to ensure proper
hemostasis. Standard dressings are applied, and a
long arm splint is applied with a neutral forearm
position and the elbow flexed slightly less than
90°.

The splint should be removed after 7-10 days
to allow for assessment of the wound and to initi-
ate an early gentle range of motion of the elbow,
shoulder, and wrist. After splint removal, a hinged
elbow brace can be used, but there is no consen-
sus regarding the guidelines for utilization. In
one literature review of UCL reconstruction,
hinged elbow braces were used in only 139 of
351 (40%) patients [11]. Gentle strengthening of
the forearm muscles can begin in the first postop-
erative month. However, valgus stresses on the
graft should be avoided until after the second

postoperative month, and throwing activities
should not begin until at least 4 months after the
reconstruction.

The postoperative rehabilitation program rec-
ommended for each reconstruction technique has
many similarities; however, there is a paucity of
literature describing differences in rehabilitative
principles according to surgical technique. The
study by Cain utilizing a figure-of-eight tech-
nique reviewed 1281 patients that were treated
postoperatively with a 4-phase rehabilitation pro-
tocol as described by Wilk et al. [18]. They advo-
cated for use of a hinged elbow brace. Full range
of motion was ideally reached by 6 weeks while
protecting the UCL reconstruction from valgus
stress. Strengthening exercises were initiated at
week 3 and were advanced at week 9. Throwing
programs were typically started at week 16, and
return to competition around 12 months after
surgery.

Discussion

UCL reconstruction is a complex surgical proce-
dure that is being performed with increasing fre-
quency [10]. The surgical technique has evolved
from the initial figure-of-eight technique with the
goal of improving the biomechanical properties
and to facilitate the ease of reconstruction. Based
on the literature, the most common techniques for
UCL reconstruction are the figure-of-eight and
the docking techniques [10, 11]. The docking
technique was an initial modification of the figure-
of-eight technique that improved both the ulti-
mate load to failure [13] and aimed to preserve
some of the bone integrity through minimization
of bone tunnel size. As a result of these improve-
ments, there has been a trend toward increased
use of the docking technique over the figure-of-
eight technique. However, a recent single surgeon
cohort study by Arner et al. [19] found that the
modified Jobe and docking techniques are equiva-
lent in regards to return to play, Kerlan-Jobe
Orthopaedic Clinic scores, and the need for sub-
sequent surgery. This suggests that the previous
predilection for the docking technique based
mostly on biomechanical studies may not be clini-
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cally significant. More recent advancements have
focused on continued biomechanical and surgical
improvements as well as focusing on creating a
more anatomic reconstruction.

Cadaveric studies focusing on anatomy have
demonstrated that the central fibers of the anterior
and posterior bands of the anterior bundle of the
UCL are the most isometric division during elbow
motion [20]. As opposed to the tunnels converg-
ing around the sublime tubercle on the ulnar side,
single-bundle reconstruction of these central
fibers can be achieved with interference screw
fixation as described by Ahmad [6] that can be
reconstructed in a doubled graft technique using
the DANE TJ technique [9], or can be recreated
utilizing cortical suspensory fixation. More recent
studies have suggested that the ulnar insertion of
the UCL is more elongated and tapered distally
than previously depicted [16, 17]. This was the
focus of a novel anatomic reconstruction tech-
nique described by Camp et al. [15].

DANE TJ UCL Reconstruction

In terms of the interference screw fixation, the
DANE TJ technique allows the surgeon to use
familiar concepts to facilitate a solid UCL recon-
struction and has also shown good clinical out-
comes. The risk of bone tunnel fracture has
inspired much of the research regarding UCL
reconstruction. The DANE TJ technique avoids
the use of ulnar bone tunnels, which eliminates
the risk of ulnar bone tunnel fracture. This avoid-
ance of bone tunnels has led to failures of the
UCL reconstructions in new locations.
Biomechanical studies suggest the suture—tendon
interface was a frequent location for graft failure
in the figure-of-eight, docking, and cortical sus-
pensory techniques [8, 14]. The suture—tendon
interface does not exist with interference screw
fixation; however, failure with interference screw
fixation was associated with graft rupture, ulnar
tunnel fracture, and graft damage during inser-
tion [6, 14]. Despite this limitation, graft damage
during screw insertion is uncommonly reported
with routine use of modern interference screw
designs and materials.

The humeral docking technique component
helps minimize the use of large bone tunnels,
which may decrease the risk of fracture. In the
docking site, the graft has 360° exposure to the
bone for biologic healing. Tensioning of the graft
is also facilitated by pulling the sutures attached
to the ends of the graft in-line through the smaller
bone tunnels; secure fixation is easily achieved
when tying these suture ends over the bony
bridge. As reported with figure-of-eight and cor-
tical suspensory techniques, biomechanical stud-
ies of the docking technique have also suggested
that the suture—tendon interface was the most fre-
quent location for graft failure [8, 14]. Although
some advocates, therefore, suggest the utilization
of interference screw fixation on the humeral
side, suture—tendon interface failure has not been
commonly reported in the clinical setting .

The ulnar fixation of the DANE TJ technique
uses the interference screw placed at the sublime
tubercle. This allows for anatomic reconstruction
of the anterior bundle of the UCL using a familiar
technique to many orthopedic surgeons.
Biomechanically, interference screw fixation has
been shown to offer a similar valgus moment to
failure as the native UCL [6]. The avoidance of
bone tunnels not only helps facilitate the surgery,
but also allows for a doubled reconstruction of
the anterior bundle in its anatomic location.
However, the interference screw itself does limit
the amount of bone within the tunnel available
for bone—tendon healing. While offering excel-
lent frictional fixation of the graft in a secure
manner, the interference screw pressure may
form an avascular zone that limits the biologic
incorporation. Additionally, the interference
screw may have difficulty achieving stable fixa-
tion in revision cases with significant bone loss at
the sublime tubercle .

In a clinical case series, Dines et al. described
the outcomes of the DANE TJ technique in 22
patients [9]. With a mean follow-up duration of
35 months, their hybrid technique had an 86%
excellent outcome on the modified Conway
scale. For the 20 athletes that participated in
baseball, 17 (85%) had an excellent result. These
results are similar to other large series by Cain
and Andrews [10]. Additionally, 3 of the 22
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patients had revision UCL reconstruction; 2 of
the 3 revision patients had an excellent result.
Postsurgical ulnar nerve pathology was observed
in only one revision patient who had prior UCL
reconstruction and ulnar nerve transposition.
Outcomes for the DANE TJ hybrid technique
support its similarity to prior data regarding pri-
mary UCL reconstruction. For revision UCL
reconstruction, the DANE TJ method offers an
alternative technique to the traditional docking
or figure-of-eight methods.

Cortical Suspensory UCL
Reconstruction

The suspensory fixation technique is a rela-
tively new type of fixation for use in UCL
reconstruction. Humeral or ulnar graft fixation
with suspensory fixation can aid graft tension-
ing by allowing graft tensioning in-line with
graft seating, similar to the DANE TJ tech-
nique. By suspending the graft in the bone tun-
nel, a greater exposure of the graft to the bone
may allow for better healing at the bone—tendon
junction. Additionally, the avoidance of aper-
ture fixation can be helpful in revision situa-
tions with bone loss at the sublime tubercle or
the inferior medial epicondyle .

Despite the benefits of suspensory fixation,
some limitations may exist in relation to this
technology. When utilizing cortical suspensory
fixation on one side (i.e., either ulnar or
humeral), graft slippage may theoretically occur
through the endobutton fixation. When perform-
ing a bisuspensory technique, graft slippage
may also occur; however, the reconstruction
also relies on suture—tendon interface fixation
that may also be a source of failure. Despite
these potential limitations, biomechanical stud-
ies have supported a solid fixation mechanism
when utilizing the cortical suspensory technique
in the setting of clinical success being reported
when using this technology in other surgical
procedures, including ACL reconstruction. In
recent years, studies have found cortical suspen-
sory fixation for UCL reconstruction to have
both good clinical outcomes [21] and biome-

chanics that are comparable to the docking tech-
nique [22]. Further research is warranted to
directly compare clinical outcomes of cortical
suspensory device fixation to other UCL recon-
struction fixation techniques.

Anatomic UCL Reconstruction

This novel UCL reconstruction technique devel-
oped by Camp et al. [15] has promising initial bio-
mechanical results. In their cadaveric study, this
technique was found to have superior strength and
resistance to valgus torque when compared with
the docking technique. They also found that recon-
structions using this new anatomic technique per-
formed similar to native UCL specimens from
prior biomechanical studies. By providing a more
anatomic reconstruction, Camp et al. hypothesized
that this technique more accurately recreates nor-
mal joint kinematics. This increased initial strength
may allow for earlier initiation of throwing pro-
grams and ultimately quicker return to play.

Due to the relatively recent publication of this
novel anatomic technique, there is limited infor-
mation available beyond the previously discussed
study. Future research on this novel technique is
warranted based on these early results. More bio-
mechanical studies comparing the anatomic tech-
nique to the docking and modified Jobe techniques
would be beneficial to ensure reproducibility.
Clinical trials with patient-oriented outcomes
will truly reveal if this technique proves to be
practically superior to the current, well-
established reconstruction techniques.

Conclusion

The clinical outcomes of UCL reconstruction
have been best studied regarding the figure-of-
eight technique and the docking technique.
Driven by the nature of these injuries during ath-
letic performance, studies have emphasized the
return to the presurgical level of sport as a holis-
tic evaluation of the athlete’s outcome after UCL
reconstruction [23]. Additionally, complications
and revision surgery have also been examined.
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For athletes with an incompetent UCL, the
alternative UCL reconstruction techniques have
been shown to have a solid biomechanical profile
and excellent outcomes on par with other UCL
reconstruction techniques. Additionally, it can be
agreed that some of these techniques allow for a
more anatomic reconstruction and help facilitate
the ease of graft tensioning and graft fixation
using familiar implants. A novel anatomic recon-
struction technique seems to be the first tech-
nique to show improved biomechanical properties
in comparison to the docking technique. More
research on its biomechanics and eventually its
clinical outcomes is warranted. With the signifi-
cant increase in UCL reconstructions being per-
formed each year, these alternative techniques
will certainly continue to amass attention within
the orthopedic sports medicine literature.
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Introduction

Valgus moments of the elbow are primarily
resisted by the anterior bundle of the ulnar col-
lateral ligament (UCL). When the UCL becomes
attenuated or fails in the overhead throwing ath-
lete, tendinosis and/or tears in the flexor-pronator
mass can also occur, which may affect the ath-
lete’s ability to throw and return to competition.
A subgroup of athletes with both UCL and flexor-
pronator mass injuries was first described by
Conway et al. and later shown to have inferior
outcomes when compared to athletes with UCL
injury alone [1, 2]. The most prominent risk fac-
tor for combined injury is age greater than
30 years, with prior steroid injection possibly
playing a role.

The importance of the flexor-pronator mass as
a dynamic valgus stabilizer in the elbow has been
demonstrated in cadaveric, in vivo, and clinical
outcomes studies. Through cadaveric dissection,
Davidson et al. demonstrated that the flexor carpi
ulnaris primarily and the flexor digitorum super-
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ficialis secondarily are in line with the UCL ana-
tomically and able to provide resistance to valgus
stress [3]. Park and Ahmad similarly demon-
strated in UCL-deficient, cadaveric models that
contraction of flexor carpi ulnaris and flexor digi-
torum superficialis provided the most correction
of valgus angle when compared to elbows with
an intact UCL [4]. Electromyography has also
shown that pitchers with valgus instability have
decreased flexor-pronator mass activity during
the throwing motion, further confirming the
action of the flexor-pronator mass as a dynamic
stabilizer against valgus stress [5, 6].

Clinical outcomes based on the surgical
approach underscore the importance of the flexor-
pronator mass as a valgus stabilizer as well.
Multiple groups have described a muscle-splitting
approach that limits dissection through the flexor-
pronator mass [7, 8]. This approach is now widely
used and may generate improved clinical out-
comes when compared to the original approach
described by Jobe, where the flexor-pronator mass
was detached and mobilized off of the medial epi-
condyle for visualization of the UCL.

Diagnosis

Diagnosis of combined UCL-flexor-pronator
mass injuries requires a thorough physical exam
and imaging studies. Patients present with history
and physical exam findings consistent with val-

245

J. S. Dines et al. (eds.), Elbow Ulnar Collateral Ligament Injury,

https://doi.org/10.1007/978-3-030-69567-5_25


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-69567-5_25&domain=pdf
https://doi.org/10.1007/978-3-030-69567-5_25#DOI

246

A. Christ et al.

Coil: GPFLEX

Fig. 25.1 Coronal plane MR image highlighting com-
bined UCL tear and flexor-pronator tear

gus instability of the elbow including medial
elbow pain, inability to throw secondary to pain,
weakness, and pain reproduced upon resisted
wrist flexion and forearm pronation. In the only
published study examining the characteristics of
patients with combined injuries, all patients
described chronic elbow pain and instability, and
half of the patients described acute-on-chronic
medial elbow pain. In that same series, preopera-
tive MRI reliably diagnosed pathologic changes
in the flexor-pronator mass as well as the
UCL. Therefore, preoperative MRI is indicated
in all cases to assess both the extent of UCL
injury and the integrity of the flexor-pronator
mass (Fig. 25.1).

Operative Treatment

In cases of mild-to-moderate tendinosis, the tis-
sue can be debrided through the same muscle
splitting approach or through a separate anterior
flexor-pronator incision, based on surgeon
preference.

If a severe tendinosis, a partial tear, or a com-
plete tear of the flexor-pronator mass in the set-
ting of a concomitant UCL tear is seen, a
flexor-pronator elevating approach is used. The

UCL is reconstructed using the surgeon’s pre-
ferred technique. After completion of the liga-
ment reconstruction, the flexor-pronator tendon
pathology is addressed. Degenerated, torn tissue
can be debrided and repaired back to the medial
epicondyle using a suture repair with No. 1
Ethibond through 1.5 mm transosseous tunnels.
The suture limbs extending from the medial epi-
condyle from the UCL reconstruction are then
used in the repair as well. If there is more exten-
sive tearing or debrided tendon, additional
1.5 mm transosseous tunnels can be made at the
native origin of the flexor-pronator mass on the
anterosuperior aspect of the medial epicondyle of
the humerus to aid in the repair [2]. If indicated,
an ulnar nerve transposition can be performed
after the repair of the flexor-pronator mass. The
fascia of the flexor-pronator mass should then be
repaired, followed by the closure of the surgical
wound in layers. The elbow is then placed in a
plaster splint in 45° of flexion with the forearm in
a supinated position.

Rehabilitation

The postoperative protocol for patients is the same,
regardless of isolated UCL reconstruction versus
combined UCL reconstruction and flexor-pronator
mass debridement or repair. The arm is kept in a
splint for 1 week, after which the sutures are
removed and the elbow is managed in a hinged
brace for 3 weeks. Motion in the brace is allowed
from 45 to 90° of flexion, which is advanced
slowly over 5 weeks. Formal physical therapy
without the brace is initiated at 6 weeks with rota-
tor cuff and forearm exercises, taking care not to
overload the flexor-pronator mass. Patients start an
interval throwing program at around 4 months and
are not allowed to pitch competitively until at least
9 months to a year after surgery.

Outcomes and Complications

Conway et al. were the first to describe these
combined injuries in throwing athletes [1]. In
their series, 9 of 70 throwers (12.8%) had such
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pathology. After surgical treatment, seven of the
nine (78%) returned to their previous level of
play. More recently, Osbahr and colleagues
looked at a subgroup of patients undergoing UCL
reconstruction that underwent concomitant
flexor-pronator repair. Eight of 187 patients had
such an injury, and only one of eight returned to
their previous level of play [2]. Five of the eight
had poor outcomes. Clearly, these results are
inferior to those reported with isolated UCL
reconstruction. It is important to recognize that
these were all professional baseball players, and
therefore, return to the previous level of play was
difficult, but these numbers are in stark contrast
to the 90% or greater return to the previous level
of play for players with isolated UCL injuries
that undergo reconstructive surgery [9, 10].
Interestingly, one reason for the better results in
the Conway series may be due to the fact that
they were using the historical flexor-pronator
take-down approach, as opposed to the muscle
splitting approach . Our present treatment algo-
rithm is to use this same approach for combined
pathology, which may result in improved out-
comes in the future.

The main complication seen in patients with
combined UCL and flexor-pronator mass injuries
is reoperation. In the Osbahr series, three of eight
patients underwent reoperation for flexor-
pronator mass tear postoperatively. Two had
flexor-pronator mass debridements that subse-
quently tore, while the third was initially treated
for a full tear and retore his flexor-pronator mass.
Only one of these three returned to major league
baseball. Due to the high reoperation rate in that
series using the flexor-splitting approach, the
authors suggest using the flexor-pronator mass
take-down approach for all combined injuries, as
it allows for better visualization and assessment

of the flexor-pronator mass and minimizes dis-
section of the musculature.

References

1. Conway JE, Jobe FW, Glousman RE, Pink M. Medial
instability of the elbow in throwing athletes. Treatment
by repair or reconstruction of the ulnar collateral liga-
ment. J Bone Joint Surg Am. 1992;74(1):67-83.

2. Osbahr DC, Swaminathan SS, Allen AA, Dines JS,
Coleman SH, Altchek DW. Combined flexor-pronator
mass and ulnar collateral ligament injuries in the
elbows of older baseball players. Am J Sports Med.
2010;38(4):733-9.

3. Davidson PA, Pink M, Perry J, Jobe FW. Functional
anatomy of the flexor pronator muscle group in rela-
tion to the medial collateral ligament of the elbow. Am
J Sports Med. 1995;23(2):245-50.

4. Park MC, Ahmad CS. Dynamic contributions of the
flexor-pronator mass to elbow valgus stability. ] Bone
Joint Surg Am. 2004;86-A(10):2268-74.

5. Glousman RE, Barron J, Jobe FW, Perry J, Pink M. An
electromyographic analysis of the elbow in normal
and injured pitchers with medial collateral ligament
insufficiency. Am J Sports Med. 1992;20(3):311-7.

6. Hamilton CD, Glousman RE, Jobe FW, Brault J, Pink
M, Perry J. Dynamic stability of the elbow: electro-
myographic analysis of the flexor pronator group and
the extensor group in pitchers with valgus instability.
J Shoulder EIb Surg. 1996;5(5):347-54.

7. Smith GR, Altchek DW, Pagnani MJ, Keeley JR. A
muscle-splitting approach to the ulnar collateral liga-
ment of the elbow. Neuroanatomy and operative tech-
nique. Am J Sports Med. 1996;24(5):575-80.

8. Thompson WH, Jobe FW, Yocum LA, Pink MM. Ulnar
collateral ligament reconstruction in athletes: muscle-
splitting approach without transposition of the ulnar
nerve. J] Shoulder Elb Surg. 2001;10(2):152-7.

9. Rohrbough JT, Altchek DW, Hyman J, Williams RJ
3rd, Botts JD. Medial collateral ligament reconstruc-
tion of the elbow using the docking technique. Am J
Sports Med. 2002;30(4):541-8.

10. Vitale MA, Ahmad CS. The outcome of elbow
ulnar collateral ligament reconstruction in overhead
athletes: a systematic review. Am J Sports Med.
2008;36(6):1193-205.



®

Check for
updates

Ulnar Nerve Issues in Throwing

Athletes

26

Michael E. Angeline, Albert O. Gee,
Joshua S. Dines, and David W. Altchek

Introduction

The ulnar collateral ligament (UCL) reconstruc-
tion surgery has evolved over time since it was
first performed by Dr. Jobe in 1974 [1]. The origi-
nal technique described a submuscular ulnar
nerve transposition that was performed in each
case [2]. Since that time, further iterations have
utilized a subcutaneous transposition, while oth-
ers have moved away from an obligatory transpo-
sition of the nerve, performing it only selectively
when indicated [3-11]. This progression has
shown improved outcomes of UCL reconstruc-
tion surgery, particularly in regard to postopera-
tive ulnar nerve complications that have lessened
with newer techniques.
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History

When Dr. Frank Jobe performed his landmark
operation to reconstruct the UCL of the elbow
[2], he used a surgical approach that released the
flexor-pronator musculature off the medial
humeral epicondyle, dissected out and mobilized
the ulnar nerve prior to UCL reconstruction, and
performed a submuscular ulnar nerve transposi-
tion at the completion of the procedure (Figs. 26.1
and 26.2).

In the original series of 16 elite throwing ath-
letes, Jobe reported a significant complication
rate of 31%, which was mostly postoperative
ulnar nerve dysfunction [2]. Of the five patients
who had ulnar nerve symptoms after reconstruc-
tion, two required additional surgery for ulnar
nerve neurolysis. Despite this complication rate,
this procedure was considered a success as 63%
of these athletes were able to return to their previ-
ous level of the overhead sport.

In a follow-up series, which included the orig-
inal series described by Jobe, Conway and col-
leagues evaluated 71 athletes that underwent
either UCL repair or reconstruction with palmaris
longus autograft (14 repairs, 56 reconstructions)
using the same original technique that included
submuscular ulnar nerve transposition [12].
Follow-up ranged from 2 to 15 years and the
authors found a return to the previous competi-
tion level rate of 68% at an average of 1 year after
surgery. Again, complications mostly involved
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Medial epicondyle

Ulnar collateral
ligament, anterior

Ulnar nerve

Fig. 26.1 Illustration of the original approach to the
anterior band of the ulnar collateral ligament as described
by Jobe [2]. This technique called for a detachment of the
flexor-pronator mass from the medial epicondyle in order
to expose the UCL and also for the purpose of submuscu-
lar ulnar nerve transposition

Graft in place

Fig. 26.2 Illustration of the UCL reconstruction graft in
a figure-of-eight configuration from the original Jobe
technique [2]. Also diagrammed is the transposition of the
ulnar nerve

ulnar nerve problems postoperatively and were
reported in 15 patients (21%) of which nine
required further decompression surgery. At the
final follow-up, five patients continued to have
ulnar nerve paresthesias and one patient had
notable muscle wasting.

Surgical Modifications

In light of the high rate of postoperative ulnar
nerve complications, Jobe’s original technique
was modified in an effort to limit the extent of
dissection and detachment of the flexor-pronator
mass and minimize handling of the ulnar nerve.

The Hospital for Special Surgery
(HSS) Technique

Smith et al. [13] were the first to describe a
muscle-splitting approach in place of elevating
the entire flexor-pronator mass in a study con-
ducted at HSS. They described a safe zone in the
posterior one-third of the common flexor mus-
cle bundle to expose the UCL. The authors per-
formed a cadaveric study, in which they plotted
points of innervation of the flexor-pronator from
branches of the median and ulnar nerve and
identified a watershed area between the two
nerve distributions that defined the muscle-split
(Fig. 26.3).

In their initial series of 22 patients who
underwent UCL surgery (6 traditional recon-
structions, 5 had augmented repairs, and 11 pri-
mary repairs with suture-anchors) through this
approach, they noted no clinical evidence of
neuropathy of either the ulnar or median nerve
at 1 year after surgery [13].

Using this muscle splitting approach,
Rohrbough et al. [7] described a series of 36
patients who underwent UCL reconstruction
using a newly described humeral bone tunnel
configuration, decreasing the number of drill
holes from three to a single tunnel, which was
termed the “docking technique” (Fig. 26.4). In
their series, ulnar nerve transposition was only
performed if the patient had a history of chronic
nerve symptoms preoperatively and characteris-
tic findings on physical examination. A total of
two patients underwent a subcutaneous ulnar
nerve transposition, which was stabilized with a
fascial sling. One patient had ulnar nerve pares-
thesias that resolved within 3 weeks after surgery.
Overall, 33 of 36 patients returned to their prein-
jury level of activity or higher at a mean follow-
up of 3.3 years.

In a more recent follow-up of UCL recon-
structions performed using this same docking
technique, Dodson et al. [9] found ongoing
excellent results in 90% of the 100 patients in
this series. A total of 22 patients underwent sub-
cutaneous ulnar nerve transposition using an
intermuscular septal sling [14]. This resulted in a
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Fig. 26.3 A diagram of
the “safe zone” for a
muscle-split approach
and the relationship of
this split to the

underlying UCL [13] Medial epicondyle

Muscle split

Fig. 26.4 (a) Clinical photo of the docking technique
using a double-stranded palmaris longus graft. (b)
Diagram of the docking technique illustrating the graft

2% complication rate as related to the ulnar
nerve. These two patients had no preoperative
nerve symptoms, and both had complete resolu-
tion of their symptoms after subsequent ulnar
nerve transposition and had excellent results at
final follow-up.

Sublime tubercle

Median

configuration and docking of both free ends into a single
humeral tunnel with a bone bridge to secure and tension
the graft [9]

American Sports Medicine Institute
(ASMI) Technique

During this same time period, another group of
surgeons at the ASMI developed an alternate
modification of Jobe’s original surgical technique
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that was first published by Azar et al. [5]. They
performed UCL surgery using a technique in
which they retracted the flexor carpi ulnaris
(FCU) anteriorly without detaching the muscle of
the humeral epicondyle. Routine ulnar nerve
transposition was performed in each case; how-
ever, they performed a subcutaneous ulnar nerve
transposition in their technique using slings
developed from the underlying fascia of the
flexor-pronator musculature (Fig. 26.5). In their
series of 91 throwing athletes who underwent
UCL surgery (13 direct repairs and 78 recon-
structions), they reported one case of transient
ulnar nerve symptoms and found that 9 out of 10
patients who had preoperative ulnar nerve neuri-
tis had resolution postoperatively. In this series,
79% of the throwing athletes who underwent
reconstruction returned to their preinjury level or
higher, while only 63% of direct repair patients
were able to return to the same level of throwing
activity.

In a follow-up to this original series, Cain
et al. [15] evaluated a series of 1281 athletes (942
patients had a minimum 2-year follow-up) who
underwent UCL surgery using this same surgical
technique of FCU retraction anteriorly without
detachment and subcutaneous ulnar nerve trans-
position in each case. The vast majority of these
patients was overhead-throwing athletes and
underwent autograft reconstruction, primarily
using palmaris longus. They reported a return to

Fig. 26.5 Illustration of the subcutaneous ulnar nerve
transposition which is secured using two fascial slings
that have been elevated from the flexor-pronator mass [5]

preinjury or higher level of competition in 83%
of patients.

Again, the most common postoperative com-
plication was ulnar nerve related. They reported a
total of 121 patients (16%) with neuropraxia of
the nerve, of which the vast majority (99 out of
121) completely resolved at 6 weeks. Only one
patient had the motor and sensory deficits, which
required further operative intervention. They
noted that postoperative ulnar nerve dysfunction
did not affect the rate of return to previous level
of competition.

In this large series, the authors noted that their
ulnar nerve complication rate was 20% in the
early part of their data collection period (these
were all transient neuropraxias). In response,
they modified their ulnar nerve transposition
technique, where instead of two fascial slings as
described originally, they now utilize either one
sling of fascia from the flexor mass or a single
strip of the medial intermuscular septum that
remains attached to the medial epicondyle of the
humerus. This resulted in a decrease in the rate of
postoperative ulnar nerve symptoms [6].

In a hybrid technique that was published by
Thompson, Jobe, and colleagues [11], the authors
utilized the muscle splitting approach to the UCL
as described by Smith et al. [13] (HSS technique)
but utilized the original tunnel and graft configu-
ration from Jobe’s original technique [2]. In addi-
tion, the ulnar nerve was left alone and no
transpositions were performed, even in patients
who presented with signs of preoperative ulnar
nerve irritation. In their series of 83 patients, they
noted a 5% ulnar nerve complication rate postop-
eratively, and all resolved without further sur-
gery. Interestingly, 21% of athletes had ulnar
nerve symptoms preoperatively, but none of these
patients had ulnar nerve transposition, and at
final follow-up, there were no instances of resid-
ual ulnar neuropathy. The authors postulated that
minimizing the exposure and handling of the
nerve were responsible for the lower rate of com-
plications after surgery and that even those ath-
letes who had preoperative symptoms had
resolution after UCL reconstruction without neu-
rolysis and transposition of the ulnar nerve. They
attributed this to a traction neuropraxia due to
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valgus instability that resolved after UCL
reconstruction, and therefore, the nerve symp-
toms would be expected to resolve as well.

Ulnar Nerve Dysfunction
in Throwing Athletes

Ulnar nerve problems are common in the throw-
ing athlete and the second most common entrap-
ment neuropathy in the upper extremity [16]. The
anatomy of the ulnar nerve and the course in
which it travels through the upper extremity
make it susceptible to injury, especially when the
elbow is loaded in the extremes that come with
throwing sports such as baseball pitching [15].

Ulnar Nerve Anatomy and Sites
of Compression

Starting proximally, a common potential site of
compression is at the arcade of Struthers. This is
located approximately 8 cm proximal to the
medial epicondyle and represents a deep fascial
band in the arm, which attaches the medial head
of the triceps to the medial intermuscular septum.
This arcade has been reported in 70% of individ-
uals and is a common compression site of the
uln