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Foreword

When we discuss the importance of this specific book, nothing serves the
orthopaedic surgeon involved in baseball medicine better than a single source
for baseball injuries to the hand and wrist.

As sports medicine has become large and a more complicated part of
orthopaedic surgery, it has also become more sports specific. It is so specific
that it has now been broken down into certain individual positions of a par-
ticular sport.

Baseball is no exception to this phenomenon. As seen in this book on hand
and wrist injuries in baseball, it can even be specific for individual positions
such as the pitcher, catcher, and position players.

As discussed in Dr. Lourie’s introduction: a recent review of Major League
Baseball injuries had hand and wrist injuries as the number three most com-
mon. This was only secondary behind shoulder and elbow injuries. Even
more important is the likelihood of significant time on the disabled list with a
hand or wrist injury because of its importance to both throwing and fielding a
ball, as well as batting.

The lead author has had significant experience with baseball, especially
hand and wrist. As a lead orthopaedic consultant to a professional baseball
team, a high-level college baseball team, and experience with a large number
of high school youth teams, he has put together a most comprehensive book
on baseball hand and wrist injuries! He has also included a who’s who list of
expert co-authors for individual chapters that have a world of experience.

This book addresses in order from the mundane to the more complex inju-
ries seen in the baseball hand and wrist. This includes from fractures to liga-
ments to tendon and nerve injuries, and contains special topics such as the
injuries seen in the youth hand and wrist. It also includes the cumulative
knowledge as seen through the eyes of some very prominent baseball athletic
trainers who are on the front lines.

For those of us with a keen interest in all injuries seen in baseball (called
baseball medicine) we cannot thank Dr. Lourie and his contributors enough
for sharing their experience and expertise with us!

Enough said except for a thought to the interested surgeon: “there is no
better source of direction and guidance than this all-encompassing text.”

Andrews Institute James R. Andrews
Gulf Breeze, FL, USA



Introduction

Baseball remains America’s pastime and has truly captured a worldwide
audience. With a jump in participation has come an escalating incidence of
injury. A recent MLB review of hand and wrist injuries found its incidence
third in frequency, closely behind the elbow and shoulder. Further, time on
the injured list can frequently surpass the elbow and shoulder. Youth baseball
may have an even more profound effect due to the underestimation of the
injury and delay in diagnosis and treatment. The position played, the need to
bat and field, along with the inability to play with protective splints make
management of these injuries a task for the clinician. The goal remains early
return to play with minimal risk; however, the literature is deficient with spe-
cific recommendations in managing these injuries specific to baseball. The
goal of this book is to provide a comprehensive review of soft tissue, bone,
ligament, nerve, and vascular injury particular to baseball. Well-recognized
team physicians and surgeons along with athletic trainers serve as authors
holding to a consistent outline of pertinent clinical anatomy, diagnosis, treat-
ment, and recommendations for return to play. I want to thank my head ath-
letic trainers, specifically Jeff Porter and George Poulis of the Atlanta Braves
and Joe B. Chandler, MD, our emeritus team physician, for their friendship,
guidance, and mentoring throughout the years. Many thanks to my nurse
Brittany Logan who took such great care of my patients allowing me more
time to work on the book. In addition, special gratefulness to my children
Jackson, Wesleigh, and Allie along with my wife Yvette for understanding the
time necessary to complete this project.

Hand and Upper Extremity Surgeon Atlanta Braves Gary M. Lourie
Head Team Physician Georgia Tech Baseball

Atlanta, GA, USA

May 2021
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Distal Radius Fractures in Baseball

Jeffrey A. O’'Donnell and Marc Richard

Define the Specific Injury Your
Chapter Will Address

Distal radius fracture is a fracture of the distal
metaphysis of the radius with or without articular
involvement.

Discuss its overall incidence in sports in gen-
eral and then give an estimate of its presence in
baseball. In doing this, discuss how this injury
may be unique to baseball.

Distal radius fractures are the most common
fracture of the upper extremity and athletes are
no exception. Injury can not only impact a play-
er’s competitiveness but also the longevity of
their career [1]. The mechanism, evaluation,
treatment, and rehabilitation strategies are simi-
lar among athletes with a few unique and impor-
tant considerations.

Distal radius fractures occur in a bimodal dis-
tribution, peaking in youths and in adults over 65
[2, 3]. The increased prevalence in older adults is
attributed to osteoporosis and postural instability
leading to falls [4]. Fractures in youth occur com-
monly in sports-related settings with approxi-
mately 25% of all sports-related injuries involving
the hand or wrist [5].

J. A. O’Donnell (<)) - M. Richard

Department of Orthopaedic Surgery, Duke University
Medical Center, Durham, NC, USA

e-mail: Jeffrey.odonnell @duke.edu

© Springer Nature Switzerland AG 2022
G. M. Lourie (ed.), Hand and Wrist Injuries in Baseball,
https://doi.org/10.1007/978-3-030-81659-9_1

Upper extremity injuries are particularly
common in baseball. From 2010 to 2016, there
were 3512 injuries in Major League Baseball
(MLB). Of these, 49% affected the upper extrem-
ity. On average, players were put on Injured
Lists (IL) due to upper limb injuries for
71 = 57 days [6].

A 2009 study assessing frequency of upper
extremity fractures in the United States found the
incidence of distal radius and ulna fractures to be
the most common. Rates were 16.2 distal radius
fractures per 10,000 persons [7]. This is in line
with other epidemiological studies which esti-
mate the incidence in the United States nearly
650,000 fractures annually [3].

Sport-related injuries represent the third most
common cause of fracture [8]. Athletes represent
a significant portion of the population sustaining
distal radius fractures. In a 1-year sample of 1044
fractures treated at the Royal Infirmary of
Edinburgh, 12.5% were related to sport [9]. This
analysis did not include injuries from baseball
and the incidence of distal radius fractures in
baseball is not as clear. Fractures can occur
through falls and collision or from direct ball-
contact. Direct ball-contact causing fracture is
exceedingly rare with only one radius fracture
occurring within a 5-year period among colle-
giate baseball athletes [10].
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Pertinent Anatomy of the Injury
You Are Describing. Please Make It
Clinical Anatomy

The distal radius is a platform for the carpus and
has three independent articulating surfaces: the
scaphoid fossa, the lunate fossa, and the sigmoid
notch. These articulate with the scaphoid, lunate,
and distal ulna, respectively. Ligamentous com-
plexes provide stability to the articulations of the
wrist. Extrinsic ligaments link the carpus to the
distal radius. The distal radius and ulna, articula-
tion with the carpus, and distal radioulnar joint
(DRUJ) can be conceptualized into three distinct
columns: (1) radial column, (2) intermediate col-
umn, and (3) ulnar column. The metadiaphysis of
the distal radius functions as a supporting pillar
of bone (Fig. 1.1) [11].

The radial column contains the radial styloid,
scaphoid facet. The radial column does not have
significant weight-bearing function, but rather it
acts as a buttress for the carpus with radioulnar
deviation with ligamentous attachments that pre-
vent carpal translation. When disrupted from a
fracture, the brachioradialis contractile force
causes radial deviation, and loss of radial height
and inclination [12].

The intermediate column of the distal radius is
formed by the lunate facet and sigmoid notch.
This column is responsible for load bearing
through the lunate facet (Fig. 1.2). Ligamentous

Styloid
process ~_

Ulnar head, TFCC

of the ulna ¢

Medial column

attachments prevent carpal translation. The
robust ligaments of the lunate facet are necessar-
ily strong that is why the carpus is virtually
always displaced with the medial fragment of the
fractured distal radius. The volar lunate facet
fragment is at the distal, volar, and ulnar portion
of the radius. This piece is critical because of its
attachment to the volar radiocarpal and radioul-
nar ligaments. The fragment typically involves
the sigmoid notch and can affect DRUIJ stability
[12]. Articular congruency and mechanical align-
ment of the intermediate column must be reestab-
lished after a fracture given its weight-bearing
function. The sigmoid notch acts as a saddle for
the distal ulna to facilitate a combination of trans-

Intraarticular Radial column

Dorsal ulnar

split
~

Fig. 1.2 Illustration depicting classification of fragments
that may result from a multifragmentary distal radius frac-
ture (He and Blazar [77])

Lister’s tubercle

\
\

Styloid process
of the radius

i

Intermediate column Lateral column

Fig. 1.1 Three-column model of distal radius fracture (He and Blazar [77])
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lation and rotation. The ligament attachments
between the radius and ulna stabilize the DRUJ in
pronosupination [12].

The ulnar column is composed of the distal
ulna and triangular fibrocartilage complex
(TFCC). The volar and dorsal radioulnar liga-
ments are a component of the TFCC and are the
primary stabilizers of the DRUIJ. Together the
ulnar column serves as a rotational axis for wrist
pronation and supination. Loss of radial height
with distal radius fractures can disrupt the TFCC
and lead to loss of inclination and volar tilt [12].

The distal articular surface of the distal
radius has a radial inclination averaging 22°
(21-25°) and an average volar tilt of 11° (2-20°).
The sigmoid notch angles distally and ulnarly
an average of 22°. The average radial height is
12 mm with an ulnar variance of just under
1 mm negative with a large range [13]. With
upper extremity use, the distal radius bears
approximately 80% of the stress placed across
the wrist joint with neutral ulnar variance. As
positive ulnar variance increases, for instance,
after a distal radius fracture resulting in shorten-
ing, there is increased stress placed across the
distal ulna. This can lead to impaction of the
ulna against the lunate and triquetrum, wrist
pain, and ultimately degenerative changes in the
carpus and TFCC [15].

The carpal tunnel is enclosed by carpal bones
and by the flexor retinaculum with little room for
expansion. The tunnel is narrow and allows pas-
sage of nine tendons and the median nerve and
course volar with proximity to the distal radius.
Acute carpal tunnel can occur after distal radius
fractures and is characterized by pain and pares-
thesia due to increased carpal pressure within a
non-expandable space. The etiology of this
increased pressure can be due to fracture dis-
placement and displaced fragments, hematoma,
edema, anesthetic injection, and immobilization
in excessive flexion [16].

The extensor pollicis longus (EPL) tendon is
held against the dorsal surface of the distal radius
wrapping around Lister tubercle. Injury can occur
in fracture situations due to this close proximity
to bone [17]. EPL rupture is a complication after
distal radius fractures secondary to several dis-

tinct etiologies: laceration by a sharp fragment of
bone, injury during reduction or fixation, injury
or disturbance to the blood supply, and local
adhesions [18]. Hirasawa et al. note that the third
dorsal compartment narrows around Lister tuber-
cle, and the tendon can become entrapped after a
fracture leading to decreasing vascularity, nutri-
tion, and eventually avascular necrosis and rup-
ture [19].

The watershed line is a useful anatomic land-
mark for volar plating of distal radius fractures.
The volar distal radius has a concave profile for
the pronator fossa, and the distal ridge is the
watershed line [20]. The mean distance between
the distal margin of the pronator quadratus and
the distal edge of the pronator fossa is 3.9 mm
(Fig. 1.3) [21]. This is classically the distal mar-
gin for volar plating to mitigate flexor tendon irri-
tation and possible rupture [22].

The pediatric patient with a distal radius frac-
ture presents a unique set of challenges.
Developmentally around 8 weeks of gestation,
the primary ossification centers of the radius and
ulna appear. The distal radial epiphysis becomes
radiographically apparent between the ages of 8
and 18 months. The distal ulnar epiphysis ossi-
fies at roughly 6 years of age [23]. The distal
radial physis contributes approximately 75% of
the longitudinal growth of the radius and for this
reason can have significant remodeling potential
in young children [24]. This will impact the
treatment strategy for these fractures. It is
thought that up to 10° of dorsal-volar angulation
per year may remodel with continued growth
[23]. Potential for remodeling depends on
amount of growth remaining, distance from the
adjacent physis, degree of angulation, and the
direction of deformity. Fractures close to the
physis in the plane of adjacent joint motion, in
young patients, generally have the greatest
potential for remodeling. The physis blood sup-
ply is primarily from the epiphysis and is rarely
disrupted by a physeal fracture. Although most
of these fractures heal without complication,
some result in partial or complete physeal arrest
which can have clinically impactful conse-
quences given the growth potential of the distal
radius [24].
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Fig. 1.3 (a) Radius from the volar aspect. The red dotted
line indicates the distal margin of the pronator quadratus,
and red and blue dots indicate the medial and lateral prom-
inences, respectively. The blue dotted line indicates the
connection of the distal bony demarcation points, and the
orange dotted line indicates the connection of the proximal

Mechanism of Injury

The mechanism of injury of distal radius frac-
tures in baseball is no different than in the com-
munity. In young athletes, distal radius fractures
occur after collisions, falls, or direct impact inju-
ries causing a compressive load to the distal
radius. The most common mechanism of distal
radius fracture is a fall onto an outstretched

bony demarcation points. (b) Sagittal section of the radius,
which is cut on the line that coincided with the yellow line
indicated by an asterisk in (a). The red dot indicates the
medial prominence. The blue arrow indicates the distal
bony demarcation point, and the orange arrow indicates
the proximal bony demarcation point (Imatani et al. [21])

extended wrist. In this situation, the radius will
fail in tension on the volar surface and progress
dorsally where torsional, bending, compressive,
and shear forces influence the injury pattern and
articular involvement. Metaphyseal involvement
can further affect the stability of the fracture [25,
26]. Often the scaphoid or lunate will impact into
the distal radius which can create a “die-punch”
fragment. There are several patterns of injury that



1 Distal Radius Fractures in Baseball

depend on the violence of the injury as well as the
position of the wrist during the contact. The liga-
mentous structures play an important role in the
specific fracture pattern encountered.

History/Differential Dx

The presentation of a distal radius fracture is often
clinically evident even prior to radiographic evi-
dence has been obtained due to the associated
wrist deformity seen. It is thus important to not
fixate on the distal radius fracture, but rather per-
form a systematic history to avoid missing an
occult or simultaneous injury. This is especially
relevant in pediatric patients, in whom it can be
more difficult to diagnose these injuries. History
should focus on mechanism, duration, and quality
of symptoms. Factors that may affect management
include age, handedness, previous injuries, posi-
tion and level of play in baseball, timing of the
injury relative to season responsibilities, and
comorbid conditions. Questioning should focus on
location and character of pain, associated numb-
ness, tingling, weakness, and discoloration [14].
The mechanism most commonly associated with a
distal radius fracture, fall onto an extended out-
stretched hand, is associated with a number of
other injuries, and the differential diagnoses for
traumatic distal wrist pain are broad. Included on
this list are other fractures, ligament injuries, insta-
bility patterns, and contusions. Fractures of the
scaphoid, hamate, ulna, and other carpal bones
should be ruled out. Injuries to the DRUJ, TFCC,
scapholunate, and other ligamentous injuries are
critical to identify. Ligament injuries can rarely
present as lunate or perilunate dislocations or
scapholunate dissociation. These injuries, although
clinically distinct, can have similar presentations
and may present simultaneously. Gathering a thor-
ough but directed history can narrow this differen-
tial and guide future treatment strategy [27].

Directed Physical Exam

The clinician should begin a directed physical
exam in the standard fashion with inspection,
palpation, range of motion, strength, and special

tests. Inspect the injured extremity for deformity,
swelling, and any open fractures. Careful inspec-
tion is important to distinguish between an abra-
sion and a poke-hole open fracture. The typically
location of skin breach of a poke-hole open frac-
ture is at the volar, ulnar aspect of the distal
radius. This area should be particularly scruti-
nized to avoid missing an open fracture.

A “dinner-fork” deformity can classically be
seen with a dorsally displaced distal radius frac-
ture, but any deformity should be noted.
Palpation of the wrist can identify concomitant
injuries as well. Anatomic snuffbox tenderness
may be the only initial clue to identify a scaph-
oid fracture not initially visible on radiographic
evaluation. Neurologic assessment including
motor and sensory function of the median, radial,
and ulnar nerves is essential. Acute carpal tunnel
can occur with fractures of the distal radius and
should not be missed. A vascular exam docu-
menting radial pulse, capillary refill, and Allen
testing is important especially prior to surgical
intervention. Range of motion and evaluation of
the DRUJ will be limited in the setting of a distal
radius fracture due to the injury or discomfort.
Finally, an examination of the ipsilateral shoul-
der, elbow, and hand should be completed as
well.

Imaging Including Advanced
Methods

Plain radiographs are often the first diagnostic
imaging studies obtained when evaluating distal
radius fractures. Radiographs can have an impact
on how fractures are approached and treated.
Computed tomography (CT) and magnetic reso-
nance imaging (MRI) are adjuncts and can pro-
vide additional information in certain cases. CT
yields anatomic details related to the fracture,
articular reduction, and can be useful for surgical
planning to reveal fracture fragment position.
Data has shown that CT is more reliable for
quantifying articular surface incongruity of the
distal radius than plain radiographic measure-
ments [28]. MRI is a helpful adjunct that can
identify occult fractures, injuries to the TFCC,
and intrinsic wrist ligaments.
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Typically, standard posterior—anterior (PA),
lateral, and oblique films are obtained and should
be evaluated for changes in radiographic land-
marks, parameters, and fragmentation pattern
[14]. The PA should be acquired with the patient’s
elbow at 90° and the forearm in neutral rotation.
When the lateral view is acquired correctly, the
pisiform should be superimposed on the distal
pole of the scaphoid. The lateral can be shot with
a 10-20° inclined view directed from distal radial
to proximal ulnar, for better assessment of tilt and
articular congruence. A 45° pronated oblique
view profiles the dorsal ulnar cortex that supports
the dorsal lunate articular facet [29].

There are several measurements that can be
made on a PA view including radial height,
inclination, ulnar variance, and radial transla-
tion ratio. Radial height is measured as two
perpendicular lines: one at the tip of the radial

Fig. 1.4 Radial height — to obtain radial height, two lines
are drawn perpendicular to a line that projects along long
axis of the radius. One is at tip of radial styloid and the
other at ulnar border of distal radial articular surface

styloid and the other at the ulnar border of the
distal radial articular surface (Fig. 1.4) [30].
The average radial height is 12 mm. Excessive
shortening can be seen after fracture with
associated TFCC injury [31]. Radial inclina-
tion is approximately 23° (range, 13-30°) and
is formed from the angle between the radial
articular surface and a line perpendicular to
the longitudinal axis of the radius (Fig. 1.5)
[14]. This is altered in fractures of the distal
radius with styloid involvement as the bra-
chioradialis tendon pulls and shortens this
fragment. Ulnar variance is the distance
between parallel lines drawn first at the level
of the radial sigmoid notch and the second at
the level of the lateral cortical margin of the
distal ulna (Fig. 1.6) [30]. With radial shorten-
ing and positive ulnar variance, the stress

Fig. 1.5 Radial inclination — formed by a line perpen-
dicular to long axis of radius and a line connecting radial
and ulnar articular surface of distal radius
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Fig. 1.6 Ulnar variance — the vertical distance between
two tangential perpendicular to long axis of radius. One
line is at the level of radial lunate fossa and the other is at
the level of the lateral cortical margin of distal ulna

placed across the ulna increases. There is a
wide range for “normal” variance and contra-
lateral wrist radiographs can clue a clinician
into what is normal for an individual. Radial
translation ratio is measured as the fraction of
the DRUJ gap relative to the radioulnar width
of the proximal fracture fragment. The DRUJ
gap is the distance between two longitudinal
lines between the sigmoid notch and the adja-
cent ulnar head. This measurement has shown
high diagnostic accuracy rate (90%) for pre-
dicting DRUJ instability with the relative risk
of instability increasing by 50% with the ratio
increasing by just 1% [31].

Fig. 1.7 Volar tilt — the angle between a line perpendicu-
lar to central axis of radius and a line connecting the dor-
sal and volar margins of the distal radius articular surface
on a lateral view

Lateral radiographs can inform on volar tilt
and teardrop angle. Volar tilt is measured from a
line perpendicular to the longitudinal axis of the
radius and one connecting the dorsal and volar
articular surface of the distal radius [28]. Average
volar tilt is roughly 11° (2-20°) (Fig. 1.7) [15].
Loss of this tilt can be seen with distal radius
fractures. A teardrop angle can inform about
articular incongruity. The volar rim of the lunate
facet forms a teardrop shape at the distal, volar
surface on the lateral view. A teardrop angle is
measured by the angle made between the central
axis of the radius and a line drawn through the
lunate facet—teardrop. A normal teardrop angle is
approximately 70° (Fig. 1.8) [14, 30].

The aim in measuring these radiographic
parameters is to guide treatment strategy by clini-
cians and to predict fracture stability and critique
reduction. The parameters for instability are
poorly defined and vary with age and functional
demands. In 1989, Lafontaine identified five fac-
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Fig. 1.8 Volar teardrop angle — formed by a line down
long axis of radius that intersects a line drawn through
center of lunate facet or teardrop

tors predictive of fracture instability including
dorsal tilt exceeding 20°, dorsal comminution,
fracture involvement of the radiocarpal joint,
associated ulna fractures, and age over 60. A
fracture was considered unstable if three or more
of these variables were present [31]. This has
evolved over the years with substantial effort
made to identify predictors of secondary dis-
placement. In the early 2000s, a fracture was
thought to be inherently unstable with articular
incongruity greater than 2 mm, dorsal tilt past
neutral, radial inclination less than 15°, ulnar
positive variance of greater than 4 mm, ulnar
translation of the distal complex greater than
4 mm, and metaphyseal comminution of greater
than 50% the PA dimension. In 2016, a system-
atic review of 27 studies found that the following

radiographic parameters were predictive of sec-
ondary fracture displacement: shortening, volar
comminution, loss of radial inclination, the pres-
ence of a volar hook, AO classification type 3
fractures, and Older’s classification [32].
Interestingly, articular incongruity was not found
to be predictive in this review. Although not
predictive, the importance of a congruous reduc-
tion has been shown to prevent radiographic
osteoarthrosis which has been found to be 100%
in wrists with articular incongruity of 2 mm or
more [33]. With articular displacement of just
1 mm, pain and stiffness can result [33, 34]. All
of these factors can be described by plain radio-
graphs, illustrating the unique and important role
in their use after distal radius fractures.

Conservative Treatment

Closed or operative management of distal radius
fractures seek to restore stability, motion, align-
ment, length, and articular  congruity.
Nonoperative management of a distal radius con-
sists of a period of roughly 6 weeks in a splint or
cast. Conservative treatment can be considered in
nondisplaced, extra-articular fractures or stable,
reduced fractures. If the patient presents with a
nondisplaced fracture, they can be treated with 4
to 6 weeks of a short arm cast followed by a
removable orthosis for comfort. If the fracture is
displaced, a closed reduction prior to casting, or
sugar-tong splinting, should be performed. This
is followed by radiographs after reduction and
weekly thereafter to assess for interval displace-
ment. If no displacement after 1-2 weeks, the
splint can be transitioned to a short arm cast to
complete 6 weeks of immobilization [36].

The technique of closed reduction, briefly,
relies on an understanding of the deforming
forces and original mechanism of injury. For a
typical distal radius fracture, this process involves
recreation of the deformity through wrist exten-
sion, followed by traction, slight wrist flexion,
volar carpal translation, and slight ulnar deviation
with dorsal pressure on the fracture fragment.
The traction can restore length and alignment
through ligamentotaxis, while the volar carpal
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translation can assist with restoration of volar tilt
and ulnar deviation combats the pull from the
brachioradialis. Adjunct techniques like a local
hematoma block and gentle hanging traction
prior to a reduction can improve patient relax-
ation and fatigue forearm musculature to make
reduction maneuvers easier to perform. It is
important to place the patient in a sugar-tong
splint with a three-point mold to hold the reduc-
tion and prevent rotation of the fracture frag-
ments. Too much wrist flexion and ulnar deviation
lead to acute carpal tunnel syndrome and stift-
ness. Radiographs are obtained to confirm an
adequate reduction.

In order to pursue nonoperative management,
several principles must be met. Enough stability
is important to prevent secondary displacement,
which prompts delayed surgical fixation. This
can lead to prolonged time away from sport.
Multiple studies have tried to predict the risk of
secondary displacement, and factors suggested
include age greater than 60, shortening, volar
comminution, dorsal comminution, loss of radial
inclination, the presence of a volar hook, AO type
3 fractures, associated ulna fractures, and intra-
articular involvement. These factors are not abso-
lute and serial clinical and radiographic evaluation
has been recommended two to three times over
the first 3 weeks after injury so that any displace-
ment can be detected early and corrected prior to
fracture union [37].

Articular fracture can lead to post-traumatic
arthritis and stiffness in athletes if not properly
reduced. A congruous reduction is critical to
reduce cartilage wear and degenerative changes.
Jupiter et al. showed that with just 2 mm or more
of articular displacement on radiographs, wrists
developed radiographic signs of arthrosis 100%
of the time [33]. With articular displacement of
just 1 mm, pain and stiffness can result [34, 35].
Near full range of motion is necessary for return
to previous level of play, and any stiffness can
adversely affect wrist kinematics and perfor-
mance of an athlete. With limitations on motion,
functional performance is decreased when wrist
motion coupling is constrained with tasks like
throwing [37]. Thus, before nonoperative treat-
ment is pursued in an athlete, articular reduction

must be critically analyzed with orthogonal
radiographs or CT scan to improve future
performance.

Nonoperative treatment in athletes with distal
radius fractures can be a reasonable treatment
option in sufficiently stable fractures, with articu-
lar congruity, normal radial length, alignment,
and rotation. Initial nonoperative treatment or
delayed surgical treatment can allow an athlete,
who is late in a season, to effectively compete in
a cast depending on the position they play. This is
possible for athletes whose position can be per-
formed with the use of one arm, and who are not
limited by pain from the acute injury.

Surgical Treatment

In those who value a more rapid rehabilitation,
those with unstable fractures, or those needing
anatomic restoration, surgery is considered.
There are many different options for fixation that
primarily depend on fracture characteristics.
Although it is widely accepted that surgical treat-
ment results in a more anatomic restoration, there
is no definite evidence to support one method of
fixation over another [38—44]. More importantly
is the recognition of the specific fracture pattern
and the identification of a suitable fixation
method. Fracture displacement is not uncommon,
occurring in an average of one in eight people ini-
tially treated nonoperatively. It is critical to iden-
tify an unstable fracture to avoid lost reduction
and prevent unnecessary time away from sport.
The American Academy of Orthopaedic Surgeons
practice guidelines on treatment of distal radius
fractures suggest operative fixation for radial
shortening greater than 3 mm, dorsal tilt greater
than 10° from neutral, or intra-articular displace-
ment of more than 2 mm.

The fixation options following a distal radius
fracture include volar plating, dorsal plating, per-
cutaneous pin fixation, fragment-specific fixa-
tion, external fixation, percutaneous Kirschner
wires, and spanning plate fixation [27]. The
surgical technique used depends on the location,
number, and displacement of the fracture frag-
ments. Of the options available, locked volar
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plating is performed most commonly. This
evolved as a popular option in an attempt to
decrease incidence of extensor tendon irritation.
Clinical studies comparing dorsal and locked
volar plating have shown mechanically equiva-
lent, and potentially superior, outcomes with the
latter [41, 42, 45, 46]. Fragment-specific fixation
utilizes multiple small plates to address individ-
ual fracture fragments. Percutaneous pin fixation
with supplemental casting can be an effective
option in simple fractures. In cases of severe
comminution, consideration is given to spanning
plate fixation in order to regain normal length,
alignment, and rotation (Fig. 1.9). Stiffness is
common after placement of a dorsal spanning
plate which can affect an athlete’s performance.
Fortunately, severe comminution is not typical in
athletes due to excellent bone quality [46, 49].

Fig. 1.9 Distal radius fracture treated with a dorsal span-
ning bridge plate (Brogan et al. [49])

Percutaneous pin fixation can be effective for
reducible simple fracture patterns when supple-
mented by an external cast. Cast immobilization
alone cannot adequately hold length and there-
fore, reduction can be lost. Percutaneous pinning
can be less demanding, less invasive, and faster
than open surgery. There are a variety of tech-
niques that have been described and include
radial styloid pins, crossed pins, dorsal-ulnar
corner pins, intrafocal pinning, trans-ulnar
oblique pinning, multifocal trans-ulnar to radius
pins, and double intrafocal pinning [47]. Kapandji
described the technique of double intrafocal wire
fixation to buttress and reestablish the volar tilt.
This procedure is performed after fluoroscopi-
cally confirmed closed reduction using Kirschner
wires. A radial styloid pin is typically placed first
to regain length and inclination. Careful attention
to the anatomy and technique is important to
avoid injury to the dorsal sensory nerves and
extensor tendons. Further, wires may be added to
increase the stability of the construct [48]. After
wire insertion, the extensor tendons are checked
by passive flexion of the digits and wrist tenode-
sis to ensure no tendons were tethered. Pins can
be cut above or below the skin. A well-padded
sugar-tong splint is applied for 2-3 weeks, fol-
lowed by a short arm cast for an additional
3-4 weeks. Forearm rotation is allowed after
2 weeks. The pins are removed 5 to 6 weeks after
reduction [27]. Of the surgery-related complica-
tions, infection requiring antibiotics and some-
times early wire removal occurred on average in
1 of 13 people who received percutaneous pin-
ning for distal radius fractures [47]. This has the
potential to delay return to sport in an athlete.
Little data is available comparing percutaneous
fixation to external immobilization in a cast.

Plate fixation is the most common means of
internal fixation for surgical management. A dor-
sal approach is preferred in certain situations
with more dorsal comminution because of
improved articular visualization, or bone graft-
ing. Attention to surgical technique and a sub-
periosteal elevation of the extensor compartments
allows for periosteum interposition between the
plate and extensor tendons. Indications for dorsal
plating include comminuted dorsally displaced
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fractures, dorsal shear fractures, comminuted
intra-articular fractures requiring direct visual-
ization of the joint, and fractures associated with
other carpal injuries requiring a dorsal approach
(such as proximal pole scaphoid fractures) [51].
The dorsal aspect of the radius is convex and has
little soft tissue between the plate, extensor ten-
dons, and skin, thus risking complications includ-
ing extensor tendon irritation and stiffness [42,
50, 51]. Volar plating through the flexor carpi
radialis (FCR) approach allows for a soft tissue
layer between the skin and the plate with less risk
of tendon irritation.

Volar plating falls into four categories: but-
tress plates, tine or blade plates, fixed-angle lock-
ing plates, and polyaxial locking plates [42].
Buttress plating can be used in shear-type frac-
tures, or those without comminution. Blade
plates have tines incorporated into the plate. They
have strength and stiffness to their construct, but
the shape of the tines in the plate dictates the
position it is placed in. Fixed-angle locking plates
have gained popularity in patients with osteopo-
rotic bone and are not limited to this patient pop-
ulation. They can engage target fracture fragments
and lock into the plate. The design has been
shown to be effective biomechanically and clini-
cally. Polyaxial locking plates have similar
advantages to locking plates but have more lee-
way for the trajectory of the screws with more
fragment-specific fixation. Volar locking plates
have led to a paradigm shift in the operative treat-
ment of distal radius fractures. There is a lot of
variety in these plates with multiple rows, screw
holes, multiaxial screw projection, and custom
drilling guides to make screw insertion easier.
The main indications for use include volar shear
fractures, radial shortening greater than 3 mm,
dorsal tilt greater than 10° from neutral, or intra-
articular displacement/step-off of more than
2 mm. With all of this interest, surgeons must
remain aware that some highly comminuted and
distal fractures may not be amenable to volar
plate fixation, such as dorsal shear fractures and
fractures involving the very distal volar ulnar cor-
ner [49].

Fragment-specific fixation allows a surgeon
to independently stabilize fracture fragments

using multiple implants. A combination of small
implants is used to recreate the anatomy of the
distal radius and increase rigidity with orthogo-
nal plates (Fig. 1.10). These constructs have
been shown to have equivalent or superior bio-
mechanical properties when compared to aug-
mented external fixation, dorsal internal fixation,
and volar fixed-angle internal fixation. One dis-
advantage of fragment-specific fixation is higher
rates of painful hardware in up to 10% of cases
and subsequent surgery for its removal
[52-59].

Ruch et al. described the classic approach to
volar fixation, utilizing the interval between the
FCR and radial artery [60]. Dissection is main-
tained on the radial aspect of the FCR tendon to
avoid injury to the palmar branch of the median
nerve. If a carpal tunnel release is necessary, a
separate carpal tunnel incision is typically rec-
ommended to avoid damage to the palmar branch
of the median nerve. The FCR tendon sheath is
incised sharply in a longitudinal direction, and
the FCR can be retracted ulnarly. The radial
artery is identified within the radial flap of tissue
so that its position can be referenced during the
surgery. The floor of the FCR tendon sheath and
the fascia overlying the flexor pollicis longus
muscle are incised in line with the skin incision.
The flexor pollicis longus muscle belly is swept
ulnarly to expose the underlying pronator qua-
dratus (PQ). Proximal to the PQ, the bare area of
the radius is exposed. The pronator is sharply
released with an inverted L-shaped incision, and
then the muscle is elevated from the underlying
periosteum. The radial attachment of the pronator
tendon is preserved to cover the hardware at the
completion of the surgery if desired.

The fracture site is exposed. Depending on the
fracture type, the brachioradialis can be released
from the radial styloid to aid with reduction, tak-
ing care to not injure the first dorsal compartment
tendons. The brachioradialis tendon inserts on
the radial column and can be a major deforming
force. Volar periosteum is carefully elevated to
expose the major fracture fragments with special
attention to the volar lunate facet to the sigmoid
notch. The fracture site can then be distracted and
debrided of hematoma or callus.



J. A.O’Donnell and M. Richard

Fig. 1.10 Fragment-specific fixation (He and Blazar [77])

Fragmented intra-articular fractures can prove
difficult to reduce. Our approach begins with the
reduction of the volar lunate facet and moves pro-
gressively dorsally and radially. Restoration of
the volar ulnar corner is crucial to reestablish the
distal radioulnar joint. Restoration of the
depressed lunate facet of the radius prevents the
intra-articular step-off associated with the devel-
opment of post-traumatic arthritis. To facilitate
reduction and control of the proximal diaphysis,
a serrated bone clamp is placed proximally on the
radial shaft. Intra-articular depressions then can

be elevated and reduced. A reduction is per-
formed, typically by exaggerating the original
deformity with extension, followed by axial trac-
tion, volar translation of the carpus, and ulnar
deviation of the wrist. The reduction is constantly
checked under fluoroscopy. A dental pick or freer
elevator can be used to aid in positioning the
volar lunate facet fragments to gain an anatomic
reduction.

The volar locking plate of choice is obtained
and positioned under fluoroscopic guidance
while maintaining the reduction. Plates are typi-
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cally pre-contoured and can be used as a template
for anatomic reduction by bringing the fracture
fragments to it. This is useful for restoration of
volar tilt. Distal radius fractures tend to shorten,
and distal screws inserted into subchondral bone
can limit this.

First, the oval shaft screw hole is drilled, and a
bicortical non-locking screw is placed. The posi-
tion of the plate in the proximal-to-distal direc-
tion is assessed with the locking guide placed in
the lunate facet screw hole to ensure that the tra-
jectory of the screw will not violate the radiocar-
pal joint. The plate position is confirmed to be
appropriate in the coronal plane with use of the
sigmoid notch view. Once the proper plate posi-
tion is attained, a second shaft screw is placed
after the plate position is optimized.

The remaining fracture fragments are reduced
to the plate with the use of a large pointed bone
tenaculum, and the distal locking screws are
placed from ulnar to radial. K-wires can be used
to aid with the articular reduction. One or
2 K-wires can be placed through the radial sty-
loid into the subchondral bone of the radiocarpal
articulation, and another can be placed from the
radial styloid into the proximal shaft. A 16-gauge
needle is used as a soft tissue protector and wire
guide to avoid injury to the superficial radial
nerve or the radial artery.

After the plate and screw construct is com-
plete, the stability of the distal radioulnar joint
(DRUYJ) is assessed using a shuck test with the
forearm positioned in neutral, pronation, and
then supination. If the DRUJ is unstable in prona-
tion or neutral, but stable in supination, the
patient is splinted in supination for 3 weeks. If
the DRUIJ is unstable in all positions of forearm
rotation, then reduction and fixation of a large
ulnar styloid fragment is performed. If no associ-
ated ulnar styloid fracture is present, then repair
of the triangular fibrocartilage complex (TFCC)
is performed. This can be achieved with either an
open or arthroscopic technique.

With an armamentarium of fixation options
available to surgeons, familiarity with the options
and their specific advantages and indications is
crucial to maximizing outcome for a patient.
Given the heterogeneity of fracture patterns and

factors specific to an individual, there is no uni-
versal treatment option when dealing with a dis-
tal radius fracture.

Post-treatment Rehab (There Will
Be a Specific Chapter to General
Guidelines)

Regardless of treatment modality, goals of reha-
bilitation after sustaining a distal radius fracture
are to restore motion. Unique to a throwing ath-
lete is the goal to restore wrist kinematics for
throwing and pitching. Throwing motion occurs
as a combination of movements in orthogonal
planes: flexion/extension and radial/ulnar devia-
tion. This motion is coupled to enhance force and
accuracy. In post-traumatic situations, i.e., distal
radius fractures, this coupling mechanism can be
disrupted which can lead to altered mechanics
and decreased performance [37].

An understanding of wrist kinematics can
help guide rehabilitation goals after a wrist injury
in a throwing athlete. The kinematics of the
shoulder during pitching has been well-studied
and is divided into phases. Motion at the wrist
coincides with the coordinated actions of the
shoulder. A study using a wrist goniometer and
strain gauge to record flexion/extension and
radial/ulnar deviation arcs in five professional
pitchers during spring baseball training defined
four stages of wrist motion during a pitch. The
first phase of pitching is the cocking phase, where
the wrist moves into maximal extension during
late cocking phase. This is followed by an explo-
sive phase with acceleration of the wrist which
leads to ball propulsion, which coincides with
shoulder acceleration. The ball is released lead-
ing to the third phase of wrist motion, decelera-
tion. This occurs with a sharp decrease in wrist
velocity as the wrist moves into maximal flexion
and occurs with the early stages of shoulder
follow-through. The final phase occurs as the
wrist returns to neutral and has been termed the
recovery phase [61].

Post-treatment rehabilitation in athletes
includes a brief period of immobilization with a
plaster splint or short arm cast typically for
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14 days depending on the fracture stability, pat-
tern, and patient age. This period is increased
for some pediatric patients and for those treated
nonoperatively. If there is doubt about stability,
patient compliance, or interval callus forma-
tion, it is reasonable to delay the initiation of
wrist motion. Calderon et al. showed that early
range of motion exercises may speed early
recovery but not necessarily change final range
of motion [62]. With reliable fixation, the plas-
ter splint or cast can be replaced with a remov-
able orthosis typically between weeks 2 and 6
after the injury or surgery. At this time, early
active motion can be initiated including wrist
flexion, extension, radial-ulnar deviation, and
forearm rotation for potentially faster recovery.
After robust radiographic healing is seen, the
removable orthosis can be weaned, and gentle
strengthening is initiated with active and active-
assisted motion [63].

Regaining finger motion in athletes is essen-
tial after a distal radius fracture. Those lacking
ability to fully extend or flex their fingers can be
severely limited, and active finger motion should
be stressed and practiced by the patient. The
majority of wrist motion after a distal radius frac-
ture is regained within the first 3 months with
more gradual improvements in strength and
endurance. After 3 months, motion begins to pla-
teau [64].

Complications/Adverse Results

Complications and adverse outcomes after distal
radius fractures are relatively frequent and varied
(Table 1.1) [21, 23, 39, 65-75]. Some of the com-
plications can be performance altering for a base-
ball player. The complications are specific to the
injury pattern itself and the modality of treat-
ment. The rates of complication in the literature
vary from 5% to 80% depending on how a com-
plication is defined. Soft tissue injuries; compro-
mised tendons, nerves, or blood vessels; and
fracture displacement are the most common.
Malunion or nonunion can occur with or without
surgical fixation. If treated surgically, complica-
tions such as infection, hematoma, and wound

Table 1.1 Incidence of reported complication with distal
radius fractures

Complication Incidence
Loss of motion (marked deformity, 0-31%
decreased ROM, arthrofibrosis, Volkmann’s

ischemic contracture, finger stiffness)

Delayed union/nonunion 0.7-4%
Nerve compression/neuritis 0-17%
Pain syndromes (RSD, shoulder—hand 0.3-8%
syndrome, persistent pain)

Hardware complications 1.4-2.6%
Osteomyelitis 4-9%
Malunion 5%
Tendon (rupture, lag, trigger, tenosynovitis) 0-5%
Scar (keloids) 3%
Ligament damage 98%
Radioulnar (synostosis, disturbance) 0-1.3%
Bone graft hematoma 1%
Dupuytren’s contracture (palmar fascia 2-9%
nodules/bands)

Arthritis/arthrosis 7-65%
Unrecognized injury 2%

Turner et al. [78]
Abbreviations: ROM range of motion, RSD reflex sympa-
thetic dystrophy

dehiscence can occur as with any surgical
procedure.

Complications related to nonoperative treat-
ment of a distal radius can be related to the frac-
ture or the method of immobilization. Casts may
not accommodate swelling in the acute period,
and patients should be warned about the potential
of increased pain, nerve compression, and rarely,
compartment syndrome. The cast should follow
the metacarpal cascade and allow for full finger
range of motion to prevent stiffness and decrease
the risk of dystrophy [67]. A cast placed in too
much flexion can predispose a patient to acute
carpal tunnel syndrome. Additionally, a poorly
applied cast or splint mold can lead to fracture
displacement. There is a risk of EPL rupture fol-
lowing fractures treated nonoperatively as well.
Engkvist and Lundborg postulated that the EPL
tendon has poor intrinsic vascularity near Lister’s
tubercle, and hematoma formation can interfere
with tendon nutrition, leading to tenosynovitis or
delayed rupture [69].

Complications from surgery can be related to
the approach, hardware, or technique and these
can occur early or late. Postoperative infection is
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an ever-present risk after surgery. Pin-tract infec-
tion can be seen with percutaneous fixation or
external fixators. Percutaneous pinning has a rate
of superficial infection between 0% and 10%
[70]. The rates of infection after open reduction
internal fixation are much lower on the order of
0% to 3% [68].

Extensor tendon injuries occur in surgical
treatment as well. Extensor tendon injury can
occur with volar plating through drill penetration
or screw prominence. Dorsal plating can cause
extensor tendon rupture and tenosynovitis as
well, especially with bulkier plates. Newer,
ultralow-profile designs with recessed screw
holes have reduced this complication.
Percutaneous pinning can cause extensor tendon
rupture as well with various trajectories with a
rate of about 0.7% [72].

Flexor tendon injury is less common than
extensor tendon injury. Orbay discussed the
importance of the watershed line, along the volar
edge of the distal radius marking the distal extent
of where a plate should be placed. The flexor ten-
dons are closest in proximity to the distal radius
at the watershed line, and are thus at risk of flexor
tendon irritation, resulting in tenosynovitis or
rupture [21].

Nerve injury is not uncommon with an inci-
dence ranging from around 2% to 8% after distal
radius fracture [65]. Nerve injuries may be the
result of direct injury from the fracture, hema-
toma/swelling, and over-distraction or iatrogenic
during surgical fixation. Carpal tunnel syndrome
can occur due to increased pressure in the carpal
canal after a fracture. Several studies have identi-
fied the incidence of median neuropathy in non-
operative and operative groups with an incidence
between 2.6% and 8.5% [60, 72, 73]. Carpal tun-
nel syndrome was found to be the complication
with the highest incidence after volar plating of
the distal radius in a systematic review [23]. The
palmar cutaneous branch of the median nerve is at
particular risk for injury during the volar approach
and has been demonstrated to have a variable
course in 18% of patients [74]. The superficial
radial nerve is vulnerable during provisional fixa-
tion, percutaneous pinning, external fixator place-
ment, and certain fragment-specific plates.

Complex regional pain syndrome is a major
late complication causing pain and tenderness,
stiffness, swelling, dystrophy, and vasomotor
instability. The etiology is often unclear and can
require months of physiotherapy. Rates range
from 3% to 25% in the literature [49].

Malunion is a complication resulting from
nonanatomic alignment either as a result of the
injury or after treatment. It can occur with nonop-
erative or surgical treatment. It can have a range
of clinical consequences and the degree of
acceptable malalignment has not been
established.

Post-traumatic arthritis can occur after a distal
radius fracture regardless of treatment method.
Jupiter showed radiographic prevalence of 65%
after an intra-articular fracture, and other authors
have found similarly high rates [34, 73, 75].
There is no clear evidence that this correlates
with clinical outcome and a functional impact
has not been shown.

Complications of volar plating of the distal
radius include loss of fixation, injury to the pal-
mar cutaneous branch of the median nerve, post-
operative carpal tunnel syndrome, extensor
tendon rupture, and postoperative loss of motion.
Loss of fixation can occur catastrophically, par-
ticularly if care is not taken to reduce and capture
the volar lunate facet fragment with the plate’s
more ulnar locking screws. If the mechanism of
injury involves one of high energy, or if symp-
toms of carpal tunnel syndrome are present on
preoperative physical exam by monofilament
testing, a prophylactic carpal tunnel release
should be performed. The lengths of the distal
locking screws should be confirmed by depth
gauge and fluoroscopy to avoid extensor tendon
irritation and rupture.

Early Return to Play

Often the most difficult decision for an orthope-
dic surgeon is determination of when an athlete
can return to play. Although not a contact sport,
baseball carries a risk of reinjury through a colli-
sion or a fall. In some sports, a player can return
in a well-padded cast prior to complete union;
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however, that is not an option in baseball as every
position requires the use of both hands in a func-
tional position. Lawson reviewed 225 sports-
related distal radius fractures. When surveyed at
an average of 27 months from the injury, only
72.5% of patients returned to their original sport.
This was dependent on the patient’s age and level
of competition [76].

The decision regarding return to play involves
several factors including the type and severity of
injury, fracture union, rehabilitation goals, age,
sport, position, ability, and level of competition.
Fracture healing typically takes 6 to 8 weeks. In
patients treated operatively or nonoperatively, it is
also important to restore wrist and finger range of
motion and control swelling in order to prevent
repeat injury or pain affecting performance.
Additionally, intentionally guarding the wrist could
lead to other injuries due to improper mechanics.

Wrist protectors, taping, and padding must be
individualized for each athlete toward their
involvement and position but should not be used
as a substitute for complete healing and func-
tional recovery. The question of when to return
must be individualized for each player’s injury,
their position, and the specific demands required
for them. Generally, requirements for return to
play after a distal radius fracture include com-
plete fracture union and completion of a gradu-
ated rehabilitation program resulting in near
normal strength and painless functional motion.
Return to sport would involve the ability to com-
plete activities of daily living and then sport-
specific tasks and practice, and finally return to
sport when at least 80% strength has been
regained with radiographic union [46].
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Hand and Wrist Injuries
in Baseball: Scaphoid Fractures

T. Greg Sommerkamp

Definition of Injury/Classification

A scaphoid fracture is defined as a unicortical or
bicortical fracture though the body of the scaph-
oid that can be further classified by anatomical
location, orientation, and stability. A stable frac-
ture is typically any scaphoid fracture on dedi-
cated longitudinal oblique CT imaging that lacks
displacement of any kind (0 mm), angulation (SL
angle <60°, RL angle <15° sagittal ISA <~30°,
coronal ISA <~40°, H/L ratio <0.597 +/— 0.042),
comminution or arthroscopically visualized
interfragmentary motion after nominal stress is
applied...the vast majority [1-17]. The stable
group consists of all Herbert Al-volar tuber frac-
tures, Herbert A2 incomplete waist fractures, and
the majority of Herbert B2 fractures in ~70%
(Fig. 2.1). Nonetheless, one must be cognizant of
the fact that recent data from arthroscopic inspec-
tion studies has revealed that upwards to 30% of
stable appearing fractures by CT criteria above
are still unstable at the time of arthroscopic
examination intraoperatively [15].

The unstable scaphoid fracture is defined as
any fracture on dedicated longitudinal oblique
CT imaging that is displaced at all (>0 mm),
angulated (SL angle >60°, RL angle >15°, sagit-
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tal ISA >~30°, coronal ISA >~35°, H/L
ratio >0.597 +/— 0.042), comminuted, or demon-
strates arthroscopically visualized displacement
or interfragmentary motion after nominal stress
is applied...the relative minority in ~30% [13—
15, 17]. The unstable group consists of Herbert
B1 and B2 in ~30%, Herbert B3 (proximal pole),
Herbert B4, (trans-S-PL), and Herbert B5 (com-
minuted). Fortunately, with the aid of CT scan-
ning in the oblique or longitudinal axial projection
as described by Sanders [6], we have come to
realize over the past several decades how dis-
placed and unstable many scaphoid fractures
actually are despite innocuous-appearing plain
radiographs.

Incidence

The scaphoid is the most commonly fractured
carpal bone with a widely varying literature
reported incidence of 1.5 to 121/100,000 per-
sons/yr. depending on the study [1, 20]. Even in
the new age of information management, there
are limited national databases with widely vary-
ing inclusion criteria. Wolf et al. in 2010 [20]
based on the National Electronic Injury
Surveillance System (NEISS) reported a much
lower incidence than earlier estimates at 1.47
fractures per 100,00 person-years based on a
5-year review of the database correlating to
~20,000 scaphoid fractures/year in the USA if
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Fig. 2.1 Herbert
classification
(Reproduced with
permission from
Elsevier, Greens
Operative Hand
Surgery- Fractures of
the Carpal Bones; Fifth
Edition. 2005. Ch 17. P
718- Figure 17-11)

Type A:
Stable acute fractures

A

Fracture of
tubercle

Type B:
Unstable acute fractures

A2

Incomplete fracture
through waist

| B4
B1 B2 B3 .
Trans-scaphoio-

Distal oblique Complete fracture Proximal pole perlunate
fracture of waist fracture fracture dislocation
of carpus
Type C:

Delayed union

Type D:
Established nonunion

suspected fractures were eliminated from the
cohort. The highest risk group was young males
especially between the ages of 10 and 29 years,
and males outnumber females, 2:1. A more recent
prospective single center defined, adult capture
population reported by Duckworth et al. in 2012
revealed 29 fractures per 100,00 person-years in
Edinburgh [21].

Approximately 35% of all scaphoid fractures
occurred during sporting activities with the high-
est incidence sports being basketball followed by
biking, football, skateboarding, snowboarding,
soccer, and then baseball with baseball only
accounting for approximately 2% of all sports-
related scaphoid fractures (Fig. 2.2).

C
Delayed union
g:)

Pseudarthrosis

D1
Fibarcus union

Anatomy

This oddly shaped, peanut-sized, carpal bone has
nearly 80% of its surface area covered by hyaline
cartilage and resides in a unique orientation in the
human carpus at an angle of 47° flexion and 20°
radial deviation [1]. The tenuous vascular supply
enters via the dorsal ridge or spiral groove vessel,
originating from the radial or dorsal intercarpal
arteries or both, supplying upward to 70-80% of
the scaphoid (Fig. 2.3). In 86% of scaphoids, this
critical vascular supply enters the dorsal ridge at
or distal to the waist, exposing all fractures at or
proximal to this point, to the potential complica-
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Fig. 2.2 Incidence by sport (Reproduced with permission from Elsevier, Van Tassel et al. [20])

tions of delayed union, nonunion, and/or avascu-
lar necrosis [5]. Developmental anatomy must
always be kept in mind due to the large number
of youngsters in organized youth baseball, and
albeit uncommon, scaphoid injuries do still occur.
The scaphoid ossification sequence starts in
males at age 5-7 and ends by age 15, and in
females it starts at 4—6 years and ends by age 13.
In a player under 10-12 years, sometimes MRI
with or without arthrography is necessary to rule
out an occult fracture prior to complete ossifica-
tion. The intrinsic supporting ligaments of impor-
tance are the scapholunate (SL), the
radioscapholunate (RSL), and the scaphotrapezi-
otrapezoidal (STT), in addition to the extrinsic
radioscapholunate (RSL) and the long radiolu-
nate (long RL) (Figs. 2.4 and 2.5).

Mechanism of Injury (MOI)

The most common mechanism of injury is a
rather violent hyperextension and radial devia-
tion of the wrist from a fall or a protective
maneuver against the outstretched arm. Frykman
[22] as well as Weber and Chao [4] demonstrated
that scaphoid fractures required extreme hyper-

extension and radial deviation at extreme loads
of 209436 kilograms of force with the wrist
hyperextended greater than 95° and radially
deviated more than 10°, whereas distal radius
fractures were produced at lesser angles of
extension and at smaller loads with slower rate
of loading. The load appears to be against the
radial portion of the palm, with tension loading
of the volar tuber/volar cortex consistent with
classic beam loading formats. The tensile force
volarly then propagates through the body of the
scaphoid resulting in compressive loading of the
dorsal cortex where the rare bit of comminution
typically occurs. The overall force and rate of
loading is greater than two times that of a distal
radius fracture [4]. Other less common mecha-
nisms include the punchers fracture from direct
axial loading of the radial metacarpus through
the trapezoid where comminution is a more
common finding. In high-energy, displaced frac-
tures, it has been recently demonstrated that con-
trary to earlier beliefs, the common “humpback
collapse” occurs as the proximal pole extends
due to the unbridled force of the lunate, while
the distal pole remains in relatively neutral align-
ment due to the stout ligamentous tether and
strong confines of the STT joint distally [18].
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Fig. 2.3 (a, ¢) Vascular/osseous anatomy illustration. (b) Vascular anatomy (Reproduced with permission from

Gelberman and Gross [30])

In baseball, we see these injuries most com-
monly during outfield fence collisions, foul ball
over-railing falls, head first slides into second and
third base, and believe it or not, even after trip-
ping down dugout steps after a bench clearing
brawl secondary to the visiting pitcher throwing a
little inside “high heat.” The injury fortunately is
fairly infrequent in baseball but does occur at
least every 3-5 years in our major league club
and approximately once every year or two in our
combined five affiliated minor league clubs, and
even more frequently in the amateur high school
and college ranks.

History/Differential Dx

The player usually presents begrudgingly at the
direction of the trainer or position coaches after
a sudden drop off in performance metrics with
soreness in the radiodorsal aspect of the wrist.
The player himself seldom requests evaluation,
especially in the minor leagues. Approximately
90% or better do recall some sort of hyperexten-
sion/axial load mechanism of injury (MOI), but
most dismiss it as a “jammed wrist” and brush
themselves off and continue to play. In the MLB
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and the affiliated minor league system, the
majority of players are overly reluctant to call
attention to any injury out of concern for losing
their current spot on the “depth chart,” after
years of hard work and grueling schedules to
attain their current roster position. In other
words, “If it isn’t sticking through the skin....
play on.” Seldom do players recall hearing an
audible crack or snap, and if so, one’s thought
should shift to a higher energy carpal fracture/
dislocation. History of prior injury is signifi-
cant, as well as review of prior pre-trade/sign on
physical exams, as occasionally, these players
present as an “acute on chronic” injury with
acute exacerbation of a premorbid scaphoid
nonunion that was relatively asymptomatic
before. Associated pathologies include: bilateral
injuries in 1-2% of cases, ipsilateral fractures
such as distal radius and capitellum fractures in
up to 1%, as well as a mixture of soft tissue inju-
ries in up to 30—-40% such as chondral injuries,
SL, TFCC, etc.

Physical Exam

The most consistent physical exam sign is ana-
tomic snuffbox tenderness in ulnar deviation to
bring the waist of the scaphoid out from under
the protective cloak of the radial styloid. In addi-
tion, volar tuber tenderness and pain upon axial
loading of the thumb ray are supportive signs.
All of the physical exam signs vary in sensitivity
and specificity from one manuscript to the next;
however, a combination of positive signs results
in improved diagnostic performance. It is impor-
tant to note that range of motion is typically only
minimally reduced, if at all, even in the relatively
acute setting. If any range of motion parameter is
reduced, it is typically extension that is noted the
most. The players typically complain of minimal
to no pain even at the extremes of range of
motion on exam. It is also important to note that
edema and certainly ecchymosis are almost
never seen in these players with an isolated
scaphoid fracture. It is extremely important to
differentiate tenderness over a proximal pole
with the wrist in slight flexion from SL ligament

tenderness, and one must be very focally discrete
during the physical examination. In addition, the
surgeon should be keenly appreciative of the
stoic nature of these athletes and a propensity to
maintain a “poker face” even in the presence of
significant tenderness and pain. The last thing
any of these highly competitive young athletes
want after years of hard work is to head to the
DL (disabled list) IR (Injured Reserve).

Imaging

The standard plain radiographic screening evalu-
ation for the player with positive symptoms and
positive physical exam signs is a scaphoid series
inclusive of a PA, PA in ulnar deviation with the
wrist in slight extension, oblique, and lateral
image with the wrist in neutral. The fracture is
then classified based on its anatomical location
according to the Herbert classification schedule
(Fig. 2.1). If a true scaphoid fracture is present,
approximately 80% of the time plain radiographs
will be positive; however, 20% of the time plain
radiographs will be negative. An increased RL
angle is concerning for not only a scaphoid frac-
ture being present but for the possibility of dis-
placement and instability [4]. Dias’s classic
article from 1990 [23] revealed a mean percent-
age error in diagnosis of 43% that showed no sign
of improvement at the time of the 3-week follow-
up radiographs, and profoundly underscored the
high degree of not only inter-observer error but
equally as high intra-observer error with poor
reproducibility. Tim Herbert further underscored
this observation in a personal comment to me at
the ASSH meeting in 1989 in Seattle when he
said “x-rays tell lies...they tell ‘damndable’
lies!”. Thus, in a professional player with persis-
tent clinical exam findings and negative x-rays,
placing him in the suspected or occult scaphoid
fracture category, the surgeon has the responsi-
bility to proceed promptly with advanced diag-
nostic imaging to try and sort out whether a true
fracture is present [16]. At the amateur level, one
has the option to immobilize in a cast and forego
advanced diagnostic imaging and simply repeat
plain radiographs at 17-21 days post injury fol-
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lowing the long-standing common orthopedic
community standard; however, one must realize
this option is not without risk. There currently
exists no perfect reference standard for the diag-
nosis of a scaphoid fracture and false negatives,
and false positives persist irrespective of which
modality is utilized [24, 25]. Repeat radiographs
at 17-21 days to rule out an occult fracture are far
from accurate, and it has even been shown that
x-rays at 6 weeks still have occasional false nega-
tives [26]. Therefore, even at the amateur level,
advanced diagnostic imaging should be offered
to the player, family, and coaches, sharing with
them the current limitations of plain
radiography.

With respect to advanced diagnostic imaging,
even though far superior to plain radiography,
from the outset, it is best to state simply that there
is no perfect study for all clinical presentations
[25, 27]. MRI and CT scans in the longitudinal
oblique axis of the scaphoid are the most appli-
cable and the most well studied with the highest
available diagnostic performance characteristics
[27]. MRI is typically the best in our hands in the
acutely injured athlete where we need to know
whether the scaphoid is fractured or not within
the first week after the injury. MRI has the high-
est sensitivity especially early in the course for an
occult fracture with an average sensitivity of 0.88
and a specificity of 1.0 [26]; however, false posi-
tives do occur in the “bone bruise” category.
Microtrabecular fractures without cortical dis-
ruption aka “bone bruises” can be interpreted as
true fractures and lead to overtreatment; however,
it is also well-known that up to 2% of these do
pan out to be nondisplaced true fractures by week
8 [24]. CT scans, performed properly in the dedi-
cated longitudinal oblique axis of the scaphoid,
have a sensitivity of 0.72 and a specificity of 0.99
and provide not only the diagnosis but graphic
osseous detail of displacement, angulation, and/
or the presence of comminution [26]. The sensi-
tivity of the CT scan is far better in our hands in
the subacute period beyond 7-10 days. The CT
scan however must be performed in the dedicated
longitudinal oblique axis with the following CT
parameters: 0.55 slice thickness, 0.27 slice inter-
val, 0.7 pitch, and ultrahigh resolution.

Quite often these athletes maintain their
“game face” early on in the course and don’t usu-
ally admit to having pain until their performance
metrics suffer, and by that time we can usually
head straight to a CT scan. In the rare player that
presents acutely within the first several days to a
week out from the injury, MRI reformatted in the
longitudinal oblique axis of the scaphoid is our
preferred diagnostic study of choice. If the MRI
is negative, we briefly rest the wrist in a splint,
and as pain and edema subside, we proceed with
a prompt progressive rehabilitation schedule fol-
lowed by a minor league rehabilitation assign-
ment once AROM and 80% of strength have been
restored. If the MRI is positive for a “bone
bruise,” we immobilize in a short arm thumb
spica for 2 weeks, and then perform a CT scan to
rule out the presence of an occult fracture. If the
CT is negative, we then follow prompt rehabilita-
tion schedule as outlined above. If the CT is posi-
tive, and reveals the presence of displacement,
angulation, comminution, or presence of a proxi-
mal pole fracture, we recommend prompt
arthroscopic-assisted reduction and internal fixa-
tion (AARIF). If the CT is positive yet demon-
strates a truly nondisplaced, non-angulated,
non-comminuted waist fracture, the player, the
team physician, and the agent are given the option
of immobilization in a cast versus prompt
AARIF. Unfortunately, there is up to a 30-35%
false-negative rate by CT scan with respect to
assessment of fracture instability in our studies as
well as Rings [14, 15, 17], and therefore even a
nondisplaced and non-angulated fracture may
still be unstable at the time of arthroscopic
inspection/stabilization (Figs. 2.6 and 2.7). The
player, team head physician, and agent all must
be given strong warnings that even with a com-
pletely stable CT appearance if one elects conser-
vative treatment in a cast, there is no guarantee
that the fracture is truly stable, and thus might
still end up as a delayed union or nonunion [19].
This further underscores the evolving concept of
how difficult it is to diagnose scaphoid fracture
instability, and how it is best defined so that we
may properly advise our patients of the most pru-
dent treatment course going forward. As Ring so
eloquently summarized, one “should no longer
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Fig.2.6 Stable scaphoid fracture by CT + arthroscopy (true negative): (a) PA x-ray in UD. (b) Coronal CT. (c) Sagittal
CT. (d) RMC arthroscopic view — stable

use the terms nondisplaced and stable inter-
changeably” as at least 30% of the time or more...
one will be wrong. Typically, however, in this
select agressive patient population, even in the
nondisplaced stable appearing fracture by longi-
tudinal oblique axis CT, the players, agents and
team physicians almost universally ask us to pro-
ceed with prompt AARIF to shorten overall
immobilization times in the hopes of pursuing an
earlier rehabilitation schedule.

Treatment: Conservative

It is a basic orthopedic tenet that intracapsular
fractures with, by definition, a tenuous vascular
supply require stable immobilization and com-
pression of the fragments in order to increase
the likelihood of union and hopefully ward off
avascular necrosis. Although historically, the

orthopedic community’s approach to treatment
of the fractured scaphoid has not quite reflected
it, the scaphoid is not all that dissimilar to its
intracapsular counterparts, the femoral neck
and the talus, as they unite by primary bone
healing, with direct formation of bone across
the fracture site without the aid of external cal-
lus. With this premise in mind, the only frac-
tures that we recommend cast immobilization
for in this active, high demand athletic popula-
tion are the Herbert A1 and Herbert A2 frac-
tures as documented by CT. Even in the A2
fractures, we recommend follow-up CT scan
early in the course at approximately 3—4 weeks
to make sure there’s rapid progressive trabecu-
lation (STS - scaphoid trabeculation score)
[28] consistent with ongoing healing. On rare
occasion on serial follow-up CT examination,
one will find a Herbert A2 that appears to be
more of a complete through and through
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Fig. 2.7 Scaphoid fracture nondisplaced — stable by CT and unstable by arthroscopy (false negative). (a) PA x-ray in
UD. (b) Coronal CT. (¢) Sagittal CT. (d) RMC arthroscopic view — unstable

Herbert B1 or B2 fracture with a higher poten-
tial for instability, thus meriting attention for
delayed AARIF. We do share with the player,
head team physician, and agent that it is cer-
tainly fair and ethical to consider conservative
management for completely stable appearing
Herbert B1, B2 fracture on CT scan; however, a
strong warning is given that in our studies as
well as Ring’s, up to 30-35% of these fractures
demonstrate profound instability at the time of
arthroscopic inspection which may lead to an
increased incidence of nonunion [14, 15, 17].
Obviously, all Herbert B3, B4 fractures are
excluded from consideration of conservative
treatment and require prompt AARIF.

Treatment: Surgical

Currently, the accepted approach to treatment real-
izes the need for stable internal fixation in a sig-
nificant subset of patients with an unstable
scaphoid fracture pattern as well as the stable
appearing fracture in the high demand athletic
population such as the high school, college, and
professional baseball player. Herbert [3] even
questions the wisdom of considering “nondis-
placed” scaphoid fractures as being “stable.” In his
own classification (Fig. 2.1), Herbert considers all
complete fractures (Bl and B2) as unstable
whether displaced or not, and considers only
incomplete fractures (Al and A2) as truly stable
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injury patterns. As shown by Weber and Chao [4],
the force and rate of loading required to fracture
the scaphoid is almost twice that of the distal
radius. After this significant hyperextension-axial
load force, it is only by the nature of the very snug
capsular constraints surrounding the scaphoid that
both fragments end up appearing in a rather
benign, “nondisplaced” configuration upon imag-
ing. To consider such an injury as “stable” only
because there is no displacement on plain radio-
graphs/CT, is relatively precarious at best.

The unstable scaphoid fracture can be treated
by a variety of different methods including open
reduction and internal fixation (ORIF), percuta-
neous fixation with either k-wires or cannulated
screws, and arthroscopic-assisted reduction and
internal fixation (AARIF) with various cannu-
lated screw systems. The drawbacks of ORIF
include extensive soft tissue dissection, disrup-
tion of the nondominant volar blood supply, divi-
sion of the radioscaphocapitate and/or radiolunate
ligaments and volar capsule, and prolonged reha-
bilitation. ORIF should be avoided at all costs,
except in the extreme situations of highly unsta-
ble, highly comminuted fractures or trans-
scaphoid perilunate fracture dislocations, etc. due
to the prolonged rehabilitation involved second-
ary to the resultant scarring, and the obligate per-
sistent  alteration in intercarpal angles.
Percutaneous fixation avoids the aforementioned
drawbacks, yet relies on fluoroscopic guidance
alone to assure accurate reduction of the scaph-
oid fracture fragments and optimal positioning of
the implant in the central third axis of the scaph-
oid. The frank technical limitations of plain radi-
ography as well as fluoroscopy in detailed
visualization of the oddly oriented scaphoid
finitely limit the accuracy of the percutaneous
technique. AARIF avoids all the limitations of
ORIF and percutaneous fixation, yet allows direct
visualization of the scaphoid fracture site and
assures accurate reduction of the fragments prior
to, and during, definitive arthroscopically assisted
internal fixation. AARIF also assists in accurate
targeting of the proximal pole apex or “sweet
spot” assuring central third scaphoid axis place-
ment, in addition to allowing detection of concur-
rent pathology in the radiocarpal or midcarpal

joints. Scaphoid AARIF is a convenient thera-
peutic alternative that avoids many of the inher-
ent pitfalls of ORIF and percutaneous fixation.

Despite their immense popularity and seduc-
tively simple surgical techniques, the percutane-
ous or limited incision techniques have several
inherent potential technical pitfalls, including (1)
the well-known limitations of plain radiography
and fluoroscopy in adequately visualizing scaph-
oid fracture anatomy and hence their reduction;
(2) tendency for problematic freehand screw
insertion potentially resulting in further displace-
ment, rotation, or even distraction of the frag-
ments [12]; and (3) the potential in totally freehand
systems without jig/barrel guidance for the nar-
row diameter guide wire to bend resulting in bind-
ing of the subsequent instrumentation. In selected
cases from our early lab experience, especially
with percutaneous or freehand techniques, we
have experienced on more than one occasion, the
phenomenon where the scaphoid fracture
appeared fluoroscopically to be anatomically
reduced, only to find a 1-2 mm dorsal gap in the
fracture site when directly visualized arthroscopi-
cally thru the RMC portal. This is especially true
if the axis of the screw is too far volar, resulting in
compression of the volar cortex and slight distrac-
tion of the dorsal cortex (Fig. 2.8). Just as plain
radiographs have given way to CT over the years
for accurate definition of precise scaphoid frac-
ture anatomy preoperatively, fluoroscopy has now
been supplanted by the additional benefits of
arthroscopy in the assessment of fracture reduc-
tion intraoperatively. Irrespective of the type of
intramedullary implant system used, especially if
it is a percutaneously placed screw, it is recom-
mended that one perform at least a brief
arthroscopic inspection through the RMC portal
to confirm fracture reduction, alignment, and sta-
ble compression. The arthroscope is usually much
more “critical” of reduction relative to the fluoro-
scope, as one will frequently find the fracture to
be well reduced fluoroscopically yet have residual
displacement by arthroscopic inspection. This is
key for an oddly shaped carpal bone well-known
for sparingly granting surgeons a second chance
due to the relatively narrow intramedullary canal
central axis with little margin for error.
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Fig. 2.8 Freehand percutaneous technique (Acutrak). (a) X-ray guide wire. (b) RMC image gapped. (c) After screw
still gapped 2 mm. (d) Final x-ray — innocuous appearance

To further complement the various “percuta-
neous” or limited incision techniques which are
performed only under fluoroscopic guidance,
Whipple [7, 8] introduced the concept of AARIF
in 1992 (Fig. 2.9). With the addition of arthros-
copy, one can adequately visualize the fracture
site and frankly confirm reduction under direct
visualization thru the RMC portal. In addition,
the proximal pole target site in the apex or “sweet
spot” can be directly visualized thru the 3—4 por-
tal aiding in proper central third placement of the
screw. Concurrently, one can visualize the
remainder of the midcarpal and radiocarpal joints
to assess for any coexistent pathology. The
Herbert-Whipple screw placed in a retrograde
fashion through the distal pole starting hole is

used in our hands for the vast majority of scaph-
oid fractures as long as the proximal pole frag-
ment is greater than 25% in size. For the
diminutive proximal pole fracture that is less than
25% in size, we then perform arthroscopically
guided freehand placement of the Herbert-
Whipple screw from an antegrade dorsal approach
with the technical modifications as espoused by
Geissler [29] with a guide wire being placed
through the 14-gauge needle in the 2-3 portal. If
initial fracture displacement is greater than 2 mm
and the aforementioned reduction maneuvers are
not promptly successful, on rare occasion one
must abort AARIF and convert to ORIF. Upon
completion of the AARIF, the wrist is placed thru
an arc of motion under direct arthroscopic visual-
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Fig. 2.9 Herbert-Whipple AARIF technique: (a) Pre-op XR and CT. (b) Intra-op guide wire thru jig + screw place-
ment. (¢) Arthroscopic RMC portal view pre/post
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ization to confirm fracture stability, and thus help
guide the surgeon’s postoperative rehabilitation
planning schedule.

Rehabilitation

Initially, the patient is immobilized in a bulky
cotton compression dressing/thumb spica splint
for the first week. Sutures are removed at approx-
imately 1 week and AROM is started at approxi-
mately 7-10 days, but heavy gripping and power
puddy strengthening is avoided until CT-proven
cross-sectional fracture trabeculation is present
with a scaphoid trabeculation score (STS) of at
least 25%, usually at ~3—4 weeks [27]. A follow-
up CT scan at approximately 6 weeks usually
reveals rapid consolidation with an STS score
anywhere between 50% and 100%. The thumb
spica splint is discontinued once the STS score is
greater than 50%. After AROM is full, grip
strengths are greater than 80%, and the STS is
greater than 50%, the player is returned to the
trainer for initiation of position-specific rehabili-
tation drills including short toss, long toss, hit-
ting off the T, flip toss hitting, cage hitting, and
eventually live batting practice (BP). The reha-
bilitation schedule can be accelerated for the rare
case of the nondominant (glove hand) in the
American League pitcher who has a designated
hitter.

RTP (Return to Play)

The RTP decision is a multifactorial process lead
by the trainer and head team physician with input
from the subspecialty surgeon as needed. Usually,
by this stage, minimal input is needed from the
hand surgeon as long as the player achieves all
position-specific rehabilitation drills at a satisfac-
tory level, has no pain and normal grip strength
corrected for hand dominance, and is then green
lighted for a rehabilitation assignment in the
minor leagues. The “rehab assignments” can vary
anywhere between 7 to 14 days depending on the
players’ position and the duration of time on the
DL leading up to it.
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Carpal Fractures Excluding
the Scaphoid and Hook of Hamate

Matthew C. DeWolf and Randall W. Culp

Introduction

Fractures of the wrist in athletes most commonly
involve the scaphoid and hook of the hamate and
thus require a full discussion in separate chapter.
While other fractures of the carpus are rare, it
remains critical for the physician to help deter-
mine when a player may return to sport early ver-
sus when the athlete must be managed with
longer periods of immobilization versus when
the athlete requires surgery.

Injuries can be divided into three main groups
depending on the mechanism of injury: perilunate
injuries, axial injuries, and avulsion injuries [40, 48].

The work-up of carpal fractures typically
starts with physical examination. Plain radio-
graphs are enhanced with specific views depend-
ing on the type of fracture suspected. If there is
concern but no obvious fracture is identified on
plain radiographs, CT or MRI scans provide
invaluable information.

Many carpal fractures occur with other inju-
ries, including other carpal fractures and carpal
dislocations. In any case of carpal dislocation,
careful examination of the neurovascular status
should be performed with particular attention
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paid to the median nerve, which can be seen in up
to 50% of cases, as median nerve injury can lead
to persistent symptoms [11].

Triquetral Fractures

Triquetral fractures are second only to scaphoid
fractures and comprise 3-5% of all carpal fractures
[4, 6, 8, 21, 38]. Physical examination can be diffi-
cult to isolate in these injuries given its proximity to
the ulnar side of the wrist, including the TFCC. They
are typically identified on radiographs. A 45° pro-
nated oblique XR of the wrist can be helpful in the
evaluation [12, 13]. If there is concern for injury that
is not identified on plain radiographs, then CT scans
are helpful in identifying them.

These fractures can occur within three variet-
ies: dorsal chip fractures, volar avulsion fractures,
and body fractures. Dorsal triquetral chip frac-
tures typically occur with extreme palmar flexion
and radial deviation and result from the pull of the
radiotriquetral and triquetroscaphoid ligaments
[6, 20]. They are seen most easily on the lateral
view as shown in Fig. 3.1. Alternatively, these
fractures can occur with a fall onto an ulnarly
deviated wrist that is in dorsiflexion, in which
case the ulnar styloid is driven as a chisel into the
dorsal cortex of the triquetrum [13-15, 23]. In
fact, a large ulnar styloid has been proposed as a
predisposition to this type of fracture [14]. Dorsal
chip fractures can be an incidental finding on a
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Fig.3.1 Triquetral
fracture. Representation
of a dorsal triquetral
chip fracture

lateral radiograph. If acute injury is suspected,
then short periods of immobilization of 1-2 weeks
with interim evaluation can help determine the
appropriate time to return to play. However, if
there is marked swelling of the wrist, then a MRI
should be obtained. If pain persists beyond
8 weeks, MR arthrography is recommended to
investigate the possibility of a concurrent intercar-
pal ligament injury or TFC tear [24].

Volar triquetral avulsion fractures are consid-
ered avulsion of the palmar ulnar triquetral liga-

Lunate

ment or the lunotriquetral ligament. Radiographic
evaluation includes radial deviation views. These
fractures are indicative of carpal instability,
which is the primary focus of treatment. Thus,
volar triquetral avulsion fractures do not require
specific treatment but should alert the treating
provider of possible carpal instability [39, 40].
Triquetral body fractures are typically high-
energy injuries that are associated with greater arc
perilunate fracture dislocations [25]. It is impera-
tive for the treating physician to be aware and
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look for these types of fractures in the setting of a
perilunate dislocation. Treatment of triquetral
body fractures varies depending on the character-
istics of the injury. For perilunate injuries, we rec-
ommend pinning of the lunotriquetral joint. A
displaced triquetral body fracture warrants open
reduction internal fixation [11, 36]. For chronic
cases that have led to pisotriquetral arthritis, exci-
sion of the pisiform has been helpful [1, 41].

Hamate Fractures

Fractures of the hamate are slightly less common
than triquetral fractures and occur in 2% of all
carpal fractures [16]. The hook of the hamate
fractures occurs more frequently and is covered
elsewhere. Hamate body fractures typically occur
with high-energy axial loads and occur concomi-
tantly with fourth and fifth carpal-metacarpal
fracture dislocations. Hamate body fractures can
be difficult to detect on plain radiographs, but
obtaining CT imaging with the hands in the pray-
ing position has been shown to be beneficial for
detecting them, as is shown in Fig. 3.2 3, 22].

Hamate fractures primarily occur during
stickhandling sports such as baseball, golf, and
tennis [33]. They are frequently misdiagnosed,
but the treating physician should be aware when
a patient presents with diminished grip strength,
ulnar nerve paresthesias, or mild carpal tunnel
syndrome [32, 44].

Hamate body fractures can be broken down
into four major groups: sagittal oblique fractures,
dorsal coronal fracture, proximal pole fractures,
and fractures of the medial tuberosity [14, 15,
28]. The most common types of hamate body
fractures are coronal body fractures and hamato-
metacarpal fracture-dislocations [33].

Treatment involved open reduction internal
fixation if there is involvement of more than 1/3
of the hamate body or articular involvement, typ-
ically performed with compression screws or low
profile plates for bone stabilization. K-wires can
be used for joint stabilization. Care must be taken
when drilling from dorsal to palmar to avoid the
motor branch of the ulnar nerve. If there is exten-
sive dorsal comminution, then CMC capsular
repair may be indicated.

Fig. 3.2 Hamate fractures. The CT shows a comminuted
hamate fracture as shown by the arrow. (From Suh Carpal
Fractures JHS 2014)

Trapezium Fractures

Fractures of the trapezium comprise 4-5% of car-
pal fractures [10, 17, 34]. Given the association of
trapezium fractures and first metacarpal fractures,
care should be taken to look for trapezium frac-
tures in the setting of a first metacarpal fracture
and vice versa [10, 27, 35]. These fractures can be
described as body fractures, trapezial ridge frac-
tures, or fracture dislocations [40]. These fractures
are typically high-energy fractures and occur with
a fall onto an outstretched hand in which an axial
load on the dorsiflexed wrist drives the metacarpal
into the trapezium [18]. Examination will reveal
point tenderness at the volar base of the thumb.
These fractures are commonly identified on stan-
dard views of the hand, but identification can be
enhanced with a Bett’s view, in which the hand is
slightly flexed and the thumb is pronated to give a
true lateral of the thumb and to better visualize the
trapeziometacarpal articulation [46]. A carpal
canal view can be useful to identify trapezial ridge
fractures, which are often missed with standard
radiographs [26]. CT can be useful for identifying
occult cases.

Given the intimate relationship of the trape-
zium with the first metacarpal at the first CMC
joint, treatment varies depending on the morphol-
ogy of the fracture. Nondisplaced fractures
should be treated with thumb spica immobiliza-
tion for 4-6 weeks. Comminuted fractures with
reduced joints can be treated nonoperatively, as
seen in Fig. 3.3a—e. Intra-articular fractures,
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Fig. 3.3 Trapezium fracture. This 30-year-old male
“jammed” his right thumb while playing flag football and
presented with pain, swelling, and bruising at the base of
the thumb. He had a prior CMC arthrodesis for a right
small finger fracture. XR showed a comminuted fracture
of the trapezium. CT demonstrated comminution of the
articular surface and multiple small pieces. Given the

f

Comminuted
trapezium

amount of comminution, he was treated nonoperatively in
a thumb spica splint for 8 weeks. At 16-month follow-up,
he was not noted to have any pain in the thumb CMC
joint. (a) PA of the hand. (b) Oblique of the hand. (c)
Lateral of the hand. (d) The coronal CT slice. (e) 16-month
follow-up XR. At 16-month follow-up, he was not noted
to have any pain in the thumb CMC joint
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Fig. 3.3 (continued)

including ridge fractures, with >2 mm of dis-
placement or carpometacarpal subluxation
should be treated with open reduction internal
fixation with pin or minifragment screws.
McGuigan and Culp present 11 patients with
intra-articular fractures of the trapezium with
mean follow-up of 47 months with good results
from open reduction internal fixation [27].

Capitate Fractures

Capitate fractures are rare given that it is pro-
tected in the center of the hand and comprise
1-2% of all carpal fractures [16]. Given its sur-
rounding protection, isolated fractures are rare. It
is more commonly associated with perilunate
fracture dislocations.
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Isolated fractures result from a direct blow
from a baseball pitch or by indirect axial load
through the third metacarpal with the wrist
flexed. However, these more frequently occur in
conjunction with perilunate injury, especially
transverse fractures, the so-called scaphocapi-
tate syndrome. Work-up includes a careful
physical examination and plain radiographs.
However, CT or MRI is frequently required to
help identify capitate fractures, as is seen in
Fig. 3.4 2, 9].

Treatment of capitate fractures generally con-
sists of nonoperative treatment for nondisplaced
fractures until there are radiographic and clinical
signs of healing. In cases of displacement, open
reduction internal fixation with a combination of
pins and/or screws can be pursued. Cases that go
on to nonunion can be treated with open bone
grafting and screw fixation, as seen in
Fig. 3.5a—c.

It should be noted that the capitate has a retro-
grade interosseous blood flow, which places the
proximal pole at risk for AVN with fractures
through the mid-body [19, 45].

Trapezoid Fractures

Trapezoid fractures are exceedingly rare and
constitute less than 1% of carpal fractures given
that it is protected within the carpus [7]. There
are only a few isolated case reports in the litera-
ture [29, 31, 37, 47, 49, 50]/[5]. The trapezoid is
the keystone of the carpus given that it is twice
as wide on the dorsal side compared to the volar
side. Given its protection within the carpus, this
is most commonly found in conjunction with
other carpal fractures or carpometacarpal dislo-
cations. Evaluation starts with physical exami-
nation, which would reveal point tenderness at
the base of the index metacarpal. Standard
radiographs can usually detect fractures of the
trapezoid. Special attention should be put on the
AP view to evaluate the trapeziometacarpal
joint. As with all carpal fractures, CT can aug-
ment evaluation if there is concern but no obvi-

ous fracture on plain radiograph. Treatment for
nondisplaced injuries consists of immobiliza-
tion, as seen in Fig. 3.6. Nagumo et al. present a
case report of an occult fracture in a 21-year-old
male baseball player of the trapezoid which was
treated with excision of the fragment resulting
in improvement in function and pain relief [30].
The individual was able to return to baseball at
8 weeks and was still playing without pain and
with full motion of the wrist and fingers at
4-year follow-up [30]. Nammour et al. present a
case of a 23-year-old male baseball player who
presented with right wrist pain resulting from a
dynamic exercise movement in which he moved
from a standing position down into a push-up
position and was managed nonoperatively in a
cast for 6 weeks who went on to have no pain
and a return to baseline function at 12-week
follow-up [31]. Surgical management consists
of a combination of pins and screw fixation to
help stabilize both the trapezium and the trape-
ziometacarpal joint.

Pisiform Fractures

Fractures of the pisiform are also rare, and make
up 1% of carpal fractures in the Major League
Baseball population. The pisiform has unique
anatomy given that it articulates with the trique-
trum dorsally, is the origin of the abductor digiti
minimi, and serves as the attachment for the
flexor carpi ulnaris, and serves as an attachment
point for the transverse carpal ligament.
Examination reveals point tenderness over the
pisiform. The shuck maneuver could raise con-
cern for suspicion for fracture. Given its proxim-
ity to the ulnar nerve in Guyon’s canal,
examination involves evaluation of the ulnar
nerve.

Radiographic examination involves standard
series including AP and lateral. Additional views
include a carpal tunnel view and a reverse oblique
view, in which the wrist is placed in 30° of
supination to obtain a profile view of the pisi-
form, as seen in Figs. 3.7 and 3.8.
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Fig.3.4 Capitate
fracture. 40F who
punched a car. Small
dorsal fragment. This
fracture was treated
nonoperatively

Nonoperative management consists of cast
immobilization for 4-6 weeks. Treatment can
include pisiform excision to provide expedient
and safe return to sport, but that is rarely
needed.

Lunate Fractures

Lunate fractures are another rare carpal fracture,
comprising approximately 1% of all carpal frac-
tures [42]. These fractures occur when the lunate
is compressed between the distal radius and capi-
tate with extreme wrist hyperextension and ulnar
deviation that occurs when falling on an out-
stretched hand [24]. Lunate fractures have been

described following a blow to the hand by a ball
in line with the forearm [43]. Physical examina-
tion consists of looking for tenderness on the dor-
sal aspect of the lunate. Radiographic evaluation
consists of AP and lateral with supplemental CT
scan as needed. There is no consensus as to causal
relationship between acute lunate fractures and
avascular necrosis.

Lunate fractures can be managed with short
courses of immobilization and re-examination in
the setting of small marginal chip fractures, as
seen in Figs. 3.9 and 3.10. Displaced fractures
and fractures resulting in DISI or VISI deformity
demand operative fixation. Therefore, careful
examination for DISI and VISI on lateral radio-
graphs is imperative (Table 3.1).
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Fig.3.5 Capitate
fracture. 23F RHD with
right capitate fracture
nonunion after 6 months
of nonoperative
treatment. Surgery was a
dorsal approach through
the 3—4 interval,
cancellous bone was
harvested from the 3rd
metacarpal, and fracture
was stabilized with
Acutrak screw. (a) T2
coronal cut of the MRI
showing the oblique
fracture line. (b) PA and
Lateral of the right hand
postoperatively
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Fig. 3.6 Trapezoid fractures. 27-year-old male with left
trapezoid fracture after punching a heavy bag. Initial XR
were negative for fracture, but significant pain prompted
advanced imaging. CT demonstrated nondisplaced trape-

zoid fracture. Given the nondisplaced nature, reduction of
the trapeziometacarpal joint, and excellent healing poten-
tial, this was treated nonoperatively in a short-arm cast.
(Case and Imaging Courtesy of Brandon Prioreschi, MD)

Fig. 3.7 Pisiform fractures. 33M sliding into a base playing softball. Presented with swelling, ecchymosis, and pain
over the volar ulnar aspect of the hand. Best visualization of the fracture is on the oblique view
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Fig. 3.8 Pisiform fractures. 51F who was evaluated for
left-sided volar/ulnar wrist pain. Diagnosed with pisiform
avulsion fracture. Treated nonoperatively

Fig. 3.9 Lunate fracture. 26M professional hockey
player presenting with right wrist pain. MRI showed right
lunate stress reaction. Treated with splint immobilization
and bone stimulator. Pain resolved within 1 month
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Fig. 3.10 Lunate fracture. The curvature of the lunate  CT clearly illustrates a lunate body fracture on axial, coro-
surfaces and position of the bone in the proximal row can  nal, and sagittal views (b-d). (From Hand Clinics
obscure lunate body fractures on standard radiographs (a). ~ Marchessault 2009)



46

M. C. DeWolf and R. W. Culp

Table 3.1 Overview and highlights for the management of carpal fractures in the baseball player

Carpal Additional radiographic
fracture views Treatment Pitfalls
Triquetrum  45° pronated oblique XR  Dorsal chip: short period of immobilization Body fractures are
fractures with repeat clinical and radiographic exam at  associated with perilunate
1-2-week intervals dislocations
Bodly fractures: operative
Hamate CT in the “praying Operative treatment
fractures position”
Trapezium  Bett’s view Nondisplaced: cast for 4-6 weeks Be aware of first CMC
Displaced: operative dislocation
Capitate CT scan Nondisplaced: cast for 4—6 weeks Be aware of perilunate
fractures Displaced fractures: operative dislocation
Retrograde blood
supply — be aware of
AVN
Trapezoid  Evaluate Operative Be aware of high energy
trapeziometacarpal joint
Pisiform Carpal tunnel review and = Nonoperative: immobilization for 4-6 weeks
reverse oblique view Excision allows expedient return to play
Lunate Frequently need CT scan  Marginal chip fractures: short course of
immobilization

Body fractures or associated DISI/VISI:

operative fixation
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Hook of the Hamate Fractures

Timothy B. Griffith and Gary M. Lourie

Introduction

Fractures involving the hook of the hamate repre-
sent only 2—4% of carpal fractures, following the
scaphoid, triquetrum, and trapezium in order of
frequency [1]. However, delay in diagnosis and
ultimate treatment can lead to significant morbid-
ity. This is apparent in baseball where its concen-
trated higher incidence and deleterious impact on
return to play can pose serious consequences.
Recent studies support this finding. Camp, in a
report on the top 50 injuries seen in professional
baseball presented at the 2018 MLB Winter
Meetings, found that fractures of the hook of the
hamate were found in the top ten and encom-
passed a significant stay on the Injured List (IL)
[2]. Rhee et al. similarly found in their epidemio-
logical study that hook fractures represented 72%
of wrist fractures and significant time on the
Injured List [3]. Clearly, a finer comprehension
of the fracture of the hook of the hamate empha-
sizing earlier diagnosis and more expedient treat-
ment, along with optimum rehabilitation and
possible better prevention, may affect the overall
morbidity of this injury [4]. The purpose of this
chapter is to describe the incidence of the fracture
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of the hook of hamate in baseball, the pertinent
clinical anatomy, the mechanism of injury, his-
tory and differential diagnosis, the exam, imag-
ing including advanced studies when applicable,
treatment, post-injury rehabilitation, complica-
tions, and/or adverse results, along with a proto-
col for early return to play with minimal risk.

Incidence of Fractures of the Hook
of the Hamate

The reported incidence of the hamate fracture in
the general population ranges between 2% and
4%, ranking far behind the scaphoid. It is difficult
to determine the exact incidence in baseball,
though believed to be higher, due to reporting
inadequacies, missed diagnoses, and as a recent
publication cited a higher incidence in certain
cultural batting grips; however, recent reports
have helped delineate its heightened occurrence
and potential morbidity [5]. The hook versus
body fracture of the hamate remains the more
common presentation in racquet sports such as
tennis and even more so in two-handed sports
such as baseball where the nondominant hand
that approximates the knob or end of the bat is
subjected to significant force. Camp et al.
reported on the top 50 injuries in professional
baseball, citing hook fractures of the hamate in
the top ten injuries localized to the wrist and hand
and emphasizing its prolonged time on the IL
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(53 days) [2]. Rhee et al. reported a 72% inci-
dence of the hook fracture in professional base-
ball players when compared to other carpal
fractures, far more common than the scaphoid
fracture seen in the general population. Mean
days missed averaged over 50 days [3]. This
number carries even more significance when one
acknowledges the 50-day Injured List is seen in
professional baseball where our athletic trainers
are keenly aware of this injury and the need for
expedient diagnosis and treatment. In the senior
author’s (GML) experience with the Atlanta
Braves, the 40-50-day return to play with the
hook of hamate fracture compares favorably to
the average 126 days seen in community referrals
due to delay in diagnosis and even further delay
in referral to the hand surgeon for definitive treat-
ment [6].

In summary, the incidence of the hook fracture
in the baseball player may be more than the 2—4%
incidence seen in the general population; how-
ever, what is certain is that it carries a higher
occupational morbidity in this specific cohort and
this chapter will highlight those important
aspects.

Clinical Anatomy

The casual observer would believe the hook of
the hamate to be a small insignificant fragment;
textbooks described it as a long sliver of bone
that arises from the body of the hamate, mea-
sures 1 by 3 cm, and projects into the palm
1-2 cm distal and lateral to the pisiform. It can
be found topographically in two ways described
in the literature. Wright credited Kaplan, using
his cardinal line (Kaplan’s cardinal line), drawn
from the pisiform to the proximal aspect of the
thumb web space. Where this line bisects a line
dropped from the ulnar aspect of the ring finger
corresponds to the tip of the hook [7]. Carter, in
a more simplified manner, described where the
examiner places his or her interphalangeal joint
of the thumb over the pisiform and flexes the
thumb in a line directed to the index finger meta-
carpal head. Where the tip of the examiner’s

thumb strikes the patients palm corresponds to
the tip of the hook [8].

General texts describe the hook submerged
beneath the skin, subcutaneous fat, and the pal-
maris brevis muscle [8]. That description is inac-
curate, as the hook is connected to strategic
structures very close to vital neurovascular struc-
tures that if iatrogenically damaged can have
catastrophic consequences (Fig. 4.1). Further,
this area is often the location of many anatomic
variants involving the hypothenar muscles, the
ulnar nerve, and the ulnar artery. Stark likened
the hook to the mast of a ship being anchored by
the attachment of the pisohamate ligament, the
flexor, and the opponens digiti quinti, along with
the transverse carpal ligament [9]. These four
structures act like stays for the mast, stabilizing
the hook, but when fractured can theoretically
distract the fractured hook impairing osseous
healing. When the hook is intact, it serves as a
pulley or trochlea for the small and ring flexors
which pass around its radial border, exiting the
carpal tunnel and traveling obliquely across the
palm to their respective attachments (Fig. 4.2).
Three clinical findings emphasize this anatomic
landmark and its potential advantage. First, the
hook of the hamate pull test described by Wright
utilizes this close proximity of the two structures

-

Fig. 4.1 Intraoperative photograph Guyon’s canal (ulnar
tunnel) revealing rich anatomical region
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Fig. 4.2 MRI demonstrating flexor tendons arching
around the hamate which serves a pulley

to confirm a fractured hook [10]. Second, the
documented incidence of attritional flexor tendon
ruptures seen in untreated hook nonunion serves
to accentuate this intimate anatomic relationship.
Milek reported on a 17% flexor tendon rupture in
untreated nonunion of the hook due to the close
proximity of these structures [11]. Lastly,
Calandruccio in a cadaveric study created a
model to simulate flexor tendon forces with and
without the hook present and found theoretic
advantage in preserving the hook to optimize its
pulley function and increase flexor efficiency
[12]. Though this was an in vitro study and most
surgeons advocate excision of the hook with frac-
ture, it does reinforce the intimate relationship
between the hook and the ulnar flexors.

The flexors traverse the radial aspect of the
hook being housed in the carpal tunnel. The ulnar
border of the hook is attached to the pisohamate
ligament, representing the distal aspect and the
floor of Guyon’s canal also referred to as the

Fig. 4.3 Illustration of Guyon’s canal

ulnar tunnel and is the location of the ulnar neu-
rovascular structures. The floor of Guyon’s canal
is formed by the pisohamate ligament along with
the transverse carpal ligament, while the roof is
formed by the palmaris brevis and more proximal
the volar carpal ligament. The proximal and dis-
tal boundaries are the pisiform and hook of the
hamate, respectively (Fig. 4.3). The ulnar neuro-
vascular structures; the ulnar artery and nerve
traverse the canal in the acronym relationship
“ANT,” from lateral to medial, the artery, the
nerve, and the tendon of the flexor carpi ulnaris in
that order. It is important for the surgeon to be
well versed with the classic anatomy along with
common variants that if not recognized can result
in iatrogenic damage. Classic description usually
has the ulnar nerve bifurcating in the canal with
the deep motor branch traversing around the
hook to dive deep into a muscle hiatus formed by
the flexor and opponens digit quinti. The superfi-
cial branch, still close to the tip, continues into
the palm to give sensation to the ulnar digits. The
ulnar artery also bifurcates in the canal with the
superficial branch contributing to the superficial
arch, the main supply to the hand through its digi-
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Fig. 4.4 Accessory abductor digiti minimi

tal arterial branches. The deep branch
accompanies the deep motor branch and usually
keeps to its radial (lateral) position, though
Levina described a case where the deep arterial
branch coursed volar and ulnar to the nerve creat-
ing a “noose” that with exercise and effort related
dilatation of the artery compressing and creating
an exertional ulnar nerve dysfunction that
resolved at rest [13]. Other important anatomic
variations of the canal have been described. The
motor branch, usually located deep and ulnar to
the hook, can rarely give off a radial branch creat-
ing a neural loop as described by Rogers et al.
[14]. Further variation in Guyon’s canal involv-
ing muscular structures can occur up to 22.4% of
the time most commonly being represented by an
accessory abductor digit quinti that can course
through the canal volar to the neurovascular
structures [15] (Fig. 4.4). The surgeon operating
in this area should familiarize him or herself with
these anatomic variations. Finally, the intraosse-
ous blood supply to the hook has been described
by Failla and holds clinical implications [16]. In
a cadaver study, he found that the radial base
foramina are large and consistent, whereas the
ulnar tip foramina were absent nearly 30% of the
time creating a watershed area leaving the frac-
ture fragment prone to avascular changes and
probable nonunion (Fig. 4.5).

Mechanism of Injury

The mechanism of injury of the hook fracture in
the baseball player is similar to other racquet
sports and involves the direct traumatic contact
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Fig. 4.5 Vascular foramina hamate hook (Failla, MD)

of the knob of the bat to the volar ulnar base of
the palm, the location of the hook. In baseball,
this is typically the nondominant or bottom hand
and usually occurs with a checked swing on a
high inside pitch, though some give a history of
lunging for a low outside pitch [17]. The domi-
nant hand may rarely be involved and occurs
with a fall on the outstretched hand, seen in
fielding a hit ball or in an errant slide into the
base. This mechanism is different than the direct
impact of the bat on a misdirected swing and is
due to an indirect mechanism with the fracture
due to an avulsion imparted by the transverse
carpal ligament onto the bone. The senior author
(GML), noting in the Atlanta Braves organiza-
tion a higher incidence of hook fractures in Latin
players, observed the characteristic grip dis-
played more often in these players, that being the
knob of the bat held in the hand (palm) rather
than the more conventional grip which places the
knob on the ulnar border of the hand (Figs. 4.6
and 4.7). We hypothesized that this grip termed
the “palmar hamate grip” has the potential to
place significant forces on the hook predisposing
it to fracture. This theory was tested in our recent
study comparing forces on the hook with pres-
sure-sensitive monitors between the palmar
hamate grip and the conventional grip. Striking
results were found with the palmar hamate group
demonstrating a 335% increase in force on the
sensor overlying the hook of the hamate when
compared to the conventional grip [5]. These
findings deserve notice and will be discussed in
later sections.
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Fig. 4.6 Conventional batting grip, the knob on the ulnar
border of the palm

Fig. 4.7 Palmar hamate grip, the knob is situated in the
palm directly over the hook of the hamate

History

Players presenting with the hook fracture may
present in an acute or less often a more chronic,
insidious presentation. The majority of the time,
the player will recall an awkward swing involv-
ing the nondominant or bottom hand. In the acute
setting with displacement of the fracture, the
player may experience numbness in the ring and
small finger due to the close proximity of the
hook to the ulnar nerve. Similarly, the close loca-
tion of the ring and small flexors to the fracture
may cause the player to present with weakness in
flexion and in some cases actual rupture of the
tendon.

The player will describe a vague, deep ach-
ing pain in the volar ulnar palm. In many play-
ers, especially players who use the palmar
hamate grip, the pain will be located to an
often large calloused area where the knob of
the bat is held. The discomfort is very often not
present at rest or even low-impact activities,
but grasping the bat or maximal flexing of the
ring and small finger will exacerbate the symp-
toms. In players in which the fracture is located
at the base of the hook where it attaches to the
body of the hamate, the described pain may be
located to the dorsal ulnar aspect of the hand
very close to the base of the small finger meta-
carpal which can confuse the trainer and clini-
cian. Many of these symptoms form the basis
for the specialized parts of the exam that are
important to understand and help to solidify
the diagnosis.

Physical Exam

The exam for the player suspected of a hook of
the hamate fracture follows similar orthopedic
principles for any bony injury. Inspection and
palpation, along with neurovascular assessment
and special testing, make up the basic assess-
ment. In viewing the palm, often a callous can be
seen in the player using the palmar hamate grip
especially if the player describes this area as the
site of maximal tenderness. If the fracture is
acute, swelling and ecchymosis can be seen in
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the palmar ulnar aspect of the hand over the hook.
If the injury is chronic, injuries to neighboring
structures due to progressive attrition or com-
pression may be apparent on inspection. Loss of
the normal cascade of the digits at rest may signal
flexor tendon injury or even rupture [11]. Pallor
or cyanosis of the digits may denote vascular
injury due to the unstable hook compressing the
artery and/or vein. Dryness or loss of sweating in
the ulnar two digits could signify sensory nerve
injury, and atrophy of the hypothenar muscles
can occur with injury to the motor branch of the
ulnar nerve.

Palpation is the next part of the exam.
Tenderness to palpation of the hook in the palm is
suggestive of its fracture. Topographic location
of the hook is confirmed by placing the examin-
er’s thumb interphalangeal joint on the pisiform
in the palm in a line pointed toward the index fin-
ger metacarpal head [8] (Fig. 4.8). The pulp of
the examiner’s thumb will now be on the tip of
the hook of the hamate. The hook is usually

Fig. 4.8 Palpation of the hook topographic location

1.5-3 centimeters distal to the pisiform. Carter
and others have also recommended assessing for
pain to palpation over the dorsal and medial bor-
der of the hamate as a fracture of the base of the
hook can be far tenderer in this location rather
than the palm [8]. This finding can also confuse
the clinician and miss the diagnosis of hook frac-
ture thinking the injury to be a ring or small meta-
carpal injury.

The hook of the hamate pull test, a special-
ized test described by Wright, is very accurate
in confirming fracture of the hook [10]. The
examiner places the injured hand in ulnar devia-
tion and resists the flexion of the ring and small
finger. Pain in this maneuver is both highly sen-
sitive and specific for fracture (Fig. 4.9). The
ulnar deviation of the wrist places the flexors
close to the fractured hook causing pain with
resistance. It is why the clinician should assess
flexion of the two ulnar digits as part of the
exam as there is a 17% flexor rupture rate due to
the displaced hook fracture causing attritional
injury [11]. The exam is completed with vascu-
lar assessment of the digits utilizing Allen’s test,
which assesses the patency of the arterial struc-
tures perfusing the hand. This is due to the close
proximity of the fractured hook to the ulnar
artery and the rare, but possible, thrombosis of
the vessel. Assessment of ulnar nerve function
assessing intrinsic muscle strength along with
sensation to the two ulnar digits is recom-
mended, again due to potential nerve compres-
sion from the hook fracture.

Fig. 4.9 Hook of the hamate pull test
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Radiographs/Advanced Imaging

With a tentative diagnosis of hook fracture,
standard x-rays are first ordered. A posteroante-
rior (PA), lateral, and oblique view will usually
not show the hook fracture but are useful to rule
out any other bony injury. A carpal tunnel view
(picture) may show the hook of the hamate, but

radial
deviation

Maximum ;"tr}&.. :

the injured player with pain and swelling often
is unable to position the wrist in adequate
extension to profile the hook (Fig. 4.10).
Papilion described a useful radiographic view,
termed the semi-supine oblique view that can
reliably show the fracture [18]. The hand is
positioned in radial deviation, thumb palmar
abduction, and slight supination and if done
properly will show the hook fracture reliably
(Fig. 4.11). The gold standard, however,
remains the CT scan, and the best projection is
an axial cut with both hands positioned together
in the “prayer position” [19] (Fig. 4.12). This
allows the uninjured hand to be used as a com-
parison. Finally, an MRI scan may show the
fractured hook, and though the CT scan is more
specific, the MRI may be beneficial in ruling
out other soft-tissue injuries.

Fig.4.11 Papilion semi-supine oblique view
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Fig.4.12 Gold standard CT axial prayer position

Differential Diagnosis

The differential diagnosis of the hook fracture
involves consideration of the other causes of
ulnar-sided wrist pain. Most of these diagnoses
are covered in this book; however, ulnar-sided
wrist pain can be a challenge, so a brief mention
of other causes is warranted. Injuries to the trian-
gular fibrocartilage complex (TFCC) often
involve the nondominant hand in the baseball
player and need to be ruled out. Though the
mechanism of injury may be similar, the TFCC
injury usually presents with pain on wrist rota-
tion and the tenderness is over the medial ulnar
aspect of the wrist. Injuries to the lunotriquetral
ligament can mimic the hook fracture, but the
tenderness usually is dorsal-ulnar over the liga-
ment. Triquetral hamate impaction syndrome,
also described in the bottom nondominant hand,
usually presents with tenderness over this joint
and is exacerbated with passive dorsiflexion and
ulnar deviation on exam [20]. Tendinitis involv-
ing the flexor carpi ulnaris (FCU) can be a source
of injury but usually is repetitive in its onset, with
tenderness evoked over the tendon in the volar-
ulnar aspect of the forearm. The pisiform bone,
because of its sesamoid nature, sits within the
FCU and articulates with the triquetrum (pisotri-
quetral joint), and injuries to this complex can
resultin chondral injury. A recent report described
an MLB player with locking of this joint due to a
loose body, and its close proximity to the hook of
the hamate makes its existence important in the
differential diagnosis [21]. These injuries are
usually situated on the volar and medial aspect of
the wrist. However, as a fracture of the base of the

hook may simulate a dorsal wrist injury as
described by Carter, it is imperative that the sur-
geon or the trainer rule out injury to the extensor
carpi ulnaris (ECU), which can present as tendi-
nitis, or if injury to the subsheath occurs, sublux-
ation may be present [8, 22]. Finally, fractures of
the fifth metacarpal, because of their close prox-
imity to the hook, need to be ruled out. Similarly,
dorsal triquetral avulsion fractures, often occur-
ring in a head first slide, must be considered in
the ballplayer presenting with injury in this
region.

Treatment (Conservative Versus
Surgical)

With a diagnosis of a hook fracture, confirmed
treatment commences. Most hand surgeons asso-
ciated with baseball opt for the time-proven sur-
gical procedure of removal of the fractured hook
as the definitive treatment, but this procedure is
not without adverse results, so limited support for
other options exist. Bishop reported on eight
patients seen with hook fractures of which greater
than 90% healed with immobilization for 6 weeks
in a short arm cast incorporating the ring and
small fingers [23]. They advocated this treatment
for acute nondisplaced fractures; however, none
of the reported patients were baseball players
where significant forces are imparted on the hook
pre and post injury [23]. Other authors have not
been able to replicate these results, but Triplet felt
that higher success could be achieved in cast
treatment by incorporating the thumb in the cast
[24]. They showed in a cadaveric study that
immobilizing the thumb in a simulated hook
fracture could increase stability by negating the
deforming forces of the transverse carpal liga-
ment on the base of the hook where it attaches.
Fujioka suggested that the use of low invasive
pulsed ultrasound stimulation could possibly
accelerate the rate of healing of the hook, though
this was a case report only [25]. Most hand sur-
geons feel that in the high demand patient, spe-
cifically the baseball player, that surgical excision
is the treatment of choice to return the player to
pre-injury levels of success. There are, however,
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a few reports that advocate fixation of the fracture
hook rather than excision, citing the potential
retention of the hook to serve as a pulley for the
flexors. Open reduction and internal fixation was
proposed by Watson and Cecarelli in separate
publications [26, 27]. Calandruccio confirmed
this theoretical advantage in a cadaveric study
which showed the biomechanical increased flexor
strength advantage in retention of the hook com-
pared to the unretained hook [12]. Despite these
small studies and biomechanical support, internal
fixation has not gained support in the treatment of
the ballplayer with a fractured hook of the
hamate. The gold standard remains excision of
the hook. Many studies support this recommen-
dation [4, 7-9, 28-31].

Successful surgical excision of the hook
demands a thorough knowledge of the clinical
anatomy found in this area. One would think
excision is a simple procedure, but the close
proximity of the ulnar nerve, specifically the
deep motor branch and the ulnar artery, make
this procedure complex. In addition, being aware
of the significant variation in neurovascular and
muscular structures can help avoid iatrogenic
damage and adverse results. We have used an
incision that adequately identifies and protects
the ulnar nerve and artery found in Guyon’s
canal [32, 33] (Fig. 4.13). The procedure is done
under a tourniquet to allow for hemostasis and
better visualization. Next, we identify the piso-
hamate ligament and trace its insertion to the
hook. Intraoperative radiographic confirmation
of the hook allows the surgeon to now carefully
remove the hook in a subperiosteal fashion [29].
Others have recommended an extraperiosteal
removal [7]. Gentle retraction of the deep motor
branch is necessary, and with removal of the
hook, the remaining bone is smoothened to avoid
tendon fraying. The flexor tendons are visualized
in the carpal canal and assessed for fraying or
rupture. Intraoperative radiographic confirma-
tion of hook removal is advocated by the senior
surgeon for official records. The Papilion view
described earlier in this chapter will show the
pre- and postoperative removal accurately [18]
(Figs. 4.14 and 4.15). The hook is photographed
as part of the permanent record (Fig. 4.16). This

Fig. 4.13 Intraoperative view demonstrating the close
proximity of the hook to the neurovascular structures

Fig.4.14 Papilion view preoperatively showing the frac-
tured hook

Fig. 4.15 Papilion view postoperatively confirming ade-
quate excision of the hook

recommended technique used by the senior sur-
geon has helped to avoid adverse results and
complications in over 75 surgeries. Jones has



58

T. B. Griffith and G. M. Lourie

L
a4
OR Products & Safety S¢

Fig.4.16 The hook after its excision

described this method in his publication and is a
useful resource for the hand surgeon [32]. The
excision of the hook of the hamate should be
performed by a well-trained hand surgeon. Even
if these recommendations are followed carefully,
complications and adverse results can occur.
Wright in a survey of hand surgeons reported a
3% rate of complications, all due to nerve or vas-
cular injury and all thought to be due to the sur-
gical exposure rather than the excision [7].
Goldfarb in another exhaustive review of 81
patients reported up to a 25% incidence of post-
operative complications, the majority being tran-
sient ulnar nerve neuropraxia [34]. Even with
these reported findings, most hand surgeons rec-
ommend excision of the hook once the diagnosis
is made. This applies for both acute, subacute,
and established nonunion. The senior author has
reported on a rare hook fracture presentation, in
which the fracture is incomplete, usually the
fracture line based radially with sclerosis seen
ulnarly at the base suggesting attempted healing

or even a stress injury [35]. Though many have
advocated a wait and see approach, our series
along with one by Zemel recommends early
excision in the high demand athlete to allow for
earlier return to play due to the high rate of fail-
ure with conservative treatment [36].

Our postoperative protocol involves a short
arm cast for 3 weeks followed by a removable
splint and initiation of scar massage as the tender
scar in this regions seems to be the biggest
impediment to sport-specific rehabilitation. This
important protocol is covered in the last chapter
of this book written by our Atlanta Brave’s
trainer. Their input and skill is crucial to the suc-
cess of returning the player to the field. Range of
motion is commenced at 3 weeks followed by
strengthening. When 85% of contralateral grip
strength is achieved, a gradual hitting sequence is
initiated with most, but not all, studies reporting
return to play at 6-8 weeks.

Results

Earlier studies reported a high level of satisfac-
tion and equally high return to level of play
equal or better than pre-injury status. In the
1970s through the 1980s, Stark et al. along with
Carter et al. reported on a mixed cohort of
patients not exclusive to baseball, but with suc-
cessful return to pre-injury activity in the major-
ity of patients [8, 9]. The data in these studies
was very limited and scant follow-up given.
Bishop et al. published on a more thorough
series in the 1980s and again showed with lim-
ited follow-up greater than 90% return to pre-
injury athletic status [31]. Little mention of
adverse results or residual symptoms was
reported in these earlier reports. More recent
studies by Wiekert, Shin, and Osterman reported
on 60 athletes, the majority baseball players
[28-30]. This combined cohort showed high
satisfaction rate and successful return at
6-8 weeks to a level similar to pre-injury status
with improved DASH scores. Of the 60 players,
there were only three reported adverse results,
two patients with scar sensitivity and one with
transient ulnar nerve sensory findings, all which



4 Hook of the Hamate Fractures

59

resolved at final follow-up. The excellent results
of these earlier studies have been tempered by
three recent publications. Wright et al., in their
review, reported a 3% complication rate includ-
ing injury to the ulnar nerve, the superficial
arch, and the median nerve [7]. The authors felt
these findings were due more to the exposure
than the actual excision, but regardless of cause,
this only highlights the complexity of this sur-
gery and the need for experienced knowledge of
this region. Bansal et al. echoed these findings
in a more recent exhaustive review of 81
patients, of which more than half were baseball
players [34]. Though the median return to play
was 6 weeks, 11 patients (14%) did not return
until 12 weeks or later. Twelve patients (15%)
with documented full recovery continued to
describe continued intermittent discomfort in
the affected hand. The authors further described
a 25% incidence of postoperative complications
with the majority being ulnar nerve dysfunction.
Erickson et al., in the most complete study to
date, further supported the more sobering find-
ings reported by Bansal [17, 34]. In a study ded-
icated to only baseball players and more
specifically professional players, 261 players
undergoing hook excision between 2010 and
2017 were analyzed using the MLB Health and
Injury Tracking System (HITS) database [17].
This study is the first to provide data on player
performance after excision of the hook of the
hamate. The median return to play was 7 weeks,
which is similar to smaller studies, though 81%
returned to sport at the previous level, 3%
returned to a lower level, and 16% did not
return. In evaluating player performance, player
utilization significantly increased after surgery,
but player efficiency, including batting average
(BA), on-base percentage (OBP), and on-base
plus slugging percentage (OPS), all significantly
decreased. These findings must be tempered
when compared to earlier studies which paint a
much more optimistic picture. The authors still
recommend the excision of the hook in the high-
level baseball player, but moving forward per-
haps hand surgeons and trainers can affect both
the prevalence and the consequences of this
injury.

Prevention/Management
Optimization

Though in the general population, the hook of
the hamate fracture is rare, we have shown its
higher occurrence in baseball players and with
that a higher morbidity rate. To reduce this mor-
bidity, working on better ways to prevent this
fracture outright and lessen time to diagnosis
and treatment may better affect this experience.
The mechanism of injury in the hook fracture
involves the knob of the bat in the nondominant
or bottom hand being driven into the palm, usu-
ally in an awkward swing, causing the injury. In
our Atlanta Braves experience, we have docu-
mented in the palmar hamate grip, in which the
knob of the bat is actually in the palm rather
than outside the palm on the ulnar border of the
hand, that the rate of hook fracture is much
higher. Further in our studies in measuring this
force of the knob with pressure-sensitive sen-
sors in the two different grips, we found a dra-
matic 4-5x greater PSI (pounds/square inch)
with the palmar hamate than the conventional
grip [5]. We have sought to counsel our players
with this grip in hopes of changing to the con-
ventional one. Most of our players who enjoy
this grip remain resistant to a change, but per-
haps imparting this knowledge to coaches man-
aging younger players may make an impact. In
players who will not make the change, possibly
adding a pad to this area in the batting glove
may help lessen the chance of fracture. A recent
new bat, the Axe Bat™ (AXEBAT US, Kent,
Washington), has a redesigned handle similar to
an axe that theoretically reduces the force
imparted to the hook of the hamate and may,
with more widespread use, lessen the incidence
of this fracture in the high-level baseball player
(Fig. 4.17).

Prevention may be the best way to lessen the
morbidity of the hook fracture, though realisti-
cally asking a high-level player to change his
grip or bat may be difficult. A more accurate
way to decrease its deleterious impact remains
earlier diagnosis with expedient referral to the
hand surgeon to proceed with treatment. In the
senior author’s experience, this delay is multi-
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Fig.4.17 Axe Bat, tapered handle

faceted and starts with failure to recognize the
injury, failure to confirm the injury on exam,
delay in radiographic confirmation, and finally
inordinate delay in referral to the hand surgeon
for recommended treatment that still remains
excision. The continued use of attempted unsuc-
cessful conservative treatment, usually pro-
longed casting, plays large into the delay in
returning the high-level player to pre-injury sta-
tus. This adverse delay is highlighted in the
senior author’s (GML) comparative experience
between the Braves and routine community
hook fracture referrals. Our Braves’ trainers,
being skilled in the history of this fracture and
its mechanism of injury, are quick to assess the
player, order the proper radiograph (Papilion
modified supinated oblique or CT), confirm the
diagnosis, and refer for surgery. This results in
approximately a span of 50 days from injury to
return to play. This is compared to our commu-
nity experience in which there is an inordinate
delay in diagnosis coupled with an even further
delay in referral resulting on average 126 days
from injury to return to play. It is our continued
goal to educate primary care doctors and pro-
viders to this injury and the need for expedient
referral [6].

Conclusion

The hook fracture in the baseball player has a
higher prevalence in incidence than the normal
population. This seemingly innocuous injury, if
missed or undertreated, can result in increased
morbidity. The goal of this chapter has been to
document its pertinent clinical anatomy, mecha-
nism of injury, important details of the exam,
radiographic and advanced imaging, and treat-
ment. The relationship with the hand surgeon and
his or her trainer is crucial to make the diagnosis
and begin expedient treatment. Return to play is
usually successful, though recent publications do
describe a more sobering experience. Pearls in
prevention and more efficient management may
affect this finding. Education of our first-line
health providers hopefully will also help in this
overall experience.
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Carpometacarpal (CMC) Injuries

Digits 2-5

George A. Cibulas Il and Melvin P. Rosenwasser

Introduction

Over the last 10 years, many epidemiologic
reports and studies have been published on the
increasing rates of injury in Major League
Baseball (MLB). These injuries lead to more
time on the disabled list and affect the economics
and competitiveness of the organization [1]. In
one study, looking at both major and minor
league baseball (MLB/MiLB), about 50,000 inju-
ries were reported over 7 seasons (8000 injuries
in the MLB) resulting in weeks to a whole season
loss of playing time. Injury to the wrist, hand, fin-
ger, or thumb accounted for 14% of injuries. This
is the second highest locus of injury behind the
shoulder/clavicle (15%) [2]. While injury to the
carpometacarpal joints of digits 25 are relatively
uncommon in the MLB (<5%), they are challeng-
ing to treat and return to play while preventing
short and longterm complications [3].

Carpometacarpal Bossing

Carpal bossing is a bony protrusion on the dorsal
surface of the wrist involving the radial carpo-
metacarpal (CMC) joints (CMC joints of the
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index and long finger) that is classically associ-
ated with CMC arthritis. Patients often present
with an asymptomatic mass on the dorsum of the
wrist over the CMC joint made more prominent
by wrist flexion [4]. Typically, symptoms include
snapping of the extensor tendons over the carpal
boss, ganglion cyst at the CMC joint, or inflam-
mation of the extensor tenosynovium [5, 6].

In an elite MLB athlete, however, the player
may present with radial CMC symptoms without
a notable carpal boss, or an associated ganglion
cyst. Localized pain is seen in hitters who must
go through a full arc of radial and ulnar deviation
during the batting swing. The index and long fin-
ger CMC joints are stable but do have micromo-
tion in the coronal plane during battings (Fig. 5.1).
The ability to finish the batting swing with
authority is compromised if there is pain associ-
ated with the carpal boss.

In athletes presenting with symptoms over a
carpal boss an associated sessile ganglion cyst or
an intraosseous lesion should be ruled out.
Standard anteroposterior x-ray views of the hand
and wrist should be supplemented with a modi-
fied lateral view of the wrist in which the hand is
supinated 30—40° with ulnar deviation of 20-30°,
which highlights the profile of the carpal boss
(Fig. 5.2) [5]. Computed tomography (CT) and
magnetic resonance imaging (MRI) may be use-
ful for confirmation and to rule out other pathol-
ogy (Fig. 5.3) [8].

A symptomatic carpal boss is treated with rest
and often an intra-articular corticosteroid injection.
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Stance phase Stride phase Drive phase Bat acceleration phase Follow-through phase

-

Fig. 5.1 Batter’s swing progression with high forces in  in the coronal plane during phase progression (With per-
radial and deviation focused on the second CMC joint. ~ missions from Am J Orthop [7])
Note the position of the wrist (radial and ulnar deviation)

Fig. 5.2 Lateral x-ray of the right wrist. Note the promi-
nent metacarpal boss adjacent to the radiographic marker
(located over the second CMC joint)

Fig. 5.3 Sagittal MRI imaging of a second CMC meta-
carpal boss
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Fig.5.4 5-cm incision made in line with base of the sec-
ond CMC joint overlying the symptomatic boss

Fig. 5.5 Intraoperative photo demonstrating arthritic
changes at the second CMC joint

Persistent symptoms limiting play will indicate sur-
gery. Historically, this has consisted of surgical
wedge resection [9]. While studies have shown
positive results with this procedure. The nature of
the operation can destabilize the CMC further
which may delay or prevent return to play as a MLB
player [6, 9, 10]. Thus, for the symptomatic ball-
player with a painful carpal boss, a CMC arthrode-
sis with or without adjunctive bone grafting is the
preferred treatment option [11]. Outcomes have
demonstrated pain relief and return to the previous
level of performance in baseball and other sports.
CMC arthrodesis begins with a longitudinal
incision over the base of the second CMC joint
extending proximally and distally about 5 cm

Fig. 5.6 Prepared second CMC joint after removal of
articular cartilage

Fig. 5.7 Impacted crushed cancellous bone graft within
the second CMC joint

(Fig. 5.4). The dorsal ridge of the base of the sec-
ond metacarpal hides the articulation and needs
to be unroofed via osteotomy. The articulation
can then be visualized (Fig. 5.5). Next, removal
of the remaining articular cartilage is performed
carefully with curettes and a high-speed bur
(Fig. 5.6). The joint is then packed with allograft
cancellous croutons utilizing an impaction graft-
ing technique in order to fill the prepared joint
cavity (Fig. 5.7). It is not necessary to add adjunc-
tive fixation as there is minimal motion at this
joint once splinted. If additional fixation is pre-
ferred, percutaneous or buried K-wires would be
sufficient. More obtrusive hardware such as dor-
sal plates have not been necessary to facilitate
fusion at this site.
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Casting or splinting is continued until clinical
union is observed with no tenderness at the fusion
site and evidence of bone bridging on x-ray
(Fig. 5.8). This usually occurs within 8 weeks. CT
scan may be performed to confirm adequacy of
union. A fibrous union, as may occasionally hap-
pen, may still be sufficient to relieve all local symp-
toms and allow return to play. The case presented is
of an elite college golfer who had incapacitating
pain for 3 years at his left second CMC with boss-
ing and now 1.5 years after successful CMC
arthrodesis. He has painless wrist motion and is
back playing high-level tournament golf and has
near symmetric radial and ulnar deviation (Fig. 5.9).

Conclusion: Injuries in baseball players at the sec-
ond and third CMC joint are infrequent among MLB
athletes but persistent pain does affect performance in
batting. Unfortunately these symptoms do not always
respond to conservative treatments and rest. These
injuries are often acute on chronic in etiology and ulti-
mately demonstrate carpal bossing. Earlier presenta-
tions may have normal imaging. MLB batters must
repetitively load the second CMC joint (in the coronal
plane) which can generate articular cartilage damage.
Chronic focal pain at that joint which is temporarily
relieved by a lidocaine/coticosteroid injection may be
treated successfully by a CMC arthrodesis allowing
return to play at same level within 4 months making it
achievable during the offseason.

Carpometacarpal Dislocation

Carpometacarpal dislocation results from a trau-
matic event and constitutes less than 1% of all
hand injuries [12]. This injury in the MLB athlete
is even more infrequent. However, given its
severity and potential for chronic pain and dis-
ability, it is important to recognize this injury and
understand the treatment options. Clinical and
anatomic reports have described the anatomy and
kinematics of the CMC joints of the hand. A
forceful blow to the closed fist is the most com-
monly described mechanism leading to fracture
and/or dislocation of the ring and small finger
CMC joints [13]. This may be seen in baseball
players after a fall on a closed fist, direct contact
with a ball, base, or collision with another player.

The CMC joints of the index and long finger
are stable joints and allow only 1-3 degrees of
motion in the anterior-posterior plane [14]. Thus,
the second and third CMC joints along with the
distal carpal row form the stable keystone of the
transverse and longitudinal arches of the hand. The
CMC joints of the ring and small fingers have a
saddle configuration and looser ligamentous
attachments, which permit greater mobility and an
increased risk of being injured [15].

Ulnar-sided CMC joint dislocations or fracture-
dislocations can be missed because of the diffuse

Fig. 5.8 AP, oblique, and lateral radiographs of a successful second CMC fusion with bone bridging at 3 months
post-procedure
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swelling that can occur in the hand and the misin-
terpretation of initial radiographs. A careful exami-
nation with ballottement of the base of the fourth
and fifth metacarpals is required to assess stability
of the reduction. Hand radiographs are obtained in
the anteroposterior (AP), true lateral, and oblique
planes (Fig. 5.10). If initial imaging does not con-
firm a CMC injury, but clinical exam suggests
injury, additional oblique views or computed
tomography (CT) scan should be obtained [16, 17].

Fig.5.9 1.5 years after left second CMC arthrodesis with
preserved radial and ulnar deviation

Injury pattern (dislocation vs fracture-
dislocation), open vs. closed injury, time to diag-
nosis, and ability to perform early closed stable
reduction must be considered when deciding to
proceed with conservative or surgical manage-
ment of these injuries. Traditionally, most CMC
dislocations are treated surgically with either
open or closed reduction and percutaneous pin-
ning [18]. If the injury pattern is diagnosed early
(within 7-10 days of injury), is closed, and is a
pure dislocation without associated fracture, then
successful outcomes are reported after closed
reduction and casting for a period of 6-8 weeks
[19, 20]. There are no reports of treating these
injuries in MLB players.

If this injury is irreducible or redisplaces after
closed reduction, operative repair is indicated.

Closed reduction and percutaneous pinning
is effective in maintaining alignment and stabil-
ity of the fourth and fifth CMC base. It is not
necessary to directly transfix the small intra-
articular fragments. If the articular fracture
remains malaligned after closed reduction, then
an open reduction can be performed with a lon-
gitudinal incision over the base of the fifth car-
pometacarpal joint. Be careful to identify and
protect dorsal ulnar sensory branches of the
ulnar nerve. After fracture and/or joint reduction
divergent K wires are placed percutaneously
(Fig. 5.11).

Fig. 5.10 AP, oblique, and lateral imaging of the right hand demonstrating dorsal dislocation of the fourth and fifth
metacarpals with associated metacarpal base fracture
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PORTABLE

Fig.5.11 AP and lateral right-hand radiographs post closed reduction and pinning of the fourth and fifth metacarpals
with divergent K-wires

Fig.5.12 AP, oblique, and lateral imaging of the right hand 3 months after closed reduction and percutaneous pinning
of the fourth and fifth metacarpals

Casting or splinting supplements the K-wire metacarpal go on to symptomatic posttraumatic
fixation until capsular and/or bony healing is osteoarthritis requiring a late arthrodesis.
complete in 4 weeks. Rarely will a reduced Athletes may return to play at 2 months post
intra-articular fracture at the base of the fifth injury (Fig. 5.12).
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When treating these injuries in the base-
ball athlete, surgery or closed reduction and cast-
ing are equivalent with regard to return to play.
Both methods require 6-8 weeks of immobiliza-
tion. These injuries when recognized and treated
appropriately will allow the athlete to resume
competition in a predictable fashion.
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Phalangeal and Metacarpal
Fractures of the Digits

R. Glenn Gaston and A. Jordan Grier

Introduction

The metacarpals and phalanges are among the
most commonly observed sites of fracture of the
upper extremity in adults in the United States
with an incidence of 20.9 fractures per 10,000
annually [1]. Together, metacarpal and phalan-
geal fractures comprise an estimated 41% of
fractures below the elbow in the general popula-
tion [1, 2]. Injuries of the hand and wrist account
for 3-9% of all traumatic athletic injuries, with
rates as high as 25% observed in adolescent ath-
letes [3, 4]. Fractures of the metacarpals and pha-
langes account for over 40% of fractures among
professional athletics injuries observed both in
the United States and abroad [5, 6]. Male athletes
have a particular predilection toward sustaining
fractures of metacarpals (87:13, male/female ath-
letes) and phalanges (80:20, male/female ath-
letes) [5].

Fractures of the hand pose a particular chal-
lenge in baseball players due to the unique
demands of fielding, throwing, and batting cou-
pled with the limited ability to play wearing
splints or casts. Fractures of the metacarpals and
phalanges are observed at all levels of baseball;
therefore, the treating surgeon must possess a
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sound understanding of the unique demands of
their patient’s tier of competition. The hand and
fingers account for 8.5% of all baseball-related
injuries, and over 30% of all fractures observed at
the high school level [7]. Comparable rates of
injury have been observed at the professional
level with hand and finger injuries representing
10% of all baseball-related injuries, and 32.5% of
all fractures [8, 9]. Of the observed hand and fin-
ger injuries, metacarpal fractures account for
2.6-4.7% of injuries, while phalangeal fractures
account for 1.3-3.7% [8, 9]. Injuries of the upper
extremity are of particular concern to players,
coaches, trainers, and treating physicians as they
account for significantly longer time lost to the
Injured List relative to that observed in lower
extremity and axial skeleton injuries, with aver-
age time out of competition in some series rang-
ing from 51 to 59 days for metacarpal fractures
and 31 to 61 days for phalangeal fractures [8, 9].

Optimal treatment of metacarpal and phalan-
geal fractures in baseball athletes is multifacto-
rial in nature. Prompt diagnosis provides for
appropriate early care and counseling of the ath-
lete. The treating surgeon must acknowledge the
unique needs and circumstances of athletes at dif-
ferent levels of competition from amateur to elite
while remaining continually grounded in sound
evidence-based medical practices. Strickland has
cited the vocal, and occasionally unreasonable,
external pressure often encountered by treating
physicians from multiple stakeholders including
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parents, coaches, fans, and sometimes even the
athletes themselves [10]. His commentary pro-
vides an invaluable perspective and serves as a
reminder that the treatment of athletes must
remain grounded in solid orthopedic principles to
provide for the best short- and long-term treat-
ment outcomes for the patient.

Anatomy

The architecture of the palm and digits lends itself
well to the unique motions required for fielding,
throwing, and batting. The carpometacarpal
(CMC) joints serve as a stout transition from the
distal row of the carpus to the metacarpals [11].
This is particularly true on the radial side of the
hand where the index and long finger CMC joints
exhibit particularly rigid ligamentous complexes.
On the ulnar side of the hand, the ring and small
finger CMC joints display increased mobility,
allowing for 15-20° of flexion and supination
which results in deepening of the palm [12]. This
unique motion about the ulnar CMC joints, cou-
pled with reciprocal flexion and pronation of the
thumb CMC joint, allows for the palm deepening
required for accommodation of objects such as
grasping a baseball or bat handle.

The coronal and sagittal plane alignment of
the metacarpals compliments the anatomy and
function of the CMC joints. When viewed in the
coronal plane, the long axes of the metacarpals
are slightly divergent in nature, with the most
radial portions of the index and most ulnar por-
tion of the small finger metacarpal heads lying
further from midline than their associated CMC
joints. This orientation serves to increase the
overall surface area of the palm relative to the
width of the carpus. When viewed in the sagittal
plane, the metacarpals appear in near parallel
alignment. However, when viewed in the axial
plane, the metacarpals appear to align in a con-
cave arch configuration [13]. The depth provided
by the carpal arch compliments the supination of
the fourth and fifth CMC joints to allow for more
effective object acceptance into the palm.

The diaphysis of the metacarpal is quite sta-
ble, and frequently displays relatively little dis-
placement with low-energy injuries as a result of

the attachments of the adjacent dorsal and palmar
interossei [14]. Distally, the finger metacarpals
are attached via the deep transverse intermetacar-
pal ligaments, which further stabilizes the meta-
carpal arch and allows for relative preservation of
the bony architecture of the palm even in the set-
ting of fractures. While the interossei origins can
serve as partial stabilizers of the metacarpal
diaphysis, their distal tendinous expansions
impart a deforming force in the sagittal plane as a
result of their course volar to the axis of rotation
of the metacarpal head. The characteristic apex
dorsal angulation of metacarpal fractures is in
part attributed to this deforming force imparted
by the interossei, along with a similar force from
the lumbrical as it passes volar to the deep trans-
verse intermetacarpal ligament. Varus and valgus
stability of the metacarpophalangeal joints is
conferred by a robust collateral ligament com-
plex consisting of proper and accessory fibers
which run in 30° and 90° angles, respectively,
from the collateral recess of the metacarpal to the
base of the proximal phalanx and volar plate.
The general bony morphology of the phalan-
ges consists of a base, narrow diaphysis, and
head [15]. The specific architecture of the proxi-
mal and middle phalanges is relatively similar
and distinct from that observed in the distal pha-
lanx. Radiographically, the proximal and middle
phalanges exhibit a 2:1 size ratio [13]. The proxi-
mal phalanx is unique in that it does not have any
direct extrinsic tendinous insertions, resulting in
a predictable apex volar deformity secondary to
the deforming forces of the central slip distally
and interossei proximally when extraarticular
fractures of the diaphysis occur. The insertions of
the central slip of the extensor apparatus dorsally
and flexor digitorum superficialis (FDS) palmarly
contribute to unique fracture morphology in
extraarticular fractures of the middle phalanx.
Middle phalangeal fractures occurring proximal
to the FDS insertion generally result in apex dor-
sal angulation as a result of the vector of pull of
the FDS slips. Conversely, apex volar angulation
is observed in middle phalangeal fractures occur-
ring distal to the FDS insertion. The anatomy of
the distal phalanx is distinct from that of the
proximal and middle phalanges, consisting of a
wide base which narrows through the diaphysis
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Fig. 6.1 Clinical image of the ring finger demonstrating
a visible nail plate deformity concerning for injury to the
underlying nail bed and distal phalanx (a) PA and lateral
radiographs of the ring finger distal phalanx demonstrate

and distal tip (often referred to as the “tuft”).
Tendinous insertions on the distal phalanx
include the terminal tendon of the dorsal appara-
tus and the flexor digitorum profundus tendon
more volarly and distal, both of which may act as
deforming forces in fractures of the distal pha-
lanx. The nail plate and underlying nail matrix
must also be taken into consideration when treat-
ing fractures of the distal phalanx as this tissue
may become interposed in fracture sites in both
children and adults. In skeletally immature
patients, the classic “Seymour” fracture has been
described as a physeal fracture associated with
entrapment of the nail matrix between the epiph-
yseal and metaphyseal fracture fragments result-
ing in non-anatomic alginment (Fig. 6.la—c).
Lacerations of the nail matrix require prompt
attention and repair in order to avoid future nail
deformity which may impair function of the fin-
ger and result in an unacceptable cosmetic defor-
mity in some patients.

Mechanism of Injury

Metacarpal fractures have been observed to occur
more frequently than phalangeal fractures in
baseball at the minor and major league levels [9,
16]. Fractures of the metacarpal commonly occur
as a result of a direct blow from the baseball to
the dorsum of the band in batters [17]. This typi-
cally affects the lead hand (bottom hand) as the

a displaced physeal fracture in the same patient who was
observed to have interposed nail bed at the time of fracture
fixation consistent with a Seymour fracture (b and c)

dorsum of the hand faces toward the pitcher and
is in line with the trajectory of the incoming
pitch. Metacarpal fractures may also occur as a
result of direct impact with another player (e.g.,
collisions at home plate, tagging an opposing
player, unintended collision between outfielders,
etc.), impact of the hand on a solid object such as
a base or with the outfield wall, or a fall onto an
outstretched hand.

Phalangeal fractures have a lower incidence
than metacarpal fractures but are at risk during
similar activities to those which place the meta-
carpals at risk. Proximal and middle phalangeal
fractures occur less frequently than do fractures
of the distal phalanx. Due to the relatively unpro-
tected position of the distal phalanx at the tip of
the finger, it is at particular risk from events such
as fielding a ground ball, sliding into a base, or
collisions with players or objects [18].

Differential Diagnosis

Athletes reporting pain about the hand or digits
warrant evaluation with a thorough history and
physical examination. Particular attention should
be paid to the mechanism of injury, reported
areas of pain, and associated symptoms. In addi-
tion to fractures of the metacarpals and phalan-
ges, care should be taken to rule out alternate or
associated diagnoses of the affected extremity.
Pain and swelling about the dorsum of the hand
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may be indicative of a metacarpal fracture, or
fractures, but may also be suggestive of injury to
the extensor tendons over the dorsum of the hand.
Carpal fractures may also present with pain
referred distally to the hand and fingers, and care
should be taken to rule out any associated carpal
pathology such as a fracture of the scaphoid.
More distally, pain about the metacarpal head
and neck should prompt careful evaluation of the
MCP collateral ligament complex as well as the
sagittal bands. Distally in the finger, careful
attention should be turned to exclusion of associ-
ated injuries of the flexor tendons, flexor pulley
system, and injuries to the dorsal apparatus (i.e.,
central slip, lateral bands, terminal tendon).

Physical Examination

When fractures of either the metacarpals or pha-
langes are suspected, physical examination
should begin at the carpus and proceed distally.
The hand and fingers should be -carefully
inspected and compared to the contralateral
extremity to note any areas of asymmetry.
Particular attention should be paid to areas of
swelling, skin changes (erythema, induration,
ecchymosis, pallor), skin turgor, open wounds
(lacerations, abrasions), loss of normal metacar-
pal arch contour, altered MCP joint contour, mal-
rotation of the digits, and temperature change.
Open metacarpal and phalangeal fractures are
relatively uncommon in baseball but should be
formally ruled out as this may indicate the athlete
for urgent operative intervention for irrigation
and debridement of the fracture site. The carpus
should be palpated for any focal areas of tender-
ness suggesting underlying bony or soft tissue
injury. Formal examination of the distal radioul-
nar joint (DRUJ) should be conducted including
assessment of the ulnar styloid, triangular fibro-
cartilage (TFC), extensor carpi ulnar (ECU), and
integrity dorsal and volar radioulnar ligaments.
Examination of the hand and fingers should
include formal assessment of the digital extensor
tendons, sagittal bands, dorsal apparatus of the
digit, and flexor tendon system. Range of motion

of the MCP, PIP, and DIP joints should be
assessed for pain with motion or differences in
mobility relative to the contralateral extremity. A
detailed neurovascular examination should be
performed including sensation in the distal
median, ulnar, and radial nerve distributions.
Peripheral pulses and capillary refill should be
assessed, especially in catchers, and if concern
for vascular injury exists, further evaluation with
handheld Doppler ultrasound should be con-
ducted promptly.

Imaging

If sufficient concern exists for fracture of
either the metacarpals or phalanges, imaging
with plain radiographs should be conducted.
Posteroanterior (PA), lateral, and oblique radio-
graph of the hand should be obtained for evalu-
ation of metacarpal fractures. Obtaining oblique
radiographs in both pronation and supination is
occasionally indicated to provide added detail
with respect to the metacarpal anatomy. Oblique
radiographs also provide added detail regarding
the integrity of the CMC joints, and may detect
subtle injuries not readily apparent on standard
PA and lateral radiographs [19]. A 30° pro-
nated view is especially helpful for evaluating
the fourth and fifth CMC joints. The Brewerton
PA view may also be indicated when concern
for metacarpophalangeal joint injury exists.
This view is obtained by capturing a PA image
of the hand with the MCP joints flexed to 60°,
and the X-ray beam directed 75° relative to the
plate [14]. PA, lateral, and oblique radiographs
of the finger should be obtained for suspected
phalangeal fractures. Advanced imaging with
computed tomography (CT) scans of the hand
and/or digit may be obtained if concern for
intraarticular fracture exists and radiographic
examination alone is deemed insufficient in
fully characterizing the injury pattern. CT may
be particularly helpful for injuries about the
CMC and MCP joints where significant overlap
of adjacent structures may obscure visualization
on plain radiographs.
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Conservative Treatment

Nondisplaced and minimally displaced metacar-
pal fractures with preserved length, rotation, and
alignment are often amenable to nonsurgical
treatment though many non-biologic factors such
as level of the athlete, time remaining in season,
and hand dominance may influence the decision.
Angulation of 30—40° of the ring and small finger
metacarpals, and 15-20° of index and long finger
metacarpals, is generally well-tolerated. While
these parameters are often acceptable for the gen-
eral population, this may not be acceptable for
optimum hand function for hitting, fielding, and
throwing due to the discomfort associated with a
prominent metacarpal head in the palm [17].
Principles of conservative treatment including
edema control and maintenance of active and
passive range of motion (ROM) of the MCP, PIP,
and DIP joints are strictly adhered to in the early
post-injury period to allow for timely return to
sport. A removable radial gutter orthosis for
index and long finger metacarpal fractures, and
ulnar gutter orthosis for ring and small finger
metacarpal fractures generally, provides adequate
support for the player to continue with other daily
activities in the early post-injury period. The
addition of buddy taping may be considered to
discourage malrotation, particularly in more
unstable fracture patterns such as long oblique or
spiral fractures. Initiation of active ROM with the
MCP joints immobilized and IP joints free is ini-
tiated on the first 2-3 days following injury to
prevent joint stiffness and facilitate return to a
baseball-specific rehabilitation program.
Follow-up radiographs should be obtained at 2
and 4 weeks post-injury to assess for evidence of
radiographic healing. The player is usually con-
verted to a removable orthosis with the MCP
joint free at 3 weeks post-injury. Return to play is
generally allowed at 6 weeks post-injury pro-
vided the player demonstrates at least 75% MCP,
PIP, and DIP range of motion (or has returned to
their baseline if preexisting deficits were present)
and radiographs demonstrate callous formation at
the fracture site. Protective dorsal hand splints
can be fabricated for players who desire extra
protection of the dorsal hand while batting, but

formal orthosis wear is otherwise not strictly rec-
ommended or tolerated for pitching and fielding.

Similar guidelines are followed for conserva-
tive treatment of phalangeal fractures.
Nondisplaced or minimally displaced, extraar-
ticular, length-stable fractures are generally con-
sidered amenable to nonoperative treatment.
Initial treatment for stable fracture patterns gen-
erally consists of buddy taping for a period of
2-3 weeks, with an active ROM program begin-
ning no later than 3 weeks after injury. Return to
baseball-specific activities is generally allowed
between 4 and 6 weeks after injury once painless
active ROM of the MCP, PIP, and DIP joints has
been achieved. Return to gameplay is allowed
between 4 and 6 weeks as well as pending the
player’s progress with a baseball-specific reha-
bilitation program under the direction of their
trainer.

Surgical Treatment

Surgical treatment of metacarpal fractures is
indicated for injuries resulting in malrotation of
the digits, open fractures, fractures with shorten-
ing >4-5 mm, intraarticular fractures of the meta-
carpal head, CMC fracture dislocations, and
fractures with associated neurovascular or tendon
injuries requiring repair. Relative indications for
treatment of metacarpal fractures include angula-
tion greater than 20-30° of index and long finger
metacarpal shaft fractures, or 30-40° of angula-
tion of ring and small finger metacarpal fractures,
prominent metacarpal head in the palm, and mul-
tiple metacarpal fractures. Furthermore, elite ath-
letes (we consider professional, college players
with aspirations of professional play, and occa-
sionally high school athletes with opportunities
for scholarships) may elect surgical management
for nondisplaced and minimally displaced frac-
tures in an effort to return to sport sooner. Athletes
should be carefully examined for prominence of
the metacarpal head in the palm at the level they
would grip a bat or the baseball. If athletes are
sufficiently bothered by the position of the meta-
carpal head in the palm, then consideration may
be given to operative fixation following a
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thorough discussion of risks and benefits with the
player and the team. Multiple fixation constructs
are available for treatment of metacarpal frac-
tures, and the optimal treatment strategy is the
one which will allow for stable fixation and early
range of motion. Achievement of stable fixation
allows for early range of motion, and expeditious
progression toward return to play.

Metacarpal Head Fractures

Most metacarpal head fractures are approached
via either a longitudinal split of the extensor ten-
don or a parasagittal approach through the sagit-
tal bands. The authors’ preference is to approach
the long and ring finger metacarpal head by
dividing the ulnar sagittal band and retracting the
extensor tendon to expose the fracture site and
the metacarpophalangeal joint. The sagittal band
is repaired at the time of closure with 3-0 or 4-0
nonabsorbable suture to prevent postoperative
extensor tendon subluxation. The index and small
finger metacarpal heads are preferentially
approached via a longitudinal split in the interval
between the common extensor tendon and acces-
sory digital extensor (extensor indicis proprius
for the index finger, extensor digiti quinti for the
small finger). At the time of closure, the longitu-
dinal split is repaired with 3-0 or 4-0 absorbable
suture in a figure-of-eight fashion. Intraarticular
fractures of the metacarpal head are treated with
anatomic reduction and fixation with either head-
less interfragmentary compression screws, plate
and screw constructs, or smooth Kirschner wires.
Plate and screw constructs may be left in place
permanently if they do not result in any discom-
fort in the hand upon return to play. If removal is
ultimately desired by the athlete, this is generally
performed at least 6 months from the time of
fixation and only if the fracture has gone on to
clinical and radiographic union. Kirschner wires
used for fracture fixation are generally removed
between 3 and 4 weeks after surgery; however,
these may be left in place for up to 6 weeks if
required for achievement of fracture union prior
to removal. Rarely, volar shear fractures of the
metacarpal head can be encountered. These are

best approached with a palmar approach, releas-
ing the Al pulley, and releasing the volar plate
distally. The fracture is then fixed with headless
compression screws when possible and the volar
plate repaired at the time of closure.

Metacarpal Shaft Fractures

Fractures of the metacarpal shaft are approached
via a longitudinal dorsal approach due to the rela-
tively subcutaneous nature of the metacarpal
shaft. The common digital extensor tendon is
mobilized in line with the incision and retracted
radially or ulnarly at the discretion of the treating
surgeon. Fixation can be achieved with either
interfragmentary screws, plate and screw con-
structs, or intramedullary fixation using smooth
Kirschner wires or a cannulated screw. The fixa-
tion construct utilized should be tailored to the
fracture pattern present. Provisional reduction is
achieved using a combination of longitudinal
traction and rotation of the digit. Reduction is
maintained with either smooth wires or a small,
pointed reduction clamp. Care should be taken to
ensure provisional fixation allows for placement
of the desired fixation construct and does not
result in fracture comminution or displacement.

Interfragmentary lag screw fixation of spiral
and long oblique fractures is preferred when the
fracture length is at least twice that of the diam-
eter of the bone at the length of the fracture.
Fixation generally requires two to four interfrag-
mentary screws depending on the fracture pattern
(Fig. 6.2a, b). Screws are placed in a lag-by-
technique fashion by over-drilling the near cortex
such that the screw glides through the near cortex
to engage and compress via the distal cortical
hole. The first screw placed should allow for
compression perpendicular to the fracture site,
with subsequent screws placed proximally and/or
distally for added torsional stability.

Metacarpal plating is suitable for treatment of
short oblique, transverse, and comminuted frac-
tures of the metacarpal shaft. Plate and screw
constructs can be applied to either the dorsal or
lateral aspects of the metacarpal depending on
the fracture morphology. The plate selected
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Fig. 6.2 Oblique fractures of the index and long finger metacarpal shaft (a) treated with interfragmentary lag screw

fixation (b)

should allow for fixation of six to eight cortices
on both sides of the fracture to ensure adequate
stability will be present to allow for early active
motion (Fig. 6.3a—d). Plate contouring may be
required to accommodate the dorsal bow of the
metacarpal shaft to ensure that fixation does not
result in fracture malreduction. Care must also be
taken to ensure that screw heads are sufficiently
recessed within the plate, and no prominent plate
edges are present in order to avoid mechanical
abrasion of the extensor tendons which may
result in pain or tendon rupture. Following com-
pletion of fixation, closure of the interosseous
fascia over the plate construct should be under-
taken when possible to minimize hardware prom-

inence which may be bothersome while wearing
either a fielding glove or batting glove.
Intramedullary pinning may be selected for
the treatment of transverse, short oblique, and
comminuted fractures of the metacarpal shaft.
Intramedullary fixation provides sufficient stabil-
ity to allow for mobilization of the athlete while
minimizing trauma to the surrounding soft tis-
sues. Pinning can be performed in an antegrade,
retrograde, or transverse fashion depending on the
fracture morphology present. Antegrade pinning
is best suited for proximal and mid-diaphyseal
metacarpal shaft fractures (Fig. 6.4a—1). A longi-
tudinal incision is made centered over the base of
the metacarpal. The extensor tendon and travers-
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Fig. 6.3 (a—d) Oblique
fractures of the long and
ring finger metacarpal
shafts (a and b) treated
with open reduction and
internal fixation with a
plate and screw
construct (¢ and d)

ing dorsal sensory nerve branches are identified
and carefully protected. A starting awl or small
diameter drill (1.2-1.8 mm) is used to create a
small window in the dorsal metacarpal base.
Depending on the size of the patient and frac-
ture morphology, either 0.035” or 0.045” smooth

wires may be selected for fixation. Wires are pre-
bent to match the native bow of the metacarpal
for which they are to be used and then advanced
in an antegrade fashion into the medullary canal
using the previously created pilot hole. Generally,
either two 0.045” wires or three 0.035” wires are
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Fig.6.4 (a-i) Transverse fracture of the ring finger meta-
carpal shaft (a—c) treated with antegrade intramedullary
wire fixation (d—f). At 6-week postoperative follow-up,

inserted to achieve stable fixation. Wires may be
cut flush with the dorsal cortex of the metacar-
pal and left in place permanently or left slightly
proud for later retrieval following fracture union.
Retrograde pinning of the metacarpal is per-
formed percutaneously by passing two 0.035”
or 0.045” smooth wires from the radial and
ulnar collateral recesses into the medullary canal
of the metacarpal. Care must be taken to avoid
inadvertent penetration of the articular surface of

the patient demonstrated a well-healed wound and full
active digital motion (h—i)

the metacarpal head when obtaining the starting
point of the wire as hardware placed in this posi-
tion may be a source of pain, limited motion, and
chondral loss which could be deleterious to the
athlete’s future return to sport in both the short
and long term. The authors’ preference is to cut
the wires below the skin to decrease the risk of
pin tract infection and allow for early range of
motion without irritation from wire prominence
when this fixation is used. Wires are gener-
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ally retrieved between 3 and 6 weeks following
fixation provided evidence of clinical and radio-
graphic healing is present. Retrieval may be per-
formed with the athlete wide-awake under local
anesthetic block to avoid the need for formal
return to the operating room. Transverse pinning
is useful for maintenance of length, rotation, and
alignment of comminuted or significantly length-
unstable fracture patterns. This fixation construct
is most frequently utilized for the border digits,
where the intact long and ring finger metacarpals
are used to maintain the desired reduction of the
index and small fingers, respectively. Generally,
one to two 0.045” smooth wires are placed both
proximal and distal to the fracture site in a trans-
verse, quadricortical fashion across the diaphy-
sis of adjacent metacarpals. Wires are cut below
the skin to avoid irritation and decrease the risk
of superficial soft tissue infection. Similar to
retrograde wire fixation, transverse wires are
generally retrieved between 3 and 6 weeks fol-
lowing fixation provided evidence of clinical
and radiographic healing is present. Retrieval of
transverse wires may also be performed with the
athlete wide-awake under local anesthetic block.
In general, we try and avoid the use of K-wires
for athletes during the season given the risk of
refracture once the pins are removed and return
to sport commences.

The use of intramedullary screw fixation for
the treatment of metacarpal fractures has become
our treatment of choice for transverse and short
oblique metacarpal shaft fractures (Fig. 6.5a—f).
Similar to intramedullary nail fixation of other
long bones, the ability to provide rigid, length-
stable, diaphyseal fit fixation of the metacarpal
with minimal soft tissue trauma allows for earlier
mobilization and return to weightbearing activi-
ties compared to smooth wire or plate and screw
constructs [20]. A provisional closed reduction is
first achieved via either closed or limited percuta-
neous means. After reduction has been achieved,
the proximal phalanx is flexed 90°, and a 1 cm
incision is made over the dorsal aspect of the
MCP joint allowing for creation of a small longi-
tudinal split in the common digital extensor ten-
don. Under fluoroscopic guidance, the starting
guidewire is placed slightly dorsal in the meta-

carpal head such that it is in-line with the center
of the diaphysis on a lateral projection of the
metacarpal. The guidewire is advanced across the
fracture site to the subchondral bone of the meta-
carpal base. Using the appropriate sizing guides
for the intramedullary fixation system selected,
the appropriate screw length and diameter is
selected. The appropriate screw length should
account for recession of the screw at least 2 mm
below the chondral surface of the metacarpal
head. Careful attention should be paid to the
inner diameter of the metacarpal isthmus, partic-
ularly in the ring finger metacarpal which often
has the most narrow coronal plane intracortical
diameter at the isthmus, and small finger which
has the most narrow sagittal plane intracortical
diameter at the isthmus [21, 22]. We prefer to
template the screw over the skin under fluoro-
scopic guidance prior to implanting it to ensure
appropriate canal fit.

Operative treatment of proximal and middle
phalangeal fractures is accomplished by similar
means to those described for the metacarpal.
Fractures about the proximal phalangeal head or
middle phalangeal base warrant careful scrutiny
on radiographs to determine the congruency of
the PIP joint, as fracture dislocations of the PIP
sometimes require alternate treatment methods to
those described here for fractures without associ-
ated joint dislocation [23]. Unicondylar and
bicondylar fractures of the phalangeal head may
be treated with smooth 0.035” wires in either a
parallel or crossing pattern, interfragmentary
screw fixation, plate and screw constructs, or a
combination of these strategies. Transverse and
short oblique fractures of the proximal and mid-
dle phalanx can be treated with either retrograde
or antegrade pinning with smooth 0.035” or
0.045” wires (Fig. 6.6a—d). Similar to that of the
metacarpal, the authors’ preference is to cut the
wires below the skin and plan for removal in 3—-6
weeks depending on the degree of healing pres-
ent and fracture morphology. Plate and screw
constructs may be employed for transverse, short
oblique, or comminuted fractures (Fig. 6.7a, b).
Plates may be placed on either the dorsal or
lateral surfaces of the phalanx, with care taken to
avoid irritation to the central slip or lateral bands
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Fig. 6.5 (a—f) PA, oblique, and lateral radiographs of a
left long finger distal metacarpal shaft fracture with sig-
nificant clinical malrotation of the finger on examination
(a—c). Six-week postoperative PA, oblique, and lateral

of the dorsal apparatus. Retrograde or antegrade
intramedullary screw fixation may also be con-
sidered for transverse and short oblique fractures
of the proximal and middle phalanx and may
allow for earlier return to activities (Fig. 6.8a—e).
Spiral and long oblique fractures whose length
measures at least two times the cortical diameter
at the shaft are amenable to fixation with two or
three interfragmentary lag screws. Occasionally,
fractures of the proximal or middle phalangeal
bases will require supplementary transarticular
pinning of the PIP or MCP joints, or dorsal exten-
sion block pinning of either joint in order to

radiographs demonstrate robust callous formation at the
fracture site following intramedullary screw fixation

(d-f)

maintain stable fracture reduction. Use of these
modalities should be done with caution as this
may result in a greater degree of motion loss that
would be observed with non-transarticular frac-
ture fixation.

Post-treatment Rehabilitation

Following most surgical treatment of metacarpal
fractures, the athlete is immobilized in a radial
gutter splint for the index and long finger meta-
carpals or an ulnar gutter splint for the ring and
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Fig.6.6 (a—d) PA and lateral radiographs of transverse fractures of the right ring and small finger proximal phalangeal
bases (a, b) treated with closed reduction and percutaneous pinning with 0.045” smooth wire fixation (c, d)
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Fig.6.7 (a, b) PA and lateral radiographs of a right small finger proximal phalanx fracture treated with open reduction

and internal fixation with a plate and screw construct

small finger metacarpals. Active range of motion
of the IP joints should be encouraged during the
initial period of immobilization. Two weeks post-
operatively, the patient is converted to a remov-
able orthosis which blocks MCP motion but
allows for continued free PIP and DIP motion. At
4 weeks, the player is converted to a hand-based
radial or ulnar gutter splint for comfort and
allowed to begin MCP range of motion. The
immediate postoperative splint for those treated
with intramedullary or transverse pinning should
include the MCP joint in an intrinsic plus posi-
tion with IP joints free. The player is subse-
quently converted to a removable orthosis to be
worn as needed for comfort following suture
removal at 2 weeks postoperatively. Following
suture removal, the player is encouraged to return
to conditioning activities as tolerated while
adhering to the restrictions set forth for the opera-
tive hand. Players are allowed to begin full
weightbearing activities once clinical and radio-
graphic union are observed, generally at
6-8 weeks postoperatively. Athletes treated with
rigid fixation including intramedullary screw,
interfragmentary lag screw, or plate and screw
constructs are allowed to return to early range of

motion at the discretion of the treating surgeon,
sometimes as early as 3-5 days postoperatively.

Rehabilitation following fixation of phalan-
geal fractures includes immobilization in a radial
gutter splint with the digits in intrinsic plus posi-
tion with the DIP joint free for proximal phalanx
fractures of the index and long finger, or a simi-
larly fashioned ulnar gutter splint for proximal
phalanx fractures of the ring and small finger.
Fractures of the middle phalanx are immobilized
in a digital gutter splint incorporating the adja-
cent digit, with the MCP joint left free for range
of motion. At 2 weeks, sutures (if present) are
removed and the athlete is converted to remov-
able orthosis similar to their immediate postop-
erative splint. The player is allowed to begin
removing their splint for gentle ROM of all joints
beginning at 3—4 weeks postoperatively if the
fracture remains stable on follow-up radiographs.
The removable orthosis is generally discontinued
between 4 and 6 weeks postoperatively once the
player has achieved pain-free range of motion.
Players are allowed to begin full weightbearing
activities once clinical and radiographic union
are observed, generally at 6-8 weeks
postoperatively.
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Fig. 6.8 (a—e) PA,
oblique, and lateral
radiographs of a
transverse fracture of the
index proximal phalanx
(a—c) treated with
retrograde
intramedullary screw
fixation (d, e)

Complications

Complications may occur as a result of both non-
operative and operative treatment of metacarpal
and phalangeal fractures. Patients treated with
smooth wire fixation are at risk for pin-site irrita-
tion or pin-site infection. Superficial pin-site
infections should be treated with 7-10 days of
oral antibiotics, with close monitoring by the
training room staff and treating surgeon to ensure

resolution of the infection. Deep infection is rare
with the described operative treatment modali-
ties, but if present should be treated with prompt
surgical debridement of the infection, removal or
exchange of the hardware if possible, and appro-
priate antimicrobial therapy.

Smooth wire fixation may also result in wire
breakage, which may complicate wire retrieval at
the time of union or contribute to delayed union,
nonunion, or malunion if occurring in the early
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postoperative period. Similarly, hardware failure
has been observed with both interfragmentary
screw and plate and screw constructs which may
contribute to delayed union, nonunion, or mal-
union of the fracture. Malrotation of the digit fol-
lowing surgical fixation can be observed if careful
attention is not directed to restoration of the nor-
mal digital flexion cascade intraoperatively. As
little as 5° of malrotation can cause clinically sig-
nificant digital overlap and may result in player
dissatisfaction with the operation and limitations
in performance. Shortening of the metacarpal
may be poorly tolerated, as an extensor lag of 7°
has previously been observed to result from every
2 mm of metacarpal shortening.

Postoperative stiffness is frequently observed
following operative treatment of metacarpal and
phalangeal fractures. Loss of motion may occur
as a result of extensor tendon adhesion over the
metacarpal, dorsal apparatus adhesions over the
digit, collateral ligament contracture or tethering
by fixation hardware, and capsular contracture.
The degree to which stiffness occurs is often
dependent upon the ability to effectively mobi-
lize the athlete following surgery. The impor-
tance of edema control and early range of motion
of the uninvolved joints cannot be overempha-
sized to the training staff and the athlete. Clinical
examination by the treating surgeon at regular
intervals postoperatively may allow for identifi-
cation and early intervention for impending stiff-
ness resulting in minimal lost time from
competition. While removal of hardware for plate
and screw constructs is not routinely indicated,
this may be considered in players with postopera-
tive stiffness and suspected tendinous adhesions
undergoing an extensor tenolysis with or without
concomitant dorsal capsulectomy.

Early Return to Play

The goal of both operative and nonoperative
treatment of metacarpal and phalangeal fractures
is to achieve clinical and radiographic fracture

union and allow the athlete to return to competi-
tion as quickly and as safely as possible. In a sur-
vey of professional sports franchise hand
consultants, it was noted that 38% favored imme-
diate return to protected play for nondisplaced
metacarpal fractures, while another 56.8% rec-
ommended return to protected play at 3—4 weeks
(approximately the time of clinical union) [24].
In this same survey, unprotected play was allowed
at 4-8 weeks by 73% of hand consultants. For
players undergoing nonoperative treatment, we
advocate for early edema, control, and initiation
of range of motion of the unaffected adjacent
joints to allow for early return to play. For patients
with nondisplaced or minimally displaced meta-
carpal fractures amenable to nonoperative treat-
ment, return to positional drills and batting
practice may be allowed as early as 2 weeks if the
patient is pain-free and has the requisite range of
motion for each of these activities. Provided the
player continues to progress with a focused return
to play program under the supervision of the
team’s trainer, return to full competition may be
allowed as early as 3 weeks (though it can take up
to 6-8 weeks) without the need for formal ortho-
sis wear. If early return to play is critically impor-
tant due to any number of factors (scholarships,
contractual implications, postseason, or champi-
onship competition), athletes may be counseled
on the risks and benefits of intramedullary screw
fixation of nondisplaced and minimally displaced
fractures of the metacarpals and phalanges if it is
felt this will allow for earlier return of range of
motion and subsequent return to play. Players
undergoing rigid intramedullary fixation of these
fractures are often allowed to begin an early
active range of motion as early as day 3 postop-
eratively, including MCP and PIP joint motion
for metacarpal and proximal phalangeal joints,
respectively. It is recommended that if players are
to return to early baseball-related activities, the
finger of the affected ray should be buddy taped
to an adjacent digit to allow for assistance with
range of motion and discourage malrotation of
the involved digit.
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Thumb Basilar Joint Injuries

Mia M. Qin, Chirag M. Shah, Thomas A. Wiedrich,
Joseph T. Labrum IV, and Douglas R. Weikert

Fractures
Introduction

Fractures of the base of the thumb metacarpal are
common injuries in athletes. These injuries
encompass extra-articular fractures and intra-
articular fractures, including Bennett fractures
and Rolando fractures. In the general population,
fractures of the base of the thumb metacarpal are
estimated to be 4% of all hand fractures [1]. The
epidemiology of thumb basilar fractures has not
been well defined in sports in general or in base-
ball specifically. Thumb basilar fractures do
occur in baseball, however are much more com-
mon in contact sports such as basketball, football,
and hockey [2].

Pertinent Anatomy
The thumb metacarpal lies in a pronated position

relative to the other metacarpals. The trapezio-
metacarpal joint has a biconcave saddle articula-
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tion with the trapezium, providing the thumb
motion in three planes: flexion/extension, abduc-
tion/adduction, and pronation/supination, which
provides 40% of hand function [3-6]. The bony
geometry of the joint, joint capsule, and sur-
rounding ligaments impart stability to the joint.
Understanding the complex relationship between
these anatomic structures allows one to appreci-
ate the behavior of these fractures.

Mechanism of Injury/History

In extra-articular base of thumb metacarpal frac-
tures, the fracture deforms in a predictable fash-
ion based on its particular attachments, resulting
in apex dorsal angulation, adduction, and flexion
of the distal fragment. The dorsal angulation is
secondary to extension of the metacarpal base by
the abductor pollicis longus and flexion of the
distal shaft by the thenar muscles [2, 7].

Bennett fractures refer to two-part intra-
articular fractures of the thumb metacarpal base
with separation of the metacarpal from the volar-
ulnar joint fragment. The volar-ulnar portion of
the metacarpal base is stabilized to the trapezium
by the anterior oblique ligament [2, 8, 9]. There is
mounting evidence to suggest the dorsal radial
ligament is a major stabilizer to the CMC joint of
the thumb [10]. Because of the intact muscular
attachments to the thumb metacarpal, the meta-
carpal shaft subluxes dorsally, proximally, and
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radially primarily by the abductor pollicis lon-
gus. The extensor pollicis longus, extensor polli-
cis brevis, and adductor pollicis also contribute to
the deforming forces [11]. The size of the volar-
ulnar fragment affects the degree of displacement
owing to increased stability with a larger frag-
ment [12].

Rolando fractures are classically described as
T- or Y-shaped intra-articular fractures of the base
of the thumb metacarpal, but today, the eponym
describes any comminuted intra-articular fracture
involving the base of the thumb metacarpal [2].
The anterior oblique ligament prevents displace-
ment of the volar fragment, the adductor pollicis
draws the distal diaphyseal fragment into adduc-
tion, and the abductor pollicis longus pulls the
lateral epiphyseal fragment upward and outward
[11].

The mechanism of injury for thumb basilar
fractures can vary from falling onto an out-
stretched hand to direct blow from contact. The
contact may be with another player or with sport-
ing equipment, including ball, helmet, etc.
Bennett and Rolando fractures occur by an axial
load directed through a partially flexed metacar-
pal shaft [7].

Physical Exam

The initial management of thumb basilar frac-
tures begins with an on- or off-field evaluation
after injury. One should have a high index of sus-
picion for fracture in a baseball player with hand
swelling following a fall or high injury impact.
The hand should be evaluated for wounds sug-
gestive of an open fracture, neurovascular status,
gross deformity, crepitus with palpation, or insta-
bility if tolerated on exam. Lack of full motion or
subtle angular deformity may suggest fracture or
joint subluxation.

Imaging
Initial imaging should include posterior-anterior,

lateral, and oblique radiographs. Additional
views include a Roberts view, which is a true

anterior-posterior view of the thumb. This is
obtained with the arm in full pronation and the
dorsum of the thumb on the X-ray cassette. A true
lateral view is obtained with the hand pronated
20-30° and the beam angled 10-15° distally. CT
is occasionally used for pre-surgical planning to
determine the degree of intra-articular displace-
ment and for highly comminuted fractures. This
advanced imaging modality can often help with
planning the type of fixation to be used in more
complex fracture patterns. MRI has limited value
in thumb basilar fractures.

Conservative Treatment

Conservative treatment in the form of thumb
spica splint or cast is rarely recommended for
extra-articular fractures and almost never recom-
mended for intra-articular fractures in baseball
players. A high degree of angulation, up to 30°, is
well tolerated in extra-articular fractures owing
to the large amount of motion at the thumb carpo-
metacarpal joint. However, apex dorsal angula-
tion beyond 30° will lead to thumb webspace
narrowing and compensatory metacarpophalan-
geal joint hyperextension, which is poorly toler-
ated [2, 7].

Surgical Treatment

Extra-articular fractures can be treated surgically
either with closed reduction and crossed K-wire
fixation or with open reduction and plate/screw
fixation (Figs. 7.1 and 7.2). Closed reduction is
obtained using a combination of traction, exten-
sion, and pronation with direct pressure on the
metacarpal base. Plate/screw fixation is often
advocated for in baseball players, as it provides a
more stable construct compared with K-wire fix-
ation. This may allow for earlier range of motion
[2,7].

The surgical goal in intra-articular fractures is
to obtain fracture reduction with a congruent
joint. Bennett fractures in a non-athlete popula-
tion are often treated with closed reduction and
percutaneous pinning with K-wires (Figs. 7.3
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Fig. 7.1 Thumb metacarpal base fracture preoperative radiographs

and 7.4). One K-wire is placed from the metacar-
pal into the volar-ulnar fragment, and the second
K-wire is placed from the base of the first meta-
carpal into either the trapezium or the base of the
second metacarpal. Closed reduction and pinning
in baseball players is reserved for those fractures
with a fragment too small to capture with screws.
In baseball players, open reduction and internal
fixation is advocated to minimize immobilization
and due to enhanced stability of the construct
(Figs. 7.5 and 7.6). Using a Wagner approach, a
1.5-2.7 mm screw is used in the base of the meta-
carpal across the fracture. If there is a concern
regarding stability with screw fixation alone,
trans-articular pinning across the carpometacar-
pal joint can supplement fixation [2, 13].
Rolando fractures are best treated with open
reduction and internal fixation with plate and
screw construct (Figs. 7.7 and 7.8) [2, 4, 13]. The
prognosis is best for simple T- or Y- shaped

Rolando fractures where the volar-ulnar and dor-
sal articular fragments can be anatomically
reduced. In more comminuted fractures, ana-
tomic reduction may be impossible. Bone graft
may be used to help fill metaphyseal voids. If
there is significant comminution hindering open
reduction and fixation, distraction and external
fixation relying on ligamentotaxis may be
required [12, 14, 15]. Fractures treated with
external fixation may have detrimental effects on
the athlete’s season or possibly career [2, 7].

The length of postoperative immobilization in
a thumb spica splint or cast varies based on the
specific fracture characteristics and stability of
fixation. Thumb spica immobilization should
leave the thumb interphalangeal joint free to
allow for immediate interphalangeal joint motion.
If a trans-articular pin is placed, it is generally
removed at 4 to 5 weeks postoperatively for ini-
tiation of range of motion.
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Fig. 7.2 Thumb metacarpal base open reduction and internal fixation postoperative radiographs

Fig. 7.3 Bennett fracture preoperative radiographs
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Fig. 7.4 Bennett fracture closed reduction and percutaneous pinning postoperative radiographs

Fig. 7.5 Bennett fracture preoperative radiographs
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Fig. 7.6 Bennett fracture open reduction and internal fixation postoperative radiographs

Complications

There are many potential complications of thumb
basilar fractures in baseball players. Due to the
deforming forces, there is a risk of loss of reduc-
tion, which can lead to post-traumatic arthritis
and joint instability. The surgical approach and
internal fixation increases the risk of extensor
tendon adhesions affecting range of motion and
smooth tendon gliding. The superficial radial
nerve can lie within the surgical field and must be
protected to avoid injury and postoperative irrita-
tion. In addition to this, the subcutaneous nature
of the fixation can cause symptomatic hardware
prominence.

Return to Play

Due to the high stresses on the thumb, return to
play is not advocated before clear bony healing is

demonstrated at 6-10 weeks postoperatively [2,
7]. There is no protective splint or cast that can
allow for earlier return to play prior to bony heal-
ing. Bone stimulators have been suggested to
decrease time to healing; however, there is no
evidence proving their utility in this clinical
setting.

Dislocations
Introduction

Pure thumb carpometacarpal (CMC) joint dislo-
cations, while rare, represent a significant base-
ball injury that can alter athletic performance and
result in loss of playing time. Appropriate man-
agement of these injuries in baseball players can
be challenging, with treatment focused on opti-
mizing outcome and allowing return to previous
level of sport in a timely fashion.
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Fig. 7.7 Rolando fracture preoperative radiographs

Mechanism of Injury

Thumb carpometacarpal (CMC) joint disloca-
tions classically result from axial loading of the
thumb during partial thumb CMC flexion. This
results in excessive loading of the dorsal joint
capsule which ultimately fails, allowing dorsal
dislocation of the first metacarpal with respect to
the trapezium. These injuries are typically trau-
matic in nature [16, 17]. As a result, thumb CMC
joint dislocations are more commonly seen in
infielders and catchers as opposed to pitchers, as
these position players are more likely to sustain
direct trauma to the hand during batting, base
running, or fielding [18]. Volar dislocation of the
thumb CMC joint is exceedingly rare but has
been reported [19].

Hand injuries resulting from baseball and
softball injuries have been reported to comprise
2.2% of all emergency department visits [20].

Pure thumb CMC joint dislocations account for
less than 1% of all hand injuries [21]. An epide-
miological study of Major League Baseball play-
ers from 2010 to 2016 observed 231 hand injuries,
constituting 14% of all upper extremity injuries
sustained during the study period [19]. Of players
sustaining hand injuries, infielders were the most
likely to sustain a hand injury (62%), followed by
pitchers (26%) and catchers (12%) [19]. Of the
231 hand injuries noted in the study period, 106
(46%) involved fractures and only 2 (0.9%)
required operative intervention [19].

Pertinent Anatomy

The CMC joint of the thumb is a unique articula-
tion that is vital to the athlete’s hand function.
The relatively incongruent saddle articulation
between the thumb metacarpal base and
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Fig. 7.8 Rolando fracture open reduction and internal fixation postoperative radiograph

trapezium represents a semi-constrained joint
with little inherent bony stability. The trapezium
functions as the base of the thumb CMC joint,
with anchoring articulations to the scaphoid,
trapezoid, and base of the index metacarpal
(Komatsu et al.). As a result of a unique biaxial
articulation, the thumb metacarpal is able to
articulate on the trapezium with motion arcs of
flexion and extension, adduction and abduction,
as well as wide circumduction [22, 23]. The
thumb trapeziometacarpal joint therefore contrib-
utes to thumb opposition and prehension, intro-
ducing dexterity that is vital to hand function.
The thumb CMC joint does withstand significant
forces during hand function. Joint reactive forces
seen across the thumb CMC joint can reach 13
times the force seen at the tip of the finger during
hand grasp and pinch [24].

Ligamentous structures surrounding the thumb
CMC joint are crucial to its function, introducing
static stability to an inherently unstable articula-
tion [25]. Ladd et al. identified seven principal
ligaments surrounding the thumb CMC joint in

a cadaveric study of 30 hands [22]. These liga-
ments included three dorsal deltoid-shaped liga-
ments (dorsal radial, dorsal central, and posterior
oblique), two volar ligaments (anterior oblique
and ulnar collateral), and two ulnar ligaments
(dorsal trapeziometacarpal and intermetacarpal).
The dorsal ligament complex (dorsoradial) and the
anterior oblique ligament are considered the most
important stabilizers of the thumb trapeziometa-
carpal joint, with recent research suggesting the
dorsal ligament complex as the primary stabilizer
of the thumb trapeziometacarpal joint [22, 23, 26].

The dorsal ligament complex as a whole rep-
resents the strongest ligamentous structure sur-
rounding the thumb CMC joint. This dorsal
ligamentous complex is taut in thumb CMC flex-
ion, with the dorsoradial ligament serving as the
primary check rein for dorsal subluxation of the
thumb metacarpal as can be seen in thumb CMC
dislocation [27]. In cases of thumb CMC disloca-
tion, there is often complete tearing of the dorsal
ligament complex as well as the dorsal joint
capsule.
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Volarly, the thumb trapeziometacarpal joint is
primarily stabilized by the anterior oblique liga-
ment. The anterior oblique ligament, also referred
to as the “beak ligament,” originates on the volar
edge of the trapezium (palmar tubercle) and
inserts ulnar to abductor pollicis longus on the
volar distal extension of the thumb metacarpal,
stabilizing the thumb CMC joint against dorsora-
dial subluxation [22, 25].

History/Physical Exam

Prompt evaluation of acute hand injuries should
be on field or in the dugout. The focus should be
on identifying any deformity, open wound, soft
tissue swelling, bruising, or tenderness. The
player will usually exhibit pain and sometimes
describe subluxation of the joint.

In the setting of dorsal thumb CMC disloca-
tion, the athlete typically has significant swelling
and deformity about the dorsoradial hand. The
thumb metacarpal is held in a position of flexion
and the athlete is unable to make a fist. There is
often a prominence located over the thumb CMC
joint as a result of the thumb metacarpal posi-
tioned dorsally with respect to the trapezium.
Range of motion is significantly limited and
attempts at passive range of motion elicit signifi-
cant pain. Acute management should be focused
on expeditious diagnosis and reduction.

When athletes present for evaluation on a sub-
acute or delayed basis following closed reduc-
tion, examination should be focused on stability
of the thumb CMC joint. Any subluxation of the
thumb CMC joint noted on physical examina-
tion should serve as confirmation of an unstable
thumb CMC joint that requires further radio-
graphic evaluation and operative intervention.
The thumb CMC joint can be stressed with axial
loading while the thumb is held in slight flexion.
In cases of residual instability, dorsal subluxation
of the thumb metacarpal can be appreciated. It
is also important to examine the ulnar collateral
ligament in patients presenting with thumb CMC
dislocation, as the UCL can also be completely
torn or incompetent [28].

As with all acute hand injuries, imaging plays
an important role in the initial evaluation.
Anteroposterior, lateral, and oblique images of
the hand are necessary to allow adequate radio-
graphic evaluation of the injury [29].

Imaging

In the setting of presumed thumb CMC disloca-
tion, ideally, radiographic evaluation should be
carried out prior to attempts at reduction. Scrutiny
of the thumb metacarpal base is warranted to rule
out a Bennett fracture dislocation, which can
have similar clinical presentation and represents
a more common pathology in baseball-related
hand trauma. This distinction is an important one
as it affects acute management as well as surgical
treatment.

Stress radiographs can be carried out follow-
ing primary reduction to evaluate thumb CMC
stability. These radiographs allow visualization
of hypermobility of the thumb trapeziometacar-
pal joint with comparison to the contralateral
side. They are executed by having the patient
push the radial border of the affected thumb
against the radial border of the contralateral
thumb while keeping the hands parallel to the
X-ray cassette. Instability will manifest as exces-
sive radial subluxation of the thumb metacarpal
base at the thumb CMC joint when compared to
the unaffected side [30].

Additionally, fluoroscopic imaging serves as
an excellent tool to acutely assess the injured
hand both statically and dynamically. Fluoroscopy
can confirm the clinical diagnosis of a thumb
CMC dislocation and whether a concentric reduc-
tion has been achieved. Dynamically, the fluoro-
scope can demonstrate the degree of instability
during stress testing of the CMC joint.

Conservative Treatment
Initial management of the dislocated thumb CMC

joint consists of closed reduction and placing a
thumb spica splint. This is usually accomplished
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with longitudinal traction and dorsal pressure
over the thumb metacarpal. While an “easy”
reduction is usually the case, this often implies
instability and the need for addition means of sta-
bilization. Once post-reduction instability has
been demonstrated (physical exam, X-rays, fluo-
roscopy), surgical stabilization should be
expected.

In athletes with a concentric and stable thumb
CMC joint following pure thumb CMC disloca-
tion, immobilization in a short thumb spica cast
is typically employed for 4-6 weeks [17, 28, 31].
Stability must be assured based on imaging and
physical examination before nonoperative man-
agement is undertaken. Rehabilitation and grad-
ual return to play may take an additional
4-6 weeks after cast removal.

Surgical Treatment

Most thumb CMC dislocations will have residual
instability and require operative intervention.
Pure thumb CMC dislocations with residual
instability, treated nonoperatively, will adversely
affect the throwing athlete, resulting in painful
grip, pinch, and diminished strength, signifi-
cantly altering both batting and fielding perfor-
mance. After the thumb CMC joint has been
determined to be unstable, MRI may be consid-
ered for preoperative planning for further evalua-
tion of the ligamentous injury surrounding the
thumb CMC joint.

The operative treatment of choice of pure
thumb CMC dislocations with residual instability
remains controversial, but many support open
primary repair of the dorsoradial ligament and/or
dorsal ligament complex with capsulorrhaphy.
Excellent outcomes have been reported following
acute primary ligament repair [16, 17, 28, 32].
Previous reports of closed reduction with percu-
taneous fixation and immobilization have had
mixed results with residual instability and need
for revision surgery [32].

In cases of chronic thumb CMC joint instabil-
ity where primary repair was insufficient or not
possible, the reconstruction can be augmented
with a slip of the flexor carpi radialis (FCR). This

can be carried out via the Eaton-Littler technique,
the modified Eaton-Littler technique, or ligament
repair with FCR augmentation.

Following both primary repair and FCR
reconstruction, patients are immobilized in a
thumb spica cast or thumb spica splint for
4-6 weeks, followed by rehabilitation, strength-
ening, and gradual return to play. The entire pro-
cess may take 8-10 weeks since protective
bracing while playing is not usually possible.

In summary, pure thumb carpometacarpal
(CMC) joint dislocations, while uncommon in
baseball players, may represent a significant
injury with extended loss of playing time. Most
of these injuries are inherently unstable and
require surgical intervention. Demonstrating a
concentric reduction, appropriately repairing the
soft tissue CMC stabilizers, and allowing enough
time for soft tissue healing are all imperative in
obtaining a desired outcome.

References

Fracture

1. Stanton JS, Dias JJ, Burke FD. Fractures of the
tubular bones of the hand. J Hand Surg Eur Vol.
2007;32(6):626-36.

2. Fufa DT, Goldfarb CA. Fractures of the thumb
and finger metacarpals in athletes. Hand Clin.
2012:28(3):379-88, x.

3. Panchal-Kildare S, Malone K. Skeletal anatomy of
the hand. Hand Clin. 2013;29(4):459-71.

4. Chin SH, Vedder NB. MOC-PSSM CME article:
metacarpal fractures. Plast Reconstr Surg. 2008;121(1
Suppl):1-13.

5. Cooney WP 3rd, Lucca MJ, Chao EY, Linscheid
RL. The kinesiology of the thumb trapeziometacarpal
joint. J Bone Joint Surg Am. 1981;63(9):1371-81.

6. Moran SL, Berger RA. Biomechanics and hand
trauma: what you need. Hand Clin. 2003;19(1):
17-31.

7. Kadow TR, Fowler JR. Thumb injuries in athletes.
Hand Clin. 2017;33(1):161-73.

8. Bettinger PC, Berger RA. Functional ligamentous
anatomy of the trapezium and trapeziometacarpal joint
(gross and arthroscopic). Hand Clin. 2001;17(2):151-
68, vii.

9. Bettinger PC, Linscheid RL, Berger RA, Cooney WP
3rd, An KN. An anatomic study of the stabilizing liga-
ments of the trapezium and trapeziometacarpal joint. J
Hand Surg Am. 1999;24(4):786-98.



Thumb Basilar Joint Injuries

97

10.

11.

12.

13.

14.

15.

Kawanishi Y, Oka K, Tanaka H, Okada K, Sugamoto
K, Murase T. In vivo 3-dimensional kinematics of
thumb carpometacarpal joint during thumb opposi-
tion. J Hand Surg Am. 2018;43(2):182 e1-7.

Soyer AD. Fractures of the base of the first metacar-
pal: current treatment options. J Am Acad Orthop
Surg. 1999;7(6):403-12.

Carlsen BT, Moran SL. Thumb trauma: Bennett frac-
tures, Rolando fractures, and ulnar collateral ligament
injuries. J Hand Surg Am. 2009;34(5):945-52.

Wahl EP, Richard MJ. Management of metacarpal and
phalangeal fractures in the athlete. Clin Sports Med.
2020;39(2):401-22.

Gelberman RH, Vance RM, Zakaib GS. Fractures at
the base of the thumb: treatment with oblique traction.
J Bone Joint Surg Am. 1979;61(2):260-2.

Buchler U, McCollam SM, Oppikofer C. Com-
minuted fractures of the basilar joint of the thumb:
combined treatment by external fixation, limited
internal fixation, and bone grafting. J Hand Surg Am.
1991;16(3):556-60.

Dislocation

16.

17.

18.

19.

20.

21.

Fotiadis E, Svarnas T, Lyrtzis C, et al. Isolated thumb
carpometacarpal joint dislocation: a case report and
review of literature. Orthop Surg Res. 2010;5(1):16.
Bosmans B, Verhofstad MHJ, Gosens T. Traumatic
thumb carpometacarpal joint dislocations. J Hand
Surg Am. 2008;33(3):438-41.

Fares MY, Salhab HA, Khachfe H, et al. Upper limb
injuries in Major League Baseball. Phys Ther Sport.
2020;41:49-54.

Sawalha S. Volar dislocation of the thumb carpometa-
carpal joint: a case report. Acta Orthop Traumatol
Turc. 2017;51(4):352-4.

Dawson W, Pullos N. Baseball injuries to the hand.
Ann Emerg Med. 1981;10:302-6.

Mueller JJ. Carpometacarpal dislocations: report of
five cases and review of the literature. J Hand Surg.
1986;11A:184-8.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Ladd AL, Lee J, Hagert E. Macroscopic and micro-
scopic analysis of the thumb carpometacarpal liga-
ments: a cadaveric study of ligament anatomy and
histology. J Bone Joint Surg Am. 2012;94(16):
1468-717.

Komatsu I, Lubahn JD. Anatomy and biomechan-
ics of the thumb carpometacarpal joint. Oper Tech
Orthop. 2018;28:1-5.

Berger AJ, Meals RA. Management of osteoarthrosis
of the thumb joints. J Hand Surg Am. 2015;40(4):
843-50.

McCann MR, Rust PA, Wallace R. The stabilising
effect of the anterior oblique ligament to prevent
directional subluxation at the trapeziometacarpal joint
of the thumb: a biomechanical cadaveric study. Arch
Bone Jt Surg. 2018;6(2):105-11.

Lin JD, Karl JW, Strauch RJ. Trapeziometacarpal
joint stability: the evolving importance of the dor-
sal ligaments. Clin Orthop Relat Res. 2014;472(4):
1138-45.

Bettinger PC, Linscheid RL, Berger RA, et al. An ana-
tomic study of the stabilizing ligaments of the trape-
zium and trapeziometacarpal joint. J Hand Surg Am.
1999;24(4):786-98.

Lahijji F, Zandi R, Maleki A. First carpometacarpal
joint dislocation and review of literatures. Arch Bone
Jt Surg. 2015;3(4):300-3.

Sundaram N, Bosley J, Stacy GS. Conventional radio-
graphic evaluation of athletic injuries to the hand.
Radiol Clin N Am. 2013;51(2):239-55.

Wolf JM, Oren TW, Ferguson B, et al. The carpo-
metacarpal stress view radiograph in the evaluation
of trapeziometacarpal joint laxity. J Hand Surg Am.
2009;34(8):1402-6.

Khan AM, Ryan MG, Teplitz GA. Bilateral carpo-
metacarpal dislocations of the thumb. Am J Orthop.
2003;32(1):38-41.

Annappa R, Kotian P, Aithala PJ, et al. Ligamentous
reconstruction of traumatic dislocation of thumb car-
pometacarpal joint: case report and review of litera-
ture. J Orthop Case Rep. 2015;5(4):79-81.



®

Check for
updates

Distal Tip Injuries and Blisters

Douglas Carlan

Distal fingertip injuries in baseball are common
and can lead to significant losses of playing time.
Injuries to the hand, fingers, and thumb make up
10% of musculoskeletal injuries in Major and
Minor League Baseball [1]. Hand and finger inju-
ries comprise up to 21.8% of hit by pitch injuries
and result in mean of 14.39 playing days lost [2].
The fingertip is the most exposed area of the hand
which leads to its high susceptibility to injury.
Baseball activities provide several unique oppor-
tunities for injury to the fingertips of its partici-
pants, both amateur and professional. Traumatic
fingertip injuries in baseball such as distal pha-
langeal fractures and nail bed injuries may occur
during fielding balls, sliding into base, or hitting.
Attritional injuries such as fingertip blisters and
nail plate fractures occur in pitchers. This chapter
will discuss injuries to the distal fingertip, includ-
ing traumatic injuries such as distal phalangeal
tuft fractures and nail bed injuries, as well as
attritional friction blisters in throwers.
Evaluation of the injured fingertip begins with
a thorough examination of the injured and unin-
jured digits. Neuromuscular status is quickly
assessed. Open wounds and nail bed injuries are
inspected for soft tissue defects and displacement
as well as underlying bony involvement. Fingers
should be evaluated for clinical alignment as well
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as for classic fracture signs of swelling, pain, and
bony tenderness. Digital functions such as flex-
ion and extension are assessed and deficits are
noted. If clinical suspicion indicates, injuries of
the distal fingertip are evaluated with X-ray. A
standard finger X-ray series should include PA,
lateral, and oblique views as some fractures are
only visible on a single view.

Distal phalangeal fractures consist of fractures
of the tuft and extraarticular shaft and intraarticu-
lar fractures of the distal interphalangeal joint
which may include volar flexor digitorum pro-
fundus avulsions (Jersey finger) and dorsal termi-
nal extensor avulsions (Mallet finger). This
chapter will discuss fracture of the tuft and
extraarticular shaft. Tendon avulsions of the DIP
joint are discussed elsewhere in other chapters.

Fractures of the distal phalangeal shaft may be
transverse, longitudinal, or oblique. They are
often minimally displaced and stable. Displaced
fractures may require closed reduction, which are
often stable once reduced. Closed stable shaft
fractures of the distal phalanx are typically
treated with nonoperatively with splinting for
3-6 weeks followed by rapid mobilization [3].
Open or unstable fractures may require debride-
ment and percutaneous pin or screw fixation [4].
Symptomatic nonunions are rare, but can be
treated with percutaneous pinning with or with-
out bone grafting [3]. Whether treated operatively
or nonoperatively, splints should include the DIP
joint, but avoid the PIP joint. Diligent mobilization
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of all uninjured joints in the hand is encouraged.
Return to play is a function of injury severity,
healing, handedness, position, and timing of sea-
son. Once the injury/fracture is determined to be
stable, one must assess player comfort and ability
to perform. Protective devices such splints or
guards can often be used on glove hand injuries
in order to accelerate return to play.

Tuft fractures are the result of crushing or
direct impact injuries to the flared distal aspect of
the distal phalanx. In baseball, they are most
associated with ball versus fingertip, such as hit
by pitch or line drive versus fingertip. They are
often associated with nail matrix injury or pulp
lacerations. Painful subungual hematomas are
often seen with closed fractures [3]. More signifi-
cant injuries include displaced fractures and nail
bed lacerations through the perionychium or
eponychium.

Tuft fractures are often stable secondary to the
generous fibrous network of the fingertip. Closed
tuft fractures with intact nail plate are amenable
to nonoperative treatment. The fingertip is
splinted and large subungual hematomas are
drained for pain relief. Drainage is performed
with a heated paperclip or ophthalmic electrocau-
tery. When the heated object contacts the pooled
blood, it cools while leaving a large enough hole
in the nail plate for ongoing drainage [5]. The fin-
gertip and DIP joint are then splinted for comfort,
typically 7-14 days [3]. The player will often
transition to a sturdy nonrestrictive compressive
wrap (athletic tape or a simple Band-Aid) for
support once the pain has subsided. These often
heal with symptomatic stable fibrous unions.
Return to play is determined by tolerance to
symptoms and ability to perform.

Open tuft fractures are often unstable and have
associated lacerations through the pulp or nail
bed. Treatment includes fracture debridement,
stabilization, and laceration repair. Some frac-
tures may be stabilized with acute nail bed repair
and nail plate replacement alone [5]. More unsta-
ble or widely displaced fractures require longitu-
dinal pinning for stabilization prior to nail bed
repair. Lacerations of the perionychium and par-
ticularly the eponychium require nail plate

removal and anatomical repair with a small (6-0
or 7-0) absorbable suture. The nail plate is then
replaced to assist in maintenance of reduction.

Blisters

Friction blisters are common in athletics. These
range in severity and are uniquely related to index
and long fingertips, and occasionally the thumb
of baseball pitchers, as the fingertip is the last
point of contact as the ball is released. They are
most common in the areas of the fingertip that
contact the seam of the ball [6]. Fingertip blisters
lead to pain, altered grip, and loss of pitching
command. They often lead to loss of playing
time.

Blisters occur in areas of the body where the
stratum corneum and stratum granulosum are
substantial, such as the palmar and plantar sur-
faces of the hands and feet. These layers transmit
surface forces to the stratum spinosum, thus dis-
rupting the spinosum layer and causing a blister.
In areas with less robust strata, the corneum and
granulosum, abrasion forms instead [7, 8]. By
48 h a new granulosum layer is formed and by
120 h a new corneum layer is formed [9, 10].

Frictional forces and number of cycles affect
blister formation. Moist skin increases frictional
forces, while dry skin reduces friction [7, 8, 11].
Baseball pitchers’ distal pulp experiences fric-
tional forces during release of the baseball as
they use the index and long finger as well as the
thumb to impart spin on the baseball. Frictional
forces are higher leading to increased blister sus-
ceptibility in humid environments.

Methods of blister prevention are anecdotal
and steeped in tradition. Prevention methods
involve minimizing the added moisture from
sweating and playing in humid environment.
Antiperspirant sprays are often utilized by pitch-
ers to reduce the added moisture from sweat [12].
This may need to be reapplied to the hand and
fingers between innings. Other options include
using a rosin bag and dry towel or placing the
hand in a rice bucket between innings. The rice
absorbs moisture and prevents pruning of the dig-
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its. Digital callouses may develop and lead to
blistering. Callouses need to be maintained by
trimming and contouring rough or loose edges
that may lead to prevent blister formation.
Blister treatment is similarly anecdotal and is
largely performed by the training staff. Blisters
may be drained by using a sterile syringe to pen-
etrate only the top layer of the blister. Drainage
provides pain relief and allows apposition of the
skin layers for quicker healing. If a player remains
in the game after drainage, they must be carefully
monitored for skin avulsion or secondary blister-
ing underneath. Skin adhesives such as skin glues
or super glue may be utilized, but often need to
be reapplied throughout the game. Once removed
from the game, treatment includes warm water
Betadine soaks for disinfecting and toughening
the surrounding skin [6]. Compounded creams
and salves contain alum powder and tincture of

benzoin may be utilized to promote blister heal-
ing. Antibiotic ointments that moisten and soften
the skin should be avoided. Bandages that trap
moisture against the skin are also discouraged.

Fingernail fractures are common in pitchers.
Vertical or horizontal fractures typically occur in
the long finger from the force of the ball as it is
released from the fingertip. Playing time is rarely
limited due to these injuries. Treatment is symp-
tomatic only. To support the injured nail and
avoid loss of playing time, a nail cast may be
applied. A nail cast is fashioned out of Steri-
Strips cut to fit the nail and placed perpendicular
to the fracture. A second layer of Steri-Strips is
cut and placed perpendicular to the first layer.
Super glue is then applied to the Steri-Strips. It is
allowed to dry the reapplied. A total of four lay-
ers of glue is preferred (Fig. 8.1). Once dry, the
player may return to play as tolerated.

)
VIV

Fig. 8.1 Nail cast application
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Scapholunate Ligament Injuries

in Baseball

Michael Sun and Steven S. Shin

Introduction

The intact scapholunate interosseous ligament
(SLIL) acts as the primary stabilizer of the scaph-
olunate (SL) joint. It is vital to stability of the car-
pus but also commonly injured [1, 2]. Injuries to
the SLIL may be acute or chronic in nature and
may consist of partial or complete tears. Acute
traumatic complete injuries to the SLIL may result
in SL dissociation [3]. Untreated, chronic injuries
can set the wrist on a path of progressive instabil-
ity, deformity, and arthritic degeneration, render-
ing the wrist severely painful and dysfunctional
[2]. In baseball, injury to the SLIL has been
observed to occur from collision with other play-
ers or the wall, or when diving for a ball. It has
been postulated that during a fall on an outstretched
hand that results in a SLIL tear, the wrist is in a
position of extension, ulnar deviation, and carpal
supination [4]. Some also believe that the torque
placed on the wrist from the act of bat swinging
may either create an SLIL injury or exacerbate an
existing injury [5]. Due to the spectrum of pathol-
ogy that can be associated with SLIL injury, treat-
ment can be challenging even in the general
population. In the competitive baseball player,
additional considerations should be given.
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Anatomy and Biomechanics

The SLIL is a C-shaped structure that binds
together the scaphoid and lunate (Fig. 9.1). It is
comprised of three distinct segments: dorsal,
volar, and proximal [6]. The dorsal segment is the
thickest and comprised of a collection of
obliquely oriented fibers between the dorsal
proximal pole of the scaphoid and the dorsal
aspect of the lunate. It has an approximate thick-
ness of 3 mm and length of 5 mm [1, 6]. The
volar segment is comprised of even more
obliquely oriented fibers between the volar
scaphoid and volar aspect of the lunate and has an

.N

g SRR

Fig. 9.1 The scapholunate interosseous ligament (black
arrow) creates a seamless transition between the articular
surfaces of the scaphoid and lunate. (With permission
from Kuo et al. [16])
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approximate thickness of 1 mm and length of
5 mm [6]. The proximal segment of the SLIL is
formed by fibrocartilaginous tissue that blends
with the proximal articular cartilages of the
scaphoid and lunate [1, 2, 6]. Near the junction of
the volar and proximal segments, the SLIL blends
with the radioscapholunate ligament [2, 6]. The
dorsal segment of the SLIL has been found to be
the strongest with a linear load to failure value of
260 N, followed by the volar segment with a
value of 118 N, and finally the proximal segment
with a value of 63 N [7].

While the SLIL, particularly the dorsal seg-
ment, is considered the primary stabilizer of the
SL joint, several extrinsic ligaments act as sec-
ondary stabilizers. Dorsally, the dorsal radio-
carpal and dorsal intercarpal ligaments help
to stabilize the dorsal SL interval [8]. Volarly,
the radioscaphocapitate, long radiolunate, and
radioscapholunate ligaments are thought to fur-
ther contribute to SL stability [1, 9]. These extrin-
sic ligaments may compensate to stabilize the SL
joint when part of the SLIL is injured [10].

In the uninjured wrist, with flexion or radial
deviation, the scaphoid and lunate flex in uni-
son through the intact SLIL. Conversely, with
wrist extension or ulnar deviation, the intact
SLIL enables the scaphoid and lunate to extend
in unison [1]. When the SLIL is injured, incon-
gruous SL motion may result. As the scaphoid
flexes, the lunate, if its association with the tri-
quetrum is maintained through secondary liga-
ments, will be forced into abnormal extension.
This dynamic process is termed dorsal intercar-
pal segment instability (DISI) [11]. These altered
carpal mechanics lead to abnormal loading forces
across the radiocarpal and intercarpal joints and
may result long term in a predictable pattern of
degenerative arthritis known as scapholunate
advanced collapse (SLAC) [12].

Diagnosis
Clinical Presentation

Patients with symptomatic SLIL injuries will
often present with poorly localized pain and ten-

derness in the periscaphoid region of the wrist
[3]. If the injury is subacute, patients may report
sensations of snapping or clicking with wrist
motion, and the pain may be better localizable to
the dorsal aspect of the SL interval [2, 3]. Players
may report that these symptoms began after an
event of sudden axial force on an outstretched
hand, such as diving for a ball or collision with
another player on the field [5].

On physical examination, the affected wrist
should be compared to the contralateral unin-
jured wrist. The injured wrist will demonstrate
decreased grip strength and range of motion [2,
3]. The Watson scaphoid shift test may be useful
to detect scaphoid instability [13]. In this maneu-
ver, the examiner’s thumb applies a dorsally
directed pressure over the patient’s scaphoid
tubercle as the patient’s wrist is then passively
ranged from a position of ulnar deviation and
slight extension to radial deviation and slight
flexion. In a positive test, this maneuver will
elicit pain and cause the proximal pole of the
scaphoid to subluxate out of the scaphoid fossa
and onto the dorsal rim of the radius. When the
examiner releases the applied pressure from the
scaphoid tubercle, the patient’s scaphoid will
spontaneously reduce with an apparent “clunk.”
While the scaphoid shift test has been demon-
strated to give a false positive result in up to one-
third of individuals, in a patient with a positive
result compared to the contralateral wrist and an
appropriate history, it may still be a useful
maneuver to aid in diagnosis of an SLIL injury
[14, 15].

Imaging

Patients with suspected SLIL injuries should
have high-quality posteroanterior (PA), lateral,
and anteroposterior (AP) clenched fist radio-
graphs of their wrist obtained [16]. Contralateral
radiographs of the uninjured wrist should be
obtained for comparison. Radiographic findings
can vary immensely from completely normal to
showing overt instability.

On PA radiographs, a widened SL interval
may be suggestive of an SLIL injury. However,
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Fig.9.2 (a) The lunate axis is perpendicular to the lunate
tangent, a line that connects the dorsal and volar lips of the
lunate. The scaphoid tangent is a line connecting the prox-

this finding alone must be approached cautiously
as there is significant variability in the literature
on the definition of an abnormal SL distance. A
SL interval >2.5 mm has been found to be 60%
sensitive and 75% specific and confer a 2.41 pos-
itive likelihood ratio for an SLIL lesion [17].
Other signs of instability include the appearance
of a shortened scaphoid and the “cortical ring
sign,” whereby flexion of the scaphoid causes it
to be superimposed upon itself on the AP radio-
graph [18].

On lateral wrist radiographs, the SL angle can
be measured, and a value outside of normal
(range 30-60°) may be indicative of SL instabil-
ity [2]. The SL angle is the angle between the
scaphoid tangent and a line perpendicular to the
lunate tangent (Fig. 9.2). The scaphoid tangent is
a line that is drawn tangential to the volar cortices
of the scaphoid. The lunate tangent is a line that
is drawn connecting the volar and dorsal lips of
the lunate. When the SLIL is injured and the
scaphoid flexes and lunate extends uninhibited,
the SL angle increases, and a SL angle >70° is
suggestive of instability. A SL angle >63° has
been found to be 43% sensitive and 93% specific
and confer a 7.30 positive likelihood ratio for a
SLIL injury [17].

When static radiographs appear normal but
clinical suspicion for SLIL injury remains high,
stress radiographs can be helpful to exacerbate
SL widening and demonstrate dynamic instabil-
ity. While multiple positions to obtain stress

imal and distal volar cortices of the scaphoid. (b) (a)
Lunate tangent, (b) lunate axis, (c) scaphoid tangent, (d) a
SL angle of 90°. (With permission from Kuo et al. [16])

views have been described, the AP clenched fist
view is used most frequently and has been shown
in cadaveric models to produce the largest SL gap
(Fig. 9.3) [19]. This view is obtained with the
patients’ forearms pronated, fists clenched, and
wrists positioned at approximately 30° ulnar
deviation. Patients can be asked to clench a pen-
cil in their fists to facilitate positioning.

Arthrography was previously a popular imag-
ing modality in assessing for SLIL injuries, but it
is less commonly performed today. When per-
formed, contrast is injected into the radiocarpal,
midcarpal, and radioulnar joints, and the wrist is
brought through range of motion to facilitate dif-
fusion of the contrast through the SLIL defect.
However, studies have demonstrated a high prev-
alence of bilaterally positive arthrograms in
patients with unilateral wrist pain, bringing into
the question the utility of this imaging modality
[20, 21].

Magnetic resonance imaging (MRI) is now
commonly utilized in the assessment of SLIL
injuries (Fig. 9.4). With a 1.5-T wrist coil, MRI
has been shown to be 38-88% sensitive and
46-100% specific in the diagnosis of SLIL inju-
ries [2, 3]. MRI with a 3-T coil has been reported
to be 89% sensitive and 100% specific [22].
High-resolution MRI has the additional benefit of
providing detailed information on the location
(volar or dorsal) and size of the injury, and infor-
mation on other pathologies such as additional
ligamentous lesions or tendonitis.
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Fig. 9.3 Radiograph of bilateral clenched fist stress view showing asymmetrical SL gapping. (With permission from
Lee et al. [19])

Fig. 9.4 (a) Coronal cut of MR arthrogram demonstrating complete SLIL tear with gapping. (b) Sagittal cut of MR
arthrogram demonstrating extended lunate
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Diagnostic Arthroscopy

Wrist arthroscopy is a useful modality that allows
surgeons to definitively diagnose and, in some
cases, simultaneously treat SLIL injuries [23].
Small partial tears that are undetectable by other
imaging modalities may be easily identifiable
arthroscopically.

The SLIL is best visualized in the radiocarpal
space through the 3—4 portal where it should
appear as a slight concave structure confluent
with the scaphoid and lunate [23]. If difficult to
identify, gentle probing will reveal the SLIL to be
softer than the osseous structures around it. The
arthroscope is then transitioned to the midcarpal
radial (MCR) portal where it should appear in the
midcarpal space taut, congruent, and without
step-offs. When torn, fibers of the SLIL hanging
into the radiocarpal space can block visualization
through the 3—4 portal, in which case visualiza-
tion may be improved by transitioning the arthro-
scope to the 6R portal. As the severity of SLIL
injury and subsequent incongruous motion
between the scaphoid and lunate increases, the
SLIL becomes better evaluated in the midcarpal
space.

Treatment

Treatment of symptomatic tears of the SLIL is
controversial. The chronicity of the injury can
also dictate the type of treatment rendered [2].
Regardless of the treatment given, the player is
counseled about the seriousness of the injury
including the lack of treatments that produce uni-
versally good results. During the season, partial
tears are preferably treated nonoperatively to
avoid a lengthy postoperative absence. The clas-
sification and definition of partial tears can be
confusing but usually describes the thickness or
location of the tear [2, 24]. For example, a player
may have a “partial-thickness tear of the volar
band of the SL ligament,” or he may have a
“full-thickness tear of the dorsal and central
bands of the SL ligament”; both are partial tears
of the ligament. Nonoperative treatments of these
partial tears include rest, use of a wrist brace,

anti-inflammatory or steroid medications, and/or
cortisone injections [2]. Ideally, the player’s
symptoms will abate during the first few weeks
after injury and the initiation of treatment. If
there is not sufficient improvement in the player’s
symptoms, then consideration should be given to
operative treatment. Options for operative treat-
ment are arthroscopic debridement and open
repair versus reconstruction [2, 23].

Arthroscopic debridement is reserved for par-
tial tears of the ligament as described above. The
loose, unstable portions of the ligament are
removed with the goal of decreasing irritation
and pain at the joint [23]. Debridement can be
accompanied by thermal shrinkage, which can
act to further stabilize as well as denervate the
torn area [25, 26]. The goal of denervation is to
decrease the painful stimulus emanating from the
tear [25]. Although thermal shrinkage has not
been shown to be effective in treating shoulder
instability, this has not borne out in the wrist [25—
29]. While ligament debridement may decrease
the player’s pain, it does not restore ligament tis-
sue nor normal biomechanics or kinematics at the
scapholunate joint.

If arthroscopic debridement is unsuccessful
and the partial tear is a full-thickness tear of the
dorsal band, we recommend reconstruction of the
dorsal band with a free palmaris graft tendon
augmented with suture tape and secured with
interference anchors, also known as internal
brace augmentation. More recently, we have been
performing reconstruction with a 2 mm suture
tape (FiberTape, Arthrex, Naples, FL) alone with
good results. A cadaveric biomechanical study
found that a two-anchor FiberTape reconstruc-
tion was about three times stronger than a suture
anchor repair alone but still significantly weaker
than the entire ligament [30]. The strength of a
three-anchor FiberTape construct is being studied
presently and is described below.

If the SLIL tear is complete, open repair or
reconstruction of the ligament should be consid-
ered. Although capsulodesis or ligamentodesis
has been described as an alternative to reconstruc-
tion to counteract hyperflexion of the scaphoid,
it is our preference to proceed directly to recon-
struction if arthroscopic debridement is unsuc-
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cessful at relieving the player’s symptoms [31].
The first described technique of an open repair
utilized small drill holes in both the scaphoid
and lunate through which suture was passed and
used to repair the ligament back to either bone
[32]. Supplemental K-wires are placed for 2 to 3
months to maintain the joint in a reduced posi-
tion. These wires are later removed, and therapy is
begun. If the ligament quality has degraded to the
point where a repair is no longer possible, recon-
struction of the ligament should be considered.

Various graft options have been proposed for
reconstruction. One of the original reconstruc-
tion techniques utilizes a distally attached strip
of the flexor carpi radialis (FCR) tendon [33, 34].
The tendon strip is passed through a retrograde
drill hole in the scaphoid, exiting dorsally at the
proximal pole. It is passed ulnarly under the dor-
sal radiocarpal (DRC) ligament and then back
to the dorsal lunate, where it is secured back to
itself. In another technique described by Ross
et al., the same tendon graft is tunneled from the
scaphoid into the lunate and triquetrum, secured
with inference screws, then back to itself [35].
Other described techniques use a free palmaris
graft and suture anchors, bone-ligament-bone or
bone-retinaculum-bone autograft, and synthetic
augmentation or reconstruction with suture tape
[36-39]. Currently, our preference for surgical
treatment of complete tears of the SLIL is a three-
anchor FiberTape-only reconstruction. Our ratio-
nale is as follows: collagen-based reconstructions,
like tendon weaves, have not been universally suc-
cessful and often stretch over time, especially in
more chronic cases [40]. A synthetic reconstruc-
tion using a material like FiberTape does not stretch
over time like collagen does [41]. Although we do
not yet have long-term results using this type of
reconstruction, preliminary results have been very
encouraging. The senior author has also recently
been inserting nonabsorbable suture into the holes
and grasping the dorsal capsule with these sutures,
essentially performing a capsulodesis and adding
biology to the reconstruction. Additionally, small
drill holes are made in the area of the ligament
attachments to the scaphoid and lunate to encour-
age bleeding and fibrous healing.

We now describe the technique for the three-
anchor FiberTape-only reconstruction (Fig. 9.5).

|
h%
j %

Fig. 9.5 Dorsal view of a three-anchor FiberTape-only
reconstruction of the SLIL

A longitudinal incision is made over the mid-
dorsal wrist. The extensor pollicis longus tendon
is released from the third dorsal compartment,
and the extensor tendons are retracted radially
and ulnarly. A dorsal radially based capsule-
sparing capsulotomy is made, and the capsule is
reflected radially to reveal the underlying com-
plete scapholunate ligament tear [42]. The radio-
carpal and midcarpal joints are inspected to rule
out the presence of arthrosis. 0.062 inch joystick
K-wires are placed into the scaphoid and lunate
away from the planned drill holes for the interfer-
ence anchors. A 3.0 mm drill hole is made at the
dorsal aspect of the scaphoid proximal pole,
about 3 mm radial to the joint space, using the
drill bit from the 3.5 mm SwiveLock drill kit
(Arthrex, Naples, FL). A FiberTape is placed
around the SwiveLock fork tip and inserted into
the bottom of the hole. The anchor body is then
inserted into the hole, securing the tape through
interference fit. Another 3.0 mm hole is made at
the dorsal aspect of the lunate through the mid-
body, and, with the joint reduced, the tape is
inserted into this second hole and secured again
with a second SwiveLock anchor. At this point,
the joint is examined to ensure that the gap has
narrowed. The free limb of the FiberTape is then
brought back over the dorsal scapholunate joint
(but not over the midcarpal joint) and inserted
into a third 3.0 mm hole at the radial-dorsal
aspect of the scaphoid, where it is secured with a
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third SwiveLock anchor. Extraneous tape is
excised sharply with a knife. Fluoroscopy is used
to examine placement of the holes in the scaph-
oid and lunate and joint reduction. In more
chronic cases, the SL angle may not be com-
pletely corrected, but the gap is often narrowed.
If sutures were placed into the holes along with
the tape, they are now passed dorsally through
the capsular flap and tied, adding a dorsal capsu-
lodesis to the synthetic reconstruction. We are
cognizant of the fact that the strong volar band of
the ligament is not addressed in this technique
and volar gapping will most likely occur with
wrist extension; however, we are not aware of the
significance of this clinically. The wound is irri-
gated copiously with normal saline solution and
then closed in layers. A plaster wrist splint is
applied leaving the thumb and fingers free for
early active motion postoperatively.

Rehabilitation

We will describe the postoperative course of ther-
apy we utilize for all of our patients who have
undergone the three-anchor FiberTape-only
reconstruction of the SLIL. After suture removal
at 7-10 days postoperatively, the wrist is placed
into a molded, waterproof brace, leaving the
thumb and fingers free for continued active
motion. Active motion is initiated at 6 weeks
postoperatively and passive motion at 8 weeks
postoperatively. Strengthening is initiated at
10 weeks postoperatively. Consideration is given
to beginning sports-specific activities at the
12-week postoperative mark and return to com-
petitive play at the 4- to 6-month mark, depend-
ing on the player’s clinical progress and follow-up
radiographs demonstrating maintenance of SL
joint reduction (Fig. 9.6).

Fig. 9.6 (a) Intraoperative fluoroscopy of the wrist showing SL joint widening. (b) Radiograph of the wrist 6 months
after three-anchor FiberTape-only reconstruction of the SLIL. Note the absence of SL joint widening
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Joint Collateral Ligament Injury

Adriana M. Urruela and Michelle G. Carlson

Thumb Ulnar Collateral Ligament

The ulnar collateral ligament (UCL) tear is the
most common injury to the thumb metacarpopha-
langeal (MCP) joint. In a study evaluating 1000
injuries to the thumb MCP, the UCL was involved
in 86% of the injuries [1]. Acute injuries have
been characterized in multiple sports including
baseball. Even in their partial form, participation
in athletics can be compromised by pain and
weakness.

Injury to the thumb ulnar collateral ligament
was initially described by Campbell as an occu-
pational injury on observation of chronic laxity
of gamekeepers’ thumbs in Scotland. The game-
keepers placed the necks of wounded rabbits in
between the thumb and index finger webspace.
They snapped the neck of the rabbit in a sudden
movement that placed a large radial-directed
stress on the UCL, which resulted in chronic lax-
ity of the UCL [2]. Later in Europe, in the 1960s,
publications referencing acute ruptures of the
thumb UCL appeared with higher frequency.
Investigators often described acute traumatic rup-
tures of UCLs in downhill skiers, coining the
condition skier’s thumb [3]. The skiing injury
usually occurred after a fall on an outstretched
hand strapped to the handle of a ski pole. Since
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these initial descriptions, this injury has been
described in almost every sport, particularly ball-
handling, racquet-wielding, and stick-wielding
sports.

Anatomy and Mechanism of Injury

The thumb MCP joint is a diarthrodial joint with
little intrinsic osseous stability [4]. Range of
motion varies between individuals with respect to
flexion-extension arcs and degree of valgus laxity
[5]. Stability of the MCP joint is a result of static
and dynamic stabilizers. The static stabilizers are
the proper collateral ligament, accessory collat-
eral ligament, volar plate, and dorsal capsule. The
dynamic stabilizers include the extrinsic (exten-
sor pollicis longus [EPL], extensor pollicis brevis
[EPB], flexor pollicis longus [FPL]) and intrinsic
muscles of the thumb (adductor pollicis and
flexor pollicis brevis [FBP]).

Of the static stabilizers, the collateral liga-
ments are the key constraints to radial-directed
and ulnar-directed forces [6, 7]. The UCL is a
thick band that measures 4-8 mm in width and
12-14 mm in length, and it is comprised of two
distinct structures: the proper and accessory
UCL. The proper UCL extends from slightly dor-
sal to the mid-axis of the metacarpal head to the
volar aspect of the proximal phalanx (Fig. 10.1)
[8]. This structure is tighter in flexion and looser
in extension, serving as the primary restraint to
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valgus stress with the thumb MCP joint in flexion
[9]. The accessory UCL originates slightly more
volar on the metacarpal head and inserts onto the
volar plate and ulnar sesamoid. Unlike the proper
UCL, this structure is tighter in extension and
looser in flexion, serving as the primary restraint
to valgus stress with the MCP joint in extension
(Fig. 10.2) [8, 10]. An anatomic study of the UCL
has determined center of origin to be 4.2 mm
from the dorsal surface and 5.3 mm proximal to
the articular surface of the metacarpal head and
inserting 2.8 mm from the volar surface and
3.4 mm distal to the phalangeal base [11].

Of the dynamic stabilizers, the adductor pol-
licis is particularly important. The adductor pol-
licis inserts on the proximal phalanx and ulnar
sesamoid at a 48° angle and lies volar to the MCP
axis of rotation [12]. The adductor mechanism
consists of an aponeurosis superficial to the MCP
capsule and UCL. In 1962, Stener [8] described a
lesion observed in complete avulsions of the dis-

Proper ulnar
collateral ligament

Accesory ulnar
collateral ligament

Fig. 10.1 Anatomic origin and insertion of ulnar collat-
eral proper and accessory ligaments. (From Bean et al.
[8]; with permission)

tal insertion of the UCL in which the ligament
lies superficial and proximal to the adductor apo-
neurosis. In traumatic severe radial deviation of
the MCP joint, the avulsed distal end of the UCL
comes to lie on top of the distally displaced
adductor aponeurosis. The aponeurosis then pre-
vents apposition of the ligament back to the prox-
imal phalanx. Stener predicted that the lack on
contact at the site of ligament rupture would
result in failure of ligament healing. This situa-
tion occurred in 25 out of 39 cases (64%) and all
necessitated surgical intervention.

The mechanism of injury is usually from a
valgus-directed or radial-directed load that pro-
duces a hyperabduction moment about the thumb
MCP joint and leads to UCL injury. The most
common acute mechanism is a fall onto an
abducted thumb. This most commonly occurs
when sliding into a base. Feet first sliding
decreases but does not completely eliminate the
incidence of UCL injuries. Protective gloves that
keep the thumb adducted to the hand can prevent
this injury. Similarly, a ball that strikes the ulnar
side of the thumb can generate forces to the UCL
that supersedes the measured failure load of the
intact ligament of 294N [13]. Injury can result in
partial or complete tear of the ligament, but can
also involve injury to the dorsal capsule and volar
plate stretching the adductor expansion.

Diagnosis: History and Clinical Exam
The evaluation begins with an accurate his-

tory and physical examination. Patients usually
describe a valgus injury to the thumb, although

Fig. 10.2 Ulnar collateral ligaments (accessory and
proper). (a) Thumb MCP joint in extension (b) Thumb
MCP joint in extension. The proper collateral ligament is
shown as lax in extension (wavy lines) and tight in flexion

(straight lines). The accessory ligament is tight in exten-
sion (straight lines) and lax in flexion (wavy lines).
(Reproduced with permission and copyright of Elsevier.
From Avery et al. [10])
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the exact mechanism may not be remembered.
Pain, swelling, and ecchymosis are typically
noted. Deformities such as radial deviation or
palmar subluxation of the proximal phalanx on
the metacarpal may be noted depending on the
extent of the injury. Tenderness to palpation is
encountered over the ulnar aspect of the MCP
joint. Ulnar-sided deep scar tissue or a palpable
bump can sometimes denote a Stener lesion [8].
However, the absence of both does not necessar-
ily rule out a Stener lesion [5].

The most important aspect of the physical exam
is stress testing of the thumb MCP with compari-
son to the contralateral side. To properly exam-
ine the thumb UCL, the metacarpal neck should
be stabilized while producing a radial-directed
force on the proximal phalanx; careful control
of rotation is necessary (Fig. 10.3). Parameters
of importance are the degrees of valgus laxity
in full extension and 30° of flexion, injured and
contralateral thumb, and presence of an endpoint.
Instability or laxity is characterized as greater than
30° of radial deviation with radial-directed stress;
greater than 15° of increased radial deviation com-
pared with the contralateral, uninjured thumb; and
lack of an endpoint [5]. In patients who show pro-
found guarding, a local anesthetic injection can
help with stress testing. With the MCP joint in 30°
of flexion, greater than 30° of valgus laxity indi-
cates rupture of the proper collateral ligament. At

Fig. 10.3 Proper examination of the UCL requires stabi-
lization of the metacarpal neck while producing a radial-
directed force on the proximal phalanx; careful control of
rotation is necessary

0° of extension, the accessory collateral ligament
is taut. If there is greater than 30° of valgus lax-
ity at 0° extension, rupture of both accessory and
proper collateral ligaments has likely occurred.
The importance of clinical diagnosis is
stressed because there exist cases in which non-
displaced fractures of the ulnar base of the proxi-
mal phalanx can be associated with displaced
UCL tears [14, 15]. Kaplan [14] argued that if the
endpoint after radial stressing is 30° greater than
the contralateral side, surgical exploration is war-
ranted regardless of radiographic appearance. It
is important to note that a stress examination will
not displace a nondisplaced fracture that did not
displace with the force of the initial injury.

Radiographic Examination

Imaging for suspected UCL tears of the thumb
MCP joint should begin with posteroanterior and
lateral radiographs of the thumb. Radiographic
radial deviation or palmar subluxation strongly
suggests instability. A supination deformity rela-
tive to the metacarpal head called the “sag sign”
can also suggest instability [16]. Associated inju-
ries include avulsion fractures at the base of the
proximal phalanx and metacarpal head or neck
fractures as well as MCP joint fracture disloca-
tions and carpometacarpal joint subluxations.

Stress radiographs are controversial [17].
Proponents contend that stress radiographs can
differentiate between tears of the proper UCL
alone and those with accessory UCL tears. In a
cadaveric study published in 2013, McKeon et al.
showed that while varus angulation increases
with proper UCL and accessory UCL transection,
only radial translation of the proximal phalanx on
the metacarpal head was seen in combined proper
and accessory UCL transection [18].

Other diagnostic tests commonly utilized are
magnetic resonance imaging (MRI) and ultraso-
nography (US). Ultrasound imaging is a noninva-
sive and cost-effective technique, which has been
used in several centers with great success [19—
22]. However, US results have varied widely with
accuracy of 40-92%; this is likely dependent on
the examiner’s skill and technique [23].
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MRI studies have been performed on a larger
scale and results are more consistent [24-26].
Coronal imaging through the thumb MCP joint
provides clear confirmation of full-thickness
avulsions of the UCL (or RCL). A study pub-
lished in 1995 [19] compared US and MRI show-
ing 100% sensitivity and specificity of MRI
compared to 88% sensitivity and 83% specificity
using US (Fig. 10.4).

Fig. 10.4 Coronal MRI of the thumb metacarpophalan-
geal joint showing an avulsion of the UCL from the base
of the proximal phalanx, with a Stener lesion (asterisk).
The UCL is proximal to the adductor aponeurosis (yellow
arrow). (Reproduced from Avery et al. [71])

Classification

The most widely used description of collateral
ligament tears is a three-tier classification system
based on stability. Grade 1 injury is a sprain asso-
ciated with pain but no joint instability. Grade 2
is a partial tear with asymmetric laxity on side-to-
side comparison but there is a firm endpoint.
Grade 3 injuries involve a complete tear with lax-
ity and no discernable endpoint.

Conservative Treatment

Treatment is largely dependent on whether the
tear is partial or complete. Whereas a complete
tear of the UCL (grade 3 injuries) indicates surgi-
cal treatment, grade 1 and 2 injuries can be
treated nonoperatively [4]. Partial UCL injuries
do well without residual pain or disability when
treated conservatively. As the treating physician,
one should be familiar with local and sport-
specific regulations when choosing the style of
immobilization, because the thumb should be
protected from radial-directed forced. In nonop-
erative treatment, the patient is fitted for a hand-
based thumb spica cast or splint (Fig. 10.5). The
splint should be worn at all times for a period of
4-6 weeks followed by mobilization and
strengthening by 6-8 weeks. When returning to
baseball, a playing splint can be applied and
taped to the athlete’s hand as shown in Fig. 10.6.

Fig. 10.5 Hand-based thumb spica splint
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Fig. 10.6 Playing splint (a). Playing splint taped to athlete’s hand (b)

In general grade 3 tears are commonly treated
with surgery, but there have been reports of grade
3 tears treated successfully with nonoperative
management [27, 28]. The presence of a Stener
lesion denotes a complete tear in which the distal
aspect of the ligament is trapped proximal to the
adductor aponeurosis and there is a low likeli-
hood to achieve healing and stability with nonop-
erative management.

A point of controversy with respect to the elite
athlete involves treatment of avulsion fractures of
the ulnar base of the thumb proximal phalanx. In
a study involving 30 patients with bony lesions
treated with thumb spica casts or splints, Kuz
[29] reported that all patients were satisfied with
nonoperative treatment despite a 25% nonunion
rate. Similarly, Sorene and Goodwin [30] retro-
spectively reported on 28 thumbs treated nonop-
eratively with no instability at 2.5 years’
follow-up, despite a 60% nonunion rate.
Conversely, Dinowitz et al. [31] reported nine
failures of minimally displaced UCL avulsion
fractures that were treated nonoperatively. All
nine patients, after being treated with 6 weeks of
immobilization in a cast, presented with persis-
tent thumb pain and disability with activities
requiring strong pinch. With open reduction
internal fixation, pinch strength increased from
36% to 89% contralateral side and grip increased
from 77% to 93%. The investigators stated that
minimally displaced UCL avulsion fractures fre-
quently involve rotation of the articular segment
toward the fracture site, preventing successful

fracture healing. Often when fracture fragments
are small, excision of the bony fragment and
repair of the ligament to the fracture site on the
proximal phalanx with a suture anchor is the
most reliable approach.

Surgical Treatment

Acute UCL Repairs

In high-level athletes such as baseball players,
acute complete tears of the UCL should be
repaired to provide MCP joint stability, restore
pinch strength, and return athletes to play. Timing
of surgical treatment is also important. Often,
even with a Stener lesion, the ligament can be
repaired up to 3 months after injury, to allow the
player to finish the season. If more than 3 months
of the season remains and the player has a Stener
lesion, then repair should be performed immedi-
ately. If no Stener lesion is seen on MRI, then
later repair of the ligament is possible.

Many techniques have been described for
repair of acute UCL tears including transos-
seous nonabsorbable sutures, suture buttons
[32], direct periosteal closure [33-36], suture
anchors [37-42], interference docking screws
[43], condylar shaving with suture anchors
[44], and arthroscopic repair [45]. In a study
published in 2008, Katolik et al. compared
two groups of 30 patients treated with pull-out
sutures with bone tunnels and suture anchors.
They reported decreased tourniquet times, better
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range of motion, and increased pinch strength in
patients treated with suture anchors at an aver-
age 29-month follow-up. Additionally, the over-
all cost per patient was lower with suture anchors
[46].

Despite the surgical technique used, the objec-
tive is to provide an anatomic reduction and
repair of the ligament to bone. When anatomic
reduction is achieved, clinical results have con-
sistently shown favorable results in pain reduc-
tion, range of motion, and return to strength and
stability. Additionally, biomechanical studies
have shown that nonanatomic reconstruction of
the UCL alters MCP biomechanics and joint
motion [7]. Careful review of preoperative imag-
ing and familiarity with the various ways the rup-
tured ligament displaces should be considered
when approaching surgical repair. Often, the for-
mation of granulation tissue and early scarring
make the identification of the proper and acces-
sory ligaments difficult. It is important to identify
the proper and accessory collateral ligaments to
avoid a malreduction of the native ligament.

Suture Augmentation Technique [47]
Recently, suture tape augmentation for repair of
the thumb UCL has been described in competi-
tive athletes. The goal of suture tape augmenta-
tion is to add strength to the repair at time zero. A
biomechanical study comparing the strength of a
traditional suture anchor repair to repair aug-
mented with suture tape found that the augmented
repair was at least five times stronger than the
suture anchor repair [48]. In a study published in
2020, Gibbs and Shin described a cohort of 18
competitive athletes with acute UCL ruptures
treated with repair and suture tape augmentation
[49]. All athletes returned to the same level of
play, and those attempting to return in-season
returned to the same level of play at a mean of
just under 5 weeks. They state that augmenting
the repair with suture tape may prevent prolonged
immobilization, expedite thumb motion, and
improve postoperative recovery.

The senior author prefers to use two
SwiveLock anchors (Arthrex) augmented with
SutureTape (Arthrex) for repair of the thumb
UCL.

A straight midaxial ulnar incision is centered
over the thumb MCP joint. As the dissection con-
tinues by isolating the adductor aponeurosis, the
dorsal cutaneous branch of the radial nerve is
identified in the dorsal half of the incision and is
protected and retracted dorsally [50]. The adduc-
tor aponeurosis is then incised sharply and longi-
tudinally in line with the skin incision; the distal
aspect is left intact with a 2 mm cuff along its
insertion for later repair. The dorsal and palmar
flaps of the aponeurosis are also carefully pro-
tected for later repair. The palmar aponeurosis
flap is mobilized to determine the integrity of the
accessory collateral ligament at the deepest
aspect of the dissection. The junction of the dor-
sal capsule and proper UCL is incised sharply to
create a dorsoulnar oblique longitudinal capsu-
lotomy. This inside-out view allows for visualiza-
tion of the displaced native ligament as well as
confirmation of site of rupture, either from the
metacarpal head or base of the proximal phalanx.
The ligament is then carefully dissected and the
site of repair prepared with a small curette or #69
blade to promote bone to ligament healing.

A 3.5 mm SwiveLock anchor (Arthrex) loaded
with SutureTape (Arthrex) and two 2-0 Ethibond
sutures is inserted into the volar-ulnar base of the
proximal phalanx, at the anatomic footprint of
the native UCL (Fig. 10.7). The native UCL is
repaired back to the distal footprint using the pre-
loaded Ethibond sutures. The suture tape tails are
then held taut and brought proximally in line with
the ligament to the ulnar aspect of the metacarpal

~ Carlson, et al JHS 2012

Fig. 10.7 Gross specimen showing the center of the UCL
footprint on the metacarpal head (right side) and base of
the proximal phalanx (left side) (Carlson et al. [11])
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Fig. 10.8 Suture tape augmentation for UCL repair

head. The MCP joint is then held in 30° of flex-
ion, and the suture tape tails are anchored at the
normal anatomic location of the proximal UCL
footprint using a second 3.5 mm SwiveLock
anchor (Arthrex) (Fig. 10.8) The thumb MCP
joint is then examined to confirm resistance to
radial-directed stress and maintenance of full
MCP motion. The capsule is then reapproximated
with 4-0 Mersilene suture. The adductor tendon
is reapproximated with 4-0 Mersilene suture and
skin is closed with 4-0 subcuticular quill suture.

Postoperative Rehabilitation

Postoperative protocol for acute repair requires
6 weeks of immobilization in a hand-based
thumb spica splint with the interphalangeal (IP)
joint free (see Figs. 10.5 and 10.6). Finger and IP
joint motion is encouraged immediately after the
surgery. Active thumb MCP motion is allowed at
6 weeks and the need for hand therapy is rare.
Players return to play at 6 weeks wearing a glove
that keeps the thumb adducted to protect them
while running bases.

Chronic UCL Reconstructions

Acute repair of an in season elite athlete may not
be feasible, and immobilization and protection of
the thumb MCP joint may allow for continued
participation. Most subacute UCL injuries with
Stener lesions can be repaired 3—4 months after
injury. After 4 months, UCL tears are generally
considered chronic. Instability associated with
chronic UCL tears may cause significant disabil-
ity with pain and weakness in pinch and grip. In
chronic injuries, primary repairs have not been
shown to have the same success as acute injuries.
In a systematic review published in 2013, Samora
et al. showed that UCL reconstruction for chronic

injuries has similar good outcomes seen after
acute repairs [51].

Several reconstructions for the thumb UCL
have been described involving dynamic transfers,
ligament reconstruction with transosseous tunnels,
and bone tendon grafts. In 1971, Neviaser et al.
reported a series of stable, pain-free thumbs after
MCP capsulorrhaphy with adductor aponeurosis
advancement to the base of the proximal phalanx
[52]. Additionally, McCue et al. described an
adductor advancement with ligament reattachment
in 25 athletes allowing eventual return to sport
participation for all patients [53]. In 1993, Glickel
et al. described a technique using free tendon graft
passed through two gouge tracks in the proximal
phalanx and one in the metacarpal [54]. Over
a mean follow-up of 4.5 years, 92% of patient’s
regained stability, all patient were relieved of pain,
postoperative key pinch was 95% of the contralat-
eral side, and 85% arc of motion was maintained.

Multiple tendon grafts have been used for
reconstruction including palmaris longus, split
EPB [33], full-thickness EPB [55], slip of abduc-
tor pollicis longus [56], second extensor com-
partment retinaculum [57], and fourth toe
extensor digitorum [58]. Additionally, multiple
techniques of reconstruction have been described
including figure of eight weaves and fixation
through bone tunnels and biointerference screws.

Technique

The senior author prefers to use a ligament recon-
struction technique with 3.5 SwiveLock anchors
(Arthrex) for fixation. Dissection is done similar
to that of an acute repair, but in chronic injuries,
the ligament is scarred and must be debrided
fully to visualize the anatomic footprints on the
metacarpal head and proximal phalanx. A pal-
maris longus autograft is harvested and cut to
4 cm in length. Whip-stitches passing suture is
used and the graft is loaded into two 3.5
SwiveLock anchors (Arthrex). The graft is first
secured to the proximal phalanx with one
SwiveLock anchor. The joint is then reduced at
30° of flexion, and the graft is tensioned as tight
as possible and secured with a second SwiveLock
anchor in the metacarpal. The reconstructed liga-
ment is then sutured to the volar plate using a 4-0
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nonabsorbable suture. A layered closure is then
performed as described previously. The MP joint
is held in 20° of flexion with a 0.045 Kirschner
wire to protect the reconstruction.

Postoperative Rehabilitation

Postoperative rehabilitation for chronic recon-
struction is similar to that of acute repairs.
Protection in a hand-based thumb spica splint is
utilized for 8 weeks. Digital and thumb IP motion
is encouraged immediately. At 8 weeks, MCP
motion is initiated after k-wire removal. As in
acute repairs, splint wear should be continued
during sports for at least 3 months.

Thumb Radial Collateral Ligament

Thumb MCP radial collateral ligament injuries of
the thumb are far less common than UCL inju-
ries. They constitute approximately 10-42% of
collateral ligament injuries of the thumb [59, 60].
These injuries occur in sporting events when a
ball or player imparts a sudden ulnar-directed
force to the thumb distal phalanx. The anatomy
on the radial side of the thumb MCP joint is not
the mirror image of the ulnar side and therefore
warrants a separate discussion.

Anatomy and Mechanism of Injury

The musculotendinous insertions on the radial
side are weaker than their ulnar counterparts.
There are three main musculotendinous inser-
tions on the radial side of the MCP joint: the two
heads of the flexor pollicis brevis (FPB) and the
abductor pollicis brevis (APB). The deep head of
the FPB inserts onto the volar plate and lateral
sesamoid. The superficial head of the FPB inserts
into the volar aspect of the proximal phalanx. The
abductor pollicis brevis (APB) is the most super-
ficial layer on the radial side; it is situated more
dorsally and inserts more distally than the FPB
insertions. The APB aponeurosis is also broader
than the adductor aponeurosis, which serves as
the rationale as to why Stener-type lesions are
rare on the radial aspect of the MCP joint [61].

The RCL consists of the proper and accessory
ligaments. Both ligaments originate from the lat-
eral condyle of the metacarpal head and course
volarly to insert on the base of the proximal pha-
lanx. The proper RCL is more dorsal and is the
main static restraint in flexion. The accessory RCL
is more volar, and with the volar plate are the main
static restraints to the MCP in extension. The RCL
is 4-8 mm wide and 12—-14 mm long. Its insertion
is wider than its origin, which may explain why
proximal tears occur more frequently than distal
tears [62]. An anatomic study defined the center of
the RCL origin at the metacarpal as 3.5 mm from
the dorsal surface and 3.3 mm from the articular
surface, with the center of the RCL insertion on
the proximal phalanx as 2.8 mm from the volar
surface and 2.6 mm from the articular surface.

The dorsal capsule is an important structure in
RCL tears. When the RCL tears, the MCP joint is
often translated ulnar and volar [9]. The transla-
tion is a result of the more palmar situated adduc-
tor insertion, which serves as a strong volar and
ulnar deforming force.

Injury Diagnosis: History
and Clinical Exam

Like UCL injuries, RCL injuries are common in
the elite athlete and a complete history is key to
diagnosis. The mechanism of injury is usually an
ulnarly directed force on the MCP joint of the
thumb through a fall or object striking the thumb.
Patients complain of pain, swelling, and stiffness.
Unlike UCL injuries, instability is not common.
In acute tears, patients often show ecchymosis
over the dorsal radial MCP joint. Occasionally,
there is an excessive dorsoradial prominence in
chronic RCL injuries. The prominence of the
radial metacarpal condyle as the distal thumb is
adducted and palmarly subluxated.

Physical examination should assess for ten-
derness over the radial aspect of the thumb MCP,
tenderness over the dorsal radial capsule, range
of motion, stability in flexion, and stability in
extension. If necessary, an anesthetic injection
can be used to assist with stability testing. The
joint should also be assessed with an anterior and
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posterior drawer to check for palmar subluxation,
because dorsal capsular tears are associated with
RCL injuries. Then examining the thumb MCP
joint, the examiner must stabilize the metacarpal
neck while providing an ulnar-directed force to
the proximal phalanx in both full extension (to
test the accessory RCL) and 30° of flexion (to test
the proper RCL). The injured thumb should
always be compared with the noninjured contra-
lateral thumb. Palmar subluxation greater than
3 mm, instability greater than 30°, or instability
greater than 15° compared with the uninjured
side is indicative of a complete tear.

Imaging

Standard AP and lateral radiographs should be
obtained to assess for avulsion injuries, associ-
ated fractures, and volar MCP subluxation. In the
chronic setting, MCP arthritis may be present as
well. Stress dynamic fluoroscopy may also be
useful but is controversial.

Advanced imaging with ultrasonography (US)
or MRI may be useful (Fig. 10.9). In certain cen-
ters, dynamic ultrasound can be used to test for
both static and dynamic stability. As with UCL
injuries, MRI scans are the most reliable way of
assessing the integrity of the ligament [63].

Classification

As with thumb UCL injuries, the classic ligament
injury grading system is applied to RCL injuries.
Grade 1 tears are incomplete with no instability on
examination. Grade 2 tears are partial tears with lax-
ity but a firm endpoint. Grade 3 tears are complete
tears with instability and no identifiable endpoint.

Conservative Treatment

As in UCL injuries, the treatment of grade 1 and
2 partial tears of the RCL is immobilization [4,

Fig. 10.9 T2-weighted coronal MRI of the thumb MP
joint demonstrating a tear of the radial collateral ligament
off the metacarpal head

11, 31]. A hand-based thumb spica splint is rec-
ommended for 5-6 weeks. Most investigators
recommend surgical treatment of grade 3 com-
plete tears, but this is controversial. Proponents
of nonoperative treatment of grade 3 tears con-
tend that there is no interposing aponeurosis that
interferes with ligament healing [64], and to date,
there have only been two reports of Stener-like
lesions with RCL tears [65].

Advocates for surgical repair of grade 3 tears
state that acute unstable injuries may lead to
symptomatic instability and degenerative joint
disease of the thumb MCP. The volar and ulnar
pull of the adductor as well as the ulnar pull of
the EPL may prevent the ligament from healing,
or force the ligament to heal in an elongated posi-
tion [66, 67].
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Surgical Treatment

Acute and Chronic Repair

The literature surrounding thumb RCL repairs is
heterogenous and largely consists of compari-
sons between various acute and chronic tech-
niques. Smith et al. [35] used 3 weeks as the
cutoff between acute and chronic injuries and
advocated for primary repair in all acute injuries
and reconstruction in all chronic injuries.

Durham et al. compared results between
repairs of acute and chronic RCL injuries in 18
patients [68]. Six patients underwent acute liga-
ment repairs which included midsubstance tear
suture repairs, reattachment to bony metacarpal
origin for proximal ruptures, and distal avulsion
fracture pinnings. Twelve patients underwent
chronic repair which included APB advance-
ment, distal RCL advancement, distal RCL reat-
tachments  with  abductor  advancement,
imbrication of RCL in a pants-over-vest fashion,
imbrication with abductor advancement, and
reconstruction with a palmaris graft. At mean
6-year follow-up, there was a 94% subjective sat-
isfaction rate, no patient had significant pain, and
none was limited in their activities of daily living
or avocational activities. There was no significant
difference between pinch and grip strength in the
groups treated acutely or late. There was a slight
loss of MCP joint motion in both groups; the
acute repair group had an 11% decrease in range
of motion of the MCP joint compared with a 23%
decrease in the chronic repair cohort.

In 2006, Horch et al. [69] described treatment
of nine patients with chronic (over 15 days) RCL
injuries with dorsal redirection of the APB ten-
don with fixation with an intraosseous suture
anchor. Of the nine patients that underwent this
procedure, none reported loss of MCP, IP, or
thumb abduction motion. The majority of patients
were satisfied with their surgery at an average of
39 months of follow-up. The authors concluded
that APB-plasty is a safe and effective treatment
for RCL instability.

In one of the largest case series for RCL
repairs, Coyle [61] treated 38 patients with soft
tissue sleeve advancement and bony reattach-
ment tied over a button. Postoperatively, the MCP

joint was immobilized with a k-wire and a thumb
spica for 6 weeks for protection of the repair. At
mean follow-up of 3.8 years, 87% were asymp-
tomatic, 92% had normal pinch and grip strength,
79% had full range of motion of the thumb MCP
joint, and all patients had normal IP range of
motion. No patients reported symptomatic MCP
volar instability, but 8% had mild asymptomatic
MCP volar subluxation.

In 2006, Catalano et al. [67] published a
study that compared 16 acute repairs to 10
reconstructions for grade 3 RCL injuries. Acute
injuries were treated 2.5 weeks from trauma,
whereas chronic injuries were treated 7 months
after index trauma. Primary repair was carried
out with direct suture repair for midsubstance
tears or suture anchor repair for distal or proxi-
mal tears. Chronic injuries were reconstructed
with palmaris or flexor carpi radialis grafts
anchored inn bone tunnels. The study reported
no significant differences in objective mea-
surements between the acute repairs and late
reconstructions at average follow-up of
59 months. There was no significant difference
in MCP and IP range of motion, or any differ-
ence in grip or pinch strength, or MCP joint
stability. Overall satisfaction was excellent in
both groups [67].

In 1998, McDermott and Levin described five
cases of chronic (greater than 2 months) RCL
injuries treated with a Mitek suture anchor to
anatomically reattach the ligament to the bone.
All patients returned to activities within 2 to
3.5 months. Grip strength, pinch strength, and
range of motion were normal by 6 months. At
2-year follow-up, all patients were satisfied and
had clinically stable MCP joints [70].

Surgical Technique

The authors prefer suture anchor repair of the
RCL with 2 3.5 mm SwiveLock anchors
(Arthrex). A straight radial midaxial incision is
centered over the thumb MCP joint. The abductor
aponeurosis is defined and the radial-sided dorsal
cutaneous branch is identified. The abductor
aponeurosis is broader and more dorsal that the
ulnar-sided adductor aponeurosis. The abductor
aponeurosis is incised longitudinally in line with
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the skin incision. Dorsal and palmar flaps of the
aponeurosis are carefully protected for later
repair. A dorsoradial longitudinal capsulotomy is
performed that allows an inside-out view of the
proper and accessory collateral ligaments.
Typically, the tear is off the metacarpal condyle.
The site of repair is exposed carefully and
denuded with a curette or #69 blade to promote
bone to ligament healing.

A double-loaded 3.5 mm SwiveLock anchor
(Arthrex) is used for fixation. The priority in
radial-sided repairs is to advance the palmarly
displaced ligament to a more dorsal anatomic
position. The suture anchor is placed in the ana-
tomic origin of the ligament on the metacarpal
condyle. Repair of the ligament helps to prevent
palmar subluxation of the proximal phalanx.
Accessory collateral ligament tears off the volar
plate are evaluated, and if present, they are
repaired with 4-0 nonabsorbable suture. At this
point, the MCP should be tested for an improve-
ment in the clinical endpoint with an ulnar-
directed stress. The capsule and the abductor
aponeurosis are closed in separate layers with 4-0
nonabsorbable suture.

Postoperative Rehabilitation

Postoperative protocols include 6 weeks of
immobilization in a hand-based thumb spica
splint with the IP joint free. IP joint motion is
encouraged immediately after the surgery. Active
range of motion is initiated at 6 weeks and hand
therapy is rarely necessary.

References

1. Moutet F, Guinard D, Lebrun C, et al. Metacarpopha-
langeal thumb sprains based on experience with more
than 1,000 cases. Ann Chir Main. 1989;8(2):99—-109.

2. Campbell CS. Gamekeeper’s thumb. J Bone Joint
Surg Br. 1955;37(1):148-9.

3. Gerber C, Senn E, Matter P. Skier’s thumb. Surgical
treatment of recent injuries to the ulnar collateral liga-
ment of the thumb’s metacarpophalangeal joint. Am J
Sports Med. 1981;9(3):171-7.

4. Carlson MG, Warner KK, Meyers KN, et al. Mechan-
ics of an anatomical reconstruction for the thumb

10.

11.

12.

13.

14.

15.

18.

19.

20.

metacarpophalangeal collateral ligaments. J Hand
Surg Am. 2013;38:117-23.

. Coonrad RW, Goldner JL. A study of the pathologic

findings and treatment in soft-tissue injury of the
thumb metacarpophalangeal joint, with a clinical
study of the normal range of motion in one thou-
sand thumbs and a study of post mortem findings of
ligamentous structures in relation to function. J Bone
Joint Surg Am. 1968;50(3):439-51.

. Heyman P, Gelberman RH, Duncan K, et al. Injuries

of the ulnar collateral ligament of the thumb metacar-
pophalangeal joint. Biomechanical and prospective
clinical studies on the usefulness of valgus stress test-
ing. Clin Orthop Relat Res. 1993;292:165-71.

. Minami A, An KN, Coonay WP 3rd, et al. Ligament

stability of the metacarpophalangeal joint: a biome-
chanical study. J Hand Surg Am. 1985;10(2):255-60.

. Bean CH, Tencer AF, Trumble TE. The effect of

thumb metacarpophalangeal ulnar collateral ligament
attachment site on site on joint range of motion: an
in vitro study. J Hand Surg Am. 1999;24(2):283-7.

. Stener B. Displacement of the ruptured ulnar collat-

eral ligament of the metacarpo-phalangeal joint of the
thumb. J Bone Joint Surg Br. 1962;44(4):869-79.
Avery DM 3rd, Caggiano NM, Matullo KS. Ulnar col-
lateral ligament injuries of the thumb: a comprehen-
sive review. Orthop Clin North Am. 2015;46:281-92.
Carlson MG, Warner KK, Meyers KN, et al. The
anatomy of the thumb metacarpophalangeal ulnar
and radial collateral ligaments. J Hand Surg Am.
2012;37:2021-6.

Melone CP Jr, Beldner S, Basuk RS. Thumb collateral
ligament injuries. An anatomic basis for treatment.
Hand Clin. 2000;16(3):345-57.

Firoozbakhsh K, Yi IS, Moneim MS, et al. A study of
ulnar collateral ligament of the thumb metacarpopha-
langeal joint. Clin Orthop Relat Res. 2002;403:240-7.
Kaplan SJ. The Stener lesion revisited: a case report. J
Hand Surg Am. 1998;23(5):833-6.

Giele H, Martin J. The two-level ulnar collateral liga-
ment injury of the metacarpophalangeal joint of the
thumb. J Hand Surg Br. 2003;28(1):92-3.

. Gurdezi S, Mok D. “Sag Sign” -- a simple radiologi-

cal sign for detecting injury to the thumb ulnar col-
lateral ligament. J Inj. 2008;39:191.

. Noszian IM, Dinkhauser LM, Straub GM, et al. Ulnar

collateral ligament injuries of the thumb. Dislocation
caused by stress radiography in 2 cases. Acta Orthop
Scand. 1995;66(2):156-7.

Mckeon KE, Gelberman RH, Calfee RP. Ulnar collat-
eral ligament injuries of the thumb: phalangeal trans-
lation during valgus stress in human cadaver. Bone
Joint Surg Am. 2013;95:881-7.

Hergan K, Mittler C. Sonography of the injured ulnar
collateral ligament of the thumb. J Bone Joint Surg Br.
1995;77(1):77-83.

Bronstein AJ, Koniuch MP, von Holsbeeck M. Ultra-
sonographic detection of thumb ulnar collateral liga-
ment injuries: a cadaveric study. J Hand Surg Am.
1994;19(2):304-12.



126

A. M. Urruela and M. G. Carlson

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Noszian IM, Dinkhauser LM, Orthner E, et al.
Ulnar collateral ligament: differentiation of dis-
placed and nondisplaced tears with US. Radiology.
1995;194(1):61-3.

O’Callaghan BI, Kohut G, Hoogewoud HM. Game-
keeper thumb: identification of the Stener lesion with
US. Radiology. 1994;192(2):477-80.

Hergan K, Mittler C, Oser W. Pitfalls in sonography of
the gamekeeper’s thumb. Eur Radiol. 1997;7(1):65-9.
Louis DS, Buckwalter KA. Magnetic resonance imag-
ing of the collateral ligaments of the thumb. J Hand
Surg Am. 1989;14(4):739-41.

Speath HJ, Abrams RA, Bock GW, et al. Gamekeep-
ers thumb: differentiation of nondisplaced and dis-
placed tears of the ulnar collateral ligament with MR
imaging. Work in progress. Radiology. 1993;188(2):
553-6.

Hinke DH, Erickson SJ, Chamoy L, et al. Ulnar col-
lateral ligament of the thumb: MR findings if cadav-
ers, volunteers, and patients with ligamentous injury
(gamekeeper’s thumb). AJR Am J Roentgenol.
1994;163(6):1431-4.

Landsman JC, Seitz WH Jr, Froimson Al, Leb RB,
Bachner EJ. Splint immobilization of gamekeeper’s
thumb. Orthopaedics. 1995;18:1161-5.

Pichora DR, McMurtry RY, Bell MJ. Gamekeepers
Thumb: a prospective study of functional bracing. J
Hand Surg [Am]. 1989;14:567-73.

Kuz JE, Husband JB, Tokar N, et al. Outcome of avul-
sion fractures of the ulnar base of the proximal pha-
lanx of the thumb treated nonsurgically. J Hand Surg
Am. 1999;24(2):275-82.

Sorene ED, Goodwin DR. Non-operative treatment of
displaced avulsion fractures of the ulnar base of the
proximal phalanx of the thumb. Scand J Plast Recon-
str Surg Hand Surg. 2003;37(4):225-7.

Dinowitz M, Trumble T, Hanel D, et al. Failure
of cast immobilization for thumb ulnar collat-
eral ligament avulsion fractures. J Hand Surg Am.
1997;22(6):1057-63.

Wilppula E, Nummi J. Surgical treatment of ruptured
ulnar collateral ligament of the metacarpophalangeal
joint of the thumb. Injury. 1970;2(1):69-72.

Strandell G. Total rupture of the ulnar collateral liga-
ment of the metacarpophalangeal joint of the thumb:
results of surgery in 35 cases. Acta Chir Scand.
1959;118:72-80.

Kaplan EB. The pathology and treatment of radial
subluxation of the thumb with ulnar displacement of
the head of the first metacarpal. J Bone Joint Surg Am.
1961;43:541-6.

Smith MA. The mechanism of acute ulnar instability
of the metacarpophalangeal joint of the thumb. Hand.
1980;12(3):225-30.

Downey DJ, Monheim MS, Omer GE Jr. Acute game-
keeper’s thumb. Quantitative outcome of surgical
repair. Am J Sports Med. 1995;23(2):222-6.

Derkash RS, Matyas JR, Weaver JK, et al. Acute sur-
gical repair of skier’s thumb. Clin Orthop Relat Res.
1987;216:29-33.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

Abrahamsson SO, Sollerman C, Lundborg G, et al.
Diagnosis of displaced ulnar collateral ligament of the
metacarpophalangeal joint of the thumb. J Hand Surg
Am. 1990;15(3):457-60.

Zeman C, Hunter RE, Freeman JR, et al. Acute ski-
er’s thumb repaired with a proximal phalanx suture
anchor. Am J Sports Med. 1998;26(5):644-50.

Kozin SH. Treatment of thumb ulnar collateral liga-
ment ruptures with the Mitek bone anchor. Ann Plast
Surg. 1995;35(1):1-5.

Kato H, Minami A, Takahara M, et al. Surgical
repair of acute collateral ligament injuries in digits
with the Mitek bone suture anchor. J Hand Surg Br.
1999;24(1):70-5.

Weiland AJ, Berner SH, Hotchkiss RN, et al. Repair
of acute ulnar collateral ligament injuries of the thumb
metacarpophalangeal joint with an intraosseous suture
anchor. J Hand Surg Am. 1997;22(4):585-91.

Rettig A, Rettig L, Welsch M. Anatomic reconstruc-
tion of thumb metacarpophalangeal joint ulnar col-
lateral ligament using an interference screw docking
technique. Tech Hand Up Extrem Surg. 2009;13:
7-10.

Haddock NT, Beasley RW, Sharma S. Thumb meta-
carpophalangeal joint ulnar collateral ligament repair
with condylar shaving. Tech Hand Up Extrem Surg.
2009;13:199-201.

Ryu J, Faggan R. Arthroscopic treatment of acute
complete thumb metacarpophalangeal ulnar collateral
ligament tears. J Hand Surg Am. 1995;20:1037-42.
Katolik LI, Friedrich J, Trumble TE. Repair of acute
ulnar collateral ligament injuries of the thumb meta-
carpophalangeal joint: a retrospective comparison of
pull-out sutures and bone anchor techniques. Plast
Reconstr Surg. 2008;122(5):1451-6.

De Giacomo AF, Shin SS. Repair of the thumb ulnar
collateral ligament with suture tape augmentation.
Tech Hand Up Extrem Surg. 2017;21(4):164-6.

Shin SS, van Eck CF, Uquillas C. Suture tape aug-
mentation of the thumb ulnar collateral ligament
repair: a biomechanical study. J Hand Surg Am.
2018;43(9):868.e1-86.e6.

Gibbs DB, Shin SS. Return to play in athletes after
thumb ulnar collateral ligament repair with suture
tape augmentation. Ortho J Sports Med. 2020;8(7):
1-5.

Osterman AL, Hayken GD, Bora FW Jr. A quantita-
tive evaluation of thumb function after ulnar collat-
eral ligament repair and reconstruction. J Trauma.
1981;21(10):854-61.

Samora JB, Harris JD, Griesser MJ, et al. Outcomes
after injury to the thumb ulnar collateral ligament — a
systematic review. Clin J Sports Med. 2013;23:247-54.
Neviaser RJ, Wilson JN, Lievano A. Rupture of the
ulnar collateral ligament of the thumb (gamekeeper’s
thumb). Correction by dynamic repair. J Bone Joint
Surg Am. 1971;53(7):1357-65.

McCue FC 3rd, Hakala MW, Andrews JR, et al. Ulnar
collateral ligament injuries of the thumb in athletes. J
Sports Med. 1974;2:70-80.



Thumb Metacarpophalangeal Joint Collateral Ligament Injury

127

54.

55.

56.

57.

58.

59.

60.

61.

62.

Glickel SZ, Malerich M, Pearce SM, et al. Ligament
replacement for chronic instability of the ulnar collat-
eral ligament of the metacarpophalangeal joint of the
thumb. J Hand Surg Am. 1993;18(5):930-41.
Fairhurst M, Hansen L. Treatment of “Gamekeeper’s
Thumb” by reconstruction of the ulnar collateral liag-
ment. J Hand Surg (Br). 2002;27:542-5.

Frykman G, Johansson O. Surgical repair of rupture
of the ulnar collateral ligament of the metacarpo-
phalangeal joint of the thumb. Acta Chir Scand.
1956;112(1):58-64.

Guelmi K, Thebaud A, Werther JR, et al. Bone-
retinaculum-bone reconstruction for chronic posttrau-
matic instability of the metacarpophalangeal joint of
the thumb. J Hand Surg Am. 2003;28:685-95.
Alldred AJ. Rupture of the collateral ligament of the
metacarpophalangeal joint of the thumb. J Bone Joint
Surg Br. 1955;37:443-5.

Edelstein DM, Kardashian G, Lee SK. Radial collat-
eral ligament injuries of the thumb. J Hand Surg Am.
2008;33(5):760-70.

Tang P. Collateral ligament injuries of the thumb
metacarpophalangeal joint. J Am Acad Orthop Surg.
2011;19(5):287-96.

Coyle MP Jr. Grade III radial collateral ligament
injuries of the thumb metacarpophalangeal joint:
treatment by soft tissue advancement and bony reat-
tachment. J Hand Surg Am. 2003;28(1):14-20.
Lyons RP, Kozin SH, Failla JM, et al. The anatomy
of the radial side of the thumb: static restraints in pre-
venting subluxation and rotation after injury. Am J
Orthop (Belle Mead NJ). 1998;27(11):759-63.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Schroeder NS, Goldfarb CA. Thumb ulnar collateral
and radial collateral ligament injuries. Clin Sports
Med. 2015;34:117-26.

Camp RA, Weatherwax RJ, Miller EB. Chronic post-
traumatic radial instability of the thumb metacarpo-
phalangeal joint. ] Hand Surg Am. 1980;5(3):221-5.
Doty JF, Rudd JN, Jemison M. Radial collateral liga-
ment injury of the thumb with a Stener-like lesion.
Orthopaedics. 2010;33(12):925.

Posner MA, Retaillaud JL. Metacarpophalangeal joint
injuries of the thumb. Hand Clin. 1992;8(4):713-32.
Catalano LW 3rd, Cardon L, Patenaude N, et al.
Results of surgical treatment of acute and chronic
grade 3 tears of the radial collateral ligament of the
thumb metacarpophalangeal joint. ] Hand Surg Am.
2006;31(1):68-75.

Durham JW, Khuri S, Kim MH. Acute and late radial
collateral ligament injuries of the thumb metacarpo-
phalangeal joint. J Hand Surg Am. 1993;18(2):232-7.
Horch RE, Dragu A, Polykandriotis E, et al. Radial
collateral ligament repair of the thumb metacarpopha-
langeal joint using the abductor pollicis brevis tendon.
Plast Reconstr Surg. 2006;117(2):491-6.

McDermott TP, Levin LS. Suture anchor repair
of chronic radial ligament injuries of the metacar-
pophalangeal joint of the thumb. J Hand Surg Br.
1998;23(2):271-4.

Avery DM, Inkellis ER, Carlson MG. Thumb collat-
eral ligament injuries in the athlete. Curr Rev Muscu-
loskelet Med. 2017;10:28-37.



®

Check for
updates

Collateral Ligament Injuries

11

of the Fingers in Baseball Players

Caroline H. Hu and Jeffrey B. Husband

Introduction

Hand and wrist injuries in baseball players repre-
sent a significant cause of morbidity and days
away from play. An evaluation of a collegiate
baseball team over 3 seasons documented that
17% of orthopedic injuries occurred to the hand
and wrist. Rhee et al. reported on hand and wrist
injuries sustained by major league and minor
league baseball players documented by the Major
League Baseball’s Health and Injury Tracking
System (HITS) [1]. They identified 4478 hand
and 1748 wrist injuries with a total of 105,246
lost days of play. The majority of the reported
injuries occurred due to contact with the ball, the
ground, the wall, another player, or with a bat
(95%); 40% of injuries occurred when batting,
30% when fielding, 13% when pitching, and 11%
while sliding. Among all the injuries, 4.7% were
sprains of the proximal interphalangeal joint,
2.6% were sprains of the metacarpophalangeal
joint, and 1.9% were sprains of the distal inter-
phalangeal joint. Each of these injuries averaged
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11.6, and 14 days of missed play for each injury,
respectively. The frequency of surgery was very
low for each of these injuries (2.4% for PIP, 1.7%
for MP, and 0% for DIP injuries).

The literature on collateral ligament injuries in
the fingers is scant. Most reports relate to rock
climbers who most commonly sustain injuries to
the PIP joint secondary to high forces generated
by hook and crimp style grip during climbing [2].
In a study of 42 elite rock climbers, 40% were
diagnosed with acute or chronic sprains of the
collateral ligaments of the PIP joint [3]. Similar
to the forces generated during rock climbing,
pitchers may experience significant stress to the
fingers when throwing a baseball. Pitchers are at
risk for sustaining collateral ligament injuries of
the fingers due to the high torque, repetitive
movement associated with throwing a baseball.
Kinoshita et al. used an instrumented baseball to
measure finger forces that occurred when throw-
ing a fast ball. They found that the peak reaction
force exceeded 80% of the maximum finger
strength measured for each digit [4].

Anatomy and Physiology
of the Collateral Ligaments

The metacarpophalangeal and interphalangeal
joints of the fingers are complex diarthrodial
joints that function to allow for reach, pinch, and
grasp that are also crucial for throwing and catch-
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ing. Advances in our understanding of the
anatomy and physiology of the collateral liga-
ments have helped us to better understand their
function.

The metacarpophalangeal joint is multiplanar
and functions in flexion, extension, abduction,
adduction, and circumduction as compared to the
interphalangeal joints which allow only for flex-
ion and extension. The principal axis of motion
of the MP joints is in flexion and extension, with
up to 90° of flexion and 20-30° of extension.
Additionally, there are 10-40° of abduction and
adduction which varies from finger to finger [5].

The metacarpal head is ellipsoidal in the sagit-
tal plane and trapezoidal in the coronal plane
with greater width on the palmar aspect [6]. The
articular surface of the base of the proximal pha-
lanx is concave and shallow similar to the glenoid
in relation to the articular surface of the metacar-
pal head [5]. The articular anatomy along with
the oblique course of the collateral ligaments cre-
ates a “cam effect,” which results in increased
stability of the MP joint in flexion as the collat-
eral ligaments tighten [6, 7]. Accordingly, abduc-
tion and adduction are greatest in full extension
of the joint [8].

The dynamic stabilizers of the MP joint
include the intrinsic and extrinsic muscles and
tendons, while the static stabilizers are the cap-
sule, palmar plate, sagittal bands, deep transverse
intermetacarpal ligaments, corner ligaments of
the interosseous fascia, and the proper and acces-
sory collateral ligaments [5]. The proper collat-
eral ligaments originate on the dorsoradial and
dorsoulnar aspects of the metacarpal head and
insert on the volar palmar aspect of the base of
the proximal phalanx. The ulnar collateral liga-
ment (UCL) is less oblique, thinner, and narrower
than the radial collateral ligament [9]. Using
biplanar radiography, Minami et al. determined
that the ulnar collateral ligament originates from
a slightly more palmar and proximal position,
approximately 1/3 from the dorsal border of the
metacarpal head, inserting approximately 1/4
away from the palmar border of the proximal
phalanx. More recently, using different method-
ology, Dy et al. determined that the center of ori-
gin of the radial collateral ligament (RCL) lies

40% volar from the dorsal border of the metacar-
pal head, whereas the center of insertion lies 46%
dorsal from the palmar border of the proximal
phalanx [10]. The accessory collateral ligaments
are fan-shaped and increase in thickness from
proximal to distal and originate slightly palmar
and proximal to the origin of the proper collateral
ligaments. They spread out to insert along the lat-
eral border of the palmar plate [9]. The proper
collateral ligaments are taut in MP joint flexion,
while the accessory collateral ligaments are lax.
The accessory collateral ligaments function
antagonistically with the proper collateral liga-
ments as a reciprocal force couple to provide lat-
eral stabilization of the MP joint [5].

Understanding the kinematics of the collateral
ligaments is essential to understanding function
of the joints. The collateral ligaments stabilize
the joint and protect it from abduction and adduc-
tion stress. The finger MP joints are able to stabi-
lize each other due to their proximity to one
another and the deep transverse metacarpal liga-
ments. The MP joint is lax in extension and stable
flexion to assist with grasp. The tautness of the
collateral ligaments in flexion and laxity in exten-
sion has significant implications for the manage-
ment of collateral ligament injuries in that
immobilization in extension may lead to diffi-
culty regaining MP joint flexion due to shorten-
ing of the collateral ligaments.

Pathophysiology of Injury

Experimental ligament rupture models have con-
tributed to our understanding of the patterns of
collateral ligament injury. Minamikawa et al.
conducted serial sectioning of cadaver collateral
ligaments at the PIP joint and found that lateral
angulation greater than 10° in extension and 20°
in flexion indicated loss of collateral ligament
injury or complete proper collateral ligament
rupture [11]. The PIP joint was not destabilized
until at least half of the PCL and the accessory
stabilizing structures were sectioned. Another
cadaver model noted four distinct patterns of PIP
joint ligament rupture: midsubstance tear, proxi-
mal detachment, distal detachment, and bony
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avulsion fracture [12]. These injury patterns
varied according to the speed at which the strain
was applied. Higher speed injuries caused distal
tears, tears at the junction between the PCL and
ACL and avulsion fractures at the insertion of the
palmar plate, whereas low-speed injuries caused
midsubstance tears. Low-speed injuries allowed
the ligament to stretch prior to rupture and
required higher forces. A rapidly applied force,
moreover, is more likely to be a mechanism of
the injury in the injured baseball player.

The frequency of injury to each finger has var-
ied among case series and might differ based on
several variables. In a 2-year period, Delaere
et al. reported that 39% of MP joint collateral
ligament injuries presenting to an emergency
department involved digits other than the thumb
[13]. The index finger MP joint is most suscepti-
ble to injury as it is a border digit and is more
likely to be subjected to trauma. The index MP
joint lacks a deep transverse metacarpal ligament
on the radial side, but it is protected by the ulnar
three fingers [14]. It is also stabilized by the first
dorsal interosseous muscle. The small finger is
also a border digit, and some studies have sug-
gested that it has the highest occurrence of col-
lateral ligament injury compared with the other
fingers [15, 16]. Other reports found the highest
frequency of collateral ligament injuries of the
MP joint to involve the middle finger [13]. The
index finger was more likely to have ulnar col-
lateral ligament injuries at the MP joint, whereas
the ring and small finger were more likely to
involve the radial collateral ligaments [17]. Ulnar
collateral ligament injuries are more common
than radial collateral ligament injuries in every
finger; however, the ratio of radial collateral liga-
ment injuries to ulnar collateral ligament injuries
is highest in the index finger [16]. Collateral liga-
ment injuries to the DIP joint are less common,
perhaps due to a shorter lever arm [18].

Throwing a baseball places palmar and ulnar
stress on the PIP joints [19]. This stress may
cause chronic injury to the collateral ligament
over time. Conversely, acute collateral ligament
injuries are more likely to be caused from trau-
matic high-speed injuries, such as being hit by a
ball, sliding, or contact with another player.

Sliding head first with the hand outstretched in
front of the player places the fingers, hand, and
wrist at a high risk for injury. This has led to the
use of sliding gloves to protect the hand. Direct
impact by a ballplayer against a wall on an
extended finger can result in a significant force to
the digit, leading to injury ranging from a minor
sprain to a fracture dislocation.

Clinical Evaluation
Clinical History

A careful and detailed history remains important
in assessing injuries to the fingers in baseball
players. This includes evaluation of symptoms as
well as exacerbating movements and the mecha-
nism of a specific traumatic event. It is important
to note at what point pain occurs during the
throwing phase in pitchers. Other important his-
tory includes age, level of play, and position.
There may be a history of a gradual and insidious
onset of finger pain with throwing over a pro-
longed period. This may lead to chronic pain in
the collateral ligament, possibly associated with
instability [3]. The clinician should elicit a his-
tory of whether or not the symptoms are associ-
ated with any change in the frequency or type of
training or throwing mechanism. In most
instances, the player will report a single, signifi-
cant traumatic injury.

The symptoms of injury to the collateral liga-
ment include pain and swelling with impaired
function at the injured joint. There may be diffi-
culty with grip and throwing, catching, and
batting.

Physical Examination

Physical examination involves a systematic eval-
uation of the hand and fingers, including inspec-
tion, range of motion, palpation for point
tenderness, neurovascular status, measurement of
strength, stress testing, and provocative tests for
ligamentous instability. Inspection includes
assessment of the resting posture, observing for
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angular malalignment. If this does occur, it
suggests the presence of a complete collateral
ligament injury. This would include scissoring of
the digits during finger flexion, such as pronation
of the index finger with scissoring under the mid-
dle finger with complete rupture of the radial col-
lateral ligament of the MP joint [5]. The finger
may deviate away from the site of the injury with
a complete rupture. Acutely, there may be ecchy-
mosis, swelling, and limited motion. Tenderness
is present in acute and chronic injuries.

The collateral ligaments of the injured joint
should be tested for instability. In certain
instances, this may be very painful, and local
anesthesia may be required to allow for complete
evaluation.

Varus and valgus stress to the joint should be
applied in full extension and at 30° of flexion.
Testing in full flexion evaluates the integrity of
the proper collateral ligaments, whereas testing
in full extension evaluates the integrity of the
accessory collateral ligaments. Testing in exten-
sion and at 30° of flexion is somewhat analogous
to varus and valgus stress testing at the knee joint,
where 30° of flexion decreases the stabilizing
influence of the posterior capsular structures,
which contribute to lateral stability in extension
[11]. Stress testing should evaluate for both pain
and laxity and to determine if there is an endpoint
to instability. Proper collateral ligament laxity
should decrease with flexion, and an increase of
laxity or no change with flexion indicates a
proper collateral ligament injury [8]. At the MP
joint, the proper collateral ligaments have been
traditionally tested at 30° of flexion; however,
Wong et al. found variable differences in laxity at
full extension and 30° of flexion, concluding that
laxity should be tested in extension and 90° of
flexion [8]. It should be remembered that the
proper collateral ligament is lax at 0° of exten-
sion in the normal ligament and should not be
interpreted as abnormal. The contralateral side
hand should be used as control in measurement
of range of motion and stress testing.

When evaluating the PIP joint for laxity,
greater than 20° of lateral deviation with stress at
30° of flexion suggests complete rupture of the
proper collateral ligament, whereas greater than

15° of lateral deviation in extension and/or
greater than 30° in flexion suggests a rupture of
the accessory collateral ligament as well [11].

Imaging

Plain radiographs including posterior-anterior,
lateral, and oblique views should be obtained
with any injury. Radiographs should be per-
formed prior to any stress testing since the radio-
graphs may reveal joint subluxation due to
complete collateral ligament rupture or avulsion
fracture. A Brewerton view may demonstrate a
fracture of the metacarpal head. Stress views, in
the absence of any fractures, may reveal joint
instability when compared with nonstress views
of the affected joint. In the setting of isolated
ligamentous injury, however, radiographs rarely
are helpful. In most cases, additional imaging is
not required.

Ultrasound evaluation may assist in the diag-
nosis of collateral ligament injuries in challeng-
ing cases and allows for dynamic evaluation of
each ligament. Ultrasound has been found to
have 76% sensitivity and 81% specificity for
complete tears of the collateral ligaments of the
MP joints [20]. The collateral ligaments appear
as thick echoic bands. With an acute sprain, the
ligament has focal hypoechoic thickening due to
hemorrhage and edema. Complete disruption of
ligament continuity and surrounding soft tissue
hyperemia will be seen with an acute full-
thickness tear. There is thickening and elongation
and a lack of soft tissue hyperemia with a chronic
sprain [21]. Stress testing during a dynamic ultra-
sound evaluation may reveal joint space widen-
ing or an increased gap between the ends of the
torn ligament. It should be remembered that there
may be potential problems with diagnostic ultra-
sound in that the quality of the ultrasound is
operator-dependent and that transducer position
and the anatomic plane need to be properly ori-
ented in order to adequately visualize the collat-
eral ligaments [21]. The proper collateral and
accessory collateral ligaments cannot be differ-
entiated with ultrasound evaluation. Furthermore,
concomitant injuries may demonstrate similar
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features of thickening and hypoechoic regions
and may be mistaken for the collateral ligaments
[22]. Arthrography has been used in the past to
successfully diagnose collateral ligament inju-
ries, but have generally been found not to be nec-
essary to confirm the diagnosis [5, 13]. Magnetic
resonance imaging has a 75% sensitivity and
98% specificity for collateral ligament tears of
the MP joints [23]. An MRI may be helpful in
differentiating between complete tears of the lig-
ament versus partial tears and may help distin-
guish the site of injury or concomitant injuries to
surrounding structures [14].

Grading Collateral Ligament
Injuries

Gaston et al. classified a series of metacarpopha-
langeal joint radial collateral ligament injuries
into four grades as a guide to treatment. Grade 1
injuries were defined as those with tenderness to
palpation without laxity [5]. Grade 2 injuries
were tender to palpation with laxity compared to
the contralateral finger but with a definite end-
point. Grade 3 injuries had laxity without an
endpoint.

Bowers et al. classified collateral ligament
injuries of the PIP joint into three grades [24].
Similar to the metacarpophalangeal joint, grade 1
injuries of the proximal interphalangeal joint are
associated with swelling and tenderness over the
collateral ligament with no instability. Grade 2
injuries demonstrated a definite endpoint with
less than 20° of deviation. Grade 3 PIP joint col-
lateral ligament injuries included not only com-
plete rupture of the collateral ligament but also
the volar plate. There were greater than 20° of
laxity with no definite endpoint.

Management of Collateral Ligament
Injuries

The demands of baseball, including throwing,
need to be considered when managing injuries to
the collateral ligament of the fingers. Greater
forces are involved in throwing a baseball than in

performing normal everyday activities. In partic-
ular, the radial collateral ligament of the MP joint
of the index finger is a crucial primary stabilizer
for pinch. Proper grading of the injury is useful in
determining the management of collateral liga-
ment injuries. Treatment data are based on case
series and small retrospective and prospective
case studies. In almost all instances, these studies
have shown that nonoperative management with
rest, a short period of immobilization, and appro-
priate rehabilitation are optimal treatments for
grade 1 or 2 injuries [5]. Gaston et al. recom-
mended the following nonoperative treatment
protocol for injuries to the radial collateral liga-
ment of the MP joint. Grade 1 injuries are treated
with splinting for 3 weeks with the MP joint in
30-45° of flexion to prevent an extension con-
tracture, followed by buddy taping alone for
3 weeks [5, 13]. During the period of immobili-
zation, patients removed the splint for flexion and
extension exercises three times a day using buddy
tapes. Grade 2 injuries are treated with 3 weeks
of immobilization followed by 3 weeks of splint-
ing. Patient is to begin range-of-motion exercises
after transition to splinting with strengthening
starting at 8 weeks and unrestricted return to
activities at 12 weeks [5].

Grade 1 or 2 injuries of the collateral liga-
ments of the proximal interphalangeal joint are
managed conservatively with a finger splint at 0°
of extension followed by buddy taping with range
of motion as pain decreases. The maximum vol-
ume of the PIP joint is in a position of approxi-
mately 30° of flexion. Un-splinted, the PIP joint
tends to lie in this position and may lead to a flex-
ion contracture. Therefore, splinting at 0° of
extension helps reduce the risk of developing a
flexion contracture and, generally, it is not diffi-
cult to regain flexion.

Recognizing that joint motion has a beneficial
effect on ligament healing, immobilization is
indicated for only a few days to allow for subsid-
ence of pain and swelling. Furthermore, immo-
bilization contributes to adhesion formation
which reduces motion and to the production of
disorganized collagen fibers which are biome-
chanically inferior to collagen found in normal
ligament.
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Elevation and ice followed by early protected
motion with buddy tapes and the use of an
appropriate orthosis allow for earlier recovery
and return to play.

Nonsteroidal anti-inflammatory medications
have been traditionally used extensively in the
management of soft tissue injuries but should be
used judiciously due to their adverse effect on
ligament healing. Similarly, even though cortico-
steroid injections may reduce the pain and inflam-
mation of acute ligament injuries, they should be
avoided due to their potential to limit healing and
cause collagen breakdown through the suppres-
sion of cytokine production which is required to
promote healing.

Complete collateral ligament disruption
resulting in joint instability, in many instances,
requires surgical treatment, although evidenced
by the low incidence of surgical repair docu-
mented in the literature, this appears to be very
uncommon, possibly due to intact secondary
joint stabilizers. Acute repair can be accom-
plished either directly or more commonly with
the use of suture anchors, biotenodesis screws, or
more rarely with a pull-out button. Patients with
chronic pain and instability may be unable to
return to play without surgical management. This
relates to difficulty with pinch and grasp and may
necessitate surgical reconstruction. Stiffness may
also result following a non-treatment or inappro-
priate treatment for injuries to the PIP joints [25].
In the metacarpophalangeal joint, the injured fin-
ger may rotate and scissor beneath an adjacent
finger [5].

Multiple surgical options are available includ-
ing direct repair, direct suture to bone with a pull-
out suture, direct repair to bone using suture
anchors, interference screws, and ligament recon-
struction with a tendon graft [5, 14, 16, 26, 27].
An acute intrasubstance tear may be amenable to
direct repair. Pull-out sutures or suture anchors
may be used as fixation for ligament avulsions. It
may be necessary to remove small avulsed bony
fragments from the ligament stump prior to fixa-
tion. Alternatively, a large bony fragment might
be amenable to fixation with a Kirschner wire or
mini screw [5]. Associated dorsal interosseous
muscle avulsions from the proximal phalangeal

insertion have been reported and should be
repaired [13, 15]. Chronic tears may require liga-
ment reconstruction using a donor tendon such as
palmaris longus or with a distal slip of the flexor
digitorum superficialis tendon for the PIP joint
[5, 25, 28]. In situations where the collateral liga-
ment is not robust enough for primary repair, a
ligament reconstruction may be required. In
some instances, a transarticular Kirschner wire
may be used for noncompliant patients or tenu-
ous repairs [5].

Postoperative Rehabilitation

Rehabilitation following repairs of the collateral
ligaments of the MP joints vary according to
author, but all involve a period of 2-3 weeks of
immobilization with a hand-based splint with the
MP joints in 30—45° of flexion. At the 2-3-week
period, range of motion is begun out of the splint
using buddy tapes. Strengthening is generally
started at approximately 10 weeks [5, 13, 14, 16].

Following repair of the collateral ligament of
the proximal interphalangeal joint, immobiliza-
tion continues for 2-3 weeks with a finger splint
with the PIP and DIP joints in full extension with
active range-of-motion exercises with buddy
tapes afterward. A night splint may be used up to
12 weeks following surgery.

Outcomes

Overall, patients appear to do well following col-
lateral ligament repair, although there are no pub-
lished data on outcome specifically in baseball
players. Outcomes for collateral ligament repairs
and reconstruction have been based on case
reports and small case studies.

Acute collateral ligament repairs of the meta-
carpophalangeal joint tend to do well whereas
repairs for chronic injuries have had less reliable
results. Kang et al. reported on 12 patients with
repairs of the radial collateral ligament of the MP
joint using suture anchors. All patients had reso-
lution of pain, return to activities of daily living,
and no extensor lag or stress instability. Grips and
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lateral pinch strength exceeded that of the contra-
lateral hand [14]. Delaere et al. performed col-
lateral ligament repairs of the MP joints with
direct suture, barbed wire, and screws for osteo-
chondral avulsion fractures on 12 patients and all
were asymptomatic at 2-year follow-up, without
residual instability or pain [13]. Riederer et al.
performed reconstruction of the radial collateral
ligament of the MP joints with tendon grafts in
20 patients. Sixteen patients had excellent or
good results with 93% recovery in grip strength
and 92% pinch strength; however, 4 patients had
poor results including 2 patients with residual
marked instability [29]. In the largest reviewed
study, Waxweiler et al. evaluated 46 patients with
grade 3 injury of the metacarpophalangeal joint
collateral ligament either acute or chronic who
underwent repair with reinsertion at the base of
the proximal phalanx or metacarpal head using a
suture anchor. There were excellent outcomes at
a meeting of 7 months postoperatively with
88.5% grip strength compared to the contralateral
hand and a mean QuickDASH score of 9.56 (with
100 being full disability) [16]. Gaston et al. eval-
uated 14 patients with index MP joint radial col-
lateral ligament injuries and found a difference in
outcome between acute (<4 weeks) and chronic
injuries. Four acute grade 1 or 2 injuries were
treated nonoperatively and had excellent results
with normal range of motion, stable pinch, and
resolution of pain. Of the 10 patients with grade
3 injuries, 2 presented early and underwent repair
with suture anchors with good results. Eight
patients who presented late had fair or poor
results, regardless of whether they were treated
nonoperatively, with surgical repair or recon-
struction [5]. The author suggested that persistent
pain and instability with degenerative changes
might benefit from fusion of the metacarpopha-
langeal joint.

Outcomes for repair of the collateral liga-
ments of the PIP joint are more limited. Lee et al.
evaluated outcomes between nonoperative and
operative treatment for grade 3 collateral liga-
ment tears with 7 undergoing conservative treat-
ment and 10 undergoing direct repair or repair
with suture anchors.

Range of motion improved more quickly and
patients had less deformity and pain in the opera-
tive group; however, there was no lateral instabil-
ity or significant difference in range of motion in
either group [30]. Kato et al. performed PIP col-
lateral ligament repairs using suture anchors in
12 patients and all returned to work or sport
within 7 weeks of surgery [31]. No patient had
any lateral instability of the PIP joint or pain at
final follow-up.
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Triangular Fibrocartilage Complex

Injury

12

Keith G. Whitlock and David S. Ruch

Define the Specific Injury Your
Chapter Will Address

The triangular fibrocartilage complex (TFCC) is
a collection of ligamentous and fibrocartilagi-
nous structures at the ulnar wrist which suspends
the ulnar carpus, cushions load transmission
across the ulnocarpal joint, and acts as the pri-
mary stabilizer of the distal radioulnar joint
(DRUJ) [1]. The components of the TFCC are
susceptible to injury in nearly all sports. From
excessive impact and load bearing in gymnastics
and martial arts, to chronic overuse and repetitive
loading in racquet and throwing sports, the TFCC
is a common source of ulnar-sided wrist pain in
athletes. Regardless of the cause of injury as
acute or chronic, the principles of management of
the recreational and elite baseball player are often
different than the general population. It is essen-
tial that the treating physician seek to understand
the competitive level of the athlete and their
intrinsic and extrinsic motivations for perfor-
mance in order to tailor a unique treatment plan
that balances adequate healing, return to sport,
and long-term well-being [2—4]. The goal of this
chapter will be to describe the relevant anatomy
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and functional implications of TFCC injuries and
summarize evidence-based strategies for diagno-
sis, treatment, and rehabilitation of the competi-
tive baseball player.

Incidence and Uniqueness to
Baseball

Injuries to the TFCC are a common cause of
ulnar-sided wrist pain in athletes, and often pres-
ent with significant disability resulting in time
away from competition. Athletes from a wide
range of sports are susceptible to these injuries
including gymnastics, martial arts, wrestling,
American football, rugby, hockey, basketball,
golf, tennis, and baseball [3, 5-8]. Although the
general incidence of TFCC injuries in sports is
not well defined, the epidemiology of sports-
related injuries to the hand and wrist has been
estimated between 3% and 25% of all sports-
related injuries [4, 9].

In a 10-year study of athletes at the Olympic
training center in Colorado Springs, Rettig and
colleagues found that 8.7% of the 8311 docu-
mented injuries suffered across 36 sports involved
the hand or wrist. Incidence varied by sport, with
roller hockey accounting for 30%, baseball 25%,
boxing 17%, basketball 17%, and volleyball
13%. By their review of the literature in 1998,
they determined that between 3% and 9% of all
athletic injuries involve the hand or wrist [4].
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A recent study published by Fares and col-
leagues in 2020 reviewed the epidemiology of
upper extremity injuries in major league baseball
during the 2010 to 2016 seasons. They found that
49% (1609) of all documented injuries involved
the upper extremity, with 7% of upper extremity
cases involving the wrist. Injuries to the shoulder
and elbow were most common, representing 35%
and 31% of upper extremity injuries, respec-
tively. Interestingly, injuries of the wrist were
more commonly seen in fielders (5.6%) than
pitchers (0.6%) and catchers (0.7%). Additionally,
just 4.5% of wrist injuries underwent surgical
intervention during the time period, compared to
11% of shoulder and 32% of elbow injuries [10].

While pain-free function of the ulnar side of
the wrist is important to nearly all athletes, the
unique physical demands required for high-level
performance in baseball depend heavily on the
function of the TFCC, namely, the dynamic pro-
nosupination and power grip necessary for throw-
ing and swinging place repetitive loads across the
structures of the TFCC [11]. The baseball swing
itself creates force across the ulnocarpal joint
greater than that seen in diagnostic pronated grip
radiographs which increase the longitudinal rela-
tionship of the ulna relative to the radius and the
load transmitted across the TFCC [12, 13]. As a
result, it is not uncommon to encounter acute or
chronic tears in baseball players who have neu-
tral or even negative ulnar variance.

Pertinent Anatomy
and Classification

Components of the TFCC

Much of our understanding of the anatomy of the
TFCC was originally defined by Palmer and col-
leagues beginning in the early 1980s [1, 14, 15].
The DRUIJ is an inherently unstable joint with a
shallow radius of curvature, which places a great
amount of importance on the surrounding soft
tissues. This collection of structures which make
up the triangular fibrocartilage complex include
the articular disk, volar and dorsal radioulnar

ligaments, meniscal homologue, ECU tendon
sheath, ulnar capsule, and volar ulnocarpal liga-
ments [16] (Fig. 12.1). The articular disk is a
thin, poorly vascularized, fibrocartilaginous
sheet that originates from the distal sigmoid
notch of the radius and extends ulnarly, blending
at its margins with the thickened, horizontally
oriented fibers of the dorsal and palmar radioul-
nar ligaments. These stout ligaments are each
composed of deep and superficial portions,
which have distinct insertions and functional
implications. The superficial or distal fibers
insert into the ulnar styloid, ECU sheath, and
ulnar capsule. The variably shaped structure
known as the meniscal homologue represents the
ulnar extent of these superficial fibers and con-
tains a central opening known as the prestyloid
recess which can easily be mistaken for a tear on
MRI and arthroscopy. The deep fibers of the
radioulnar ligaments insert deep at the ulnar
fovea rather than the styloid and have been
referred to as the ligamentum subcruentum [17].
These thick, stout fibers play a greater role in the
stability of the DRUJ, and failure to recognize
and appropriately address their avulsion is a
common source of persistent DRUJ instability
following attempted TFCC repair [18, 19].

The ECU sheath is a longitudinally oriented,
dorsal structure which originates from the dorsal
triquetrum and inserts at the base of the ulnar sty-
loid via the dorsal radioulnar ligament [20]. It is
one of the most commonly injured structures in
association with tears of the articular disk, and its
repair is an essential component of successful
surgical treatment [21]. The sheath itself is very
thick in comparison to the ulnar joint capsule
with which it blends, and it is routinely used as a
target for suturing the superficial fibers of the
articular disk back to during repairs of ulnar-
sided tears. Volarly, the superficial fibers of the
radioulnar ligaments blend into the longitudi-
nally oriented ulnotriquetral (UT) and ulnolunate
(UL) ligaments, which run from their broad ori-
gin at the palmar radioulnar ligament and radial
aspect of the base of the ulnar styloid, to their
insertions at the volar carpus. These ligaments
are difficult to differentiate arthroscopically.
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Fig. 12.1 The
components of the
TFCC. (With
permission. From: Ishii
etal. [16])
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Blood Supply and Innervation

The primary arterial supply of the TFCC is pro-
vided by the ulnar artery via its dorsal and palmar
radiocarpal branches, with additional blood flow
provided by the dorsal and palmar branches of
the anterior interosseous artery [22]. Clinically, it
is essential to understand the uneven distribution
of this blood flow throughout the TFCC. Much
like the menisci of the knee, studies of the micro-
vasculature of the TFCC have helped us to under-
stand which portions are amenable to healing
following repair. Through their classic India ink
cadaver studies, Bednar and colleagues demon-
strated that only the peripheral 10-40% of the
articular disk is penetrated by vasculature from
the peripheral capsule and synovium in a radial
fashion [23]. Additionally, they found that no
vessels entered the radial portion of the disk from
its subchondral attachment to the sigmoid notch
(Fig. 12.2). As a result, the central and radial por-
tions of the articular disk are avascular with lim-
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ited healing potential, while the peripheral
portions are well vascularized and amenable to
surgical repair.

Functional Implications
of the Anatomy

In neutral rotation, the ulnar bears 18-20% of the
axial load transmitted across the wrist [14].
Lengthening the ulna by 2.5 mm increases its
proportion of total axial load from 18.4% to
41.9%, while shortening by 2.5 mm decreases its
proportion to just 4.3% [24]. The concept of ulnar
variance describes the longitudinal relationship
of the ulnar head relative to the articular surface
of the distal radius. During maximal grip, ulnar
variance has been demonstrated to increase an
average of 1.95 mm, while maximal grip and pro-
nation cause an average increase of 2.5 mm [25,
26]. Ulnar deviation also serves to increase this
force. When considering the role of the TFCC as
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Fig. 12.2 Vascular anatomy of the TFCC. Left: coronal
section of the wrist. Vessels from the soft tissues of the
joint capsule and synovium can be seen penetrating the
triangular fibrocartilage complex. Note that no vessels
penetrate the TFCC from its radial attachment (arrows).
Right: axial view of en bloc specimen of the TFCC after

a shock absorber between the carpus and distal
ulna, it is important to understand that ulnar
variance is inversely proportionate to the thick-
ness of the TFCC [27]. In other words, the articu-
lar disk is thicker and more robust in ulnar
negative than in ulnar positive wrists. With this is
mind, it is intuitive that repetitive loading across
a thinner, less robust TFCC in ulnar positive
patients is likely to increase the incidence of
articular disk perforation seen in these patients
[13]. Maximal grip, pronation, and ulnar devia-
tion are all necessary to the successful execution
of the baseball swing. These repetitive motions,
as well as the occasional acute pronated axial
load created by sliding headfirst or decelerating
into the outfield wall, place baseball players at
risk for acute and chronic tears of the TFCC.

As previously stated, the TFCC also func-
tions as the primary stabilizer of the DRUJ.
Biomechanical studies by Adams and colleagues
have shown that the central portion of the articu-
lar disk does not significantly contribute to DRUJ
stability. They used cadaver models to demon-
strate that as long as the peripheral 2 mm of the
articular disk is left intact, up to 2/3 of the total
area can be excised without affecting the struc-
tural integrity of the TFCC [28]. It is for this rea-
son that central tears of the articular disk can be
surgically debrided without creating instability.

vascular perfusion and tissue clearing. The inner (horizon-
tal) portion of the TFCC is devoid of vessels. In addition,
no vessels could be seen entering the TFCC from its radial
attachment (arrows). (With permission. From: Bednar
et al. [23])

Conversely, the thickened volar and dorsal radio-
ulnar ligaments are essential to DRUJ stability
throughout the range of pronation and supination.
Historically, there has been conflicting evidence
as to whether the volar or dorsal radioulnar liga-
ments provide stability in pronation or supina-
tion, respectively. The source of this confusion is
likely due to the fact that the deep and superficial
fibers of the radioulnar ligaments differentially
tighten at different positions of the wrist [17]. For
the purposes of this discussion, it is most impor-
tant to understand that the deep fibers of the liga-
mentum subcruentum, which insert at the ulnar
fovea, play the primary role in maintaining DRUJ
stability [18].

Classification Systems

In 1989, Palmer classified injuries to the TFCC
based their location and etiology as acute type 1
or chronic type 2 tears [15] (Fig. 12.3). This clas-
sification is particularly useful for its ability to
guide treatment decisions. Type 1A tears involve
perforation of the central, avascular portion of the
articular disk, and are thus amenable to simple
debridement. Type 1B tears represent peripheral
avulsion of the ulnar fibers of the articular disk
from their insertions at the ulnar styloid and
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Fig. 12.3 Palmer classification of acute tears by anatomic
location. (With permission. From: Bohringer et al. [92])

fovea, and a variety of techniques for their repair
have been described [29]. Type 1C tears involve
distal avulsions through the ulnocarpal ligaments
and include the recently described longitudinal
split tear of the ulnotriquetral ligament which has
been shown to benefit from repair [20]. Radial-
sided type 1D avulsions are generally debrided
for their poor vascularity, though some authors
advocate transosseous repair, especially in the
presence of a radial avulsion fracture. Chronic
type 2 tears represent the natural progression of
ulnocarpal impaction syndrome from TFCC wear
and perforation to involvement of the lunotriqu-
etral ligament and eventual ulnocarpal arthritis.
Not all tears of the TFCC fit neatly into this clas-
sification, as there is a high incidence of com-
bined lesions and associated injuries reported
throughout the literature including partial/com-
plete rupture of the lunotriquetral, scapholunate,
and radiocarpal ligaments, as well as fractures of
the distal radius and ulnar styloid [19, 30, 31].
More recently, Atzei and colleagues created a
new classification which subdivides Palmer’s
classic 1B tear into six classes [18]. The authors
liken the structure of the TFCC to that of an ice-
berg, with the superficial fibers of the radioulnar
ligaments representing the minor, visible portion,
while the deep fibers inserting at the ulnar fovea

make up the bulk of the structure and provide the
majority of DRUJ stability. Failure to recognize
injury to these deep, foveal fibers has been cited
as a common cause of persistent DRUJ instability
following traditional capsular repairs of the
peripheral TFCC [19]. Atzei’s class zero injury
involves an isolated ulnar styloid fracture without
TFCC tear and is managed conservatively. Class
1 tears involve only the superficial radioulnar
ligament fibers, with or without an associated
ulnar styloid fracture. Stability of the DRUJ is
maintained, and they advocate treatment with tra-
ditional capsular repair. Class 2 and 3 tears both
involve injury to the deep fibers and require
foveal repair to restore DRUJ stability. Class 4
injuries represent unrepairable tears requiring
tendon graft reconstruction of the DRUJ liga-
ments, and class 5 denotes progression to DRUJ
arthritis.

Finally, Melone and colleagues studied their
series of 42 cases of open, ulnar-sided repairs
performed mostly on athletes, to create their own
classification of the pathoanatomy of peripheral
TFCC tears [21]. They discovered a consistent
pattern of injury beginning with peripheral
detachment of the articular disk as the initial
insult, followed by extension of the traumatic
force to the adjacent ECU sheath, distally to the
ulnocarpal ligaments and ultimately the lunotri-
quetral ligament and midcarpal joint (Fig. 12.4).
Each subsequent stage of injury results from
greater traumatic force, and each contributes to a
spectrum of worsening instability. While all of
their cases began with peripheral avulsions, only
33% were classified as isolated tears of the artic-
ular disk. This demonstrates the prevalence of
injury to surrounding structures, and the impor-
tance of recognizing these injuries in order to
adequately address posttraumatic instability.

Mechanism of Injury

Acute tears of the TFCC most commonly result
from moments of forced wrist extension and
axial loading, which can commonly occur during
headfirst slides, diving for an outfield catch, or
jamming oneself on inside pitch [12]. As previ-
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Fig.12.4 The pathoanatomy of posttraumatic TFCC dis-
ruption comprised a spectrum of injury that has been cat-
egorized into five stages of increasing severity. The
hallmark of stage I, and the common feature of all inju-
ries, was peripheral detachment of the articular disk
(TFC) from the ulnar styloid (S). Stage II additionally
involved the ECU subsheath. Stage III involved the UC

ously mentioned, the combination of grip, ulnar
deviation, and forceful pronation required for the
baseball swing can also result in acute or chronic
tears of the TFCC [11]. During pronation and
grip, the head of the ulna is driven both dorsally
and distally, creating dynamic ulnar positive vari-
ance. This causes compression across the rela-
tively thinner dorsal fibers of the articular disk
between the ulna and lunate, leading to both
acute perforations as well as dynamic ulnar
impaction which can progress to Palmer type 2
degenerative change.

History and Differential Diagnosis

Ulnar-sided wrist pain is commonly referred to
as the “black box” of the wrist because of the
high concentration of complex structures within
this small space which can make definitive
diagnosis difficult. When treating a baseball
player with ulnar-sided wrist pain whom you
suspect may have a tear of the TFCC, it is
essential to elicit a thorough history beginning

ligaments; stage IV the LT interosseous ligament; and
stage V, the triquetral-capitate and triquetral-hamate liga-
ments. The consistent spectrum noted in this series of
cases suggests a continuum of injury beginning at the
ulnar styloid and, owing to increasing magnitude of force,
extending to the midcarpal joint. (With permission. From:
Melone and Nathan [21])

with the timing of onset, mechanism of injury,
location of their pain, and positions of the wrist
which exacerbate their symptoms. Patients will
most frequently complain of ulnar-sided wrist
pain, exacerbated by activity with or without a
click during forearm rotation. Their pain may
also be associated with feelings of instability
and weakness of grip affecting both the throw
and swing [11]. Players presenting with acute
tears may be able to pinpoint the onset of injury
after a fall or a single painful swing. They are
less likely to recall a specific injury mechanism
in the case of chronic tears caused by ulnocar-
pal impaction, and instead will often complain
of the insidious onset of progressive, ulnar-
sided pain with loss of grip strength and wrist
motion [32].

The differential diagnosis for suspected TFCC
tears is broad and includes the plethora of injuries
that may occur at the ulnar side of the wrist
(Table 12.1) For this reason, a thorough physical
exam, focused on ruling out potential distracting
or associated injuries is essential to successful
diagnosis and treatment.
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Table 12.1 Differential and associated

injuries

diagnosis

ECU tendinosis and subluxation

DRUI instability

DRUJ osteoarthritis

Ulnar styloid and distal radius fractures
Hook of hamate fracture

Ulnocarpal and radioulnar ligament injury
Ulnocarpal impaction/abutment
Ulnocarpal instability

Lunotriquetral instability

Pisotriquetral osteoarthritis

Directed Physical Exam

Physical exam begins with inspection of the
painful and contralateral wrist for swelling and
deformity. The piano key sign represents exces-
sive dorsal prominence of the distal ulna in
relation to the radius and carpus, and can be an
indication of instability. Grip strength as well
as range of motion of the wrist in all planes
should be assessed and documented in compari-
son to the contralateral side to assess the effec-
tiveness of conservative and surgical treatment.
Lunotriquetral and midcarpal instability should
also be assessed for, as their presence can have
significant treatment implications [32].

The exam can then be focused by asking the
patient to their area of maximal tenderness which
is most often localized to the ulnar fovea between
the ECU and FCU tendons just distal to the ulnar
styloid. Recreation of their pain with deep palpa-
tion to this area is known as the fovea sign which
is the most reliable exam maneuver for the detec-
tion of TFCC tears with sensitivity and specific-
ity reported at 95% and 87% compared to
arthroscopy as the gold standard [33]. Another
commonly performed provocative maneuver has
been described by several names throughout the
literature including the ulnocarpal stress test [34],
ulnar impaction test [35], and TFCC grind test
[36]. It is performed by positioning the patient
with the elbow at 90° and the wrist in maximal
ulnar deviation in order to axially load the
TFCC. The wrist is then passively rotated to the
limits of pronation and supination, with recre-
ation of pain as a positive result. Although sensi-

tivity for this test has been reported as high as
90%, it can often elicit pain in the presence of
any number of ulnar-sided wrist conditions,
resulting in a comparatively low specificity [36].

An additional provocative maneuver known as
the press test is performed by asking a seated
patient to lift himself/herself out of a chair, bear-
ing full weight through their extended wrists. A
positive result recreates their ulnar-sided pain
and has been reported to be 100% sensitive for
the diagnosis of TFCC tears [37]. The ECU ten-
don should also be assessed for tendinosis and
instability, which can be elicited with the wrist in
full supination and extension while asking the
patient to abduct their small finger against resis-
tance. The lunotriquetral shuck test should also
be performed to assess for ligamentous
instability.

Finally, evaluation of DRUIJ stability is an
essential portion of the physical exam, as insta-
bility indicates likely avulsion of the deep fibers
of the ligamentum subcruentum [18]. This is per-
formed by placing the patient in a seated position
facing the examiner, with their elbow on a flat
surface flexed to 90° and the fingers extended.
The distal ulna is stabilized while the radius is
translated volarly/dorsally with the wrist in neu-
tral, pronation, and supination. Excessive transla-
tion compared to the contralateral side indicates
instability. This test should routinely be per-
formed before surgery while the patient is anes-
thetized as the muscular stabilizers of the wrist
can often be misleading during examination of
the awake patient.

Imaging Including Advanced
Methods

Radiographs

Imaging evaluation begins with standard PA/lat-
eral and oblique radiographs in comparison to the
contralateral wrist. These plain films allow for
the assessment of multiple bony abnormalities
including ulnar styloid fracture which can sug-
gest an acute TFCC tear, associated radial avul-
sion fractures, and DRUJ congruity [11]. Ulnar
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Fig.
change of the proximal ulnar corner of the lunate in the
setting of ulnar positive variance indicative of chronic
ulnar impaction syndrome

12.5 Radiograph demonstrating degenerative

variance is assessed on PA radiograph by posi-
tioning the forearm in neutral pronosupination,
90° of shoulder abduction, and 90° of elbow flex-
ion. The longitudinal distance is measured
between parallel lines drawn tangential to the
articular surfaces of the ulnar head and the lunate
fossa of the radius to determine the patient’s neu-
tral variance [35, 38]. Pronated grip views should
also be obtained to determine the degree of
dynamic ulnar positive variance which has been
demonstrated as 2.5 mm on average [26]. The
proximal ulnar corner of the lunate should also be
assessed for subchondral sclerosis and cystic
change suggestive of chronic ulnocarpal abut-
ment (Fig. 12.5). Additionally, the presence of a
prominent ulnar styloid should be noted, as an
arthroscopic wafer resection will be unable to
address degenerative symptoms driven by ulnar
styloid-carpal impaction.

Magnetic Resonance Imaging

The use of MRI with or without gadolinium
arthrography has supplanted X-ray arthrography

as the gold standard of advanced imaging for
assessment of the TFCC. Numerous studies have
reported on the diagnostic accuracy of MRI, with
high variability across the literature due to differ-
ences in magnetic field strength, use of a dedi-
cated wrist coil, contrast usage, and enhancement
techniques. In a 2008 study by Anderson and col-
leagues, 3-Tesla MRI demonstrated sensitivity,
specificity, and accuracy of 94%, 88%, and 91%,
respectively, compared to just 85%, 75%, and
83% for 1.5Tesla scans [39]. Faber et al. pooled
data from 22 publications and found the average
sensitivity and specificity of high-resolution 3T
MRI to be 86.1% and 82.1%, with positive and
negative predictive values of 85.4% and 82.8%,
respectively [40]. Magnetic resonance arthrogra-
phy (MRA) achieved sensitivity, specificity, neg-
ative, and positive predictive values of 81.7%,
87.1%, 86.6%, and 82.4%, respectively. The role
of gadolinium remains controversial; however,
multiple studies have reported greater diagnostic
accuracy of MRA compared to conventional
MRI [41-43].

When considering the diagnostic yield of MRI
and MRA, it is important to understand that the
accuracy of advanced imaging varies with loca-
tion of the tear [36]. Specifically, both conven-
tional MRI and MRA demonstrate greater
accuracy in diagnosing central compared to
peripheral tears because of the focal synovitis
and granulation tissue which develops over
peripheral tears and can make signal interpreta-
tion difficult [3, 7, 44—46].

The experience level of the interpreting radi-
ologist has also been shown to affect the accuracy
of advanced imaging for diagnosis of TFCC
tears. A study by Blazar and colleagues in 2001
compared the interpretations of preoperative
MRI scans by attending versus fellow level radi-
ologists and found differences in sensitivity of
86% versus 80%, specificity of 96% versus 80%,
and accuracy of 83% versus 61% [44]. These sig-
nificant differences based on observer experience
underscore the limitations and difficulty of inter-
pretation of advanced imaging methods for the
diagnosis of TFCC tears. Additionally, MRI stud-
ies of asymptomatic patients have demonstrated
abnormal TFCC signal in 27-33% of subjects
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under the age of 50 years old [47, 48]. While the
diagnostic utility of advanced imaging continues
to improve, diagnostic arthroscopy remains the
gold standard. Arthroscopy allows for the assess-
ment of tear size and mechanical stability, with
the added benefit of facilitating treatment at the
time of diagnosis, and should be considered early
in the treatment of elite athletes to avoid delays
and errors in diagnosis [11, 29, 49].

Conservative Treatment

In the general population, initial treatment of
TFCC tears typically begins with a period of
immobilization, activity modification, NSAIDs,
and possible corticosteroid injection, with most
authors advocating 4-6 months of conservative
care before consideration of surgical interven-
tion. However, when treating the competitive
baseball player, modifications should be made
which focus on early diagnosis and minimizing
the time away from competition [8]. For athletes
in the midst of a competitive season, activity
modification can initially be attempted without
complete cessation of game play. Bracing
between events and taping during games/work-
outs may be sufficient. If these measures fail,
activity modification to avoid provocative maneu-
vers, and if necessary, a period of rest and immo-
bilization can be attempted with or without
corticosteroid injection [32]. In the absence of
DRUJ instability, Baratz and colleagues recom-
mend wrist immobilization in a short arm splint
for 5-7 days followed by re-evaluation [12].
However, an unstable DRUIJ represents a serious
threat to a player’s career and should warrant
early consideration of arthroscopy in most cases.

Although not specifically studied in athletes,
the natural history of nonoperatively treated
TFCC tears has been reported by multiple authors.
Lee et al. reviewed 72 patients with TFCC tears
without DRUJ instability diagnosed by clinical
exam and advanced imaging who underwent
4-12 weeks of immobilization in a short arm
wrist splint. Complete recovery was reported in
30% of patients at 6-month follow-up and 50% of
patients at 1 year [50]. In 2010, Park and Yao

reviewed 84 patients with clinical evidence of a
TFCC tear who initially underwent 4 weeks of
immobilization in a short arm cast or volar wrist
splint. In their study, 57% of patients experienced
complete symptom resolution after immobiliza-
tion, while 43% went on to MRI and operative
arthroscopy. Interestingly, the use of a volar rest-
ing splint versus a short arm cast did not affect the
likelihood of progression to surgery [51].

When considering the optimal treatment strat-
egy for the competitive baseball player, it is
essential to gain an understanding of their short-
and long-term goals, the functional demands of
their position, and the timing of their injury in the
context of their season. For the casual junior
baseball player with a suspected TFCC tear, it is
reasonable to attempt 4 or more weeks of rest,
immobilization, and NSAIDs as a first line.
However, if scholarship potential or professional
earnings are at stake, early diagnosis and inter-
vention with arthroscopy should be pursued to
avoid prolonged time on the disabled list [4, 11].
If the injury occurs during the playoffs or a simi-
larly critical period of the season, the athlete can
be allowed to play through their injury if there is
no DRUIJ instability and their level of pain and
function allows. Corticosteroid injection may be
particularly useful in these cases. In such circum-
stances, players should be counseled that they are
unlikely to cause additional damage or injury by
playing in the short term, and shared decision-
making should be undertaken between the player,
physician, and coaching staff to determine if
operative intervention should be delayed until the
conclusion of the season [12].

Surgical Treatment

A multitude of surgical procedures have been
described to address injuries of the TFCC. Most
athletes can expect a successful outcome and
return to sport, as long as the choice of surgery is
guided by an understanding of the location of the
tear, its etiology as acute or chronic, and the pres-
ence of any associated injuries. Arthroscopic
techniques have largely supplanted open surgery
in the debridement and repair of acute tears due
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to the reduced surgical site morbidity and poten-
tial for quicker return to function [8, 31, 52].
Although few studies have focused specifically
on surgical outcomes in athletes, the wealth of
outcomes data reported on the general population
can be extrapolated to guide treatment of the
competitive baseball player. For the purposes of
this section, we will divide our discussion in
terms of the aforementioned Palmer classifica-
tion which has become the most widely utilized
throughout the literature [15].

Type 1A

Acute, central tears of the articular disk which do
not respond to conservative measures are treated
with arthroscopic debridement due to their avas-
cularity which precludes repair [23]. Arthroscopic
debridement is performed through a standard
arthroscopy set up with an arthroscope placed in
the 3—4 portal, and a 2.0-3.0 mm shaver, biter, or
other ablative device inserted through the 6-R
portal [7, 29, 49]. The tear is then debrided back
to stable margins, with removal of any unstable
flaps which can become caught between the ulna
and carpus during forearm rotation and cause
mechanical irritation. It is often necessary to
switch the arthroscope to the 6-R and shaver to
the 3—4 portal to complete debridement of the
most ulnar portion of the tear. Care must be taken
to leave at least a 2 mm rim of articular disk with-
out debriding the dorsal and volar radioulnar lig-
aments in order to preserve DRUJ stability [28].
Difficult-to-visualize central tears can be exposed
by applying external compression to the DRUJ,
causing the tear to gap open, occasionally allow-
ing for DRUJ synovium to herniate distally
through the tear [49].

Numerous studies have demonstrated relief of
pain and patient satisfaction following debride-
ment of acute, central tears [29, 49, 52-55]. In
1994, Bednar et al. reported good to excellent
results in 90% of patients after debridement [52].
Their results are similar to those reported by
Arsalan and colleagues in 2018 who found
improved symptoms in 41/44 patients, with 93%
of patients stating that they would undergo the

same procedure again [55]. Despite these posi-
tive results, it is important to recognize the sub-
sets of patients for whom simple debridement is
not appropriate. Minami et al. reviewed 16
patients with either acute traumatic or degenera-
tive central tears and found significantly poorer
outcomes in the degenerative cohort — especially
in those with ulnar positive variance, lunate
chondromalacia, and/or LT ligament tears [53]. A
recent study by Roh et al. found that the presence
of a degenerative tear conferred an odds ratio of
3.4 for a dissatisfactory outcome following sim-
ple debridement [54]. Patients with ulnar positive
variance were also at increased risk for a poor
outcome in their study, though other authors have
not shared this finding [55]. In general, athletes
with central tears an no evidence of degenerative
ulnar impaction can expect good to excellent
results with arthroscopic debridement alone.
Patients with ulnar positive variance should be
counseled on the possibility of future surgery for
ulnar shortening if their pain persists, but should
be offered the option of acute debridement to
speed return to play [29].

Type 1B

Peripheral, ulnar-sided tears of the TFCC repre-
sent a spectrum of injury which requires a careful
assessment of the affected structures in order to
select the appropriate surgical treatment.
Superficial capsular tears should first be differen-
tiated from foveal avulsions which are more
likely to cause DRUI instability [18]. This can be
difficult to determine with advanced imaging,
and thus several arthroscopic techniques have
been described to aid in diagnosis. First is the
trampoline test which is performed by inserting a
probe through the 6-R or 4-5 portal and applying
distal to proximal pressure to the articular disk in
order to assess its resilience. A soft and compli-
ant central disk typically indicates the presence
of a peripheral tear [18, 56]. The foveal insertion
of the deep radioulnar ligaments is further
assessed by the hook test which is performed by
inserting a probe into the site of the tear. If the
examiner is able to displace the peripheral TFCC
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toward the center of the joint, the test is consid-
ered positive [30, 57]. The hook test was vali-
dated in a cadaver model by Trehan et al. who
found 90% sensitivity and specificity for the
diagnosis of foveal detachment [58]. Thus, a pos-
itive trampoline test with a negative hook test is
indicative of a superficial capsular tear, while
positive findings for both tests indicate the pres-
ence of a complete tear with foveal injury. Once
this distinction is made, the surgeon can then
decide from the multiple techniques described
for repair.

For superficial ulnar-sided tears, the authors
prefer the arthroscopic outside-in technique as
described by Whipple [49] and Trumble [59].
This technique is performed with the wrist in a
standard arthroscopy tower, distracted by
12-151bs of traction. The radiocarpal joint is dis-
tended with 7 cc of sterile saline and a 2.7 mm
30° arthroscope is inserted through the 3,4 portal.
After diagnostic arthroscopy is performed with
pump irrigation, a shaver is introduced into the
6R portal for debridement of the inflamed
synovium overlying the peripheral tear and dor-
sal wrist capsule. A standard meniscal repair kit
is then opened, and a curved needle is inserted
percutaneously, just dorsal to the ECU tendon,
across the peripheral edge of the TFCC from
proximal to distal. A second straight needle is
then inserted distal to the TFCC. A 2-0 PDS
suture is fed through this cannulated straight nee-
dle into the radiocarpal joint and passed through
a wire loop inserted into the first curved needle
under arthroscopic visualization. The PDS suture
is then withdrawn through the curved needle cre-
ating a horizontal mattress stich across the tear
with both limbs present on the ulnar side of the
wrist (Fig. 12.6). This process is repeated up to
three times depending on the size of the tear, and
the sutures are tensioned to ensure satisfactory
reduction of the TFCC. A longitudinal incision is
then made over the dorsal ulnar wrist, in-line
with the sutures, and blunt dissection is carried
down to the dorsal capsule, with particular care
paid to identification and protection of the dorsal
sensory branch of the ulnar nerve. The sutures are
then tied over the dorso-ulnar capsule, the inci-
sions are closed, and a well-padded long arm

splint is applied with the forearm in 45° of supi-
nation. PDS suture is used because it begins to
resorb within weeks of surgery, thus limiting
mechanical irritation of the subcutaneous suture
knots when the athlete returns to play [60].

The inside-out technique has also been
described for the repair of superficial ulnar-sided
tears [7, 61]. Rather than a meniscal repair set, it
utilizes a single Tuohy needle inserted into the
3.4 portal with an arthroscope placed in the 6-R
portal for direct visualization. PDS suture is fed
through the cannulated Tuohy needle which is
passed twice through the tear and out the ulnar
side of the wrist in order to create a horizontal
mattress stich which is then tied over the ulnar
capsule in a similar fashion to the outside-in
technique.

Finally, the all-inside technique was devel-
oped and popularized by Yao and colleagues as a
way to improve repair strength and avoid the
potential disadvantages of the outside-in and
inside-out techniques including subcutaneous
suture knots and iatrogenic nerve injury [62, 63].
The technique utilizes a FasT-Fix pre-tied suture
device analogous to those used for all-inside
meniscal repairs. The device is inserted into the
standard 3,4 portal and pierced through the artic-
ular disk 2 mm radial to the tear. Two -L-lactic
acid blocks are deposited outside the ulnar cap-
sule, and the pre-tied PDS suture is tightened cre-
ating a vertical mattress repair (Fig. 12.7). The
safety and strength of this technique were vali-
dated in a cadaver model which demonstrated a
higher average load to failure and equal safety
profile of the FasT-Fix device compared to PDS
suture needle techniques [64].

All three techniques have shown clinical suc-
cess, with no single method demonstrating clear
superiority. In 2007, Estrella et al. reviewed 35
patients with peripheral tears repaired by out-
side-in or inside-out techniques and found 74%
of patients reported good or excellent outcomes
with significant reduction in pain. Of the 26% of
patients who reported an unsatisfactory result,
45% demonstrated persistent DRUJ instability
postoperatively [19]. Corso et al. exclusively uti-
lized the outside-in technique and reported 91%
good or excellent results in 45 patients [31]. In
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2012, Wysocki et al. reviewed a cohort of 25
patients with superficial, peripheral tears, 11
of whom were high-level competitive athletes.
Patients with DRUIJ instability were excluded.
They found 96% excellent or good results, with
88% of patients reporting that they would undergo
the same surgery again. Interestingly, 7 of the 11
elite athletes were able to return to sport at their
previous level of play, with 2 gymnasts, 1 volley-
ball player, and 1 martial artist citing persistent
pain with activity for their inability to return [60].
In 2009, McAdams et al. reported on a cohort of
16 high school, NCAA, or professional athletes
undergoing repair of a heterogeneous collection
of peripheral-sided tears with several associ-
ated injuries. They found statistically significant
improvements in mean mini-DASH sports mod-
ule scores and an average return to play of
3.3 months, concluding that arthroscopic repair is
successful in treating athletes who require high-
level wrist function [7]. The all-inside method has
been similarly successful, with studies reporting
83-93% good and excellent results at short to
midterm follow-up [57, 63].

Multiple patient factors have been implicated
in the success and failure of arthroscopic repair.
Among these factors, the role of ulnar positive
variance is often over-emphasized as a risk factor
for negative outcome [65]. A 2005 case series of
35 patients by Ruch et al. was the first to demon-
strate advanced age as an independent risk factor
for negative outcome following arthroscopic
repair, with patients >50 years old reporting only
good or poor results by DASH score [66].

Although this series also demonstrated ulnar pos-
itive variance to be associated with worse out-
comes compared to ulnar negative variance, this
variable should not be viewed in isolation.
Equally important factors to consider include the
chronicity of the tear, presence of associated
DRUJ instability, weight bearing requirements of
the wrist, and evidence of ulnar impaction or any
other degenerative conditions. In a 2010 follow-
up study, Ruch and colleagues compared the
results of arthroscopic repair to ulnar shortening
osteotomy (USO) in patients with peripheral 1B
tears and associated ulnar positive variance.
There were no differences in postoperative wrist
ROM, DASH, or pain scores between arthroscopic
repair and USO, and both groups improved sig-
nificantly compared to their preoperative base-
line [67]. It is critical to understand that this study
excluded patients with degenerative tears, as
inclusion of these patients in studies reporting on
the outcomes of arthroscopic repair alone have
demonstrated rates of revision surgery up to 57%
[68]. As a result, even in the presence of ulnar
positive variance, it is acceptable to attempt
arthroscopic repair of acute, traumatic, peripheral
ulnar-sided tears in young competitive baseball
players without associated DRUJ instability or
degenerative changes. Although a subset of these
patients may experience persistent ulnar-sided
wrist pain following repair [69], they can still
benefit from an ulnar shortening procedure in the
future [70].

Two additional scenarios which require spe-
cial consideration and unique treatment options

<
<

Fig. 12.6 Outside-in technique for repair of peripheral
ulnar-sided tears. (a) The wrist is distracted in a standard
arthroscopy tower with 12—-15 Ibs of traction. (b) View
from the 3,4 portal before and after debridement of the
inflamed synovium overlying the tear. (¢) The curved
meniscal needle is inserted percutaneously just dorsal to
the ECU tendon across the TFCC from proximal to distal,
and the straight meniscal needle is inserted distal to the
TFCC. This image shows insertion of the 2-0 PDS suture
through the cannulated straight needle into the radiocarpal

joint to be retrieved through the curved needle. (d) A sin-
gle horizontal mattress stich is shown spanning the tear
(superior), and three sutures are shown under tension
demonstrating adequate reduction of the tear. (e) Six
suture ends are shown exiting the ulnar wrist. (f) A small
incision is made in line with the exiting sutures at the
ulnar wrist, with care taken to identify and protect the dor-
sal sensory branch of the ulnar nerve. The sutures are ten-
sioned, tied over the ulnar capsule, and cut beneath the
skin
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Fig. 12.7 All-inside technique for repair of peripheral
ulnar-sided tears. (a) Overhead view of the FasT-Fix
suture device which deploys 2 PLLA blocks through the

include deep foveal avulsions, and nonrepairable
tears. These subtypes correspond to class 2, 3,
and 4 injuries in the aforementioned Atzei clas-
sification of peripheral tears [18]. Foveal avul-
sion of the deep fibers of the radioulnar ligament
contributes to DRUIJ instability which represents
arisk factor for poor outcome following repair by
the capsular techniques described above [19].
Various techniques have been described for
foveal repair, either by transosseous bone tunnels
or suture anchor fixation, each with high rates of
success at restoring DRUIJ stability [57, 71]. With
regard to nonrepairable tears, reconstruction
options have been developed for those thin, fria-
ble, often chronic tears with insufficient tissue
quality to support an attempt at capsular or osse-
ous repair. The now popular anatomic recon-
struction described by Adams and Berger utilizes
an autograft tendon weaved through transosseous
drill holes to recreate the volar and dorsal radio-
ulnar ligaments [72]. Their initial study reported
restoration of DRUJ stability and relief of pain in
12 of 14 patients at 1-4 year follow-up.

Type 1C

Type 1C tears involve injury to the ulnocarpal
ligaments with or without associated instability.

Ulnar Dorsal

capsule on either side of a tear, (b) resulting in re-
approximation of a peripheral tear when the suture is
tightened. (With permission. From: Yao and Lee [63])

Their management is controversial and has tradi-
tionally involved either nonoperative treatment or
simple arthroscopic  debridement, though
arthroscopic and open repair techniques have
been described [29, 59]. A recent area of interest
involves the diagnosis and treatment of a subset
of these injuries described by Berger and col-
leagues as longitudinal split tears of the ulnotri-
quetral (UT) ligament [20]. These intrasubstance
tears are hypothesized to occur with radial exten-
sion of the wrist, forearm supination, and an axial
load which maximally stresses the UT ligament
[73]. Patients present with debilitating pain and a
positive ulnar fovea sign on physical exam, with-
out associated DRUJ or ulnocarpal instability.
MRI may demonstrate signal change within the
UT ligament or at its foveal insertion; however,
the diagnosis is confirmed arthroscopically.
Overlying synovitis is debrided to expose a lon-
gitudinally oriented defect within the substance
of the UT ligament (Fig. 12.8). An outside-in,
PDS suture repair can then be performed in simi-
lar fashion to that described for type 1B tears. In
their initial 2010 study, Berger and colleagues
reviewed their results in 36 patients, at an average
age of 30 years old, and found an 89% satisfac-
tion rate with 90% of patients reporting no limita-
tion in activity after repair [20]. They propose a
modification to the Palmer 1C classification to
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Fig. 12.8 Longitudinal split tear of the ulnotriquetral ligament viewed through the 3—4 portal, (a) before and (b) after
debridement of overlying synovitis. (With permission. From: Tay et al. [20])

include both the traditionally described trans-
verse avulsion injuries of the ulnocarpal liga-
ments and their underrecognized longitudinal
split tear of the UT ligament.

Type 1D

Type 1D tears represent a traumatic avulsion of
the articular disk from its origin at the distal
aspect of the sigmoid notch. These tears are fre-
quently associated with avulsion fractures of the
distal radius, which are amenable to reduction
and pinning under arthroscopic visualization. In
the absence of an associated fracture, treatment is
controversial due to the avascular nature of the
radial aspect of the articular disk [23]. Sagerman
and Short were the first to describe a technique
for arthroscopic repair of these lesions [74]. After
debridement of the tear, a burr is inserted through
the 6-U or 6-R portal and used to decorticate the
sigmoid notch back to bleeding bone in order to
facilitate a healing response. Two bone tunnels
are then created across the distal radius in an
ulnar to radial direction with 0.062 K-wires.
Meniscal needles are used to pass a 2-0 PDS
suture across the tear in a horizontal mattress
fashion, through the bone tunnels, and out the

radial side of the wrist where the two suture ends
are pulled taught to reduce the tear and tied over
the radial capsule. A retrospective study of 19
patients with 1D tears compared simple debride-
ment to transosseous repair as described by
Sagerman and found no difference in Mayo wrist
scores between groups. They report that com-
pared to repair, isolated debridement is faster,
technically easier, allows for quicker rehabilita-
tion, and is associated with lower complications
with equivalent functional outcomes [75].

Degenerative Tears

Palmer type 2 TFCC tears represent the spectrum
of injuries which result from the degenerative
effect of repetitive ulnocarpal impaction. Even in
the absence of ulnar positive variance, the
dynamic effect of grip on ulnar variance makes
baseball players uniquely susceptible to impac-
tion due to the repetitive power grip and prona-
tion required for the swing [25, 26]. Simple
debridement of degenerative tears should be
avoided, especially in the presence of an associ-
ated lunotriquetral ligament injury, because of
the high risk of persistent pain and need for revi-
sion surgery [53, 76]. Ulnar shortening proce-
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dures have been described as the panacea for
degenerative, ulnar-sided wrist conditions, with
arthroscopic wafer resection and ulnar shortening
osteotomy representing the two most commonly
performed techniques.

Ulnar shortening osteotomy is primarily per-
formed for cases of ulnar impaction syndrome,
with or without evidence of LT or DRUIJ insta-
bility. Shortening not only decompresses the
forces between the ulnar head and carpus, but
also increases the tension of the ulnocarpal liga-
ments and increases the stiffness of the DRUJ in
all positions of forearm rotation [77]. In cases of
DRUJ instability with complete foveal tears, Seo
et al. have demonstrated that foveal repair com-
bined with USO results in improved postopera-
tive stability compared with USO alone [71].
The osteotomy is performed either proximal or
distal to the origin of the distal oblique bundle
(DOB) of the interosseous ligament which origi-
nates 5.4 cm proximal to the ulnar head and
inserts into the radioulnar ligaments at the sig-
moid notch. The DOB is present in just 40% of
patients but can confer significant DRUJ stabil-
ity when tensioned by ulnar shortening osteot-
omy [78]. It is for this reason that in cases of
instability the osteotomy should be performed
6 cm proximal to the articular surface in order to
tension the DOB, while in isolated cases of
impaction without instability the osteotomy may
be performed more distally. Oblique cuts are
made and up to 5 mm of bone is removed.
Interfragmentary compression can be used in
combination with dynamic compression plating
for fixation. Outcomes studies in the general
population have demonstrated good to excellent
results in greater than 90% of patients with
improvements in pain, motion, and function fol-
lowing USO [79-82]. The risks inherent to USO
include hardware irritation, malunion, and non-
union, though the rates of these complications
have decreased in recent years with improved
surgical technique and implant design [83].

The arthroscopic wafer procedure involves
partial excision of the distal dome of the ulna
through a central tear in the TFCC. The articular
disk is debrided, and a mini burr is inserted
through the tear and used to remove 2-3 mm of

the distal ulna under fluoroscopic visualization to
ensure even resection back to 1-2 mm of negative
ulnar variance [32]. Similar outcomes have been
reported compared to USO, and several studies
report lower rates of complications and reopera-
tions for symptomatic hardware removal which is
seen following up to 50% of USOs [84]. Despite
these results, there are three primary limitations
of arthroscopic wafer resection as compared to
USO. The first is that it does not tighten the
radioulnar or ulnocarpal ligaments to address
DRUIJ and LT instability. Additionally, because
only the ulnar head is resected, it does not address
those cases of impaction caused by a prominent
ulnar styloid. Finally, a maximum resection of
2-3 mm is recommended, which limits its use to
mild/moderate cases of ulnar positivity.

Complications

The types of complications seen following treat-
ment of TFCC tears are dependent primarily
upon the surgery performed. The most commonly
reported complication following arthroscopic
debridement or repair is iatrogenic injury to the
dorsal sensory branch of the ulnar nerve
(DSBUN). A cadaver study of the inside-out
technique determined that the nerve courses just
1.9-2.7 mm from the repair sutures on average,
which emphasizes the importance careful dissec-
tion during these techniques [85]. Injuries range
from transient paresthesia to permanent numb-
ness and have been reported to occur at a rate of
7-17% [8, 19, 57, 60].

Patients undergoing arthroscopic debridement
or repair should also be counseled on the poten-
tial need for additional surgery following their
index procedure. This is most commonly per-
formed for persistent DRUJ instability, with
patients subsequently requiring USO or allograft
tendon reconstruction [70, 86]. A systematic
review by Robertson et al. determined the rate of
subsequent conversion to USO for persistent
ulnar-sided wrist pain to be between 4 and 13%
following debridement and 8% following repair
[8]. They also report a 4% rate of postoperative
ECU tendonitis, 4% rate of re-tears after repair,
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and a 2% rate of chronic nonspecific postopera-
tive pain. FCR tendonitis and repeat debridement
for recurrent synovitis have also been described
[19, 60].

Complications following ulnar shortening
osteotomy have been extensively reported, and
include nonunion, malunion, hardware irritation,
and re-fracture through the osteotomy site fol-
lowing plate removal. In 2018, Owens et al.
performed a systematic review of the literature
which included 1423 patients across 37 studies
and found an average rate of nonunion of 4% and
an average rate of delayed union of 5.7% [83].
These rates can be mitigated by limiting perios-
teal stripping during exposure, diligent reduction
and fixation, smoking cessation, and insisting
that baseball players refrain from chewing
tobacco until they demonstrate radiographic
union. Rates of plate removal for symptomatic
hardware range widely from 10 to 50%, and
likely vary by surgeon preference [§7-90]. When
desired, plate removal is typically delayed 1 year
to mitigate the risk of refracture; however, a 2005
study by Pomerance et al. demonstrated safe
removal at 6—9 months postoperatively as long as
2 sets of radiographs taken 4 weeks apart demon-
strate union at the osteotomy site [89].

Post Treatment Rehab and Return
to Play

The timing and method of immobilization and
rehabilitation following arthroscopic debride-
ment and repair are variable throughout the liter-
ature. In general, for arthroscopic debridement, a
volar slab or similar wrist splint is maintained for
7-10 days postoperatively, followed by ROM and
strengthening as dictated by player comfort.
Most athletes can expect a return to unrestricted
play by 4-5 weeks [11, 29, 49].

Players undergoing arthroscopic repair of
peripheral tears are most often immobilized in
an above elbow splint or muenster cast for up
to 6 weeks in order to prevent forearm rotation.
Most authors then advocate progressive ROM
and strengthening with a goal for return to play
by 3 months [7, 8, 11, 19, 29, 49, 57, 63]. In their

series of athletes undergoing arthroscopic repair,
McAdams et al. utilized a short cast and instructed
their athletes not to perform any resistive pronosu-
pination until cast removal at 6 weeks. They feel
that this allows the trustworthy athlete to perform
other exercises without the disability conferred by
a long arm cast [7]. With regard to baseball play-
ers specifically, Harvey and Culp immobilize their
repairs in a muenster splint for 4 weeks followed
by ROM, with strengthening allowed only once
grip strength reaches 80% of the contralateral side
(with the understanding that the dominant extrem-
ity will be 10% stronger at baseline). They allow
return to play when the player is able to hit off a
tee and field their position without pain.

A recent systematic review by Robertson et al.
examined the rates and timing of return to play
following various methods of debridement and
repair [8]. They found a 97% average rate of
return to sport following arthroscopic debride-
ment, compared to an 88% rate for all methods of
ulnar-sided repair. When analyzed by repair
method, they found a 72% rate of return for out-
side-in repairs, 81% for inside-out, and 94% for
all-inside. The higher rate seen for all-inside
compared to outside-in was the only statistically
significant difference between groups. The mean
return to sport time for debridement was signifi-
cantly faster at 7.6 weeks compared to 13.6 weeks
for repair.

Following arthroscopic wafer resection,
patients are generally immobilized in a short arm
splint for 1-2 weeks with early ROM and
strengthening beginning thereafter. Return to
sport is then guided by patient tolerance [29, 91].
Immobilization and rehabilitation protocols are
more varied following ulnar shortening osteot-
omy. Jarrett et al. report immobilization in a short
arm cast for 4-6 weeks while encouraging fore-
arm rotation and gentle grip immediately after
surgery [32]. A study by Papetropoulos et al.
placed patients in a removable wrist splint post-
operatively and encouraged daily ROM after
wound healing to prevent stiffness [67].
Regardless of initial immobilization, all cited
authors restrict full activity until there is radio-
graphic evidence of union, with return to sport
expected around 3 months [11, 29, 32, 67].
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Anatomy: Flexor Tendon and Pulley
Apparatus

Zones of Injury

Kleinert and Verdan described five zones of
injury that consider the anatomy of injury, the
biologic mechanisms of repair, and functional
outcomes [1] (Fig. 13.1).

Extrinsic Flexor Tendon Anatomy

The extrinsic flexor muscles originate in the
volar forearm and include the flexor digitorum
profundus (FDP), flexor digitorum superficialis
(FDS), and flexor pollicis longus (FPL). The
FDP arises from the anterior-medial aspect of
the ulna and interosseous membrane and forms
a common tendon origin, although typically the
index finger has greater independence. The
anterior interosseous nerve (AIN) innervates the
FDP muscle bellies to the index and middle fin-
gers and the ulnar nerve innervates the ring and
small fingers, although variations to this pattern
are not uncommon. The superficial flexor mus-
cle, the FDS, is innervated by the median nerve
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Fig. 13.1 Flexor tendon zones of injury for the fingers
and thumb

and originates from the medial epicondyle of
the humerus, the sublime tubercle of the proxi-
mal medial ulna, and the anterior radius. In the
forearm, the FDS is separated from the deeper
FDP muscle by the median nerve which exits
from this interval between the FDS and flexor
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carpi radialis (FCR) muscles to course distally
to the carpal tunnel with the FDS, FDP, and FPL
tendons [2].

The FDS and FDP tendons exit the carpal tun-
nel deep to the superficial palmar arterial arch
and are enveloped by a specialized, multi-layered
synovial sheath before entering the fibro-osseous
digital retinacular system. The common digital
neurovascular bundles and the flexor sheath are
separated by the vertical retinacular septae of
Legeau and Juvara that attach palmarly to the
transverse ligament of the palmar aponeurosis
and dorsally to the deep intermetacarpal liga-
ment. These eight septae create seven longitudi-
nal compartments: four that contain the flexor
tendons, and three that contain the neurovascular
bundles and the lumbricals [3].

At the level of the first annular pulley (A1 pul-
ley), the FDS flattens and bifurcates to allow the
deeper FDP to pass distally to its insertion at the
base of the distal phalanx. The footprint of the
FDP insertion is substantial, encompassing
nearly the entire palmar surface of the distal pha-
lanx to the neck of the phalanx, just proximal to
the tuft [4]. Bifurcating limbs of the FDS rotate
laterally and dorsally around the FDP before
dividing again into medial and lateral slips. The
medial slips of the FDS tendon cross dorsal to the
FDP and interdigitate as the chiasma tendinum
digitorum manus, or Camper chiasma, over the
distal aspect of the proximal phalanx and the
proximal interphalangeal joint volar plate [2].
The lateral slips of the FDS tendon continue dis-
tally to insert at the palmar base of the middle
phalanx (Fig. 13.2).

The FPL originates on the anterior surfaces
of the radius and interosseous membrane in the
mid-forearm and is innervated by the AIN. The
FPL tendon courses through the dorsal and
radial aspect of the carpal tunnel, through the
interval between the adductor pollicis and the
thenar musculature before entering the fibro-
osseous digital sheath of the thumb, slightly
proximal to the thumb metacarpophalangeal
(MCP) joint [2]. The FPL inserts into a broad
footprint at the palmar aspect of the distal
phalanx.

Fig.13.2 The bifurcating limbs of the FDS tendon rotate
laterally and dorsally around the FDP tendon and then
divide again into medial and lateral slips. The medial slips
cross dorsal to the FDP tendon (decussation), rejoining as
the chiasma tendinum of Camper (c) over the distal aspect
of the proximal phalanx and PIP joint volar plate. The lat-
eral slip (s) continues distally to insert at the volar base of
the middle phalanx. The vincula longum to the profundus
tendon (*) is identified as it penetrates the FDS from dor-
sal to volar. (Reprinted with permission: © Leversedge FJ,
Goldfarb CA, Boyer MI. From: Leversedge et al. [2]: 17)

Intrinsic Musculature

The lumbrical muscles originate from the radial
aspect of their respective FDP tendon in the hand
and course volar to the deep intermetacarpal liga-
ment to contribute to the extensor mechanism of
the digit via the oblique fibers of the extensor
hood. It is important to consider the anatomic
course of the lumbricals as they are palmar to the
MCP joint axis of rotation and dorsal to the axis
of rotation of the PIP and DIP joints; the lumbri-
cals continue as the oblique fibers of the extensor
hood and contribute to the conjoined lateral
bands [2, 5-7]. Therefore, the lumbricals assist in
flexing the MCP joint and extend the interphalan-
geal joints. Understanding the relationship
between the FDP and the lumbrical musculoten-
dinous units is essential in explaining the phe-
nomenon of paradoxical digital extension
following flexor tendon injury and repair.

Flexor Pulley Apparatus
The digital fibro-osseous sheath provides both

biomechanical efficiency and a source of nutri-
tion to the flexor tendons. The visceral paratenon
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envelopes the flexor tendons and the parietal
paratenon lines each pulley and the retinacular
system [8, 9]. Condensations of the synovial
sheath, or pulleys, form at strategic points along
the digit to work in conjunction with the trans-
verse carpal ligament and the palmar aponeurosis
pulley to maximize efficiency of joint rotation
and force transmission.

Classically, five annular (A) and three cruci-
form (C) pulleys are described for the fingers, as
well as the palmar aponeurosis pulley [2, 8-12]
(Fig. 13.3). The A1, A3, and A5 pulleys take their
origin from volar plates of the MCP, PIP, and DIP
joints, respectively, and the A2 and A4 pulleys
originate from the proximal and middle phalanges,
respectively. The C1, C2, and C3 pulleys are less
substantive and are positioned in the A2 and A3,

Fig. 13.3 Illustration of the digital flexor pulley system
and flexor sheath of the finger

the A3 and A4, and A4 and AS pulley intervals,
respectively. The A2 and A4 pulleys are the most
important pulleys biomechanically [13, 14],
although several studies have indicated improved
clinical outcomes with sacrifice or venting of the
critical A4 pulley when its integrity may restrict
gliding of the repaired flexor tendon [15, 16]. The
anatomical arrangement of the flexor pulleys of
the thumb is different from the finger with the A1,
oblique, and A2 pulleys described. The Al pulley
is located at the level of the MCP joint, the oblique
pulley fibers are oriented in a distal and radial
direction at the level of the proximal phalanx, and
the A2 pulley originates from the interphalangeal
joint volar plate. Biomechanical studies have dem-
onstrated that the A1 and oblique pulleys are most
important for resisting FPL bowstringing; biome-
chanical efficiency is maintained when at least one
of these two pulleys is preserved clinically [13].

Flexor Tendon Nutrition

The intrasynovial flexor tendons have two
sources of nutrition: direct vascular supply and
synovial diffusion. The direct vascular system is
based on the digital arteries that supply the trans-
verse digital arteries, or “ladder branches,” and
the vincular system, as well as the intraosseous
vessels that percolate the tendinous insertions
[17, 18] (Fig. 13.4a, b). Synovial diffusion occurs
in the relatively hypovascular zones of the FDS
and FDP within the flexor tendon sheath via
intratendinous canaliculi [8, 9].

Injury Assessment: Clinical
Evaluation

Clinical History

A thorough history is obtained regarding the tim-
ing and mechanism of injury. While the timing of
open injuries such as a laceration will be obvious,
detection of a closed injury to the flexor mecha-
nism may be subtle, leading to a delay in presen-
tation and/or treatment. Pertinent history such as
prior extremity injury and pre-existing digital
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Fig. 13.4 (a) Arterial system of the fingers highlighting
the digital arteries (a) and the transversely oriented arte-
rial ladder branches (*) that provide perfusion to the flexor
tendons via the vincular system. (b) Transverse section of
the intrasynovial portion of the digital flexor tendon (clar-

stiffness is noted, and new symptoms such as
alterations in sensibility (sensory nerve injury),
digital triggering or pain with tendon excursion
(tenosynovitis, partial tendon laceration), per-
ceived reduction in strength or flexion lag (loss of
tendon integrity, pulley injury, tenosynovitis), or
loss of motion/stiffness are recorded. The player
may report an audible or palpable “pop” at the
time of a specific loading activity to the hand or
digit, commensurate with a soft-tissue avulsion
injury, such as a pulley rupture [19]. The mecha-
nism of injury, specific to a particular event or
play, or to a particular position-dependent activ-
ity, is important to review as this knowledge may
shed light on the anatomy of injury. For example,
a sudden eccentric loading through the DIP or
PIP joints may be accentuated with use of a glove
or catching mitt, contact with the ground or fenc-
ing, by being struck with the ball, or with incar-
ceration in another player’s jersey. Alteration in
pitching mechanics and a reduction in accuracy
or velocity may be early warning signs of a tendi-
nopathy, intrinsic muscle injury [20], or pulley
injury [19] that could progress to a chronic condi-
tion in the throwing athlete.

Volar

ified following India Ink arterial injection) demonstrating
the dorsal vincula or mesotenon that arise from the trans-
verse digital arterial “ladder” branches. (Reprinted with
permission: © Leversedge FJ, Goldfarb CA, Boyer
MI. From: Leversedge et al. [2]: 18)

Clinical Examination

A global assessment is critical as concomitant
injuries such as fracture or nerve injury may
influence treatment recommendations. Inspection
of the limb and involved digit(s) confirms an
open or closed injury, evaluates for deformity
(fracture or dislocation), considers the location of
ecchymosis and swelling, and may provide infor-
mation regarding the neurovascular status of the
affected limb. For example, ecchymosis of the
digital pulp in the setting of a closed, eccentric
extension loading of the distal fingertip is con-
cerning for an FDP avulsion injury and/or frac-
ture. The resting posture of the hand and digits
will reflect the influence of the tenodesis effect;
observation of tenodesis during inspection and
during dynamic testing of the hand and wrist may
provide useful information regarding the integ-
rity of the flexor apparatus (Fig. 13.5).

Focal palpation of the injured hand and wrist
progresses through a logical anatomical assess-
ment: the location of injury may be highlighted;
however, secondary findings such as the loca-
tion of a retracted proximal tendon stump, sub-
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Fig. 13.5 Typical presentation of a closed, FDP avulsion
injury demonstrated in the ring finger. Note the mild
swelling and ecchymosis of the distal digit with a charac-
teristic loss of DIP joint tenodesis with the hand in a rest-
ing position. (Reprinted with permission: © Leversedge
FJ, 2004)

tle crepitus or triggering with tendon excursion,
or local joint instability may improve diagnostic
accuracy. Investigation of possible prodromal
symptoms or progressive tendon pathology is
helpful for considering diagnostic evaluation,
serial examinations and/or timely intervention
as indicated. Diagnostic clues may improve pro-
phylactc management of an impending tendon
injury such as in the setting of hardware promi-
nence following distal radius volar plating or
with irregular bony prominences at the hand or
wrist such as a hook of the hamate nonunion
sustained by a direct palmar injury during
batting.

A neurovascular assessment is essential, par-
ticularly in the setting of an open injury. Often,
digital or palmar lacerations will involve a neuro-
vascular injury and, therefore, sensory and motor
examination is routine as well as digital Allen’s
testing, where applicable. Although less com-
mon, ulnar nerve motor exam is critical prior to
surgical intervention for flexor tendon attritional
rupture in the setting of a hook of hamate non-
union [21, 22].

The assessment of intrinsic and extrinsic ten-
don integrity should consider the anatomy of
injury, but also anatomic variations that may or
may not be present. Evaluation of the FDP ten-
don involves initial assessment as to presence of
the tenodesis effect on the DIP joint during wrist

flexion and extension. Discontinuity of the FDP
tendon will cause an absence of DIP joint flexion
as the wrist is extended (loss of tenodesis),
although in rare cases a closed avulsion of the
FDP tendon without substantial retraction may
exert a flexion force to the distal phalanx via the
intact vinculum and / or volar plate of the DIP
joint. Active motion of the FDP tendon is assessed
with blocking of the middle phalanx as the patient
is asked to flex the DIP joint (Fig. 13.6a). Intact
but reduced motion may be caused by a partial
injury or an impediment to tendon gliding such as
flexor tenosynovitis.

Independent FDS tendon evaluation is per-
formed by preventing the indirect influence of the
potentially intact FDP tendon on PIP joint
motion. During assessment of active FDS func-
tion, all the other fingers are held in full extension
such that the tenodesis effect of the common FDP
origin prevents proximal FDP excursion in the
finger being tested, although this may be of lim-
ited value in the index finger where a more inde-
pendent FDP origin has been described
(Fig. 13.6b). Absence of the FDS to the small
finger is a common anatomic variant and may be
unilateral or bilateral [23].

In certain conditions, particularly with open
injuries to the hand or with a metacarpal fracture,
compromise of digital flexion may be caused by
intrinsic muscle dysfunction. The delicate bal-
ance between intrinsic and extrinsic function for
supporting normal hand function is critical, and
alterations in this relationship may cause stiff-
ness or paradoxical digital extension via diver-
sion of the extrinsic flexor forces through the
lumbrical muscle and extensor tendon mecha-
nism. A Bunnell intrinsic tightness test is per-
formed by assessing the relative resistance to
passive interphalangeal joint flexion with the
metacarpophalangeal (MCP) joint in flexion
(intrinsics are lax) versus in hyperextension
(intrinsics are taut) [24]. Increased resistance to
passive interphalangeal joint flexion with the
MCP joint in hyperextension (versus flexion) is
consistent with intrinsic tightness.

In the thumb, FPL integrity is assessed in sim-
ilar fashion as for the suspected FDP injury with
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Fig. 13.6 (a) Illustration of the clinical examination
technique for evaluating active function of the FDP ten-
don. (b) Illustration of the clinical examination technique

use of tenodesis and with active tendon function
assessment with blocking of the proximal
phalanx.

The integrity of the flexor pulley apparatus and
fibro-osseous digital sheath may be difficult to
assess, particularly in the setting of an acute injury
where local swelling may influence digital motion.
Increased inflammation associated with injury to
the flexor apparatus may cause a reduction in digi-
tal extension. A loss of flexor pulley integrity may
be difficult to confirm by clinical examination
alone; however, focal tenderness typically over the
critical A2 or A4 pulleys and a concomitant loss of
biomechanical efficiency manifest as a flexion lag
should raise the suspicion for a pulley rupture
when the mechanism of injury is consistent with
forceful loading of the flexor pulley system.

Finally, in the setting of a flexor tendon repair
and / or reconstruction, evaluation as to the pres-
ence/absence of the bilateral palmaris longus
tendons is useful, in the event that a source of
tendon graft is necessary [25].

for evaluating active function of the FDS tendon by limit-
ing the indirect action of the FDP tendon

Injury Assessment: Imaging
Radiographs

In general, radiographic assessment includes
three views of the injured digit(s) to evaluate for
possible tendon avulsion with an associated osse-
ous fragment and/or an associated digital fracture
or joint subluxation/dislocation. Careful identifi-
cation of an avulsion fragment along the flexor
sheath, particularly at the volar aspect of the PIP
joint, may provide useful information regarding
the proximal retraction of a closed tendon avul-
sion injury.

Ultrasound
Improvements in the quality and resolution of

ultrasound, despite this technique being user-
dependent, have increased its popularity in the
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assessment of tendon continuity and the level of
retraction of a transected or avulsed tendon [26,
27]. Ultrasound may be useful, also, in evaluating
patients with a suspected flexor pulley injury and
may provide the advantage over MRI as being a
point of care and dynamic study [26-29].
Recently, however, the diagnostic accuracy of
ultrasound assessment of certain tendon injuries
has been called into question [30].

Magnetic Resonance Imaging

Often, in the setting of a pathologic tendon rup-
ture or tenosynovitis, MRI has been demonstrated
to provide useful information prior to surgical
exploration and / or tendon reconstruction [29—
32]. A dynamic MRI may be considered to evalu-
ate for a symptomatic closed pulley rupture. This
may be done by comparing images obtained of a
resting hand in full extension with those of the
digit actively held in flexion, or images obtained
with active flexion against resistance [32]. While
the actual pulley injury may not be visible on MR
images, T1 sequences may demonstrate bow-
stringing of the tendon from the phalanx and T2
imaging sequences will characteristically high-
light local peritendinous inflammation [28-32].

Injury Classification: Flexor Tendon
e Tendon Laceration

Transection or laceration injuries to the flexor
tendons are defined by their zone of injury
(Fig. 13.1) and as to complete or incomplete lac-
erations. The anatomic zones of injury permit
perioperative planning by the surgeon, both for
repair and reconstructive options but also for the
coordination of post-repair rehabilitation.

e Tendon Avulsion

Avulsion of the FDS from its insertion at the
base of the middle phalanx is rare, although it has
been described in isolation [33], and mid-
substance FDS rupture has been described in

combination with a distal FDP avulsion [34].
Avulsion of the FDP from its insertion at the base
of the distal phalanx is more common and is
known by the descriptive term “jersey finger.”
The classification system for FDP avulsion inju-
ries emphasizes the variations in both prognosis
and treatment choices based on the level of ten-
don retraction, the remaining sources of nutrition
to the avulsed tendon, and the nature of the soft-
tissue or bony avulsion fragment. The classifica-
tion scheme described by Leddy and Packer [35]
(Types I, 11, and III) was supplemented by Robins
and Dobyns through their recognition of a less
common, but important Type IIIA injury [36].

Type 1

Type I injuries involve a complete avulsion of the
FDP tendon and retraction of the tendon (with its
bony avulsion fragment, if present) through the
flexor sheath and into the palm. The majority of
its vincular attachments are striped from the ten-
don as the tendon is retracted proximally, com-
promising vascular supply to the tendon.

Type I1

Type II injuries involve a complete avulsion of
the FDP tendon (with its bony avulsion fragment,
if present) and retraction of the proximal stump to
the level of the PIP joint. Compared to the Type
I injury, there is less disruption of the vincular
system. Continuity of the flexor sheath and intra-
synovial environment is generally maintained.

Type 111

Type III injuries involve avulsion of the FDP
tendon from its insertion; however, it retracts no
further proximally than the A4 pulley. Proximal
retraction of the tendon may be restrained by the
vincula and volar plate; however, restriction to
proximal retraction of the tendon is typically due
to a large bony avulsion fragment that is trapped
by the AS or A4 pulley. In contrast to Type I
and II injuries, the vinculae and synovial sheath
remain in continuity, improving tendon nutrition.

Type ITIA
The less common Type IIIA/Type IV injury
involves a Type III injury, however with avulsion
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of the FDP tendon from the bony avulsion frag-
ment following incarceration of the bony frag-
ment by the flexor pulley system. The subsequent
FDP tendon retraction can, therefore, replicate a
Type I or Type II injury. The potential for this
injury mechanism highlights the importance of
confirming by direct visualization the continuity
of the FDP tendon with the bony avulsion frag-
ment at the time of surgical repair. This injury
should not be confused with an FDP avulsion
injury that occurs incident to a peri-articular frac-
ture of the base of the distal phalanx.

e Tendon Rupture

Mid-substance tendon rupture is rare; how-
ever, this may be caused by progressive attritional
changes associated with local factors such as
retained hardware (e.g., distal radius hardware)
or bone irregularity (e.g., hook of hamate frac-
ture), or underlying medical condition such as
inflammatory tendinopathy or gout.

Management of Flexor Tendon
Injuries

Pre-Repair Considerations

Clinical suspicion for a flexor tendon injury on
the field of play is important as the absence of
pain or open injury could promote continued par-
ticipation and compromise injury outcomes
through the increasing migration of the proximal
tendon stump. This escalation of injury should be
avoided by protecting the digit from further
injury by application of a forearm-based resting
hand splint application and immediate restriction
of activity that might promote further tendon
retraction. For open injuries, appropriate wound
care should be instituted (debridement and irriga-
tion, hemostasis, sterile dressing care), with an
appropriate antibiotic regimen and tetanus
update, as indicated.

Injury Management: Surgical Repair

General Principles

Surgical repair of flexor tendons is done in an
operating room setting under a general anesthesia
or upper extremity regional block. The surgeon
(and player) should be prepared for the potential
scenarios of tendon repair and reconstruction,
including the need for multiple incisions for ten-
don retrieval, the potential need for a tendon graft
source for pulley reconstruction or primary ten-
don graft reconstruction, use of a silicone tendon
implant, and consideration for salvage proce-
dures in the event that primary repair is not fea-
sible. Associated injuries should be considered
during the surgical exposure and determination
as to an effective strategy for the sequence of
repairs. Preoperative antibiotics are given in
timely fashion within 1 h of incision, and tetanus
toxoid and/or tetanus immunoglobulin are admin-
istered when indicated. Repairs are done using
loupe optical magnification.

In general, a mid-axial or Bruner-type incision
is used to facilitate exposure of the flexor tendon
system. Open injuries or lacerations are incorpo-
rated into the exposure, maintaining adequate
and viable soft-tissue flaps for subsequent clo-
sure. The digital neurovascular bundles are pro-
tected and meticulous hemostasis is maintained
during dissection.

A strategy for exposing and retrieving the
injured flexor tendons should be considered prior
to opening the digital flexor sheath in order to
preserve the biomechanical integrity of the digi-
tal flexor sheath system. latrogenic peritendinous
adhesion formation will be reduced through the
careful handling of the gliding surfaces of the
flexor tendons and the fibro-osseous digital
sheath [37]. Where possible, the A2 and A4 pul-
leys are preserved, although venting of these
critical pulleys or complete release of the A4 pul-
ley is reasonable depending on the level of injury
[13]. Preserving the adjacent pulleys, therefore,
will assist in reducing the work of flexion in the
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event that the integrity of the critical A2 and A4
pulleys are compromised, either through the orig-
inal injury or by venting during surgical
exposure.

Often, the retracted tendon stump may be
identified within the sheath by the presence of
local hemorrhage. The proximal tendon stump
may be “milked” distally within the tendon
sheath to facilitate retrieval with the wrist and
MCP joints held in flexion. The exposed interior
substance of the tendon stump may be grasped
using fine-toothed forceps. If the tendon stump is
not able to be retrieved in an atraumatic manner,
then the retracted proximal tendon stump may be
retrieved using a pediatric feeding catheter passed
retrograde within the flexor sheath from the ini-
tial wound or at the distal tendon sheath to a
transverse incision in the palm or within the
membranous portion of the flexor sheath distal to
the A2 pulley [38] (Fig. 13.7). As the tendon(s)
are retrieved and brought distally for repair, the
FDS and FDP relationship is restored at the level
of the FDS bifurcation.

Acute Injuries

Zone I flexor tendon injuries involving avulsion
of the FDP tendon from its insertion or a distal
laceration of the FDP tendon with insufficient
distal tendon for end-to-end repair are treated by
advancement of the proximal stump and reinser-
tion into the distal phalanx. In general, up to 1 cm

Fig. 13.7 Intraoperative photograph demonstrating the
use of a pediatric feeding catheter to retrieve the retracted
FDP stump at the PIP joint following a closed avulsion
injury (Type II) of the ring finger. (Reprinted with permis-
sion: © Leversedge FJ, 2004)

of advancement may be permissible to avoid the
limitations of a post-repair quadriga effect,
although the more independent index FDP may
tolerate up to 1.5 cm [39]. Various methods of
tendon to bone repair have been described includ-
ing use of: (1) a pullout suture passed through
osseous tunnels in the distal phalanx and tied
over a well-padded suture button placed on the
nail (Fig. 13.8a, b); (2) a pullout suture construct
is created similar to (1); however, the suture is
passed around the distal phalanx instead of
through the phalanx; (3) a suture tied deep to the
skin overlying the extensor tendon insertion after
passage from volar to dorsal via trans-osseous
tunnels; and (4) one or two suture size-appropriate
anchors [40-44] (Fig. 13.9).

For each of the repair methods, in general, the
distal tendon stump is debrided and the volar
base of the distal phalanx, distal to the insertion
of the volar plate of the DIP joint, is prepared for
tendon reattachment by debridement of residual
tendon fibers and exposure of the phalangeal cor-
tex, although elevation of a periosteal flap may be
used.

If a pullout button repair method is used, the
button and suture are removed at approximately
8 weeks postoperatively. It is important to inform
the patient as to signs or symptoms of soft-tissue
complications while the button is in place as such
issues are not uncommon [45], and osseous
complications including osteomyelitis can com-
plicate non-pullout suture methods of repair [46].
Suture anchor use should be critically assessed,
also, as technique-related studies have demon-
strated the risk of intra-articular placement and
potential dorsal cortical penetration concerning
for nailbed injury and / or infection [47, 48].

Open flexor tendon injuries may involve one
or both of the flexor tendons. When both tendons
are transected, typically the FDS is repaired first
as its inserting limbs are located dorsal to the
FDP tendon. Many suture configurations have
been described for zone II flexor tendon repair
and, while the exact techniques are beyond the
scope of this chapter, it is important to consider a
modern core suture method which includes the
following: (1) at least four suture strands of 4-0
or 3-0 suture, (2) a suture configuration that
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Fig. 13.8 (a) Intraoperative photograph demonstrating
an FDP tendon repair using a well-padded, tie-over suture
button. Sutures are passed through an osseous tunnel
using straight Keith needles that have been drilled through
the base of the distal phalanx, avoiding injury to the ger-
minal matrix of the fingernail. (Reprinted with permis-
sion: © Leversedge FJ, 2004). (b) Intraoperative

Fig. 13.9 (a) Lateral radiograph of the finger demon-
strating an avulsion fracture from the volar base of the
distal phalanx fracture consistent with a possible Type III
or Type I1la FDP avulsion injury. (Reprinted with permis-
sion: © Leversedge FJ, 2004). (b) Intraoperative photo-

interacts with the tendon substance in an appro-
priate grasping or locking fashion, and (3) a
method that is finished with an epitendinous
suture repair that not only reduces the tendon
ends, but also increases the ultimate strength of
the tendon repair construct. The use of
wide-awake local anesthesia, no tourniquet
(WALANT) methods for anesthesia have
improved intraoperative assessment of the
repaired tendon in regard to tendon gliding and
avoidance of gap formation during active tendon
excursion [49].

photograph demonstrating an FDP tendon repair with the
finger held in flexion as the FDP tendon is reduced to its
anatomic insertion and the sutures are secured over the
polypropylene button. Note that the digital flexion cas-
cade ideally shows slightly increased tension in the
repaired digit. (Reprinted with permission: © Leversedge
FJ, 2004)

graph demonstrating open fracture reduction and internal
fixation of a displaced volar base fracture of the distal
phalanx, consistent with an FDP avulsion injury.
(Reprinted with permission: © Leversedge FJ, 2004)

Treatment of partial tendon injuries should
consider the amount of tendon involvement appre-
ciated at the time of open tendon exploration or a
patient’s symptoms if there is uncertainty as to the
extent of injury during clinical evaluation.
Although the difficulty in determining the percent-
age of tendon involvement in a partial tendon lac-
eration has been demonstrated [50], multiple
investigators have concluded that partial lacera-
tions involving less than 60% of the tendon’s
cross-sectional area should not be repaired.
Debridement of the injured tendon may be indi-
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cated if the laceration site presents a risk for ten-
don triggering or entrapment and tendons lacerated
greater than 60% should be repaired, typically
with a core suture and epitendinous suture repair,
as appropriate, to minimize the risk of tendon trig-
gering, entrapment, or rupture [51, 52].

Delayed Repair/Reconstruction
Consideration for tendon reconstruction should
account for the level of injury and the functional
goals of the individual in the setting of a delayed
presentation of flexor tendon injury. The time
from injury and the level of tendon retraction will
influence whether a primary repair is considered;
the length-tension relationship of the musculo-
tendinous unit will be altered by the retracted
stump resulting in higher risks of contracture and
secondary complications such as the adverse
effects of quadrigia. Also, a loss of the favorable
gliding environment within the “empty” flexor
sheath may require recreation of the potential
gliding space through the use of a silicone tendon
implant. Second-stage flexor tendon reconstruc-
tion is delayed until optimal conditions exist for
grafting: (1) a supple and mature wound, free of
signs of infection or soft-tissue compromise; (2)
maximal recovery of passive digital motion to
provide the greatest potential for restoring active
motion following tendon reconstruction; and (3)
patient compliance with therapy and postopera-
tive care [37].

There are several considerations for recon-
structing the flexor tendon-deficient digit. In the
finger, patients with an FDP injury but an intact
FDS tendon may consider staged flexor tendon
grafting; however, procedures that involve exci-
sion of the injured FDP tendon (to reduce inter-
ference with FDS function) and either DIP joint
arthrodesis or DIP joint tenodesis may provide
reasonable outcomes [35]. The loss of DIP joint
motion, however, may impact adversely the abil-
ity of certain position players. Importantly, while
these DIP joint stabilization procedures remove
the potential for independent FDP function, they
are regarded as definitive procedures with consis-
tent results. Typically, the DIP joint is stabilized
in neutral or in a slightly flexed position of func-
tion. Staged flexor tendon reconstruction, how-

ever, typically involves considerable patient
investment and commitment with multiple proce-
dures with variable outcomes and, therefore,
these factors should be discussed in detail with
the patient preoperatively [37]. Similarly, in the
thumb, reconstruction of the FPL tendon with
intercalary grafting, ring finger FDS tendon
transfer, or interphalangeal joint arthrodesis may
be considered in light of the patient’s underlying
condition and expectations for recovery of
function.

Injury Management: Post-Repair
Rehabilitation

Post-repair  rehabilitation protocols  should
emphasize several principles: (1) player educa-
tion is essential to minimize the risk of postoper-
ative repair site rupture and to maximize tendon
function; (2) communication with the player,
training staff, and therapist is imperative regard-
ing the nature of the injury and the specific proto-
col to be used; (3) the timing for the initiation of
post-repair rehabilitation is ideally between 3 and
5 days to reduce work of flexion; (4) the use of a
low-force, high-excursion protocol will maxi-
mize tendon gliding, but minimize the risk of
repair site failure [53, 54].

The timing for the return to unrestricted activ-
ity following flexor tendon repair is not well-
defined; however, decisions should be guided by
a recognition of the accrual of repair site strength
with time and the influence of associated injuries.
Typically, return to unrestricted activity is per-
mitted between 4 and 6 months from surgical
repair, although it is the author’s preference to
delay the release to unrestricted activity until
6 months post-repair, consistent with the recent
recommendations of Ruchelsman et al. [55].
Associated injuries and treatments such as frac-
ture of nerve repair may influence the timing of
incremental rehabilitation strategies.

Despite well-intended protective splinting or
casting of the injured extremity to facilitate early
return to play, the high risk of repair site rup-
ture persists due to the inability to restrict tensile
forces created by the contracting muscle-tendon
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unit. Therefore, return to upper extremity con-
tact sport and activities involving higher loading
forces through the hand and wrist are not advised
for 4-6 months. Throwing, catching, and batting
all place high-tensile loads through the flexor sys-
tem and should be restricted for 6 months from
repair. Buddy-strapping of the injured digit to an
adjacent digit will reduce the risk of inadvertent
eccentric loading or passive extension of the iso-
lated injured digit, particularly in the setting of
peritendinous adhesion formation and the relative
tethering of the affected tendon(s). A hand-based
or forearm-based thermoplastic splint or cast may
provide reasonable protection for the healing
flexor tendon for non-contact (upper extremity)
training activities that present low fall risk.

The indications for flexor tenolysis, typically
considered at 4—6 months post-repair, include a
failure to regain adequate active and independent
gliding of the repaired tendon(s) and to restore
functional activities despite achieving excellent
passive digital motion. This demanding proce-
dure requires close cooperation between the sur-
geon, patient/player, therapist, and training staff
to ensure optimal outcomes [37].

Flexor Pulley Injury
Injury Classification

Injury to the flexor pulley system may be caused
by a closed or an open injury. Often, the treat-
ment of open injuries is considered in conjunc-
tion with flexor tendon injury repair; however,
rarely, a longitudinal laceration of the digit may
cause isolated injury to the retinacular pulley sys-
tem, and treatment should be considered based
on the preservation and / or reconstruction of the
A2 and A4 pulleys, as described below.

Closed pulley injuries are rare in the general
population, but these have been described more
commonly in rock climbers, associated with the
high forces placed on the pulley system with the
demands of certain climbing maneuvers on the
hands, such as with the hanging and crimping
positions [28, 29, 56]. In the hanging position, all
of the digital joints are resisting force in a flexed

position (MCP, PIP, DIP), whereas in the crimp
grip position, the DIP joints are hyperextended
maximally, the PIP joints are flexed approxi-
mately 90°, and the MCP joints are extended.
Previous analysis by Lin et al. [14] demonstrated
maximum tear load of the A2 pulley to be approx-
imately 400N although antagonistic forces acting
on the A2 pulley may exceed these tolerances
during the crimp grip position [28, 29, 56].

Nonsurgical Treatment

Typically, isolated, closed pulley ruptures are
treated with nonsurgical management, supported
by both biomechanical studies and outcomes
evaluations [29]. Initial treatment with anti-
inflammatory measures, activity restrictions, and
emphasis on tendon gliding and range of motion
to prevent stiffness or contracture is encouraged.
Protective digital taping at the approximate level
of the injured A2 or A4 pulley has been advo-
cated in the recovery period, but also with return
to strenuous lifting and grasping activities [57].

A case series involving isolated A4 pulley rup-
tures in the middle fingers of the throwing hands
of four baseball pitchers has been reported [19]. In
each of the reported injuries, A4 pulley ruptures
were confirmed by MRI or dynamic ultrasound
and treatment consisted of rest, anti-inflammatory
modalities, and return to play in 6 weeks (1 player),
3 months (2 players), and 6 months (1 player). The
injury mechanism was described as “repetitive
extension force placed on an acutely flexed finger
when throwing a fastball.” The authors recom-
mended return to play at between 6 and 12 weeks,
“only after painless range of motion and proper
rehabilitation of the throwing arm” and avoidance
of corticosteroid injection during treatment, due to
the potential adverse effects of pulley rupture and
delayed tissue healing [19].

Surgical Treatment
Although treatment for isolated flexor pulley

injuries is nonsurgical, injuries involving multi-
ple pulley ruptures may require surgical recon-
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Fig. 13.10 Intraoperative photograph demonstrating an
A2 pulley reconstruction using the first of two (side-by-
side) palmaris longus tendon grafts, secured with a “belt-
loop” configuration. (Reprinted with permission: ©
Leversedge FJ, 2004)

struction in order to restore biomechanical
efficiency of the flexor system. Several recon-
struction options exist which emphasize the res-
toration of the biomechanically important A2 and
A4 pulleys [58] (Fig. 13.10). Consideration of
ideal graft sources, such as an extrasynovial ten-
don (palmaris, plantaris) or intrasynovial tendon
(excised FDS, single FDS slip, or extensor reti-
naculum) may take into account ease of harvest
and resistance to tendon gliding [59, 60]. The A2
pulley reconstruction typically employs a graft
passed volar to the extensor tendon apparatus,
whereas during A4 pulley reconstruction the
graft is passed dorsal to the terminal extensor
tendon.

Post-Repair Rehabilitation

Postoperative protocols emphasize early, pro-
tected independent tendon gliding, avoiding
resisted activity that could compromise the pul-
ley repair. Tenodesis should be incorporated into
early motion exercises to reduce forces applied to
the repaired tissues; preoperative patient educa-
tion regarding anticipated post-repair rehabilita-
tion methods may improve patient understanding
and compliance with therapy. Anti-edema modal-
ities are critical for reducing the work of flexion
associated with swelling in the first 3-5 days fol-
lowing surgery [61]. Supportive taping or use of

a thermoplastic pulley ring is utilized for all
activities for 3 months, and with higher loading
activities until 6 months postoperatively.

Summary

In 1948, R. Guy Pulvertaft, a British surgeon,
noted that regarding flexor tendon injuries: “it is
not difficult to suture tendons and prepare the
ground for sound union; the real problem is to
obtain a freely sliding tendon capable of restor-
ing good function” [62]. His observation almost
75 years ago highlights the challenges of flexor
tendon injuries faced even today. Flexor tendon
and pulley injuries in the baseball player present
similar challenges to those same injuries in other
athletes or non-athletes, however with the added
complexity of a condition that influences directly
one’s ability to return to play, often conflicting
with an obligate period of tendon healing.
Advances in our understanding of the biology of
tendon injury and repair and the potential appli-
cation of adjuvant biologic treatments to acceler-
ate tendon healing hold promise for improved
therapies. The diagnosis and treatment, and
ultimately the outcomes of flexor tendon injuries
remain influenced greatly by a comprehensive
understanding of pertinent anatomy, the timely
recognition and treatment of the condition, and
careful patient, training staff, and therapist edu-
cation and communication in order to reduce the
risk of adverse events during the recovery pro-
cess and to maximize tendon sliding capable of
restoring good function.
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Extensor Tendon Injuries
of the Digits

The focus of this chapter will be on injuries to the
extensor mechanism in the digits — focusing on
mallet finger, boutonniere deformity, and sagittal
band disruption. Hand and wrist injuries are quite
common in baseball and can lead to long-term
morbidity. A large study performed over 10 years
investigating the incidence of hand and wrist
injuries in various sports, concluded that of the
greater than 8000 injuries studied, roughly 9% of
these were attributed to the hand and wrist. Of
these, 25% were related to baseball, second to
only roller hockey [1]. It is imperative that these
injuries are appropriately identified as early
splinting and rehabilitation can prevent the need
for surgical intervention or long-term deformity.

Mallet Finger Also Known
as “Baseball Finger”

The terms “mallet finger” and “baseball finger”
are descriptors used to describe a specific injury
to the terminal extensor tendon. Mallet injuries
are the most common tendon injury in athletes
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and are common in baseball players [2]. One rea-
son for the high frequency in baseball players is
the common mechanism in which a ball strikes
the actively extended distal phalanx causing a
forced flexion moment at the distal interphalan-
geal joint (DIP) (Fig. 14.1). This forced flexion
moment overpowers the actively engaged termi-
nal extensor tendon that is attached at the dorsal
base of the distal phalanx causing a tendinous
avulsion or an avulsion associated with a bony
fragment [2]. Baseball players are at high risk for
this injury due to their frequent catching of a ball
traveling at high speed with risk of impaction to
the fingertip.

Commonly, the player will present with pain
and swelling at the dorsal aspect of the DIP joint
where the tendinous or bony avulsion has
occurred. The finger may be held with the DIP
joint in flexion due to the unopposed pull of the
flexor digitorum profundus. On examination,
there will be decreased active extension of the
DIP joint due to the lack of attachment of the ter-
minal extensor tendon [1, 2]. Passive range of
motion is typically normal, and this difference
between the active and passive motion defines the
amount of extension lag. The skin should also be
inspected for bruising and abrasion/laceration,
and adjacent digits should be inspected for injury.

These injuries can be divided into soft tissue
mallet injuries where the tendon is avulsed from
the bone and bony mallet injuries where a piece
of bone is avulsed with the tendon remaining
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Fig. 14.1 Example of direct impact to distal phalanx as a
common mechanism of mallet injury in baseball

attached to this fragment. Plain radiographs
should be obtained of all suspected mallet
injuries.

PA and lateral radiographs are usually suffi-
cient with particular attention focused on the dor-
sal and proximal aspect of the distal phalanx [2].
If there is an associated bony fragment, the injury
can be further classified based on the characteris-
tics of the dorsal fragment. The lateral radiograph
is used to classify the fragment avulsed as either
a small fleck fragment, a large fragment (large
defined as greater than 1/3 of the articular surface
of the distal phalanx), or a large fragment with
associated volar subluxation of the distal phalanx
at the DIP [2]. The importance of thoroughly
evaluating the plain radiographs, in particular the
lateral view, is imperative as these findings can
change treatment indications and ultimately
patient outcome. These radiographs can also be
used as a baseline for clinical monitoring
throughout the course of recovery.

Treatment is largely dependent upon the
abovementioned classification of these injuries.

The vast majority of these injuries are closed but
it is important to mention that open lacerations do
occur. These open injuries should have irrigation
and debridement and repair of the extensor mech-
anism. Surgical repairs of lacerations of the distal
extensor are challenging due to the thinness of
the terminal tendon. Surgeons can consider
suture techniques that include the skin in the ten-
don repair to increase strength. Transarticular
pinning of the DIP is typically necessary to pro-
tect the repair postoperatively.

Soft tissue mallet injuries with an intact soft
tissue envelope can be treated nonoperatively
with DIP extension splinting for 6-8 weeks [3].
Classically, nonoperative extension splinting is
prescribed for 6 weeks in bony mallet injuries
and 8 weeks in soft tissue mallets. The patient is
reexamined at the 6-week mark for assessment of
DIP extension strength and range of motion.
Extension lag is evaluated and a cutoff of 20° is
frequently used to determine whether the patient
should continue with DIP extension splinting full
time for an additional 2—6 weeks [2, 3]. Full time
extension splinting protocol is followed by active
range of motion of the DIP, protective DIP taping
with Coban for return to sport, and nighttime
extension splinting for an additional 4 weeks.

Studies investigating splint style and subse-
quent outcome concluded that style and cost of
splint did not have an impact on patient outcome.
Patient compliance was most closely related to
good outcome [3]. An important consideration
for DIP extension splinting is ensuring the DIP
joint is adequately immobilized in extension and
that the proximal interphalangeal joint (PIP) is
left free for active motion [2]. Additionally, the
splint should not be placed too tightly as to
restrict microvascular flow or with the DIP joint
in a position of hyperextension as this can lead to
skin necrosis.

It is difficult for many position players to
return to play with rigid DIP extension splinting.
Pitchers on the dominant side will be quite lim-
ited by the restricted flexion of the DIP joint and
unlikely to be able to compete. A glove hand
injury can be significantly more rigidly immobi-
lized and play is likely possible. Our preferred
method is utilizing the SAM type metal/foam
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composite splint cut to comfortably cover the
middle and distal phalanx (Fig. 14.2). This splint
can easily be modulated in terms of rigidity by
creating a concavity — increasing the concavity
increases the rigidity. Position players may
require more malleable splints in their glove
hands to allow for required dexterity. For position
players, the throwing hand is most hindered by
immobilizing the index and long finger. The
degree of immobilization that is tolerated while

maintaining high performance will need to be
individualized. The ring and small finger play
more of a role in power grip and therefore will
affect batting performance. Treatment here must
be individualized to allow for performance.
Although indications for nonoperative treat-
ment of mallet fingers are generally straightfor-
ward, surgical indications are more difficult to
find consensus. Even with subluxation of the
volar fragment, nonoperative treatment has

Fig. 14.2 (a) Example of SAM splint material in packag-
ing. (b) Fitting a piece of SAM splint to middle and distal
phalanx for immobilization. (¢) Affixing the SAM splint

to the digit. (d) Allowing continued range of motion of the
PIP joint. (e) Introducing concavity to increase rigidity of
SAM splint
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shown acceptable results due to significant
remodeling capability in this joint [4]. However,
in high-level baseball players the restoration of
anatomy and return to previous level of function
play a central role in considering operative
intervention.

If surgery for a large bony mallet injury is per-
formed, a Kirschner wire (K-wire) is used to
secure the volar fragment in a reduced position
and acts as an internal splint. A variety of meth-
ods have been utilized for reduction of the dorsal
bony fragment without clear consensus on supe-
rior results. Extension block pinning is a well-
known and reliable method [5]. A pin is placed at
a 45° angle into the head of the middle phalanx
with the DIP flexed. A second pin is placed distal
to proximal into the distal phalanx and then used
to fix the joint in full extension. The 45° pin
blocks the dorsal fragment in a near anatomical
position. Other methods include using screws,
suture anchors, or suture button fixation of the
dorsal fracture fragment [2, 3]. At the conclusion
of fixation, joint congruity at the DIP joint should
be achieved utilizing a lateral plain radiograph.
The DIP joint immobilization is typically main-
tained for 6 weeks while the fracture fragment is
given an opportunity to achieve osseous union
and joint stability.

As with any injury, a thorough discussion
should take place with players educating them on
the risks, benefits, and typical outcomes of the
proposed treatment plan. The player should be
counseled that even with excellent compliance
and outcome they can expect a 10° extensor lag at
the DIP joint. Additionally, a “bump” over the
DIP joint is typical and can have associated ten-
derness for weeks to months [2]. Off-season or
early season, one can consider more aggressive
treatment with full-time splinting and possible
removal from play until treatment is completed.
Delayed intervention may be considered as non-
operative protocols have had successful results
when initiated months after the injury date [6].
This may allow players to delay their treatment
until after the conclusion of the season. Decision
to delay treatment must be considered carefully
in the context of player position, location of the

injured finger, bony or soft tissue injury, PIP
hyperextension, and player expectations and
preferences.

The player should be counseled that without
treatment, or with incompletely followed treat-
ment recommendations, the finger may be per-
manently held in a flexed position at the DIP. This
is a consequence of lack of terminal extensor
continuity which may cause dysfunction at the
PIP joint. This resultant hyperextension at the
PIP joint and flexion at the DIP is termed a “swan
neck” deformity and is caused by dorsal migra-
tion of the lateral bands. This deformity can lead
to significant disability as PIP function is critical
for hand function. This deformity may require
splinting or surgical intervention if function is
significantly altered. Chronic mallet fingers may
be treated with a central slip tenotomy or the sal-
vage procedure of an arthrodesis [7].

Mallet injuries have wide range in the timing
and ability to return to play. If a player is able to
compete with a DIP extension splint they may be
able to return to play immediately. This will
depend greatly on hand dominance, specific fin-
ger injured, and the player’s position. If the play-
er’s position, in combination with the specific
digit injured, makes them unable to compete,
then a treatment and rehabilitation assignment is
necessary. Consideration may also be given to
season length and timing of injury because, as
mentioned above, chronic injuries up to 3 months
from injury may do well with a nonoperative
treatment protocol [8].

Full-time extension splinting is quite chal-
lenging for the actively competing player.
Percutaneous pinning of the DIP joint can be an
option for mallet finger care in baseball players.
It may allow play sooner, with greater ease wear-
ing a glove and protects the player from noncom-
pliance. This strategy does come with increased
risks of complications, including infection and
pin breakage. Since pin breakage is a potential
complication, oblique placement of the transar-
ticular pin with penetration through both cortices
is advisable. This will allow easy removal in the
case of a broken pin. These buried pins are typi-
cally maintained for 6-8 weeks.
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Central Slip Injury and Boutonniére
Deformity

Boutonniere deformity describes an extensor
mechanism imbalance of one or multiple of the
second through fifth digits. This is characterized
by a flexion posture at the PIP joint with an asso-
ciated hyperextension deformity at the DIP joint.
In contrast to the mallet deformity discussed
above, boutonniere deformity is a relatively rare
occurrence in baseball players [9]. To understand
the acquired deformity, it is pertinent to first
understand the extensor mechanism and how ten-
don disruption leads to altered biomechanics and
subsequent digital deformity.

At the level of the PIP joint, the site of pathol-
ogy leading to boutonniere deformity, the exten-
sor mechanism is rather complex with both
intrinsic and extrinsic contributions working in
concert to perform fluid, controlled digital exten-
sion. The extrinsic extensor tendons enter the
digits dorsally and are stabilized at the metacar-
pophalangeal joint (MCP) by the sagittal bands.
These tendons continue distally and trifurcate
over the proximal phalanx. The central portion,
with contributions from the interossei and lum-
bricals, forms the central slip. The central slip
inserts on the dorsal aspect of the base of middle
phalanx of each of the fingers to act as the pri-
mary extensor of the PIP joint [10]. The insertion
lies just proximal to the dorsally based triangular
ligament which acts as a support and dorsal
restraint to the adjacent lateral bands. When the
triangular ligament becomes attenuated, these
lateral bands are no longer dorsally constrained
and undergo volar migration which is a key com-
ponent of the boutonniere deformity.

As outlined, these structures act in concert to
ensure continued extensor mechanism balance.
In classic boutonniere deformity the initial insult
is that of a traumatic injury to the central slip,
typically of the avulsion type [10]. This injury is
frequently caused by a hyperflexion moment at
the PIP joint at which point the central slip inser-
tional force is overcome by forced flexion and is
torn off the middle phalanx [9, 10] (Fig. 14.3).
Additionally, volar PIP dislocations are fre-
quently associated with central slip injuries. Less

Fig. 14.3 Impaction injury placing PIP in a position of
hyperflexion that could lead to central slip injury

frequently, these injuries can be caused by a pen-
etrating injury or laceration over the dorsal base
of the middle phalanx and the tendinous central
slip insertion is lacerated. With respect to base-
ball players, this injury most commonly occurs
when a ball “jams” a finger or when sliding into a
base and the digit is forced into a hyperflexion
position.

Given the lower incidence of injury, and the
frequently innocuous injury mechanism, training
staff must maintain a high index of suspicion for
these injuries when athletes present with a chief
complaint of a “jammed finger.” Players present-
ing with a chronic injury may present with the
classic deformity — flexion contracture at the PIP
joint with associated hyperextension deformity at
the DIP joint. The more difficult diagnosis is in
the acute setting of pain and swelling. Early diag-
nosis and treatment of a central slip injury can
prevent complications and more involved inter-
vention at a later time.

One physical exam maneuver that can be used
to assess the integrity of the central slip is the
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Fig. 14.4 (a) Example of abnormal Elson test — resisted
PIP extension results in rigid DIP secondary to lateral
band recruitment in setting of disrupted central slip. (b)
Modified Elson test in which two digits are flexed to 90°

Elson test (Fig. 14.4). This test is performed by
placing the PIP joint in a position of 90° of flex-
ion and asking the patient to extend the finger
against resistance. If the DIP joint remains flac-
cid, this indicates that the central slip is intact and
exerting force on the middle phalanx. In contrast,
if the DIP is rigid and extended, this indicates the
lateral bands are being recruited to extend the fin-
ger. Rigid DIP hyperextension on Elson test con-
firms central slip incompetence [1, 9]. In the
acute setting, the provider can consider a digital
nerve block to help with the test without pain
confounding the exam.

Orthogonal radiographs of the involved digit
should be obtained on initial presentation. These
should be assessed for osseous abnormality, spe-
cifically at the dorsal proximal middle phalanx in
the form of avulsed bone fragment or volar sub-
luxation of the middle phalanx on the proximal
phalanx. A true boutonnieére must be distin-
guished from a pseudoboutonniere which is a
flexion contracture of the PIP with an intact cen-
tral slip. These also present after a jamming
injury with swelling and pain. However, there is
no hyperextension of the DIP and the Elson test is
negative. A pseudoboutonniere is typically
treated by progressive splinting and occasionally
volar plate release.

In the setting of an acute closed central slip
injury, management is similar to that of mallet

R

at the PIP joint and the dorsal aspects are abutted. The
patient is instructed to extend the PIP bilaterally and, as
demonstrated, the digit on the left has a rigid DIP joint in
comparison to the normal, flaccid DIP on the right

injury in that splinting is typically first-line treat-
ment. The PIP joint is placed in a position of full
extension to allow the central slip to heal. The
DIP joint is left free to allow motion which main-
tains the lateral bands in a dorsal position and
prevents volar migration and formation of the
boutonniere deformity. This splinting is done full
time for a period of 6 weeks followed by a period
of nighttime splinting for an additional 6 weeks
[10]. If compliance with bracing is a concern,
pinning of the PIP in extension can be consid-
ered. If this intervention is desired, a buried,
oblique K-wire traversing the PIP joint would be
the recommended treatment. We typically utilize
a 0.045 K-wire that exits both the cortex of the
proximal and middle phalanx. In case of pin
breakage, the pin should be able to be removed
both proximally and distally. The pinned PIP
joint would be protected with an orthoplast clam-
shell brace during limited training activities. This
treatment comes with increased risks of compli-
cations but does improve compliance and allevi-
ates skin concerns with full-time splint wear.
Patients with large osseous avulsion frag-
ments, open injuries, or PIP fracture-dislocation
are typically recommended for operative man-
agement. Surgical interventions include, but are
not limited to, acute central slip repair, open
reduction and internal fixation of avulsion frag-
ments, and suture anchor repair. Frequently, a
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K-wire is placed obliquely across the PIP joint
postoperatively as a form of internal splinting for
a period of 4-6 weeks with subsequent removal.
A myriad of surgical repair and reconstruction
techniques have been described and generally
report high levels of success [11, 12]. Surgical
repairs or reconstructions carry risk of stiffness,
particularly limited flexion, which can be prob-
lematic to baseball players. Many patients in the
postoperative period will maintain a small degree
of extensor lag at the PIP; however, this is infre-
quently clinically apparent or functionally
limiting.

In comparison to the acute setting of central
slip disruption, chronic boutonniere deformity
presents a different challenge to that of the treat-
ing physician. A widely accepted classification
system, the Burton classification, is used to char-
acterize the degree of chronicity and help guide
treatment. Stage I is a boutonniere deformity that
is defined by ability to passively correct the flex-
ion contracture at the PIP joint. Stage II involves
extensor mechanism contracture that does not
allow the joint to passively correct out of flexion
deformity; however, it does not involve the PIP
joint itself. Stage III includes a noncorrectable
contracture; however, it also includes contracture
of the volar plate and collateral ligaments with
intra-articular fibrosis. Stage IV includes these
findings of stage III with the addition of PIP joint
degenerative change, that is, arthritis [13].

Stage I and II injuries can be trialed with non-
operative therapy in the form of serial casting to
attempt correction of PIP flexion contracture. If
this is unsuccessful, which unfortunately is fre-
quently the case, reconstructive intervention with
tendon rebalancing techniques can be consid-
ered. This is performed in combination with joint
contracture release [1]. An involved preoperative
discussion with the patient is of utmost impor-
tance in this scenario, especially those patients
that are high-level baseball players. Many of
these rebalancing techniques may sacrifice flexor
function in an attempt to regain extensor func-
tion. With these athletes requirement to grip the
ball and/or bat, a thorough discussion of expected
outcomes should occur as to prevent dissatisfac-
tion in the postoperative period. One such proce-

dure that does not sacrifice flexor function is that
of the Fowler tenotomy, also known as Dolphin
tenotomy, which involves a distally based exten-
sor tenotomy [1]. This tenotomy reduces the
hyperextension force at the DIP joint and through
partial retraction gains tension for the extensor
mechanism at the PIP joint.

Staged reconstructions are also performed
which are more involved but attempt to address
deformity in a stepwise manner. Performing the
operation utilizing local anesthesia allows inter-
val functional assessment until the surgeon is sat-
isfied with the result. One such staged
reconstruction was described by Curtis et al. and
begins with performing an extensor and trans-
verse retinacular ligament tenolysis [14]. If
desired extension is not obtained, stage II is per-
formed which includes sectioning of the trans-
verse retinacular ligament. Stage III includes the
abovementioned Fowler tenotomy and is per-
formed when an extensor lag persists despite sec-
tioning the transverse retinacular ligament.
Finally, in stage IV, the central tendon is advanced
on the middle phalanx and repaired [14].

Return to play for players with active treat-
ment of a central slip injury is challenging. Player
position, digit involved, and hand dominance all
factor into a joint decision between player and
physician with respect to return to play.
Competitive play with a PIP splinted or pinned in
full extension would be unusual. Full-time splint-
ing or pinning would be continued for 6 weeks,
after which players would begin a return-to-play
protocol based on position. Splint may be contin-
ued at night for an additional 4-6 weeks and
buddy taping for comfort and protection during
play can be considered.

Sagittal Band Injury

Sagittal band injury, also known as “boxer’s
knuckle” secondary to its classic presentation in
athletes participating in this sport, is a zone V
extensor tendon injury. The injury typically pres-
ents after a direct blow to the dorsal aspect of the
MCP joint [9]. These injuries can also be sus-
tained with forced radial or ulnar deviation of the
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Fig. 14.5 First and second digits placed into radial devia-
tion at the MCP joint that could lead to disruption of the
stabilizing sagittal bands

digit causing tears of the supporting sagittal
bands and collateral ligaments of the MCP joint
(Fig. 14.5). Injury to the extensor mechanism is
most common in zone V over the MCP joint, and
it is postulated that this is secondary to the promi-
nence of the metacarpal head [3]. The incidence
in baseball is less well defined, and it is certainly
less frequent than one might expect in profes-
sional fighting. However, it certainly has a pres-
ence in baseball and the training staff should be
versed in classification and treatment algorithms.
Sagittal band injuries seen in athletes are differ-
ent than sagittal band ruptures seen in the elderly
or rheumatoid patients. Athletes will more com-
monly have partial sagittal band injuries without
frank extensor dislocation. Additionally, with a
traumatic mechanism both radial and ulnar sagit-
tal bands can be injured and damage to the cap-
sule and joint surface is common.

The sagittal bands are ligamentous structures
located at the ulnar and radial aspect of each
MCP joint with attachments dorsally to the exten-

sor hood and palmarly to the volar plate with a
course between these structures. The sagittal
bands serve to stabilize the extrinsic extensor ten-
dons over the dorsal aspect of the MCP joint to
prevent subluxation or dislocation during range
of motion. Classically, the long finger is most
commonly affected given that the third metacar-
pal head is most prominent with a closed fist and
thus a direct blow is likely to affect this joint first.

In baseball, one can postulate that a common
mechanism involves direct blow from the ball
itself either while batting or fielding. As expected,
following blunt trauma to the MCP joint, players
will present with complaints of pain and swelling
about the MCP joint and will likely report a spe-
cific trauma. The most common acute presenta-
tion is pain; however, players may describe a
characteristic “snapping” or ‘“clicking” when
flexing and extending at the MCP joint. This sen-
sation is attributed to and explained anatomically
by the disruption of the sagittal band. These
bands stabilize the extensor tendon over the cen-
tral dorsal aspect of the MCP joint and when rup-
tured allow either radial or ulnar subluxation or
dislocation of the tendon. The tendon moves
toward the opposite direction of the ruptured
band which can lead to the snapping sensation
reported by patients.

Rayan and Murray classified these injuries
into three categories. Type I injuries include sag-
ittal band injuries without instability of the exten-
sor tendon, type II are injuries with associated
subluxation of the extensor mechanism, and type
IIT are injuries with associated frank dislocation
[14]. Patients with type II and III injuries may
report a snapping or clicking. Patients with type
III injuries may report an inability to extend the
finger due to frank dislocation of the tendon to
the intermetacarpal space with subsequent loss of
extensor mechanical advantage (Table 14.1)
Frank dislocation of the extrinsic tendon occurs
most frequently with radial sagittal band injuries
but is overall rare in athletes.

Diagnosis of these injuries is largely reliant
upon clinical history and examination. It is our
recommendation to obtain plain radiographs to
rule out associated fracture which may alter treat-
ment recommendations. If there is clinical
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Table 14.1 Rayan and Murray classification widely
accepted for the classification of sagittal band disruption

Rayan and Murray classification of sagittal band
disruption [15]

Type I No subluxation or dislocation of
extensor tendon

Type II Subluxation but not dislocation of
extensor tendon

Type 11 Frank dislocation of extensor tendon

uncertainty, consideration can be given to obtain-
ing advanced imaging in the form of ultrasonogra-
phy or MRI. Ultrasound or dynamic MRI can be
useful in obtaining MCP images with the jointin a
position of flexion and extension to evaluate the
degree of subluxation or dislocation present [9].

Treatment of these injuries largely depends on
the chronicity as well as the clinical findings, that
is, stability of the EDC. Like many injuries of the
extensor mechanism, a division is made into
those patients presenting with an acute injury and
those that are chronic. Injuries presenting within
1 month of occurrence are generally considered
to be acute and potentially up to 6 weeks post-
injury. Patients presenting after 6 weeks from
their time of injury are considered to have a
chronic injury.

Patients presenting with an acute injury can be
trialed with a period of nonoperative manage-
ment with generally good results [16]. In patients
with type I injuries, no subluxation of the EDC
tendon, management can consist of buddy taping
the affected digit to an adjacent digit for a period
of 4-6 weeks with subsequent taping during sport
[1]. For patients with type II and III, Catalano
et al. advocate the use of a yoke or relative motion
splint (Fig. 14.6). This splint places the injured
MCP in a position of 25-35° of additional exten-
sion relative to adjacent MCP joints. They report
good results with an 8-week splinting course
with one of 11 patients requiring subsequent
operative intervention [17].

Operative intervention should be considered
given the inconsistent results of nonoperative
management in those patients with type II and II1
injuries. Potential for failure of splinting makes
return to play increasingly uncertain. Operative
intervention may provide a more reliable time-

frame for return to sport. Operative care for
boxer’s knuckle involves exploration and repair
of the sagittal band which is often partially torn
involving primarily the superficial fibers of the
sagittal band. Joint exploration may also be con-
sidered as capsular and articular injuries are fre-
quently seen. The majority of these injuries in
baseball players do not include tendon instability
and direct repair of the sagittal band is sufficient.
In the rare chronic injury, release of the intact,
contracted band may be necessary to realign the
tendon. If the tissue quality is poor and the repair
not reliable, a slip of the extensor tendon can be
looped around the affected side collateral liga-
ment for stabilization of the extensor mechanism
dorsally.

With respect to return to play, recommenda-
tions are made on a situation-by-situation basis
with symptom severity and degree of injury factor-
ing into the treating physician’s decision. Patients
with minimal discomfort and type I injuries with-
out subluxation or dislocation of their extensor
tendon may participate to tolerance. Buddy tap-
ing may be helpful for comfort and protection.
Patients cleared for return to play may consider
different strategies for fielding and batting. Players
may employ buddy loops for batting but prefer
to go without while fielding. Kinesiology taping
can be helpful for some players and may be worn
throughout the competition (Fig. 14.7).

Those players presenting with type II or III
injuries are more frequently operative candidates
given uncertain success with attempted nonoper-
ative management. Postoperatively, players are
typically recommended to abstain from play for
approximately 8 weeks and are recommended for
additional splinting or taping until the 12-week
mark. In regard to postoperative rehabilitation,
Merritt has proposed a program of relative motion
splinting that starts patients moving as soon as 3
to 5 days postoperatively in an effort to accelerate
return to play [18, 19]. Patients are allowed to
actively range immediately in the relative motion
splint, and thus players could return to training or
play rather quickly. As mentioned previously,
affected hand and digit as well as ability to
compete at high level while wearing the splint
will factor in to return to play time.
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Fig. 14.6 (a) Materials used to create relative motion  Lateral projection of third MCP in relative additional
splint. (b) Left hand in relative motion splint. Long finger  extension. (d) Extension view
MCP held extended in relation to adjacent digits. (c)
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Fig. 14.7 Kinesiology taping technique demonstrated in MCP extension (a), flexion (b), and lateral projection (c)

6. Bachoura A, Ferikes AJ, Lubahn JD. A review of mal-
let finger and jersey finger injuries in the athlete. Curr
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Thomas J. Graham and Michael J. Moses

Introduction

Consistently balancing hand-forearm unit power
and control is the prerequisite for elite-level ath-
letic performance in stick-and-ball sports. The
role of the radial wrist extensors and the extensor
carpi ulnaris (ECU) is important for spatial posi-
tioning, as well as explosive power through the
hitting zone.

One of the most rewarding experiences of my
quarter-century of caring for professional ath-
letes has been the occasions when our organiza-
tion’s Medical Staff, our Athletic Trainers, and I
recognize an unsolved problem, better elucidate
its pathophysiology and anatomy, then mutually
work toward treatment solutions that return our
athletes to their performing status through struc-
tured rehabilitation. This has happened on a cou-
ple occasions, but none more vividly than our
advancement of knowledge about pathologies of
the ECU tendon and its investments.
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Often considered the “black box” of hand sur-
gery, we have made great strides in understand-
ing pathologies of the ulnar wrist in the baseball
athlete. We have tried to be students of how
the batting stroke, and other baseball-specific
actions, stress this anatomy-packed region. Our
proficiency in diagnosis and treatment of TFCC
problems, piso-triquetral pathology, midcarpal
abutment, and extensor carpi ulnaris (ECU) issues
has grown dramatically over the last few years.
It is on the latter, pathologies of the ECU and
its investments, that we would like to focus our
attention for the purpose of this communication.

Incidence in Sports and Baseball

Wrist injuries are common in athletes, with ECU
tendon subluxation being unique to those sports
in which there is loading of the wrist when the
ECU is stressed in wrist flexion, supination, and
ulnar deviation. Wrist injuries generally account
for nearly 9% of all sports-related injuries. Most
commonly, ECU injuries are seen in stick-and-
ball sports (tennis, baseball, golf, etc.) or in those
sports where the wrist can remain in this vulner-
able position during play (rugby). Baseball may
predispose athletes to ECU injury due to the wrist
position while batting when a strong isometric
contraction occurs in conjunction with a sudden
laterally based force of the swing as the wrist is in
a supinated, flexed, and ulnar-deviated position.

187


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-81659-9_15&domain=pdf
https://doi.org/10.1007/978-3-030-81659-9_15#DOI
mailto:thomas.graham@ketteringhealth.org
mailto:Michael.Moses@nyulangone.org

188

T.J. Graham and M. J. Moses

One anecdotal observation over my career is
that ECU pathologies were considered infre-
quent, judging by casual references in the litera-
ture. I believe that diagnostic sophistication
(both clinical and radiographic), coupled with
advancement in the knowledge of its unique
anatomy and presentation in the athletic environ-
ment has proven that pathologies of the ECU and
its investments are geing to be seen by those
Surgeons engaged in the care of elite athletes.

Pathologies of the Extensor Carpi
Ulnaris and Its Investments

In order to understand the pathologies associated
with the ECU tendon, knowledge of the func-
tional anatomy is critical as it can dictate while
treating elite athletes. Without getting trapped in
minute detail of this complex region, there is a
collection of facts that all Athletic Trainers and
Consultants should appreciate about the ECU
and its investments:

As we know, the ECU tendon lies in the sixth
dorsal extensor compartment of the wrist in the
ulnar groove or sulcus, a concavity of variable
depth at the ulna’s distal extreme. The osteology of
the sulcus is extremely variable; we have encoun-
tered nearly flat floors and conversely, the depth
could exceed 50% of the diameter of the ECU ten-
don. Consideration of this bony anatomy will be
important in conduct of surgical reconstruction.

The muscle originates on the lateral epicon-
dyle of the humerus and the posterior ulna, as it
courses toward its insertion site at the dorsal base
of the fifth metacarpal. The trajectory of the ECU
tendon from its origin to its insertion forms an
obtuse angle in the sixth compartment. The
“angle of attack” contributes to function of the
tendon, as the ECU is a wrist ulnar deviator in
forearm pronation and a wrist extensor in fore-
arm supination. Furthermore, this unique angle
predisposes the tendon to positional changes dur-
ing contraction; like everything in nature, the
muscle tendon unit would “prefer” to have a
straight line of pull. This created the stress on the
soft-tissue investments of the ECU during supi-
nation, flexion, and ulnar deviation of the wrist
associated with the batting stroke.

The soft-tissue investments considered the
“subsheath” constituting the roof of the ulnar sul-
cus, subjacent to the extensor retinaculum, con-
tribute materially to ECU stability and function.
The subsheath was initially described by Spinner
and Kaplan who noted that the subsheath’s prime
function was to stabilize the ECU during forearm
rotation in order to prevent ECU subluxation [1].
The senior author (TJG) delineated the ECU
“system” and has separated the soft-tissue invest-
ments into four separate quadrants and also fur-
ther elucidated the anatomy of the ulnar
(“labrum”) and radial (“limbus”) attachments of
the subsheath [2] (Fig. 15.1).

This system approach to understanding the
ECU investments has also assisted in the clas-
sification and ultimate treatment of these inju-
ries. The dorsal/superior quadrant features the
transverse fibers of the subsheath and the over-
lying (but not confluent) extensor retinaculum.
The radial quadrant is constituted by the radial
limbus, a thinner attachment of the subsheath
on its “tension side.” The all-important ulnar
quadrant presents the buttress of the labrum,
reinforced by the linea jugata. Finally, the volar
quadrant is the osseous floor of the sulcus
(Fig. 15.2).

Largely originating from the volar antebrach-
ial fascia with some footprint from the pisiform,
the overlying extensor retinaculum does not

CCF
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Fig. 15.1 The four quadrants of anatomic consideration
for the ECU tendon and its investments
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Fig.15.2 The anatomy of the ECU subsheath is depicted.
(A) The level of the subsheath. (B) A magnified view of
the ulnar-sided Labrum of the subsheath showing the but-
tress formed by the stout attachment of the subsheath and
its reinforcement by the fibers of the linea jugata (*). (C)
A magnification of the radial-sided labrum

contain any direct osseous insertions on the dor-
sal surface, although there is confluence with
interseptal tissue of the fourth and fifth extensor
compartments. The retinaculum adds essentially
no, and minimal dynamic, stability to the ECU
tendon.

Therefore, it is the fibro-osseous subsheath
that is approximately 2 cm in length, which pre-
vents subluxation of the ECU tendon from its
anatomic location in the sixth dorsal compart-
ment. Injury to the subsheath is the sine qua non
that contributes to ECU tendon hypermobility/
subluxation, while taking into account the osse-
ous elements and the secondary influence of the
extensor retinaculum, the germinal lesion that the
surgeon must consider is some expression of
embarrassment of the subsheath.

There are two classification systems used to
communicate about these injuries. These largely
differentiate the pattern and extent of subsheath
failure and/or osseous pathology [3-5].

However, it is the opinion of these authors that
amore simplified and clinically relevant approach
should be the intellectual guide to addressing
embarrassment ECU investments.
Acknowledging that fractures about the ulnar

sulcus should be considered in any management
scenario, the three basic pathologies that our
community will encounter are as follows: (1)
intrasubstance ruptures or failures of the trans-
verse fibers of the subsheath, (2) “delamination”
of the labrum resulting in the loss of the ulnar
buttress, and (3) a combination of intrasubstance
attenuation/failure and delamination of the
labrum from the ulnar all of the sulcus (Fig. 15.3).

Mechanism of Injury

The typical mode of injury for ECU subluxation
occurs when a rapid rotational force occurs as the
wrist is in a supinated, flexed, and ulnar-deviated
position during the batting stroke. In our experi-
ence, the player/patient usually relates that the
onset was associated with a check-swing or awk-
ward stroke; rarely do hitters sustain injuries
when they “square up” the pitch. The two phases
where the hitter’s recollection (and now our volu-
minous video archives) educate us are at the
extents of the “hitting zone.” When entering the
zone, an awkward adjustment to a pitch or check-
off, or exiting the hitting zone and attempts to
decelerate the bat seem to both create the condi-
tions for eccentric contractions and the ulnar
“vector of force” that stresses the radial limbus
(in tension) and ulnar buttress that can result in
subsheath failure.

History/Differential Dx

Unlike rendering care in the general population,
those of us who are privileged to care for the elite
athlete benefit from a level and volume of infor-
mation that is extraordinary. Specifically, we not
only have the player’s recollection (perhaps some
of the most body-aware humans), but we also
have multiple trained observers (Athletic Trainers
and Hitting Coaches) and adjunct technologies —
most stadiums have six or more camera vantage
points recording every at bat.

Players may or may not describe a discrete
episode of when they felt a sudden onset of ulnar-
sided wrist pain and subsequent subluxation of
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Fig. 15.3 Modes of failure of the investments of the ECU
tendon. (a) Intrasubstance ruptures or failures of the trans-
verse fibers of the subsheath. (b) “Delamination” of the
labrum resulting in the loss of the ulnar buttress. (¢) A

the tendon; it is true that the volume of swings
can lead to a more chronic attritional injury to the
investments or basically an overuse attenuation.
However, in the majority of cases, the athlete
describes a single event that resulted in discom-
fort, weakness, and was potentially associated
with a snapping-type sensation on the ulnar side
of the wrist with forearm rotation.

Although we have concentrated our discus-
sion thus far on pathologies that result in mechan-
ical instability, we do want to highlight the
spectrum of problems of the ECU and its invest-
ments that the consultant will encounter. The four
culprits are as follows:

e Inflammatory: Tenosynovitis surrounding the
ECU tendon is not uncommon and presents
with unusually apparent bogginess surround-
ing the tendon — made more noticeable
because of the relatively subcutaneous posi-
tion and the proclivity for more florid presen-
tations to show enlarged tumescence in the
regions proximal and distal to the subsheath
(“dumbbell” presentation). Infrequently, an
audible “squeak” can even be detected like we
encounter in some other tendinopathies like
DeQuervain’s.

 Instability: Classic findings like bowstringing
and subluxation/dislocation of the ECU ten-

CCl

combination of intrasubstance attenuation/failure and
delamination of the labrum from the ulnar aspect of the
sulcus

don, as described; when present, we usually
characterize as consistent vs. intermittent sub-
luxation — with or without bowstringing to
resistance.

e Tendinopathy: Intrinsic damage or tendinosis
of the ECU. This can only be truly diagnosed
by cross-sectional imaging.

e Other Mechanical Failure: We have seen overt
rupture (usually in the setting of the long-
inflamed and multiply injected tendon) and
rarely have seen either musculotendinous fail-
ure (seldom) or avulsion from the fifth meta-
carpal insertion (frankly, never without
penetrating injury).

The differential diagnosis for ECU tendon
subluxation includes those diagnoses typically
considered for ulnar-sided wrist pathology:
TFCC tears, ulnocarpal abutment syndrome,
DRUIJ-related pathology, and lunatotriquetral
sprain. Rarely would an irritability of the dorsal
sensory branch of the ulnar nerve confuse the
sophisticated examiner, but we did describe mid-
carpal impingement in the batter — the slamming
together of the hamate and triquetrum that occurs
through the hitting zone with ulnar-deviation —
that may be one of the “hidden diagnoses” that
saw us, but we did not see until we fully recog-
nized its prevalence [6].
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Directed Physical Exam

The physical exam is perhaps one of the most
telling aspects of the patient and should include
the player bringing a bat to the exam to demon-
strate or recapitulate the symptoms and so the
phase of the hitting stroke in which it is most
bothersome can be identified. Mechanical dis-
placement upon provocative testing has obvious
implications related to failure of the anatomic
constraints we have introduced above and is the
hallmark of more advanced pathology.

Simply observing the prominence of the ECU
while examining the patient’s wrist in ulnar devi-
ation while resisting with a radial deviation force
is valuable; this “bowstringing” can be subtle and
should be compared to the contralateral side.
Patients with gross tendon instability can often
demonstrate this in the office, even without a bat
or club in their hand. By “rolling” their wrist,
they can trap the tendon outside the sulcus, only
to relocate it at the end of the maneuver with
some modest radial deviation and flexion.

Perhaps not as sophisticated or dramatic, we
described the simple act of translating the tendon
ulnarward directly at the level of the subsheath
with the examiner’s thumb, a “strumming”
maneuver that allows an appreciation of the pal-
pable displacement of the tendon and comparison
to the contralateral side for distinction.

The “ECU Synergy Test” has recently emerged
as a physical exam maneuver to diagnose ECU
pathology and differentiate it from intra-articular
diagnoses [7]. The patient rests their supinated
forearm of the affected side on a table and the
examiner grasps the patient’s thumb and long fin-
ger while the patient radially deviates the thumb
radially against. The presence of pain upon pal-
pation of the ECU during this maneuver suggests
pathology in the ECU rather than intra-articular
pathology.

In some confusing cases, those in which both
an intra- and extra-articular pathology have been
demonstrated on MRI or those in which I am
already contemplating injection, I will perform a
“differential injection exam.” By instilling lido-
caine in either the ECU sheath of wrist joint, I
can determine the relative contribution to the

overall symptom complex, but can then project
what a successful cortisone injection can likely
provide to the athlete. This also almost eliminates
the injudicious use of cortisone which is usually
lauded by the athlete who may already harbor
trepidation to “shots.”

Imaging Including Advanced
Methods

Imaging is a helpful adjunct or corroboration to
the exam in the diagnosis of ECU tendon pathol-
ogy and that of its investments. Radiographs will
typically be negative for any ECU pathology, but
these may be helpful in differentiating the diag-
nosis from other ulnar osseous pathology or car-
pal instability. Look for ulnar styloid nonunions
or irregularities that may be sources of attritional
injury. A “soft call” about the morphology of the
sulcus can be made if there is no parallel linear
density seen on the PA view, potentially indicat-
ing a shallow groove.

Magnetic resonance imaging (MRI) has
remained our “go-to” diagnostic imaging modal-
ity in approaching suspected ECU-related pathol-
ogy both for what it tells us about the tendon and
its investments as for what it may (or may not)
reveal about the surrounding tissues.

Our quick checklist for what we are looking in
assessing the non-contrast MRI includes the fol-
lowing: (a) surrounding fluid, inflammatory tis-
sue, especially as to whether it is contained
within the subsheath or has “escaped” to the level
of the retinaculum; (b) intrinsic quality of the ten-
don, judge both by the degree of striation or cen-
tral intra-substance inhomogeneity on the coronal
or the intercalary inhomogeneity seen on the sag-
ittal views; (c) positioning of the tendon (within
the sulcus, outside the sulcus or “perched”; a
variation of this indicator that can be seen on the
coronal is the “teardrop” shaped tendon that may
indicate that it has started to translate ulnarward
because of a labral delamination (Fig. 15.4).

Just a caution, in some patients, a longitudinal
raphe in the ECU does not represent pathology, so
the radiologist’s read of a “split tear,” may not be
indicative of pathology —it really should be accom-
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Fig. 15.4 The modern MRI can discern the fine anatomy
of the ECU region. (al) In this view of a failure of the
midsubstance of the subsheath, the edema fluid nicely
highlights the pathology; the stout labrum is nicely seen
(white arrow), the red arrow points to the failed limbus,
and the yellow arrow indicated the infact extensor reti-
naculum, which nicely limits the edema fluid, highlight-
ing the rent in the subsheath. (a2) A slice just proximal to
the level of subsheath failure shows the radial and ulnar
limbs of the subsheath with intact attachments to the ulnar
sulcus (white arrows). The modern MRI can discern the
fine anatomy of the ECU region. This is a collection of
some radiographic findings that may accompany patholo-
gies of the ECU and its investments. (b) The surrounding
edema indicates the likelihood of a significant acute injury
that has left the relatively round tendon (probably indicat-
ing a first time injury) “perched” on the ulnar wall of the
sulcus; the intact extensor retinaculum still contains the

edema, as would be suspected. (¢) Although the consider-
able amount of edema would indicate a sever injury to the
ECU investments, the tendon is presently located, but the
intrinsic damage to the central aspect of the ECU and the
labrum (arrows) heralds a serious injury. (d) This figure
and its magnified view show what we have termed the
“teardrop” or “comma’” morphology that the ECU adopts
when delamination of the labrum permits slight sublux-
ation, but still contains the tendon; there is minor intrinsic
change (red arrow), some edema (white arrow), and the
ulnarmost extent of the tendon is being deformed by the
delaminated labrum. (e) A vivid example of a chronic loss
of the influence of the ECU investments; not only is the
ECU deformed and “draped” over the ulnar wall of the
sulcus, but there is fibrosis or tenosynovitis (yellow
arrow), again, the extensor retinaculum remains intact,
even in these chronic cases (white arrows)
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panied by intrinsic changes in the tissue and sur-
rounding fluid/tenosynovitis to verify that finding.
Finally, beware the intercalary transverse segment
of inhomogeneity at the level of the subsheath; it is
worrisome enough when it looks “bright” (on T2)
and thickened,; it is extremely concerning when it
starts to look striated and attenuated (think taffy),
indicating significant mechanical compromise.

The advent of in-office ultrasound and our
increasing sophistication in its interpretation
increased, may rise up to challenge MRI — a trend
in which we are most interested in following
because of expediency and economy [8].

Right now, we believe that the diagnosis of
tendinosis is best made with an MRI, performed
without contrast. Although I prefer not to recom-
mend contrast studies, especially in athletes, the
value of contrast MRI in assessing ECU pathol-
ogy was contributed in 2011 by Jeantroux and
colleagues, who advocated for gadolinium con-
trast and dynamic pronation-supination sequences
[9]. It is interesting to note, however, that even
with MRI as a diagnostic modality, ECU tendon
displacement of up to 50% of the tendon width
can occur in asymptomatic patients and therefore
comparative studies of the contralateral side are
usually performed.

With the three hallmarks of ECU pathology
firmly in mind, we can develop our admittedly
arbitrary, but useful classification system so we
can converse with patients, trainers and fellow
colleagues. I suggest this simple approach.

Simplified Approach
to Classification

Classification: We use the term “Classification”
lightly here because we are not proposing the
introduction of yet another nomenclature system
into the lexicon. Instead, we use to organize the
consultant’s thinking and facilitate communica-
tion throughout the organization and with the
patient/player. There is no expectation that it will
“stick,” but it can be a useful architecture on which
to hang the physical and radiographic findings
throughout the process and we shall use these dis-
tinctions throughout this chapter.

Mild: Swelling in sheath, no bowstringing, no
intrinsic abnormality (MRI).

Moderate: Moderate mechanical instability
elicited on provocative exam of ECU, possible
early intrinsic change (MRI), none or inconsis-
tent subluxation with pronosupination/hitting
motion.

Severe: Bowstringing or consistent displace-
ment of the tendon from the sulcus, intrinsic
(focal vs. longitudinal) tendon embarrassment
seen on the MRI.

Strategies for Treating Pathologies
of the ECU and Investments

Nonoperative Treatment

We would never want the relative amount of “real
estate” dedicated to operative treatment of pathol-
ogies of the ECU and its investments to mislead
the reader that our community of baseball consul-
tants should be anything less than conservative and
judicious in their approach to treatment. In other
venues, we have already revealed our bias against
deciding about surgical treatment of acute ECU
problems on initial presentation or even snap deci-
sions when a chronic problem presents. The rea-
son behind this is simple and has been played out
in my practice dozens of times over my two-plus
decades involved in the care of the elite athlete’s
wrist and hand. Since my thesis has been one of
initial nonoperative treatment, we have seen ath-
letes trend toward three different outcomes:

e Complete or near-complete resolution of
symptoms, with no lingering discomfort or
mechanical manifestations

e Persistence of mechanical symptoms without
significant discomfort or impairment of effec-
tive play at the elite level

e Continued discomfort and mechanical mani-
festations that prevent effective and safe play

Appertaining to the “conservative” philoso-
phy and classification we have articulated, my
protocol includes the following “phases.”
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Immobilization Phase: Long-arm splint can be
considered, but short-arm splint is usually effec-
tive. Wrist can be placed in neutral to slight flex-
ion and radial deviation. Any cardio/leg work
permitted per level of comfort.

e Mild: 5-7-day initial period of immobilization

* Moderate: 7-10-day initial period of immo-
bilization

e Severe: 10-14-day initial period of immobi-
lization

[If in removable splint, may ice or perform
modalities like iontophoresis. May be out for
hygiene if taped around distal aspect of tendon. [I
credit George Poulis, the veteran Athletic Trainer
who spent many years with the Toronto Blue Jays
and is now with the Atlanta Braves and Lonnie
Soloff, the Cleveland Indians Senior Director of
Medical Services with developing and testing
this with me over many years] (Fig. 15.5).

Motion Recovery Phase: After initial immobili-
zation period, assess level of comfort. If pain and
swelling persist with gentle motion, consider
injection.

Start A/AAROM program to level of comfort
along these guidelines:

e For 2-3 days, out 3—5 X/day for motion pro-
gram (ECU Taped)

e For next 2-3 days, out 6-8 X/day for motion
program (ECU Taped)

e For next 2-3 days, out 10-12 X/day for motion
program (ECU Taped)

e For next 2-3 days, out 13—15 X/day for motion
program (ECU Taped)

[If motion exceeds 75%, may consider start of
strengthening program. If at any time during
rehabilitation/return-to-play period symptoms
dictate (discomfort, swelling, motion limittaion),
injection could be considered; typically place in
immobilization for 3-5 days post-injection, then
resume motion recovery protocol]

Strength Recovery Phase: With ECU taped or
splinted (Arnold Palmer-type splint), may com-
mence strength recovery phase as directed by
player experience and in collaboration with med-
ical/training staff. When strength exceeds 75%,
may start sports-specific preparation.

Fig. 15.5 The sequence of preparing and applying the taping method developed by Poulis, Soloff, and Graham for use
in the professional baseball player (follow (a) through (g) consecutively)
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Sports-Specific Preparation Phase (Baseball):
Obviously, this phase is largely conducted under
the purview of the team’s medical/training/
coaching staff. In our experience, progression
through the following stages has allowed appro-
priate monitoring and focus for this injury:

e Dry swinging with light or fungo bat

e Tee work

e Soft toss

e Cage BP @ 50-75-100%

e Field BP @ 50-75-100%

e Rehab assignment per individual team and
player

Return-to-Play

Individual decisions on return-to-play are the
complete purview of the player’s team. In our
experience, the following guidelines can be use-
ful in developing milestones and targets for
resumption of elite-level play at the MLB level.
Typically, even players in whom symptoms have
not completely resolved can return in-season to
safe and effective play — in that subset, end-of-
season reconstruction (see subsequent sections)
remains compatible with completion of the entire
rehabilitation protocol so that participation in
training camp can be accomplished.

e Mild: 25% of players typically return between
2 and 3 weeks, 50% between 3 and 4 weeks,
and the remaining 25% after 4 weeks.

* Moderate: 25% of players typically return
between 3 and 4 weeks, 50% between 4 and6
weeks, and the remaining 25% after 6 weeks.

e Severe: 25% of players typically return
between 4 and 6 weeks, 50% between 6 and 8
weeks, and the remaining 25% after 8 weeks.

[NB. There is a subset of players who have
newly developed tendon subluxation after embar-
rassment of the ECU investments and remain
relatively asymptomatic. These players can typi-
cally return to elite-level play with taping safely
and effectively, requiring symptom monitoring
only.]

Surgical Treatment of ECU-Related
Pathology: The “Modified Combined”
Repair

The reasons we are comfortable recommending
nonoperative treatment for problems of the ECU
and its investments are that the same form of
reconstructive surgery that we perform for acute
cases is the same as we perform for remote cases.
Stated alternatively, primary repair of the sheath,
subsheath, or linea jugata is extremely unlikely,
so some form of reconstruction and augmenta-
tion with a retinacular flap is usually likely for
cases of ECU problems, especially tendon
subluxation.

Almost every form of reconstruction described
features a radially based retinacular flap that is
either advanced over the ECU and secured on the
ulnar aspect of the sulcus or creates a sling envel-
oping the tendon and also creating a barrier
underneath the tendon, excluding it from the sul-
cus, which most authors advocate deepening to
prevent subluxation [10-14]. There have even
been authors who have advocated simple release
and bone resection from the ulnar sulcus — I fear
that this may not be applicable in a majority of
elite athletes and would “burn a bridge” for later
definitive reconstruction [15].

I have several reasons why this was always
somewhat illogical to me, and why I have been
performing a “modified combined” procedure for
well over 15 years now consisting of three basic
components: (1) labral repair/reinforcement, (2)
advancement of an ulnar-based flap of extensor
retinaculum, and (3) “contouring” (not necessar-
ily deepening) the ulnar sulcus.

First, I have already provided extreme focus
on the unique architecture of the ulnar leaf of the
subsheath. The stoutest portion, that which is lon-
gitudinally reinforced by the linea jugata, is
almost always present and robust enough to
accept sutures. I believe that this is the primary
barrier to ulnarward subluxation of the ECU ten-
don under contractile force.

Second, I have described the anatomy and
favorable mechanics of the extensor retinaculum,
particularly, its resilience to mechanical failure.
Personally, I have never seen a primary failure of
this tissue in an athlete (salvage after previous
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surgery will be discussed subsequently). This is
completely compatible with the biomechanical
studies quoted [16]. Therefore, I decidedly rec-
ommend against sectioning the lone tissue that is
essentially intact right over the most important
area where reinforcement is needed. Furthermore,
the strong septae, especially that between com-
partments 4 and 5, provides an excellent anchor
when securing the radially advanced tissue.
Finally, I certainly understand the intellectual
appeal of simply deepening the ulnar sulcus to
“capture” the ECU tendon and theoretically pre-
vent recurrent subluxation after surgery. However,
on too many occasions, [ have seen three prob-
lems result: (1) if the ulnar buttress of the labrum
and secure retinaculum is not re-established in
the presence of a deepened sulcus, the tendon
actually has a greater proclivity to subluxate and
“perch” on the ulnar lip of the deepened groove;
this causes even more intrinsic tendon damage
than originally was being experienced with the
index pathology. (2) Weakening of the bone in
the ulnar sulcus region where additional manipu-
lation (like placement of suture anchors) has been

/2

Fig. 15.6 Case of a combined intrasubstance failure and
delamination of the ECU subsheath. (a) This coronal slice
shows a very deformed or “perched” ECU tendon. (b)
Initial exposure by reflection of the extensor retinaculum
from its radial attachment demonstrated the intrasu-
bstance subsheath failure, and the freer elevator highlights
the “delamination” of the labrum. (¢) Recontouring (flat-

performed to advance a radially based flap — any-
thing from soft-tissue failure to rim fracture
ensures and the entire reconstruction fails cata-
strophically. (3) Exposure of the tendon to a
roughened cancellous bone surface (not to men-
tion the bleeding that may have been stirred up
when the osseous work was being performed)
introduces a potentially problematic variable that
creates fibrosis (at minimum) and attritional
damage (at maximum).

Technique of the “Modified-Combined”
Reconstruction

The accompanying cases (Figs. 15.6 and 15.7)
tell a much more vivid story than I can project in
words, but I shall summarize the key components
in a checklist or “inventory” here:

e Carefully elevate an ulnar-based flap of reti-
naculum with its proximal extent where the
transverse fibers can first be discerned and
its distal extent just at or slightly distal to the
ulnar styloid. Importantly, I take the flap to
include the healthy portion of the 4,5 septum

tening) of the ulnar wall of the sulcus and reconstruction
of the labrum with suture anchors establishes the ulnar
buttress. (d, e) Because of the combination of intrasu-
bstance failure and delamination, the subsheath recon-
struction required both labrum and limbus reconstruction.
(f) Reinforcement with the advancement/repair of the
extensor retinaculum
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Fig. 15.7 (a) A small rent in the subsheath was appreci-
ated upon reflection of the extensor retinaculum as an
ulnar-based flap (outlined yellow). (b) The longitudinal
failure was exploited to expose the ECU, and further
delamination of the labrum was encountered. (c¢) After
recontouring of the ulnar wall of the sulcus — leaving an

(and of course, the 5,6 septum). This retinacu-
lar layer exposes the subsheath, which should
not be disturbed at this time.

* Inspect the subsheath to determine its sta-
tus; typically, only the thicker region as it
approaches the ulnar-sided labral attachment
will be intact and useful for repair. Be sure to
appreciate how the subsheath has been “delam-
inated” from the ulnar wall of the sulcus.

e Appreciate the status of the ECU tendon,
itself, especially in comparison to the extensor
digiti quinti proprius (EDQP) tendon that you
have now exposed. Record photographically
and/or in your operative note the intrinsic sta-
tus of the tendon.

* “Recontour” the ulnar wall of the sulcus. This
is in contradistinction to simply deepening the
concavity of the sulcus, which also creates
a roughened surface against which the ECU
would abrade. This creates a flatter, exposed
region to which a combination of the labrum
and the advanced retinaculum can be secured
with a suture anchor.

e Advance the ulnar-based retinacular flap
radially. The amount of tensioning is depen-

intact anatomic surface for tendon gliding — suture anchors
were placed. (d) The ulnar buttress was reestablished by
labrum reconstruction; the inset shows the level of anchor
placement. (e) The same sutures were used to both recon-
struct the labrum and repair the subsheath. (f) The exten-
sor retinaculum was advanced and repaired

dent on individual anatomy, but the stout 4,5
septum allows flexibility to secure the flap
to soft tissue or even to the radius through
suture anchors. In a minority of cases, I have
excluded the EDQP from its native location,
electing instead to advance the flap under-
neath the tendon; I leave a generous amount
of retinaculum distally, so this has never cre-
ated a problem.

¢ In cases where the EDQP has been relocated
anatomically, I suture the proximal and distal
edges of the advanced flap to local tissue.

Post-Treatment Rehabilitation

Typical Rehabilitation Plan After Modified-
Combined Repair

e First 2 weeks: maintain operative dressing
(MI use a “long” short-arm splint to about the
maximum girth of the forearm)

— Work on digital motion ad lib
— Limited pronation/supination is permitted
by splint to level of comfort
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* At 2 weeks: remove sutures, begin motion
recovery phase
— Fashion custom “long short-arm” splint
— May begin active/active-assisted (A/
AAROM) program
— For wrist flexion (F)/extension (E): accel-
erate in this plane
Start with 20E/20F for 3—4 days
Then 30E-30F for 3—4 days
Then 40E-40F for 3—4 days
Then 50E-50F for 3—4 days
Then 60E-60F for 3—4 days
— For pronation (P)/supination (S), follow
similar plan
Start with 20P/20S for 3—4 days
Then 30P-30S for 3—4 days
Then 40P-40S for 3—4 days
Then 50P-50S for 3—4 days
Then 60P-60S for 3—4 days
e Next milestone is strength recovery phase,
typically begun when motion exceeds 75% of
normal/contralateral (collaboration with team)
e Next milestone sports-specific recovery
phase, typically begun when strength exceeds
75% of normal/contralateral (collaboration
with team)
— Wrist taping may be considered for com-
fort and support in practice and competi-
tion

Complications/Adverse Events

Aside from the surgical complication profile we
all accept when performing open procedures, [
should like to simply underscore two pertinent
issues. First, the judicious initial surgical han-
dling of the dorsal sensory branch of the ulnar
nerve is important. The branch should cross the
axial midline roughly at the midpoint between
the ulnar styloid and the fifth metacarpal base,
but this is variable. In almost all cases, I locate it
and make sure it is both protected and in ana-
tomic continuity at the terminus of the case.

The second complication is one I have seen
about a dozen times in over two decades of care
of elite athletes — rupture of the ECU tendon. The
etiology could have been attrition, weakening
from chronic inflammation or the use of
performance-enhancing substances, or some iat-
rogenic manipulation (injection or surgical)
(Fig. 15.8). We would like to state here that we
believe assigning the rupture of the ECU, or any
tendon, to inappropriate use of corticosteroid
injections is often inaccurate. “Blaming” the phy-
sician for rupturing the tendon after judicious
performance of a limited number of injections
(and not taking into account the primary pathol-
ogy and other patient-related factors) is unfair
and disregards a more complex mosaic of etiolo-
gies for tendon failure.

Fig. 15.8 The MRI demonstrates the unusual finding of a
florid tenosynovitis contained within the confines of what
appears to be an intact ECU subsheath (encircled yellow).
In the collage of intraoperative photos, the central figure

shows the destruction of the ECU tendon, while photos
labeled (D) and (P) show the tendon through “windows”
made in the ECU investments
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Regardless, we should close this part of the
chapter by relating that many of these turned to
play at the highest levels. In most, if not all, we
have formally resected the tendon ends and
“pseudotendon” that seems to bother players
when it forms fibrotic tethers to the investments
that “pull” with contraction [17]. The ability of
these athletes to compensate is remarkable;
although there must be weakness, by definition,
when you lose the influence of an important mus-
cle, this is overcome by swing changes and other
rehabilitation/strengthening techniques [18].

Loss of the ECU does not necessarily translate
into a career-ending event, but counseling and
flexibility in approaching the craft of hitting will
be required to regain playing status. At the time
of this writing, we remain advocates for “letting
it fly” and not considering any form of ECU
reconstruction in the elite athlete. In this case, we
believe the simpler approach (vs. an intercalary
tendon graft and complex rehabilitation) is more
elegant in its simplicity.

Finally, catastrophic failure of the subsheath
reconstruction may also occur. I have articulated
my bias against sectioning the extensor retinacu-
lum at the ulnar margin and creating a “sling”
that envelops the ECU like a pulley — that is the
usually the one intact tissue that may be employed
for a variety of reinforcement or even subsheath
substitution. I cannot argue that some other
reconstructions which encircle the tendon in a
retinacular sling may prevent ulnar translation,
but these are certainly not recapitulating normal
anatomy and keeping the ECU in its sulcus.

Seeing the catastrophic failure of the radially
based retinacular flap approach lead us to develop
a salvage procedure with which we have had suc-
cess in returning players back to Major League
competition (Fig. 15.9).

In this salvage approach, a free tendon graft
(palmaris longus, if available) is utilized to create
both a buttress to ulnar subluxation of the tendon
and also an investment of the tendon that pro-
vides volar and dorsal protection, while allowing
longitudinal excursion. Slight variation of the
technique can be elected intra-operatively
depending on the surgeon’s determination of the
“environment in which he or she desires the ten-

don to reside; protection from possible attrition
on the osseous ulna can be affected by envelop-
ing the ECU in tendon graft versus securing it in
a more intimate position with the sulcus”
(Fig. 15.10).

The rehabilitation times are usually length-
ened by 10-25% in these salvage situations, but
the repair is very sturdy, and can be trusted
through the rehabilitation phases once healed.

Early RTP

Projected return to play is approximately 3
months, but if the reconstruction is performed at
the end of the season, a slightly protracted reha-
bilitation can be favored before the start of Spring
Training the following season. In our experience,
25% of athletes return between weeks 10 and 12,
50% return between 12 and 14 weeks, and the
remaining quarter resume play after week 14.

Pathologies About the Radial Wrist
Extensors

Almost forgotten in discussions of wrist extensor
pathologies is that of the extensor carpi radialis
longus and brevis. In our experience, there are
two relevant pathologies that we have seen in the
sporting population: intersection syndrome and
insertional problems expressed as the carpal
boss.

Intersection Syndrome
Of course, most tendinopathies
straightforward space:volume inequities — too
much anatomy in too little space. The capacity
equation creates a downward spiral of friction
begets swelling begets more friction and so on.
It is somewhat fascinating that the nexus of
the first and second dorsal compartments creates
a unique inflammatory nidus. Its presentation,
with the distinctive tumescence about the dorso-
radial location and the palpable bogginess, dif-
ferentiates it from DeQuervain’s, as does its
symptom exacerbation with resisted wrist
extension.

are rather
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Fig. 15.9 Failure of a “retinacular sling” reconstruction
in a professional baseball player. (a, b) The MRI is reveal-
ing of a flattened ECU tendon, demonstrating some longi-
tudinal intrinsic changes, that has completely “escaped”
the ulnar sulcus; suture anchors are appreciated. (¢) Upon
exposure, the complete failure of the retinacular sling is
encountered (sutures visible), and the ECU is exposed due
to lack of any repairable subsheath tissue. (d) Adequate
debridement of postsurgical scarring and nonviable tissue.
(e, f) After drilling of the ulna, the palmaris graft is passed

in a fashion to capture the tendon; it can be weaved to also
provide a bed for the ECU if it has been manipulated pre-
vious and is unsuitable for tendon gliding. (g) In this case,
it was more advantageous to capture the ECU tendon with
the primary loop, thus relocating in the sulcus that still
had a smooth anatomic bed. (h) The graft is then passed
through the stout interseptal elements of the remaining
retinaculum. (i, j) The graft is used to coapt the remaining
retinaculum and reinforce the stabilizing repair
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Fig. 15.10 Different techniques to both capture the ECU
tendon when its anatomic investments have been destroyed
by the pathology or prior attempts at reconstruction. (a, b)
This technique of encircling the ECU with the tendon
graft can be used in any circumstances but has particular

Intersection syndrome is not typically a diag-
nostic dilemma and advanced imaging is rarely
necessary (however in-office ultrasound may be a
welcome supplement to physical examination).
There really is almost no other anatomy that can
contribute both the patient-reported symptoms
and physical signs; embarrassment of the dorsal
sensory branch of the radial nerve (Wartnerberg’s
syndrome) can contribute the symptoms, but nor-
mally is physically unimpressive. However, it is
not uncharacteristic to have a modicum of
DSBRN irritation with intersection syndrome.

Immobilization and injection are the hall-
marks of therapy, but occasionally the problem is
more florid, requiring release.

Carpal Boss

Whether this entity should be included in a man-
uscript about extensor pathology is debatable.
What is not, however, is the fact that baseball ath-
letes often have morphological changes and dis-
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merit when the bed has been manipulated by prior
attempts to deepen the sulcus and the surface is unfavor-
able for tendon gliding. (¢) When the ulnar buttress recon-
struction is of utmost important and the floor of the sulcus
is favorable, this technique stabilizes the tendon nicely

comfort about the carpometacarpal joints of the
IT and III rays.

The so-called stable unit (CMCs of the index
and long rays) is more solidly related to the car-
pus because of both osseous and soft-tissue anat-
omy. The tremendous number of repetitions
creates enough micromotion over time that even
fairly young players can start to manifest the
characteristic “beaking” of both the metacarpal
base and carpal partner with which it is coapted
(Fig. 15.11).

Besides avoiding the embarrassment of mis-
taking the bony prominence as a ganglion cyst,
there is usually no diagnostic dilemma. If the pal-
pation of the excrescence is not enough, a semi-
supinated oblique X-ray should show the “kissing
lesion.” The reason to add it to this chapter is the
fact that insertional tendinopathy of the radial
wrist extensors can accompany the boss. A sub-
luxation of the ECRB over the boss has been
reported [19].
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Fig. 15.11 The
morphology of the boss
or related pathologies,
whether a bony
excrescence (a) or
possibly an expression
of calcific tendinopathy
(b), can best be
appreciated on a
semi-supinated oblique
film. (¢, d) Although
rarely required,
cross-sectional imaging,
here a CT scan with
three-dimensional
reconstruction, can be
interesting and
informative

In our experience, treatment of the carpal boss is
challenging and our default is almost always con-
servative. Besides icing and anti-inflammatories,
injection can be helpful, but be aware that the
CMC is a difficult joint to enter in the best of cir-
cumstances, let alone when narrowed and “pro-
tected” by overlying osteophytosis.

If surgery is the last remaining options,
decades of experience have told us that even
when one believes that they have excavated the
boss adequately, it seems like the bump persists
to a greater degree than predicted. Of course, pro-
tection of the tendon insertions is paramount.
Recommendations vary regarding the percentage
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of joint resection that is safe, so as not to intro-
duce instability, but there is inherent stability
even when the dorsal margin is sacrificed. Fusion
is rarely required, but it could be considered a
rather aggressive primary or salvage option.
Admittedly, our patients have had ambivalent
feelings about the appearance, but have been sat-
isfied with the pain relief; other authors report
uniform good results, but we just want to hon-
estly communicate our admonition to consider
nonoperative treatment, if possible [20].

Conclusion

Those of us who get the privilege of working
with elite athletes maintain a slightly different
epidemiological perspective and surgical “play-
book.” Pathologic entities that are thought rare in
the general population will present with unusual
frequency in a selected small population, like
stick-and-ball athletes. Pathologies of the ECU
tendon and its investments represent one of the
most important pathologies that the subset of
hand surgeons “in this game” must know and
with which they need to be comfortable.

Surgery is not always required, and we have
outlined the nonsurgical approach to which most
athletes deserve initial exposure. However, if the
problems like mechanical dysfunction and
chronic inflammation are recalcitrant, then I hope
the descriptions of the surgical approaches and
reconstructions are valuable.

Do not forget that elite athletes can also pres-
ent with “normal” problems about the radial
wrist — DeQuervain’s, intersection syndrome,
and carpal bossing. Although there may be some
additional time-sensitivity, treating these in the
manner that has been successful in your general
practice is never the wrong answer.

We should all be humbled if we get to enjoy
the unique “laboratory” in which to test the valid-
ity of our surgical approaches and rehabilitation
plans. Working with a supremely healthy,
extremely motivated group of patients, who have
at their disposal essentially all potential resources
is an optimal environment for a surgeon. That is

why it is so valuable to share information like
this, as it will assist all of us to introduce new
techniques and technologies into our entire prac-
tice and enhance our specialty.
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Carpal Tunnel Syndrome
Introduction

Carpal tunnel syndrome, a compressive neuropa-
thy of the median nerve within the carpal tunnel,
is the most common compressive neuropathy
affecting 0.1-10% of the general population [1].
It is also the most common focal compression
neuropathy in athletes, having been reported in
various athletic populations such as in cyclists,
body builders, tennis players, baseball players,
hockey players, and swimmers [2—4].

Anatomy

The carpal tunnel is an osteoligamentous space
located on the volar aspect of the wrist. The floor
of this space is made from the proximal carpal
row, the roof is formed from the transverse carpal
ligament, while its radial boundaries are the
scaphoid tubercle and the trapezium, and its ulnar
boundaries are the hook of the hamate and the
pisiform. In the distal forearm, the median nerve
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is located deep to the palmaris longus between
the flexor carpi radialis and flexor digitorum
superficialis, and enters the hand passing deep
transverse carpal ligament. The motor fibers of
the median nerve innervate the abductor pollicis
brevis, the two radial lumbricals, the superficial
head of the flexor pollicis brevis, and the oppo-
nens pollicis, while its sensory fibers innervate
the volar aspect of the thumb, index, and middle
finger, and the radial half of the ring finger. A
high division of the median nerve resulting in a
bifid median nerve can be noted in 1-3.3% of the
cases [5]. There are also four main variations
regarding the branching of the motor branch of
the median nerve. The extraligamentous branch-
ing is the most common form, identified in 46%
of the cases, while the subligamentous form is
the second most common form accounting for
31%, and the transligamentous the third most
common form taking 23% of the cases [6, 7].

Etiology

Compression of the median nerve can be caused
by space-occupying lesions such as hand tumors
or can be due to repetitive motion in patients
with normal anatomy [8]. In the latter case, car-
pal tunnel syndrome is called idiopathic and a
common finding in these patients is pathologic
and inflamed tenosynovium. In many cases,
symptoms of carpal tunnel syndrome are pre-
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cipitated by periods of excessive work or activi-
ties that require repetitive motions. Baseball
players are exposed to forceful repetitive wrist
dorsi-palmarflexion coupled with prolonged
wrist posture, or they can sustain blunt impacts
during activities such as throwing/catching the
ball or holding the baseball bat. Sustained local
compression of the median nerve can result in
carpal tunnel syndrome. Cyclists develop carpal
tunnel syndrome since these athletes experience
long-standing loading and vibration from the
handlebars onto their wrists. Other risk factors
for carpal tunnel syndrome include inflamma-
tory arthropathies, pregnancy, amyloidosis, trau-
matic disorders of the wrist, and endocrine
disorders (diabetes mellitus and hypothyroid-
ism) [9]. Carpal tunnel syndrome must be dif-
ferentiated from other compressive neuropathies
of the median nerve along its course in the arm,
and from cervical radiculopathy. Moreover,
although diabetic neuropathy may present with
similar symptoms, many patients with diabetic
neuropathy have concomitant carpal tunnel
syndrome.

History

Numbness and tingling in the thumb, index, and
middle fingers are the most common symptoms,
although many patients note that their entire hand
feels numb. Although pain usually does not pre-
vent patients from falling asleep, very commonly
patients complain of awakenings after a number
of hours during sleep [10]. Often patients describe
that in order to return to sleep they feel the urge
to move and shake their hands to alleviate symp-
toms. Morning stiffness and hand clumsiness are
also some other atypical symptoms.

Numbness, pain, or discomfort can be incited
by certain activities in which the wrist is held in a
flexed position for a long period of time (e.g.,
holding a steering wheel, or holding a bicycle
handle bar), or by activities that require repetitive
flexion of the wrist (e.g., throwing a ball in base-
ball players). Although symptoms are mainly
located in the wrist, discomfort and pain may
radiate proximal up to the shoulder or neck.

Moreover, patients often complain of clumsiness
with certain tasks such as unscrewing a jar top, or
can experience difficulty in holding objects such
as a glass or a cup.

Physical Examination

In severe, long-standing cases, inspection can
reveal atrophy of the thenar eminence since the-
nar muscles are innervated by the median nerve.
Percussion on the skin over the median nerve
just proximal to the carpal tunnel can elicit a
positive Tinel sign, with the patient complaining
of an electric or tingling sensation radiating
down to the ring, middle, index, and thumb fin-
gers. Neurologic examination should include
muscle strength testing and sensory examina-
tion. On muscle strength testing, thumb abduc-
tion strength may be decreased compared to the
contralateral side, due to weakness of the abduc-
tor pollicis brevis muscle. Sensory examination
includes the two-point discrimination test and
Semmes-Weinstein monofilament test. Patients
with carpal tunnel syndrome often present with
diminished two-point discrimination ability over
the fingers’ pulps. The Semmes-Weinstein
monofilament test is considered the most sensi-
tive test for the early detection of sensory dys-
function and evaluates a single nerve fiber that
innervates group of receptors over a defined
area. There are also some provocative tests that
are helpful for the diagnosis of carpal tunnel
syndrome. The Phalen wrist flexion test is con-
sidered by many to be more sensitive and diag-
nostic than the Tinel sign. It is considered
positive when passive wrist flexion with the
elbow maintained in extension elicits numbness
along the median nerve distribution. The time
between the onset of wrist flexion and develop-
ment of symptoms, and the location of paresthe-
sias should be recorded. Onset of symptoms
within 60 s is considered supportive of the diag-
nosis of carpal tunnel syndrome. The wrist com-
pression test (Durkan’s test) is considered
positive when carpal tunnel syndromes are pro-
voked within 30 s following pressure over the
median nerve proximal to the wrist [11].
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Diagnostics

Although electrodiagnostic studies including
nerve conduction studies and electromyography
are not required to establish the diagnosis, these
studies can be helpful in localization of the nerve
compression in the arm and can evaluate the
residual neural and motor function [12, 13]. A
distal motor latency greater than 3.5-4.0 ms is
considered the best indicator of carpal tunnel
syndrome. The surgical outcomes are usually
worse for patients with severe electrodiagnostic
findings or, on the other hand, with normal find-
ings compared to patients with moderate
findings.

Ultrasound as a diagnostic modality in carpal
tunnel syndrome has been proposed in the recent
years as an alternative confirmatory study to
nerve conduction studies. To have proper and
consistent measurements of the cross-sectional
area of the median nerve, the ultrasound probe
should be positioned perpendicular to the long
axis of the forearm and the nerve should be mea-
sured at the carpal tunnel inlet just proximal to
the level of the pisiform. The outline of the
median nerve is defined as the margins within the
hyperechoic nerve sheath. Ultrasound has been
shown to have 89% and 90% sensitivity and
specificity, respectively, for the diagnosis of car-
pal tunnel in patients whose cross-sectional area
of the median nerve is measured >10 mm? [14].

Treatment

Since symptoms of carpal tunnel syndrome are
usually precipitated by sustained wrist flexion
(usual sleep posture), sustained extension, or by
repetitive wrist motions and vibrations, the first
line of treatment include night splint that main-
tains the wrist in a neutral position, NSAIDs, and
activities modification. Activities modification
may include simple measures such as adjustment
of keyboard height or decreasing the frequency
of the provoking athletic activities [15]. The
diagnosis of carpal tunnel syndrome is further
supported if symptoms improve with this simple
measure.

Steroid injection in the carpal tunnel may
improve symptoms by decreasing the inflamma-
tory response around the flexor tendons and can
be the second step in the treatment of carpal tun-
nel syndrome if the previous measures fail.
Injection of the carpal tunnel is usually performed
with a 25-gauge 1.5-inch needle which is placed
at the level of the palmar wrist crease just ulnar to
the palmaris longus tendon. In cases of absent the
palmaris longus, the needle is placed along the
line of the radial border of the ring finger down to
the wrist crease. Patients that report a transient
relief of symptoms after injection are more pos-
sible to have a favorable surgical outcome fol-
lowing release of the carpal tunnel. Although the
reported success rate for temporary improvement
of symptoms is 80%, only 20% of patients report
symptom relief at 1 year.

Surgical treatment is indicated in athletes with
ongoing symptoms despite an adequate trial of
conservative measures. However, in more severe
cases, surgical treatment may be recommended
from the beginning [16]. The main goal of surgi-
cal release of the carpal tunnel is the complete
transection of the transverse carpal ligament.
Surgical release can be performed through either
open (extended open, limited, or mini-open) or
endoscopic approach. Each surgical approach has
its own advantages and disadvantages. The open
carpal tunnel release approach remains the gold
standard and the most commonly used
technique.

A small longitudinal incision (2—4 cm) is cre-
ated distal to the wrist crease in line with the third
webspace for the mini-open technique (Fig. 16.1).
Following incision of the palmar fascia longitudi-
nally, the transverse carpal ligament is exposed
and divided under direct visualization. This inci-
sion avoids injury to the palmar cutaneous branch
of the median nerve. The endoscopic carpal tun-
nel release can be performed though either a sin-
gle incision (at the level of the proximal wrist
flexion crease) or through two incisions (one
proximal to the wrist crease and one
midpalmar).

Open and endoscopic carpal tunnel release
can both result in excellent functional outcomes.
Neither technique has been shown to be superior
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Fig. 16.1 (a) Intraoperative view of carpal tunnel release
with mini-open technique through a small longitudinal
incision (3 cm). (b) The median nerve (black arrow) after

although many randomized controlled studies
have been reported. The theoretical advantage of
the endoscopic approach is avoidance of a poten-
tially tender palmar incision and lower rate of pil-
lar pain, which can be associated with earlier
return to previous activities; therefore, it may be
helpful in certain groups such as professional
athletes. However, the risk for iatrogenic nerve
injuries, tendon injuries, and late recurrence of
symptoms due to incomplete release of the carpal
tunnel may be higher with the endoscopic release
compared to open release [17-20].

The decision of the surgical technique must be
based on surgeon’s preference and experience.
Based on the clinical experience of the senior
author (D.G.S.), carpal tunnel release with one
mini-open technique is correlated with less risk
of transverse carpal ligament incomplete release
and less risk of neurovascular injury. Although, a
potentially higher incidence of transient pillar
pain and a slightly longer incision site, he priori-
tizes avoidance of a nerve laceration.

Following surgery, patients are encouraged to
actively move their fingers from the first postop-
erative day, while wrist motion is also recom-
mended within the first week. Tenderness over
the incision may last for up to 4-8 weeks.
Baseball athletes are recommended to wear pad-
ded gloves postoperatively to minimize incisional
pain and discomfort. A postoperative therapy

mini-open carpal tunnel release. P proximal to the wrist,
D distal to the wrist

program, including desensitization, range of
motion, and strengthening exercises, is recom-
mended in patients who report difficulty with
hand function 3—4 weeks after surgery. The fail-
ure rate with patients reporting persistence of
symptoms at 1 year after surgery is 2-20%, and
the most common causes are incomplete initial
release of the carpal tunnel for recurrent carpal
tunnel syndrome or misdiagnosis. Recurrence of
symptoms, after a distinct symptom-free period,
is usually secondary to cicatrix/scarring forma-
tion surrounding the median nerve.

Ulnar Tunnel Syndrome (Guyon
Canal)

Introduction

Compressive neuropathy of the ulnar nerve in the
wrist and hand was first described in 1861 by a
French urologist named Jean Casimir Felix
Guyon who studied the relevant anatomy of this
entity, describing an intra-aponeurotic space
which now is known as the distal ulnar tunnel or
Guyon’s canal [21, 22]. About a century later in
1969, Shea and McClain described three types of
compression syndromes of the wrist and hand
based on the location of the nerve compression in
the wrist and hand [23]. Later, Gross and
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Gelberman divided the distal ulnar tunnel into
three zones based on the local anatomy of the
ulnar nerve as it coursed through the tunnel [24].
There are several different terms used in the lit-
erature for ulnar nerve compression in hand and
wrist including Guyon canal syndrome, ulnar
tunnel syndrome, cyclist’s palsy, and handle-bar
palsy. Although cyclists are the most common
athletes affected by this pathology, repetitive
stress over Guyon’s canal in other sports such as
baseball, racket sports, and karate can also result
in this type of ulnar nerve injury. The exact inci-
dence of ulnar tunnel syndrome is not really
known, since it is commonly missed or
misdiagnosed.

Anatomy

The ulnar nerve (UN) becomes more superficial
at the wrist level and travels along with the ulnar
artery and the flexor carpi ulnaris (FCU) tendon
before entering the narrow distal ulnar tunnel, or
Guyon’s canal, accompanied by the ulnar artery
(UA). At this level, the ulnar nerve is located dor-
sal and ulnar to the ulnar artery and radial to the
FCU tendon. The distal ulnar tunnel is a fibro-
osseous tunnel 4-4.5 cm in length, located
1-2 cm proximal, and deep to the distal wrist
crease. It includes UN, UA as well as the venae
comitantes and connective fatty tissue. It extends
from the proximal edge of the volar carpal liga-
ment (VCL) which is the roof of the tunnel, to the
fibrous arch of the origin of the hypothenar mus-
cles [24]. The borders of the tunnel are not well
defined and distinct throughout the entirety of the
canal as the UN and UA take a tortuous path.
There are two main bony landmarks, the pisi-
form that marks the proximal and ulnar border of
the tunnel, and the hook of the hamate that marks
the radial and distal border. The entrance of the
tunnel is triangular, with a radial apex. The roof
of the tunnel is consisted proximally of the volar
carpal ligament, and distally of the palmaris bre-
vis and the fatty/fibrous tissue of the hypothenar
eminence. The floor of the tunnels is made proxi-
mal to distal from the flexor digitorum profundus
(FDP) tendons, the transverse carpal ligament

(TCL), the pisohamate and pisometacarpal liga-
ments, and finally the opponens digiti minimi
(ODM) muscle. The tunnel is walled radially by
the extrinsic flexor tendons and the hook of the
hamate while the ulnar boundary is made of the
tendon of the FCU, the pisiform, and the abduc-
tor digiti minimi (ADM) [24].

In the ulnar tunnel, the UN bifurcates into two
branches, the superficial sensory branch which
provides sensation to the palmar hypothenar emi-
nence, the small finger and the ulnar aspect of the
ring finger, and the deep motor branch [25]. The
motor branch originates from the ulnar aspect of
the UN and passes distally and radially to the
hook of the hamate. It innervates the hypothenar
muscles, the ulnar two lumbricals, the interosse-
ous muscles, the adductor pollicis, and one head
of the flexor pollicis brevis [26]. In up to 77% of
patients, there is a connection between the recur-
rent motor branch of the median nerve (MN) and
the deep motor branch of the UN, called Riche-
Cannieu anastomosis. This connection can result
in innervation of the thenar muscles by the UN,
leading to confusing clinical and electrodiagnos-
tic findings [27].

In order to simplify the diagnosis and treat-
ment of ulnar tunnel syndrome, Gross and
Gelberman divided the distal ulnar tunnel into
three zones [24] based on the branching of the
UN as well as the anatomic structures surround-
ing it. Zone 1 includes the part of the tunnel prox-
imal to the bifurcation of the UN, zone 2 is the
area surrounding the deep motor branch of the
UN, and zone 3 is the area surrounding the super-
ficial branch of the UN [24]. In zone 1, the roof of
the tunnel is formed by the VCL proximal and the
palmaris brevis distal. The floor of the tunnel is
made from the FDP tendons, the transverse car-
pal ligament (TCL), and distally from the pisoha-
mate and pisometacarpal ligaments as the floor.
Zone 2 includes the deep branch of the UN and
starts at the level of the bifurcation of the UN up
to the fibrous arch of the hypothenar muscles
[22]. The roof of zone 2 proximally is the pal-
maris brevis and distally the fibrous arch of the
hypothenar muscles. The deep branch of the UN
travels in a radial direction around the hamate
and dives deep to the fibrous arch, between the
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ADM and the FDM, innervating both of these
muscles before it pierces and innervates the
ODM. The UA is located in zone 2 radial and
volar to the UN. Zone 3 starts distal to the bifur-
cation of the UN and includes the area around the
superficial sensory branch of the UN as it travels
volar to the fibrous arch of the hypothenar mus-
cles. The roof of zone 3 is formed by the palmaris
brevis, the floor by the pisometacarpal ligament
and the triquetro-hamate joint capsule, while the
ulnar wall is ADM and the radial border zone 2
[24]. As opposed to the deep-dorsal course of the
motor branch, the sensory branch takes a volar-
ulnar course after the bifurcation. Although is
called a sensory branch, there are two motor
branches originating from the ulnar nerve and
innervate the palmaris brevis within the first
10mm of zone 3, while the rest of the nerve is a
purely sensory nerve, becoming the proper digi-
tal nerve to the ulnar side of the small finger and
the common digital nerve to the web space of the
ring and small fingers.

Etiology

The exact location of the compression of the
ulnar nerve along its course can be identified by
the presenting signs and symptoms. According to
Shea and McClain, the common cause for ulnar
tunnel syndrome in all three zones of the tunnel is
reported to be ganglion cysts (39%) followed
closely by occupational neuritis (32%) [23].
Based on more recent studies, ganglion cysts
remain the most common identifiable cause;
however, in most of the cases, the exact cause of
ulnar nerve compression in the wrist and hand
cannot be identified [28, 29]. Other less common
causes include lipoma, repetitive trauma in ath-
letes, palmaris brevis hypertrophy, hypothenar
hammer syndrome, trauma including hook of
hamate fractures or pisiform dislocation, and
inflammatory arthritis (Fig. 16.2). Rarely the
cause can be iatrogenic injury during wrist
arthroscopy, opponensplasty, or tendon transfers
[23, 27, 29].

In baseball players, repetitive mechanical
compression of the ulnovolar portion of the palm

Fig. 16.2 Axial cut of MRI of left wrist showing a non-
union of hook of hamate fracture (white arrow)

and the underlying ulnar nerve within Guyon’s
canal from the baseball bat can result in ulnar
tunnel syndrome. Also, repetitive compression
and trauma can result in aneurysmatic enlarge-
ment of the ulnar artery and subsequently to com-
pression of the ulnar nerve [27]. In some cases, a
single direct impact from an external force during
a baseball hit can lead to aneurysmatic formation
of the ulnar artery or to a fracture of the hook of
the hamate, also leading to compression of the
ulnar nerve. While hamate hook fractures are rare
fractures constituting approximately only 2% of
all carpal fractures, they commonly occur in
select athletic populations, such as in baseball
players, tennis players, golf players, and hockey
players, and on the side of the hand that holds the
base of the bat, club, racquet, or stick. If diagno-
sis is delayed and symptoms persist for long time,
the athletic performance of these players is nega-
tively affected [29, 30]. In cyclists, the ulnar palm
is compressed on the bicycle handles resulting in
chronic and continuous pressure of the nerve usu-
ally in zone 2 [31, 32].

Compression in zone 1, which is the most
common area of compression, usually results in
both sensory and motor symptoms since the ulnar
nerve is a still mixed nerve at this location.
However, purely motor or purely sensory deficits
can occur due to the location of the nerve fibers
within the nerve [33, 34]. The motor fibers are
dorsal while the sensory fibers are volar;
therefore, compression from a dorsal lesion
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within the tunnel can affect isolated motor fibers,
while volar lesion may compress only sensory
fibers [24, 28]. In zone 2, the UN is usually com-
pressed on the fibrous arch of the hypothenar
muscles, with hook of the hamate fractures and a
thickened pisohamate ligament being common
causes for compression in this zone. Vascular
lesions of the ulnar artery, such as thrombosis
and aneurysm, are the most common cause of
ulnar nerve compression in zone 3 [24].

It is noteworthy that ulnar tunnel syndrome
and carpal tunnel syndrome can coexist in many
cases. In a study of 53 cases of ulnar tunnel syn-
drome, positive findings on electrodiagnostic
testing for median nerve lesions were evident on
22 cases [35]. Of these 22 cases, 13 had symp-
toms suggestive of carpal tunnel syndrome [35].
Similarly, the converse has also been shown in
other studies. Patients with positive findings for
carpal tunnel syndrome on electrodiagnostic test-
ing had also evidence of compression of the ulnar
nerve in the ulnar tunnel [36, 37]. In fact, the
authors of one study stated that coexistence of
carpal and ulnar tunnel syndrome is more com-
mon than isolated carpal or ulnar tunnel syn-
drome [38].

History

It is important to include questions during exami-
nation of these patients about their occupation
and recreational activities, since these can be
suggestive of the etiology of the nerve compres-
sion. When ulnar tunnel syndrome is suspected,
physical examination should include the entire
upper extremity for any other potential causes of
ulnar nerve compression, including cervical
spine pathology, thoracic outlet syndrome, and
cubital tunnel syndrome. Moreover, the contra-
lateral upper extremity should also be inspected
and examined for asymmetry and muscle atro-
phy. Ideally, more proximal compression of the
ulna nerve can be ruled out by the history and
physical examination [39].

Patients with ulnar tunnel syndrome may
develop pure motor, pure sensory, or mixed
symptoms based on the location of the nerve

compression within the ulnar tunnel. Usually,
these patients complain of paresthesia and numb-
ness in the ring and small fingers. Additionally,
they can complain of being awakened during the
night because of their symptoms while in more
severe cases with affected motor function and
muscle weakness, patients can state that they
noted clumsiness and lack of dexterity.

Physical Examination

Physical examination should include documenta-
tion of ulnar nerve sensory and motor integrity,
while the patency of the ulnar artery should
always be assessed with the Allen test. On physi-
cal examination, inspection may reveal wasting of
the interosseous muscles between the metacar-
pals, more prominent of the first dorsal interosse-
ous muscle and clawing of the small and ring
fingers with hyperextension of their metacarpo-
phalangeal (MCP) joints [39]. However, these
findings are suggestive of severe compression of
the motor fibers. Sometimes volar or dorsal wrist
masses are visible, indicating presence of space-
occupying lesions causing nerve compression,
though the majority of ganglia are not visible on
physical examination. A positive Tinel sign over
the Guyon canal is noted when percussion over
the ulnar nerve at the ulnar tunnel provokes pares-
thesias along the ulnar forearm and hand.
Tenderness on palpation over the hook of the
hamate is suggestive of fracture or non-union.
Neurologic examination for sensation may reveal
decreased sensation over the volar surfaces of the
small and ulnar side of the ring fingers and over
the hypothenar eminence [23]. However, sensa-
tion to the dorsal ulnar hand is preserved as sensa-
tion to this area provided by the dorsal cutaneous
branch of the ulnar nerve, which originates
approximately 3—5 cm proximal to the ulnar sty-
loid. The Semmes-Weinstein monofilament test
and the two-point static discrimination test are
both useful tests for assessment of the severity of
the disease. The Semmes-Weinstein monofila-
ment test is more sensitive in measuring a gradual,
progressive loss of nerve function as more fibers
are lost, while the static and moving two-point
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discrimination tests are best used for evaluating
nerve regeneration. Examination for motor func-
tion may reveal decreased grasp and pinch
strength due to extrinsic (flexor digitorum profun-
dus of the small finger) and intrinsic (adductor
pollicis) muscles weakness. Interossei weakness
may also result in weak fingers’ abduction and
adduction. Testing of muscle strength should
always include comparison with the contralateral
side. There are several provocative tests for the
diagnosis of ulnar tunnel syndrome. A positive
Froment sign can be observed due to weak adduc-
tor pollicis muscle. As the patient tries to hold a
piece of paper placed between the thumb and the
index finger, the thumb interphalangeal joint
flexes in an attempt to substitute flexor pollicis
longus activity for inadequate adductor pollicis
strength. Similar to Froment sign, Jeanne’s sign is
positive when the patient compensates for the
inadequate adductor pollicis strength during pinch
with MCP joint hyperextension.

Diagnostics

Further evaluation of ulnar tunnel syndrome
includes electrodiagnostic and imaging studies.
Electrodiagnostic studies are useful to confirm
ulnar nerve compression; assess the severity of
the nerve damage; differentiate ulnar tunnel syn-
drome from other compressive neuropathies such
as cubital tunnel syndrome, carpal tunnel syn-
drome, thoracic outlet syndrome, cervical radicu-
lopathy, or even peripheral neuropathy; and
locate the area of compression. Electrodiagnostic
evaluation includes nerve conduction studies
(NCS) and electromyography (EMG) [40]. In
cases of ulnar tunnel syndrome, needle EMG
may demonstrate isolated denervation of the
hypothenar muscles with unaffected FCU func-
tion [40]. Decreased sensory responses, increased
latency to the first dorsal interosseous and abduc-
tor digiti minimi muscles, and preserved conduc-
tion velocity across the elbow are typical for
nerve compression in zone 1 [41, 42]. Preserved
conduction velocity across the elbow, normal
latency of the hypothenar muscles, and dimin-
ished latency of the first dorsal interosseous are

suggestive for lesions in zone 2 injures [41, 42].
Finally, isolated diminished evoked sensory
responses are typical for zone 3 lesions [43].
Imaging evaluation includes radiographs,
magnetic resonance imaging (MRI), and com-
puter tomography (CT). Standard posteroanterior
and lateral wrist radiographs should be always
ordered to evaluate for any fractures of the distal
radius, ulna, and carpal bones. Carpal tunnel view
is also useful to assess for a hook of the hamate
fracture. In certain cases, CT should be ordered to
identify fracture of the hook of hamate, fracture of
other carpal bones, or proximal metacarpals frac-
tures. CT scans can also show ectopic calcifica-
tions within the ulnar tunnel. MRI scan can also
identify fracture of the hook of hamate (Fig. 16.2)
and is the indicated study for the identification of
anomalous muscles, and for space-occupying
soft-tissue lesions, like ganglion cysts [44, 45].
Furthermore, the branching pattern of the ulnar
nerve can be defined in MRI. Ultrasonography is
also a noninvasive low-cost method for evaluation
of vascular, soft-tissue, and nerve structures [36,
46-48]. Finally, in cases of suspected vascular
pathology of the ulnar artery, Doppler examina-
tion or arteriography can be ordered [30, 39].

Treatment

In most cases, especially in patients with ulnar
tunnel syndrome due to repetitive activities such
as in baseball players, tennis players, or cyclists,
an initial course of conservative treatment is rec-
ommended [27-29]. The mainstay of conserva-
tive management includes protective splinting,
nonsteroidal anti-inflammatory medications, and
activity modification. Softer handlebars can
improve symptoms in cyclists, while protective
gloves and proper position of the bicycle seat, so
as excessive weight on the hands is avoided, can
be also extremely beneficiary [31, 32]. Likewise,
protective gloves can also help baseball or tennis
players. In all these cases, a period of cessation of
the causative activities should be advised if previ-
ous measures fail [8, 30].

In certain cases when ganglion cysts are the
cause, aspiration of the cysts under ultrasound
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can be successful. However, aspiration without
image guidance should not be performed as it can
lead to iatrogenic injury of ulnar nerve and artery
[48]. After a period of 2—4 months of failed non-
surgical management, surgical treatment is indi-
cated [27, 49, 50]. However, in severe cases with
intrinsic muscle atrophy, denervation, or weak-
ness, surgical treatment is advised as initial man-
agement [27, 28]. Surgical treatment should
focus on the treatment of the causative pathology
and on decompression of the entire ulnar tunnel
from its proximal to distal boundaries [11].
Surgery can be performed under general,
regional, or local anesthesia. However, local
anesthetic can obscure the anatomic landmarks
of the ulna tunnel; therefore, some authors do not
recommend local anesthesia [49]. The pisiform
and hook of the hamate are the two palpable bony
landmarks, and a longitudinal/oblique 4-5 cm
skin incision between these two landmarks is
marked. The skin incision begins 1-2 cm proxi-
mal to the volar wrist crease proximal and ends
2-3 cm distal to it [26, 28]. The incision is curved
over the wrist crease to avoid contracture [27,
28]. The ulnar artery and nerve are exposed after
retraction of the FCU ulnarly, proximal to the
wrist crease. A palmar cutaneous branch of the
ulna nerve can be identified in about 15% of
patients [26, 39]. The distal antebrachial fascia
over the proximal wrist, the VCL, and the pal-
maris brevis are incised to decompress and
expose the proximal part of the ulnar nerve, prox-
imal to the bifurcation. The ulnar artery and nerve
are gently retracted ulnarly to expose the hook of
the hamate. The pisohamate ligament and the
fibrous arch of the hypothenar muscles can be
identified forming the floor of the tunnel hamate
[39]. The tendinous origin of the hypothenar
muscle is incised close to the hook of the hamate
to decompress the deep branch of the ulnar nerve
in zone 2. The hook of the hamate should be
completely released from all the surrounding fas-
cial attachments [28, 39]. Finally, the ulnar artery
should be assessed along its course for any aneu-
rysms or thromboses, while any space-occupying
lesions such as ganglion cysts should be removed.
Care must also be taken to avoid any iatrogenic
injury to the carpal tunnel structures since the

Fig. 16.3 Intraoperative view of excision of hook of
hamate nonunion and Guyon canal release with ulnar
nerve release. The white arrow is pointing the hamate,
while the blue arrow is pointing the motor branch of ulnar
nerve. P proximal to the wrist, D distal to the wrist

ulnar tunnel and the carpal tunnel are adjacent
spaces. In cases of symptomatic nonunion of
hook of hamate with ulnar neuritis, hook of
hamate excision is performed in association with
ulnar nerve decompression (Fig. 16.3).

Good results have been reported following
surgical management of ulnar nerve compression
at the wrist, although most of the data are associ-
ated with case reports. Persistent numbness at the
ring and little fingers have been reported postop-
eratively [29]. However, failure to identify and
address a compression site intraoperatively can
lead to failed resolution of symptoms.

Summary

Carpal and ulnar tunnel syndromes are the most
common compressive neuropathies at the wrist in
athletes. A thorough understanding of the anat-
omy and function of the median and ulnar nerve
as well as knowledge of the potential sites of
nerve compression can lead to safe surgical man-
agement with successful function outcome.
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Baseball players are at risk for acute and chronic
injuries to their upper extremity, potentially
resulting in time off from play. Several sports
injury surveillance systems have been performed
to record injury trends in order to guide injury
prevention measures [1, 2]. Although there is a
general understanding of the vascular injuries in
baseball players, the incidence of vascular injury
is not well understood or well quantified despite
recent epidemiology studies [1, 2].

Mechanism of Injury

Vascular injury in baseball players is rare but is
more common compared to athletes in other
sports. This is true because baseball players are
exposed to repetitive hand trauma with each
catch of the ball or swing of the bat [3]. In par-
ticular, the hypothenar region of the gloved
hand in catchers and the fingertips of pitchers
are subject to repetitive trauma [4]. This expo-
sure has, on rare occasions, been documented
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to lead to ischemia of the hand and digits often
with symptoms of pain, cold intolerance, and
numbness [5, 6].

The repetitive trauma experienced by baseball
players occurs not only during the course of a
game but also in frequent practices, in warm-up
sessions, and over many years of play. Ginn et al.
[3] indicated catchers may receive up to 150
pitches per game at speeds over 90 mph.
Additionally, catchers must receive warm-up and
practice pitches, potentially resulting in over 300
impacts to the gloved hand per day [3].

While hand and digital ischemia has been
reported in older, symptomatic baseball players
[3], more recent studies [1] have confirmed
microvascular changes in the hands of young,
asymptomatic players. The prevalence of hand
symptoms and vascular abnormalities was greater
in catchers than in other positions players [3].
Compared to catcher’s mitts of the past, modern-
day gloves have less padding and more flexibility
which facilitates one-handed catching and easier
ball manipulation. When the two-handed catch-
ing technique can be avoided, the catcher is able
to keep his dominant hand out of harm’s way pro-
tecting it from inadvertent injury. Despite the use
of well-padded mitts, often with additional pad-
ding, vascular changes in the gloved hand of
asymptomatic catchers have been reported, sug-
gesting that modern glove designs do not ade-
quately protect the hand from repetitive trauma
[3]. The authors of this study recommended
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studies on glove design to improve hand protec-
tion and long-term, longitudinal studies of pro-
fessional baseball players to determine the natural
history of vascular injury and to mitigate the risk
factors for injury.

Anatomy

A thorough understanding of arterial anatomy is
necessary when evaluating vascular pathology of
the hand and wrist. The vascular supply of the
hand is a complex network of vessels. The radial
and ulnar arteries provide the main blood supply
to the wrist and hand, and anastomose at several
levels to form vascular arches that supply the dig-
its [7, 8]. The superficial palmar arch is supplied
mainly from the ulnar artery and generally gives
rise to three or four common digital arteries. The
deep palmar arch is supplied largely by the radial
artery and provides three to four palmar metacar-
pal arteries (Fig. 17.1) [9].

Proper
digital A
Radial sigital
Common A index finger
digital A
Common A
Ulnar digital to thumb
A small finger
Volar br.
radial A
Deep branch
ulnar A Dorsal branch
radial A
Ulnar A Radial A

Fig. 17.1 Schematic demonstrating hand arterial anat-
omy. Deep palmar arch (D) system from dorsal branch of
radial artery contributes to radial index finger, thumb, and
branches to the common digital arteries of the second,
third, and fourth web space. Superficial palmar arch (S)
system from the ulnar artery contributes to ulnar digital
artery and common digital arteries of the second, third,
and fourth web space. (Reproduced from Wong et al. [9])

At the level of the distal forearm, the ulnar
artery lies radial to the ulnar nerve and flexor
carpi ulnaris. At the entrance of Guyon’s canal,
the ulnar artery remains radial and slightly volar
to the ulnar nerve. Guyon’s canal is triangular
shaped, bound ulnarly and proximally by the
pisiform, deep by the transverse carpal ligament
and the pisohamate ligament, and radially by the
hook of the hamate. In Guyon’s canal, both the
ulnar nerve and ulnar artery bifurcate into super-
ficial and deep branches (Fig. 17.2) [6]. The
superficial branch of the ulnar artery runs across
and superficial to the hypothenar musculature.
This branch, protected only by skin and muscle
fibers from the palmaris brevis before penetrating
the palmar aponeurosis to become the superficial
palmar arch, is especially vulnerable to trauma as
it exits Guyon’s canal [6].

The superficial palmar arch is defined as
complete when there is a direct connection with
the radial artery, deep palmar arch, or median
artery, as occurs in 78% of hands [6, 10-12].
The superficial palmar arch, which is located
distal to the deep palmar arch, often gives rise to
a deep branch that supplies the deep palmar
arch, the ulnar digital artery of the small finger,
and three common digital arteries (Fig. 17.1)
[9]. Although the anatomy may vary, the super-
ficial palmar arch is most often completed by
the superficial branch of the radial artery.
Arterial variations potentially may influence
clinical symptomatology and operative out-
comes [6, 11]. Coleman et al. [13] noted approx-
imately 80% of hands studied had a complete
palmar arch from which all digital arteries arise.
In the remaining 20% of hands, which had
incomplete arches without anastomosis, com-
promise of one of the feeding arteries (ulnar,
radial, or median) may jeopardize vascular sup-
ply to the digits [14].

The radial artery divides at the level of the
radial styloid into dorsal and volar branches. The
dorsal branch crosses the anatomic snuffbox and
travels deep to the first dorsal compartment and
in the first dorsal web space, traversing from dor-
sal to volar to form the deep palmar arch by join-
ing the ulnar artery [7, 15]. The deep palmar arch
travels across the palm, lying deep to the flexor
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Fig. 17.2 Anatomy pertinent to understanding hypothenar hammer syndrome. Note proximity of ulnar artery to hook

of the hamate. (Reproduced from Yuen et al. [11])

tendons and proximal to the superficial arch. The
deep palmar arch gives rise to the digital arteries
to the thumb, the radial digital artery to the index
finger, and also gives branches to the three com-
mon digital arteries in the second, third, and
fourth web spaces (Fig. 17.1) [9]. The volar
branch of the radial artery supplies the thenar
musculature and may join the ulnar artery to from
a complete superficial palmar arch as discussed
above [7, 15, 16].

The arterial system of the digits begins as the
common digital arteries in the palm and divides

into proper digital arteries in the web spaces.
The ulnar three digits and the ulnar aspect of the
index digit are supplied largely by the ulnar
artery and the superficial palmar branch. The
radial aspect of the index digit is supplied by the
radial artery and the deep palmar arch. In addi-
tion, the arterial system of the thumb is supplied
by the radial artery and the deep palmar arch.
The deep palmar arch gives rise to the common
digital artery of the thumb before becoming
radial and ulnar digital branches to the thumb
(Fig. 17.1) [16].
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Hypothenar Hammer Syndrome

Hypothenar hammer syndrome is a post-
traumatic vascular insufficiency of the hand
caused by injury to the ulnar artery or proximal
superficial palmar arch. Causes include repetitive
compression or blunt trauma to the hypothenar
eminence [17]. Forceful compression of the
hypothenar eminence occurs in the bottom or
nondominant hand of batters with each swing. If
the batter grasps the knob of the bat with the non-
dominant hand, the swing sometimes results in a
hook of the hamate fracture [3]. The gloved hand
of catchers is also subject to vascular injury, since
the hand is exposed to repeated impacts when
receiving the ball. Hypothenar hammer syndrome
is the most common cause of vascular insuffi-
ciency in baseball players.

The ulnar artery is most vulnerable to injury
just distal to Guyon’s canal, where it is only pro-
tected by skin and muscle fibers of the palmaris
brevis. The poorly protected ulnar artery may
also be traumatized from impact against the adja-
cent hook of the hamate [6, 17]. Symptoms of
hand or fingers including digital ischemia are the
result of traumatic vascular abnormalities includ-
ing spasm, thrombosis, or aneurysm of the ulnar
artery. With minor repetitive trauma, the distal
ulnar artery may vasospasm, resulting in distal
vessel occlusion if prolonged. Damage to the
vessel intima may lead to thrombus formation
and the generation of microemboli [6, 17].
Chronic damage to the intima gives the artery a
classic corkscrew configuration on angiography.
Injury extending to the vessel media leads to
aneurysm formation [17].

Symptoms of hypothenar hammer syndrome
include acute pain in the fingers and over the
hypothenar eminence which is exacerbated by
repetitive use [6, 17]. Typically, pain is localized
to the ulnar three digits [10]. Hypothenar ham-
mer syndrome tends to be progressive with isch-
emic symptoms developing over weeks to months
after thrombus formation [18]. Additionally,
patients may experience more chronic symptoms
including cold intolerance, blanching or discolor-
ation of the fingertips, claudication, cyanosis, and
pallor [14]. Paresthesia, pain, and numbness may

also be due to ulnar nerve irritation [10, 17]. In
advanced cases, focal ischemic ulcerations or
areas of delayed wound healing may be seen [6].

Physical examination includes the Allen test
to assess the patency of the radial and ulnar arter-
ies. Examination findings may also include ten-
derness over Guyon’s canal, occasionally with a
pulsatile mass present [6, 17]. There may be a
palpable difference in the temperature of the dig-
its with the ulnar aspect of the hand being rela-
tively cool. Cool, pale, and discolored ring and
small fingers are common. However, due to ana-
tomic variability of the superficial palmar arch,
any finger may be involved except the thumb
which depends on the radial artery for its blood
supply [17, 19].

Assessment
History and Differential Diagnoses

To evaluate vascular injuries in baseball players,
a detailed medical history is obtained including
information on previous hand injuries and
tobacco use. Annotation is made whether symp-
toms are present in the throwing hand, the gloved
hand (more common), or both. Pertinent history
includes age, skill level (correlating with inten-
sity of play), position, and specific painful activi-
ties during play. Questions about the type of
equipment utilized, including glove type, should
be considered. Different bat types describing the
knob end of the bat, including squared or tapered,
are obtained but are likely not a major risk factor
for vascular injuries [3].

Differential diagnoses include Raynaud’s dis-
ease or phenomenon, clotting or vascular disor-
ders, tobacco or recreational drug use, vasculitis,
diabetic neuropathy, collagen vascular disease,
arterial emboli from cardiac or proximal arterial
source, thromboangiitis obliterans (Buerger dis-
ease), atherosclerosis with secondary thrombo-
sis, trauma, thoracic outlet syndrome, or
connective tissue disease (scleroderma, systemic
lupus erythematosus, rheumatoid arthritis, hand-
arm vibration disease) [6, 17, 19]. Additionally,
the effects of repetitive blunt trauma through
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hammering objects or the use of vibratory tools
should be considered [15].

Physical Examination

Physical examination to assess vascularity
includes inspection of the hands and wrists for
evidence of repetitive trauma, including changes
in skin color, callosities, ulcers, edema, loss of
skin wrinkles, deformity, and finger hypertrophy
[3, 4, 17]. If any finger demonstrates hypertro-
phy, a standard ring-sizing device or simple tape
measure can be used to compare with the corre-
sponding finger on the contralateral hand. Ginn
et al. [3] illustrated index finger hypertrophy
occurring in the gloved hand in catchers. The
hypertrophied digits demonstrated enlargement
of the soft tissue overlying the proximal phalanx
and proximal interphalangeal joint. On average,
the digit was 5 mm greater in diameter than the
index digit on the throwing hand. None of the
pitchers, infielders, or outfielders in their study
demonstrated finger hypertrophy [3].

Grip strength testing, range of motion of the
wrist and fingers, and neurovascular assessment
should be performed. Two-point discrimination
or Semmes Weinstein testing is performed. The
Allen test, used to assess the patency of the radial
and ulnar arteries, is carefully performed. The
technique involves the examiner tightly com-
pressing both radial and ulnar arteries of the
patient’s supinated wrist to completely obstruct
arterial flow to the hand. Then the patient is asked
to clench their fingers into a fist and unclench
repeatedly for about 30 s until the hand is pale.
The examiner then relaxes compression on the
ulnar artery only while observing the hand for
color change. Normal hand color shoulder return
within 5 s indicating that the ulnar artery is pat-
ent. If pallor remains until the radial artery is sub-
sequently released, then occlusion of the ulnar
artery is suspected [17]. Patency of the radial
artery should be similarly tested. The digital ves-
sels of each finger can also be tested in a similar
fashion by occluding the radial digital and ulnar
digital arteries [20]. Hypothenar hammer syn-
drome affects the digits primarily supplied by the

superficial palmar arch (ulnar three digits), while
the radial digits are less likely involved.
Therefore, digital ischemia of the thumb is
uncommon [11].

A handheld, pencil-tipped Doppler device
may be utilized to assess the patency of the radial
and ulnar arteries, the palmar arches, and each of
the digital arteries [16]. The normal Doppler sig-
nal can be checked with and without compression
testing. Absence of biphasic signals within a digit
suggests an arterial insufficiency. A dynamic
examination by an experienced clinician is a cru-
cial part of the vascular examination of the hand.

Imaging

The use of noninvasive imaging should follow
physical examination in the setting of suspected
vascular insufficiency. Sonography has been
established as the first imaging modality to con-
firm a diagnosis of hypothenar hammer syn-
drome, often with the combination of gray scale
ultrasound and color Doppler. Sonography will
identify both aneurysms and segmental thrombo-
sis of the ulnar artery [11]. In the patient with
significant digital ischemia in need of urgent
treatment, digital subtraction angiography may
be obtained.

Angiography remains the gold standard test
for the diagnosis of hypothenar hammer syn-
drome, especially if surgical exploration is antici-
pated [11, 15]. Most agree that angiography is
needed to exclude proximal embolic events, con-
firm the location of the ulnar artery involvement,
evaluate the digital arteries distally, and define
the anatomy of the palmar arches. Angiography
can serve as an anatomical road map prior to any
operative intervention (Fig. 17.3) [I1].
Recognizing the pathognomonic angiographic
“corkscrew appearance” of the ulnar artery adja-
cent to the hamate should raise suspicion of
hypothenar hammer syndrome [11].

Other specialized testing to evaluate for vas-
cular injuries includes digital brachial indices
(DBIs), computed topography angiography
(CTA), and magnetic resonance angiography
(MRA). DBIs have been described for the
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Fig. 17.3 Digital subtraction angiogram (DSA) showing occlusion of ulnar artery in the distal forearm with absent
ulnar vascular flow in the wrist and hand. (Copyright, Dr. David Brogan, Washington University, St. Louis, MO)

evaluation of chronic arterial insufficiency of the
fingers or hand with an index of less than 0.7
indicating significantly decreased blood flow
[21]. However, the utility of DBI in the setting of
acute thrombosis is uncertain [15]. In cases where
a diagnosis of thrombosed aneurysm has been
made on ultrasound and digital ischemia is not
evident, multi-slice CTA of the wrist is preferred
as aless invasive complementary imaging method
to arteriography (Fig. 17.4) [11, 15]. CTA is a
valuable diagnostic modality if the pathology is
proximal to the digital arteries [11]. MRA is
infrequently used to evaluate arterial insuffi-
ciency in the hand given its limitation depicting
vessels 1.0 mm or smaller within the distal
extremities [15, 16].

Treatment
Conservative Treatment

Several conservative treatment regimens have
been recommended for hypothenar hammer syn-
drome. The therapeutic strategy remains contro-
versial due to limited studies and variability of
patient presentation [11]. Environmental modifi-

cation including cessation of smoking, avoidance
of cold exposure, limitation of activities that pre-
cipitate symptoms, and increased protective
equipment should be encouraged [11, 22]. Some
of these are, of course, more easily implemented
than others.

Lowrey et al. [23] evaluated 20 professional
baseball players, one collegiate player, and a for-
mer major league player. Based on modified digi-
tal Allen’s test and Doppler flow, only nine of
these 22 athletes had normal circulation in the
left index finger, compared with 21 of 22 having
normal circulation in the right hand. All nine
players who had normal circulation in the left
index finger used either a thick golf glove when
batting or a handball glove beneath the catcher’s
mitt for additional padding. In the athletes with
impaired circulation, almost half utilized no addi-
tional padding [23]. This supports the recommen-
dation of Ginn et al. [3] that glove design
modifications are needed to protect the hands of
professional ~ baseball  players, especially
catchers.

Medical management is aimed at mitigating
the sympathetic hyperactivity in vasospastic and
occluded arteries. Medications include oral vaso-
dilators, platelet aggregation inhibitors, tricyclic
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to CTA. (Reproduced from Yuen et al. [11])

antidepressants, selective serotonin reuptake
inhibitors, and intravenous prostacyclin analog
(iloprost) [10, 11, 16, 22, 24]. However, no clear
recommendation exists on the optimal medica-
tion use or duration of vasodilators, antiplatelets,
or anticoagulants [20].

Marie et al. [22] reported on three patients
with hypothenar hammer syndrome with isch-
emic digital ulcers who partially responded to
oral vasodilators (calcium channel blockers).
They were subsequently treated with a 5-day
course of intravenous prostacyclin analog (ilo-
prost) which resulted in complete healing [23]. In
patients with hypothenar hammer syndrome who
received conservative measures alone (calcium
channel blockers often in combination with plate-
let aggregation inhibitors ((aspirin, clopidogrel,
ticlopidine)), their results demonstrate digital
necrosis healing at a median 1.6 months [22]. In

summary, the authors recommended initiating
vasodilating agents (calcium channel blockers)
and platelet aggregation inhibitors (aspirin, clop-
idogrel) in patients with hypothenar hammer syn-
drome without digital ischemia / necrosis. In
patients with digital ischemia / necrosis, they rec-
ommended hemodilution with dextran, intrave-
nous heparin, low-molecular weight heparin, or
prostacyclin analog.

Nuber et al. [14] reported on 13 athletes with
hand ischemia, including nine professional base-
ball catchers, one first baseman, a pitcher, a
national champion frisbee player, and an amateur
handball player. The catchers complained pre-
dominately of symptoms in the index digit of
their catching hand. The first baseman and the
frisbee player required hospitalization due to
severe hand ischemia. Arteriograms demon-
strated the first baseman had an incomplete
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palmar arch with ulnar artery occlusion and the
frisbee player had occlusion of the superficial
palmar arch. Both athletes received a vasodilator
infusion of papaverine chloride during arteriog-
raphy to relieve spasm, followed by intravenous
heparin and dextran infusion for 2 to 4 days.
Once acute ischemia resolved, both athletes
noted improvement at follow-up examination and
both returned to play. The first baseman added
padding to his glove and the frisbee player started
wearing a padded glove while competing [14].

Angiography can also be therapeutic if endo-
vascular fibrinolysis is needed. Sharma et al. [25]
reported a case of hypothenar hammer syndrome
treated with several boluses of nitroglycerin,
verapamil, papaverine administered into the bra-
chial artery, with repeat angiography demonstrat-
ing improved filling of the digital arteries. They
report the patient’s symptoms improved over
24 h and did not recur; the patient was discharged
on a regimen of subcutaneous dalteparin for
5 days and oral aspirin, clopidogrel, and nifed-
pine [25].

Bakhach et al. [26] used intra-arterial fibrino-
lysis via cannulation of the radial artery when
digital ischemia failed to respond to resection of
the thrombosed ulnar artery and vein graft recon-
struction. Abdel-Gawad et al. [11] used tissue
plasminogen activator via a microcatheter placed
in the ulnar artery. However, fibrinolysis is advo-
cated only for treatment in acute onset digital
ischemia, less than 2 weeks from the occurrence
of occlusion [20].

Surgical Treatment

The ideal surgical treatment for hypothenar ham-
mer syndrome is unclear. Surgical management
is typically recommended for thrombotic hypo-
thenar hammer syndrome that fails conservative
measures, is associated with aneurysm forma-
tion, or is associated with distal ischemia and
digital survival is threatened [18]. Possible surgi-
cal interventions include segmental resection and
arterial reconstruction or excision and ligation of
the involved segment. If adequate collateral
blood flow exists, surgical treatment with resec-

tion and ligation of the thrombosed artery is rea-
sonable [12]. Ligation is considered with proven
adequate collateral circulation with a DBI >0.7.
Ligation of the diseased distal ulnar artery pre-
vents distal embolic events, eliminates the pain-
ful mass, relieves ulnar nerve compression, and
removes the thrombus that initiated the vasospas-
tic reflex [8].

In patients who have inadequate collateral
blood flow or in those for whom the arterial
Doppler confirms poor blood flow, arterial
reconstruction is warranted. The DBI in these
cases is typically less than 0.7. End-to-end ulnar
artery repair is appropriate in well-defined small
aneurysms as long as the arterial ends can be
brought together without tension; this is rarely
possible. If repair cannot be performed without
tension, segmental grafting is required. Ulnar
artery reconstruction with interposition vein
graft is perhaps most common, but long-term
patency is a concern. Reverse vein grafts may be
harvested from the distal saphenous vein or
from the forearm using the cephalic or basilic
veins [8].

Chloros et al. [21] reported graft patency in 10
of 13 patients (77%) treated with reverse interpo-
sitional vein grafting for ulnar artery thrombosis
at minimum 2-year follow-up. Endress et al. [27]
noted a high incidence of graft occlusion, report-
ing 14 of 18 grafts (78%) occluded at mean fol-
low-up of 9.8 years. This was higher than
previously reported. Despite the high percentage
of occlusion, patients remained satisfied with low
functional disability overall. Patients with
occluded grafts likely benefited from the sympa-
thectomy effect of segmental excision, which
also would remove a source of emboli [27].
However, these reports did not include high-
performance athletes.

Improved patency rates using arterial grafts
have been shown in coronary artery bypass graft-
ing, attributed to both the anatomic properties
and physiologic responses of arterial grafts com-
pared to reverse vein grafts [27]. Arterial inter-
position grafts may be harvested from the
inferior epigastric or lateral femoral circumflex
artery (LFCA) (Fig. 17.5). Advocates for arterial
grafts have demonstrated improved long-term
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Fig. 17.5 Left, surgical exposure of occluded ulnar
artery at the level of the wrist, filled with thrombus
between the arrows. Right, harvest of the descending

patency rates compared with venous grafts. For
example, 11 ulnar artery reconstructions done
with an autologous LFCA by a single surgeon
were all patent at mean 63 months follow-up and
9 of the 11 reported improvement in their symp-
toms [28].

Resection and ligation of the lesion is the sim-
plest option, and no anticoagulation is necessary
postoperatively. The hand is protected for
2-6 weeks, and no restrictions are necessary after
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branch of the lateral femoral circumflex artery. (Copyright,
Dr. David Brogan, Washington University, St. Louis, MO)

6 weeks. Conversely, patients managed with
interposition graft reconstruction are ideally
managed as inpatients with 3 to 5 days of antico-
agulation therapy. Protection of the graft is
important long term and using the hand as a ham-
mer is forbidden. Cold sensitivity and palmar
tenderness are expected as long-term sequelae. A
return to baseball is not recommended, but may
be considered for some demonstrating long-term
patency of an arterial graft [12].



226

E. A.Helsperand C. A. Goldfarb

Complications

Complications of unresolved hand and digital
ischemia include ulceration, infection, gangrene,
and loss of the digit(s). Complications of surgical
intervention include, but are not limited to, graft
occlusion and persistence of symptoms such as
cold intolerance, pain, tingling, numbness, and
cyanosis [8].

Other Vascular Injuries

Although hypothenar hammer syndrome is the
most common vascular disorder, other vascular
injuries to occur in baseball players include digi-
tal artery ischemia, digital artery entrapment, and
proximal emboli.

Digital Artery Ischemia

Players in other infield positions, commonly first
base, have an increased incidence of digital isch-
emia, generally affecting the index digit of the
gloved hand [5, 23]. The strongest impact as the
ball strikes the gloved hand occurs at the metacar-
pophalangeal (MCP) joint level of the index and
middle fingers. Sugawara et al. [S] reported eight
cases of digital ischemia in baseball players with
numbness and cyanosis the most common find-
ings. Angiography revealed that the site of occlu-
sion of the digital arteries was most frequently
distal to the proximal interphalangeal (PIP) joint.
The probability of developing digital ischemia
related to years of accumulated playing time. In
contrast to hypothenar hammer syndrome where
the ulnar artery is occluded in the region of repeti-
tive impact, digital artery ischemia results from
arterial occlusion distal to the point of repetitive
impact, possibly due to the vibration effect of ball
impacting the gloved hand [5].

Digital Artery Entrapment

Itoh et al. [29] reported cases of digital artery
entrapment in the throwing hand of baseball

pitchers. In all cases, patency of the superficial
palmar arch and ulnar artery was confirmed by
angiography, differentiating the malady from
hypothenar hammer syndrome. In one case, the
PIP joint and distal interphalangeal (DIP) joint of
the middle finger could be hyperextended
approximately 30° with forced extension, repro-
ducing coldness and numbness at the tip of the
finger. Pulsation of the proper digital arteries was
detectable up to the middle aspect of the proxi-
mal phalanx but was undetectable distal to the
PIP joint when the joint was held in hyperexten-
sion. Surgical exploration revealed the neurovas-
cular bundle was entrapped just proximal and
dorsal to the PIP joint by Cleland’s ligament.
Relief of symptoms occurred with the release of
Cleland’s ligament.

In another case, symptoms of numbness and
coldness occurred while the hand was held in an
intrinsic plus position (flexion of the MCP joint
and extension of the interphalangeal joints).
Digital subtraction angiograms demonstrated
narrowing of the first and second intermetacarpal
arteries branching from the superficial palmar
arch. The pathology was in the lumbrical canal,
the region where the digital nerves and arteries
run parallel on the superficial layer of the lumbri-
cal muscle. The roof of the lumbrical canal is
formed by the palmar aponeurosis palmarly and
vertical septa on the radial and ulnar sides.
Treatment included releasing the thickened pal-
mar aponeurosis [29].

Emboli

Proximal causes of digital emboli must be con-
sidered. While outside the scope of this chapter,
aneurysms of the axillary artery branches may
occur in athletes who practice repetitive rotatory
movements of the shoulder girdle. Kee et al. [30]
reported cases of arterial emboli in the digits of
the throwing arms of two professional baseball
pitchers with aneurysms of axillary artery
branches. In one case, surgical exploration
revealed an occluded posterior circumflex artery
with a 1.5 cm diameter aneurysm containing
thrombus. In the second case, arteriography con-
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firmed the presence of an aneurysm of the sub-
scapular artery. The branch artery was resected
and the axillary artery was repaired in both cases.
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Baseball Injuries in Children
and Adolescents

Allan E. Peljovich

Driven adolescents who hope to play at the next
level, develop apprehension about losing their
starting role on a team, or the desire to gain the
respect of their coaches often feel a pressure to
work through pain as they acculturate to the
sports culture that sometimes rewards athletes for
their ‘toughness.” This pressure can be rein-
forced, intentionally or unintentionally, by their
parents/families who have likely devoted consid-
erable resources and time to their child’s sport
and training. Recognition of the potential for
injury and the wide spectrum of injuries is the
key to treating baseball-related hand injuries in
children and adolescents. Traumatic arthritis,
related to chronic scaphoid malunion, avascular
necrosis, and even digital pseudoaneurysms
occur in children (Fig. 18.1). Identifying and
treating acute injuries and sound knowledge
regarding various acute and chronic/acquired
injuries are critical. Developing relationships
with coaches and athletic trainers and educating
them on distinguishing real injury from normal
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activity-related soreness can help mitigate the
potential impact of an injury and create an envi-
ronment that minimizes the time lost from sport.

Baseball-related injuries to the hand have
important implications for participation. The
hand, specifically, is among the most common,
if not the most commonly, injured body parts
[1-3]. These injuries occur at an average around
11-13 years of age in reports that account for all
ages of children and adolescents [1, 3]. One
large high-school-based surveillance study
found that nearly 30% of injuries are game end-
ing [4]. Approximately 37% are able to return to
sport within 1 week, but about 17% are out of
sport for at least 3 weeks. Fractures, sprains,
and contusions make up the majority of acute
hand injuries [1, 2, 4]. Perhaps one reason for
the lost time from participation following injury
is that hand fractures require surgery (22%)
more commonly than fractures in other loca-
tions [2]. Acute hand injuries in baseball most
often result from a player making contact with a
baseball apparatus. This particular mechanism,
whether player contact with ball or bat, for
example, accounts for 60—87% of hand injuries
[3, 4]. Falling on outstretched hand, whether
during a slide, a collision between players, or
during a defensive play, accounts for 10-25% of
hand injuries. And, catchers and infielders seem
to experience hand injuries most frequently,
while pitchers are least likely to sustain a hand
injury [5].
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Fig. 18.1 Examples of finger injuries resulting in trau-
matic arthritis. In both cases, the injury was felt to be a
‘jammed’ finger and not evaluated until pain and swelling

‘The Arm’ argued that the high intensity of
baseball participation, training combined with the
pursuit of scholarships, has led to a rise in early
specialization and adult-like upper extremity inju-
ries [6]. Scientific publications have found that
early sports specialization increases the risk of
upper extremity injury by 1.6—1.8 times compared
to nonspecialized youth athletes [7-9]. Post et al.
found that high-school baseball players who spend
>8 months/year playing baseball were two times
more likely to sustain an upper extremity injury
[10]. The same study found that those who spe-
cialize and pitch were 3.8 times more likely to sus-
tain an upper extremity injury. Specialization has a
negative impact on pre-adolescent baseball players
too. Arnold et al. evaluated baseball injuries in one
community among 9- to 12-year-old athletes. The
rate of injury was 2.2/1000 athlete exposures and
all were specialized [11].

What Sets Children and Adolescents
Apart

Children are not little adults, and their distinct
musculoskeletal system has a strong impact on
evaluation and decision making. The thick peri-
osteal sleeve and presence of a physis at
younger ages can confound the radiographic
assessment of acute injuries. The occasional

persisted for a few weeks. (a) Malunited, intra-articular
PIP fracture. (b) CT scan of avascular necrosis following
a PIP dislocation

presence of pseudoepiphyses on the opposite
end of the bone from the primary physis in the
metacarpals and phalanges can further confuse
plain film interpretation (Fig. 18.2) [12-14].
Diagnosing carpal injuries can prove difficult
during childhood and pre-teen years as some
bones will not be fully ossified. Carpal frac-
tures can be particularly difficult to spot on
plain radiographs. Incomplete ossification also
affects the ability to assess carpal alignment
[15]. Since there is an inherent bias that bad
things do not happen to children or that only
certain injuries, that is, scapholunate tears, hap-
pen in adults, some injuries in children are
overlooked [16-20]. Negative X-rays in the
presence of a positive exam warrant attention
and is an indication for advanced imaging.
Given the pressure young athletes feel to avoid
missing games, physicians should have a high
index of suspicion for fractures and ligamen-
tous injuries even when radiographs are nor-
mal, be familiar with other conditions that are
often unique to children, and recognize the
need to utilize advanced imaging. At the same
time, the surgeon should not be too dependent
upon advanced imaging and allow it to replace
sound clinical assessment. Such is the case with
Triangular Fibrocartilage Complex (TFCC)
injuries in children where the MRI is not as
sensitive a study as in adults [16].
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Fig. 18.2 Examples of pseudarthrosis confounding the evaluation of injured hands. (a) Small finger, middle phalanx.

(b) Thumb, proximal phalanx

The approach to treatment of children and
adolescents with hand injuries can also be dis-
tinct from adults at times. Unstable fractures
occur less frequently; therefore, all extra-
articular fractures merit a manual reduction if
displaced given the inherent stability afforded by
the thick periosteal sleeve and physis. Physeal
remodeling potential also impacts treatment
decisions. Remodeling in the flexion/extension
plane depends primarily upon age and can be
extensive. Malrotation never sufficiently remod-
els over time, and there is a limit to coronal plane
correction. An extra-articular thumb metacarpal
fracture with a >30° flexion angle, for example,
can be treated nonoperatively in younger chil-
dren with an expectation of correction over time
even if reduction proves suboptimal. Articular
fractures and displaced carpal fractures gener-
ally warrant more aggressive treatment includ-
ing surgical reduction and fixation just like their
adult counterparts. Then, too, as with sports-
related injuries in the adult, treatment can be
directed toward the quickest path back to the
playing field, especially in the case of high-
school age athletes who may be in a recruitment
period.

The intensity of youth baseball starts even at
the youth level and increases into the high-school
ages. Scholarships and the lofty aspirations of
many pediatric athletes, and their families, add
additional stress to the patient in their recovery
from injuries. There is pressure to quickly return
to play. The treating physician must appreciate
these dynamics in their assessment and treatment
plans. Whenever possible, children and teens are
cleared to return to sport, sometimes with restric-
tions, that is, certain defensive positions, hitting
only, or pinch running. We tend to treat young
children and pre-teens with a bit of an extra con-
servative touch making as certain as we can there
is limited to no negative consequence associated
with return. As children get into teenage years,
and the implications of sport become important
to them, return to play is treated as they were an
adult, but, not like a professional. Teenagers and
their families are always advised of the potential
negative consequences of early return should
they exist, but older teens with injuries that can
be stabilized for sport can be allowed to return. A
7-year-old with a phalangeal fracture might be
cleared only after 2-3 weeks. A 11th grade high
schooler with a similar phalangeal fracture might
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be cleared with a ‘play splint’ if the fracture is
stable. Furthermore, an indicated surgery can
potentially be delayed until the end of a season
provided their issue can be stabilized for play
without negative consequences. A ball player
with a TFCC injury that can be adequately treated
with a wrist wrap, for example, can be cleared for
sport and the injury addressed surgically if indi-
cated at the end of the season. On the other hand,
one with a fracture dislocation of the proximal
interphalangeal (PIP) needing surgery will not be
cleared for play with the injured hand for poten-
tially several weeks.

Evaluating the Child’s Hand

Getting to the diagnosis of a child’s baseball
injury, like any other sports injury, will some-
times require negotiating around some of the
expectations and pressures that are on the child to
return to sport. Familiarity with the sport, the
defensive positions, hitting, and even base run-
ning will ultimately help advise return to play
criteria. The two goals of the history are to help
arrive at a diagnosis and understand the impact of
the issue on the player’s ‘world.” It is certainly
important to determine whether the pain/problem
is discretely located or regional, if the issue is the
result of a discrete injury or acquired/chronic, if
there are associated neurovascular symptoms,
and modifying factors that both intensify and
relieve the issue. Then, too, it is critical to appre-
ciate the impact on the ability to play, what sort
of season the player is in (school versus club), are
there critical games/opportunities and/or recruit-
ing events forthcoming. Does the issue affect a
9th grade ball player at the beginning of his/her
junior varsity season with a full summer of club
tournaments planned? Is this a rising junior/
senior in the middle of summer baseball with
important recruiting events in the near future?
Imaging the young athlete’s hand merits some
discussion. Plain film evaluation is almost stan-
dard in the evaluation of an athlete’s injury.
Critical to such evaluations is familiarity, or at
least appreciation, of how the radiographic
appearance of a child’s hand is determined by

normal growth and development. Much of the
phalangeal heads and articular surfaces of the
phalanges, for example, are initially cartilaginous
and gradually ossify, and become more visible on
plain films, with growth. Developing an under-
standing of when the carpal ossification centers
first tend to appear, for example, and how this
influences the measurements of carpal angles,
distances, and carpal height helps to reconcile the
plain film with the young athlete’s signs and
symptoms (Fig. 18.3) [21]. Evaluating the plain
film for pediatric metacarpal and phalangeal
injury requires the ability to distinguish the occa-
sional pseudoepiphysis on the opposite end of the
primary physis from a true fracture line [13]. A
line drawn along the volar phalangeal cortex will
intersect the condylar head more dorsally as chil-
dren age and stabilizes to intersecting the middle
third of the condylar heads after 9 years of age
(Fig. 18.4) [22]. This understanding helps inter-
pret alignment of phalangeal neck fracture. The
physes of the metacarpals and phalanges can
obscure a fracture.

Advanced imaging, often in the form of MRI,
is employed when examination and plain film
imaging fall short of a clear diagnosis. MRI, as
opposed to a CT scan, can help sift through

Fig. 18.3 Wrist radiograph with the age at onset of ossi-
fication labeled
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Fig. 18.4 The volar phalangeal line (VPL) is a radio-
graphic measure that can help the clinician assess align-
ment after treating a fracture of the phalangeal neck.
Nearly all lines drawn along the volar cortex of the proxi-
mal and middle phalanges will intersect the volar third of
the phalangeal head up until 9 years of age, after which

differential diagnoses, soft tissue injury, and
identify otherwise impossible conditions, that is,
bone contusion [23]. This is especially important
if a quick return to play has the potential to nega-
tively affect outcomes, that is, occult scaphoid
fracture. But there are findings on a child’s wrist
MRI that are normal variants and can mislead
and result in unnecessary treatment plans.
Cortical depressions, which can appear like ero-
sions from inflammatory arthritis except they are
sometimes covered with cartilage, exist in up to
60% of wrist studies and 70% of proximal meta-
carpals [24, 25]. The metacarpal depressions, in
fact, seem to be correlated to sports participation.
Other changes noted in normal, asymptomatic
pediatric wrists include pockets of joint fluid
>2 mm (50%), ganglions (24%), and single bone
signal changes similar to edema (40%) [26]. The
critical point is to use MRIs to further assess a
child’s hand and wrist based upon a thorough his-
tory and physical examination, thus allowing the
clinician to both dismiss normal variant findings
that do not correlate with the athlete and not jump
to MRI as the study that will guide treatment

the VPL tends to intersect the middle third of the phalan-
geal head. (a) The VPL of the proximal and middle pha-
langes of this 2-year-old intersects the volar third of the
phalangeal head. (b) The VPL in this 10-year-old inter-
sects the middle third of the phalangeal heads

[18]. At the same time, upward of 35% of pediat-
ric wrist MRIs ordered for pain are negative for
relevant findings; yet, wrist arthroscopy for per-
sistent pain and findings demonstrate pertinent
pathology almost all the time [20, 27]. In other
words, do not let a negative MRI wrongfully lead
to no treatment when an athlete’s symptoms,
signs, and physical findings suggest a discrete
problem.

Anomalous Carpals and Muscles

Evaluation of young athletes also requires an
awareness of uncommon congenital differences
that at times present with pain and at times mis-
lead. Bipartate carpals, though rare, can lead to
the misdiagnosis of fracture [28]. The scaphoid
and lunate each develop, sometimes, from two
ossification centers that fail to unite [29]. Clinical
context is key, as an official report for a bipartite
carpal could easily be interpreted as a chronic
nonunion. Extra bones of the wrist have been
described. The “os centrale carpi” is an accessory
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bone sometimes located in the direct proximity
of the scaphoid and has been misdiagnosed as a
scaphoid fracture on plain films (Fig. 18.5). An
astute observer will recognize an unusual differ-
ence to the X-ray and confirm, with advanced
imaging, that it is actually a separate carpal
located somewhere between the capitate, trape-
zoid, and scaphoid [30].

Anomalous muscle around the hand and fore-
arm are rare but known entities. The extensor
digitorum brevis manus (EDBM) is perhaps the
best-known example in the wrist that can have
associated symptoms. It is an anomalous muscle
found in the dorsum of the wrist and frequently
mistaken for a mass like a ganglion or boss [31].
A cadaveric study found this muscle in 2.3% of
specimens, and it was in both hands in 26.3%
[32]. The muscle is found within the fourth dorsal
compartment where the tendons of the extensor
digitorum communis and extensor indicis pro-
prius are located. It originates along the dorsal
wrist capsule with attachments extending proxi-
mally to the radius and dorsally along the meta-
carpals. It inserts along the index or long extensor

Fig. 18.5 This radiograph depicts an ossific carpi cen-
trale located on the ulnar side of the distal scaphoid. This
anatomic variation is often mistaken as either an acute
fracture or non-union of a previous fracture

mechanism and becomes most clinically promi-
nent with finger extension. When symptoms are
present, they are exacerbated during finger exten-
sion and often in the setting of repetitive activity.
Recognition of this anomaly helps with diagno-
sis, and advanced imagining with MRI or
Ultrasound will demonstrate that its characteris-
tics are like nearby muscles. Rarely symptom-
atic, treatment can include physiotherapy and
surgery if symptoms do not abate.

Treating the Child’s Hand

Creating the environment for healing that results
in return to premorbid function, or as close as
possible, remains the goal for treatment of all
injuries. Many, if not most, fractures either pres-
ent in sufficiently appropriate alignment
(accounting for remodeling) or can be manipu-
lated into appropriate alignment and treated
closed. The presence of open physes, and the
inherent remodeling potential they imbue,
allows the hand surgeon to exceed adult thresh-
olds of alignment, barring articular displace-
ment, and still expect an excellent outcome. The
treating physician should not be lulled into the
expectation that the developing phalanx can
overcome all deformities nor that children will
always have good outcomes. Phalangeal frac-
tures in children and adolescents can certainly
result in permanent deformity, instability, stiff-
ness, and even traumatic arthritis (Fig. 18.1).
Some displaced peri-articular fractures in
incompletely ossified phalanges can be over-
looked and undertreated due to the small size of
the ossified fragment leading to potentially poor
outcomes (Fig. 18.6).

Knowledge of phalangeal remodeling poten-
tial is growing and still not fully appreciated.
That bones only remodel well when the defor-
mity is in the plane of motion, the displacement is
‘close’ to the location of the physis, and there is
‘enough’ time left prior to natural physeal closure
is understood; however, there is still a paucity of
data that provide guidance regarding the bound-
aries between acceptable and unacceptable align-
ment. A coronal angulation limit of 10° or sagittal
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Fig. 18.6 Lateral radiographs of a phalangeal neck frac-
ture in an infant. (a) The initial lateral suggests a small
fragment that is displaced. (b) But, as shown after surgical

angulation limits of 15-25°, for example, are
boundaries based upon opinion and dogma [33—
36]. In reality, the child’s phalanx probably has a
greater remodeling capability than is traditionally
assumed, and new data support this notion.
Phalangeal neck/distal condyle fractures felt to
have poor remodeling potential due to its dis-
tance from the primary physis have, in fact, dem-
onstrated a capacity to remodel in the plane of
motion [37]. Al-Qattan recently demonstrated
that coronal angulation up to around 20-25° in
the coronal plane (out of plane of motion) remod-
els [38]. These ‘newer’ concepts provide the
treating clinician with more scientifically based
information upon which to help guide treatment
plans.

Regarding the articular surface, all phalangeal
head fractures that involve the condylar surface
should be stabilized in anatomic alignment either
by closed or by open methods. Avulsion fractures
off the proximal epiphysis, that is, volar plate or
collateral ligament avulsion fractures, do not
need to heal in anatomical position provided the
fragments are small (remains undefined) and the
joint remains stable even though these may tech-
nically be Salter-Harris III fractures (Fig. 18.7).
Indications for surgical fixation of these epiphy-
seal fragments are ambiguous, but larger frag-
ments that involve >25-30% of the articular
surface, with significant gapping and instability,
may require attention.

fixation, the small fragment represents the incompletely
ossified phalangeal head illustrating the importance of
interpreting radiographs in children

Fig. 18.7 A 12-year-old sustained ‘jammed’ finger slid-
ing into base head first. Lateral radiographs confirm
avulsion-type fractures of the volar plate and central slip;
both are technically Salter-Harris III variants

An overriding principle in sports medicine to
help the injured athlete quickly return to sport has
filtered from professional and college athletes to
the level of high-school athletics. Parents of
younger athletes will often choose conservative
treatment of phalangeal fractures when available
but high-school athletes may aspire playing at a
collegiate or professional level. Injuries that
occur to upper classmen can be particularly
stressful if they are hoping to be recruited to the
next level. In such situations, and assuming the
athlete can return to their sport and position with
an injured finger, the hand surgeon can offer
options for treatment that provide the quickest



238

A. E. Peljovich

return to sport. Dual methods of protection for
athletic activity and nonathletic activities, like
play casts, rigid orthoplastic splints, and digital
splinting, are employed. Whenever possible,
early mobilization during nonathletic time is
encouraged to hasten the return of mobility and
dexterity. In surgical cases, these principles are
still utilized. Some injuries, like those involving
the TFCC, can be nursed along during season and
addressed in the off-season. When surgery is per-
formed in acute fractures, implanted pins are bur-
ied under the skin to minimize the risk of
infection, configured to potentially allow for
some early protected mobilization, and overpro-
tection during sport if appropriate. The athlete’s
compliance with care is paramount, and parents
need to assume some oversight.

It is important to consider the types of injuries
other than the common fractures, sprains, and
strains. Two, in particular, are worth highlighting,
especially in children and adolescents. Stress
fractures and bone contusions are the kinds of
injuries diagnosed when they are considered.

Stress Injury

Stress fracture should be included in the differen-
tial diagnosis when a young athlete presents with
a history of insidious and worsening activity-
related pain in the wrist. A thorough history and
physical examination will likely reveal a consis-
tency of location and findings that may seem
nonspecific but include focal tenderness, some
trouble with mobility, and perhaps relative weak-
ness. Most importantly, there is an absence of a
true, discrete injury though the athlete and their
family will likely describe one. Signs of other
issues like tendinosis and synovitis are likely to
be lacking. Secondary gain is also a diagnosis
that needs consideration. Plain films will be
important to obtain, and even if negative,
advanced imaging should be considered. The
authors certainly advocate for MRI when pain
has been present for months and worsening, and
stress fracture is a consideration. Once diag-
nosed, treatment depends upon whether the phy-
sician believes that rest and cessation from

practice and play will allow the bone to heal.
Case studies in the literature point to the scaphoid
as the most commonly reported carpal with stress
fracture, but the hook of hamate has also been
involved and should always be considered in the
differential diagnosis of injuries to the hook [39—
44]. These reports concerning carpal stress frac-
tures in children and adolescents illustrate some
consistencies in presentation: insidious onset of
pain, males aged 15-18 years, and regular daily
training of multiple hours per day in their sport.
Findings on examination included discrete carpal
tenderness, reduced range of motion compared to
the contralateral wrist, and reduced strength com-
pared to the contralateral hand. There is a similar
pattern of stress injury that affects the proximal
interphalangeal (PIP) joint in children between
13 and 16 years of age. The stress injury affects
the base of the middle phalanx and presents with
a few weeks of PIP discomfort and stiffness, but
not typically an effusion [45-48]. Radiographs
may present either a Salter-Harris 2 or 3 non-
union and be mistaken for an acute fracture
except there is no history of discrete injury.
Advanced imaging is always indicated in the
presence of a history of persistent discomfort and
will reveal the injury. Rest is the mainstay of
treatment, but surgery can also be contemplated
in particular circumstances, that is, failure to
respond to rest or radiographic findings suggest-
ing chronic nonunion [44, 47].

Incomplete carpal coalitions are also suscep-
tible to repetitive stress injury that can disrupt
both the bone and cartilaginous connections.
Incomplete ‘separation’ among the carpal bones
during the fourth to eight weeks of fetal devel-
opment leads to varying degrees of connection
called carpal coalitions. These coalitions may
be categorized by their completeness and the
nature of the connection: fibrous, cartilaginous,
or bony. Nearly every combination of possible
connections has been reported, but by far coali-
tions of the lunate-triquetrum, the capitate-
hamate, and the capitate-trapezium are the most
common [49-52]. As with any other stress frac-
ture, awareness of the possibility is critical to
making the diagnosis, but diagnostic algorithms
that include advanced imaging for persistent
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pain will almost always lead to the diagnosis
once the imaging is obtained. Their overall
prevalence has reportedly varied from 0.5% to
8.8% of study populations, though relatively
more prominent in African American children,
and are usually incidentally diagnosed through
radiographs taken for other purposes [52, 53].
Complete coalitions are typically painless,
incomplete coalitions, especially those with
fibrous connections are prone to pain secondary
to the presence or formation of pseudarthroses
that results from the repetitive stress demands of
sport [54, 55]. These can occasionally present
acutely after a discrete injury, a fall during an
attempted fielding play, for example, though a
careful history might uncover a history of low-
level chronic discomfort that never interfered
with sport before the injury [49, 56, 57].

Ball players will present with insidious onset
of pain in the region of the coalition. Careful
assessment of tenderness may tip off to the pos-
sibility of a coalition as the area will be intercar-
pal. It may be mistaken for a sprain, occult
fracture, stress fracture, bone contusion, or some
vague form of tendinitis. Examination is usually
only remarkable for focal intercarpal tenderness
and pain from stressing the carpal bones in the
tender area [58]. Sometimes the examination is
completely negative [55]. In the case of piso-
hamate incomplete coalitions, the pain is ulnar,
can mimic piso-triquetral arthritis, ulno-carpal
impaction syndrome, or a TFCC tear, and has
been reported to present with symptoms of ulnar
neuropathy [59-62]. Radiographs are the first
line of imaging, but the coalition is easily missed.
Sometimes the only hint on a radiograph is a
focal area between carpal segments where the
space narrows. The ‘carpal C-sign’ refers to the
unique appearance of a piso-hamate coalition on
a standard lateral plain film [63]. Advanced imag-
ing is typically required to confirm the diagnosis.
CT scan will often demonstrate a focal irregular-
ity at the coalition and may reveal atypical spac-
ing of the specific carpal interval. An MRI is the
preferred study since it can reveal a fibrous coali-
tion in the cases where a bony connection is not
present, can assess reactive edema, and can help
sort through the differential diagnosis.

Treatment should initially consist of some
combination of rest, bracing, and temporary ces-
sation of activity. Gradual return to sport is initi-
ated after an asymptomatic period. Ball players
should progress through deliberate advancement
of activities from swinging a bat to hitting and
transition from a throwing program to fielding.
Taping the involved wrist can aid during the tran-
sition and even help manage low-level discom-
fort during the course of a season. Surgery is
indicated when nonoperative treatment proves
insufficient in allowing a player the ability to
effectively participate in sport. The nature of sur-
gery depends upon which carpals are involved.
‘Completing’ an incomplete coalition of the lun-
triquetral or capitohamate joint via arthrodesis is
one approach. Such children often already have a
reduction in wrist mobility they have adapted too
[49, 51, 54]. Carpectomy is another method to
treat the pain as in the case of piso-hamate coali-
tions [62].

Bone Contusions

Distinct from either stress fractures or traumatic
fracture, a bone contusion represents an interme-
diate skeletal injury: enough acute energy to
injure but not fracture. Never visible on plain
films, this diagnosis is made from a combination
of the clinical history detailing pain from a dis-
crete injury and advanced imaging demonstrating
a discrete area of edema within the bone in the
absence of a fracture line or other findings that
could support vascular necrosis and stress
response [64]. These injuries are most often dis-
covered when unresolving pain following an
injury is pursued in the ball player even though
radiographs appear normal, especially pain that
affects the child’s ability to play. The differential
diagnosis includes ligamentous injury, cartilagi-
nous injury, and occult fracture. Bone contusions
also occur in concert with injuries to ligaments
and cartilage [65]. The challenge in treating these
injuries once recognized, other than supportive
care, is the length of time for pain resolution
which can be months. And, while unsettled and
unexplained, there is one prospective study that
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evaluated scaphoid contusions in which 1 of 50
converted to a true fracture [66].

Diagnosing this injury is the challenge and
starts with recognition. The young athlete will
have presented either acutely or after weeks of
pain relatable to a single memorable event.
Radiographs will be normal, and examination
will reveal a discrete area of tenderness unless
multiple bones are involved. Diagnosis requires
an MRI, though a bone scan will also be positive,
and this study should be obtained acutely to help
rule out a more significant injury based upon
examination after a few weeks without improve-
ment despite supportive treatment (Fig. 18.19).
While casts to protect scaphoid contusions have
been reported, it is unclear that anything more
than supportive bracing and patience is required
for treatment [66—68]. Follow-up plain films and
MRI are warranted if pain worsens or persists.

Specific Acute Injuries
Fingertip Injuries

Among the most common injuries a ball player
sustains is to their fingertip. It is exposed on the
throwing hand during defensive plays, while slid-
ing back to a base, and when on the receiving end
of an errant pitch. Young ball players are taught
to field balls with an open palm, slide head first
with hands in a fist, and turn inward on an errant
pitch to protect their face and hands but the inju-
ries nonetheless occur with regularity. An injury
to the tuft with or without nailbed involvement is
among the most common subtypes of fingertip
injuries, but so too are injuries affecting the
extensor mechanism of the distal interphalangeal
joint (DIP) [69]. The thumb, middle, and ring are
the most commonly affected [69, 70]. Two par-
ticular injury subtypes will be reviewed: mallet
injuries and Seymour fractures.

Mallet Injuries

Injuries that affect the terminal tendon of the fin-
ger may very well be the most common finger

injury representing upward of 33% of childhood
distal phalangeal injuries [69]. Far from a benign
injury, the negative consequences associated with
this injury, especially when associated with a
fracture, have been reported in as high as 45% of
children and include reduced mobility, swan-
neck deformity, deformity, and wound problems
associated with treatment/splints [69, 70]. Most
of these issues are fortunately minor but should
not be overlooked.

Mallet injuries result from an acute, forced
flexion moment upon the tip of the finger.
Concomitant axially directed force, and perhaps
the degree of that force, is what can lead to a
simultaneous fracture. Pure tendon injuries tend
to be relatively painless, and these children pres-
ent with an obvious extensor lag to the DIP. Mallet
fractures, on the other hand, lead to more dra-
matic presentations, that is, pain, dorsal swelling
proximal to the nailfold, and bruising. The degree
of lag may not be great as with tendon injuries,
but the appearance of the finger should serve as
notice of injury. Both presentations can result in
compensatory swan-neck posturing from unbal-
anced PIP extension. All children with such pre-
sentation should be referred for an appropriate
evaluation that includes radiographs and should
be provisionally splinted with the DIP in exten-
sion until then. Findings on examination in the
acute setting include dorsal DIP tenderness and
an extensor lag. The mallet fractures more often
present with more swelling and ecchymosis. In
fact, some children with mallet fractures that are
minimally displaced seem to retain some active
extension and can fool the examiner, save a radio-
graph which illustrates the injury. Wehbé and
Schneider have classified these injuries based
upon the presence of DIP subluxation, physeal
involvement, and the size of the articular frag-
ment [71]. The diagnosis should be straightfor-
ward, though this injury is often overlooked by
children, their parents, and their coaches leading
to significantly delayed presentation in 15-25%
of cases [70, 72]. This injury has also been mis-
taken for paronychia and treated with antibiotics
to no affect [73].

In 1984, Wehbé and Schneider published a
landmark paper concerning the treatment of mal-
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let fractures in which the data analysis found no
benefit in outcome to operative treatment [71].
Many authors, nonetheless, advocate such treat-
ment if the injury results in either DIP sublux-
ation or the fragment involves greater than 30%
of the articular surface [74]. In such a series con-
cerning adolescents, nearly all those who under-
went closed pinning using the Ishiguro method
regained full extension, while the cases that did
not were in children who presented in a delayed
fashion [74]. In a similar cohort where children
were treated with splints, 14% healed with a
slight extensor lag averaging 2° (all had mallet
fracture) [70]. Outcomes compared favorably
with the reports of operative treatment, and the
study included children with subluxation and sig-
nificant articular fragments. A recent report retro-
spectively compared closed pinning to
nonoperative treatment that included bone stimu-
lation [75]. Outcomes were quite similar, though
the children who underwent pinning experienced
stiffer DIP joints when the pins were left for more
than 5 weeks.

Closed treatment is the preferred treatment of
pediatric and adolescent mallet injuries, even
those that include large fragments and/or DIP
subluxation (Fig. 18.8). Surgical treatment is rel-
atively indicated in situations where the child/
adolescent has difficulty with full-time splinting,
and in this case, simple DIP extension pinning is
sufficient, though one can consider one of the
methods described to reduce and secure the frac-
ture, that is, the Ishiguro method. Open treatment
should be avoided for fear of infection. A child
presenting with a true fracture dislocation is
another matter, and this injury warrants operative
fixation.

In situations where children present late, it is
important to first recognize that overall prognosis
is already negatively impacted to some degree.
There is still success with treating as an acute
injury even as late as 8-9 weeks [70]. For those
children who truly fail primary treatment, or
present well beyond the hope of primary treat-
ment (>3-4 months), and are experiencing func-
tional issues with the finger, estimated to exist
when the extensor lag is >40°, treatment is prob-
ably warranted. If radiographs suggest arthrosis,

there is contracture, or there is DIP pain, arthrod-
esis and chondrodesis are appropriate surgical
options. If full motion remains, and the joint is
otherwise pain free and without arthrosis, options
include tenodermodesis, scar overlapping suture,
central slip tenotomy, and even spiral oblique
retinacular ligament reconstruction. Reports for
the latter two techniques, commonly described in
adult series, include older adolescents rarely and
not enough to derive any conclusions.
Tenodermodesis has been reported as an effective
technique for failed treatment in supple, pain-free
DIP joints in children [76—78]. The ‘scar overlap-
ping’ suture technique was recently described as
an alternative reconstructive technique similar in
principle to tenodermodesis, but without tighten-
ing the skin [79]. The authors posit that by leav-
ing the skin untensioned, one can avoid the
potential problems of creating DIP stiffness,
especially over time as the finger grows, though
those concerns have not been clearly manifest in
the limited reports concerning tenodermodesis.

Seymour Fracture

The juxtaepiphyseal fracture of the distal phalanx
was first described by Seymour as a distinct pedi-
atric injury in 1966 [80]. A number of reports
since serve as cautionary tales regarding this
uncommon and underappreciated sports-related
injury with the potential for serious complication
that occurs in children averaging 8—11 years of
age [69, 81-87]. Failure to treat this injury
acutely is associated with infection, including
osteomyelitis, with rates ranging from 35% to
76% [86—88]. Other complications include nail
dystrophy, premature physeal arrest, stiffness,
and deformity from malunion [69, 84, 85, 87].
The injury, like a mallet fracture, occurs from
direct impact that is both axially directed and
pushes the tip of the finger into flexion but affects
the bone with an open physis different than with
closed. Diving into a base head first, errant field-
ing of a hit ball, and getting hit by a pitched ball
are all mechanisms of injury. The impact leads to
a Salter-Harris 1-2 physeal fracture with a flex-
ion deformity (Fig. 18.9). To the naked eye, the
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Fig. 18.8 Mallet fractures (a—c). (a) A 15-year-old
infielder presents after mishandling a ground ball hitting
the tip of his ringer finger. Initial key radiograph demon-
strates mallet fracture with congruent DIP joint. (b) This
was treated with a full-time extension splint, and (¢) clini-
cally healed by 6 weeks with maximal extension of near
neutral. (d, e) A 14-year-old infielder with similar injury
to the long finger. (d) Key radiograph confirms mallet

fracture with some joint incongruency. (e) After 6 weeks
of full-time extension splinting, clinically healed and
painless with near neutral extension and >60° flexion. (f)
It is important to distinguish a mallet fracture from the
common Salter-Harris 2 fracture of the distal phalanx.
The fragment in this case is off the dorsal metaphysis, as
opposed to the epiphysis
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Fig. 18.9 The clinical photographs of this 10-year-old
athlete who injured the tip of his finger from an errant
pitch while at bat. (a) The picture is that of a nail root
avulsion. Note the flexion deformity of the finger and the
bleeding. (b) Radiographs confirm an underlying dis-
placed Salter-Harris 2 fracture of the distal phalanx dis-

injury can look like a subungual hematoma, and/
or a laceration near the eponychial fold, and/or
any degree of nail plate avulsion [88]. The sig-
nificance of the injury is occasionally not recog-
nized and the focus of treatment is based on the
distal phalanx with the soft tissue component dis-
missed as associated and incidental, and the
result is delayed presentation in 20-35% of cases
[86-88]. In reality, this is an open fracture of the
distal phalanx. The nail is the other critical com-
ponent of the injury often underappreciated,
especially when the finger presents with partial
or complete nail avulsion. There is nearly always

placed in flexion. This is a Seymour fracture (open distal
phalanx fracture with associated nail matrix injury). (c)
Proper treatment includes infection prevention with irri-
gation/antibiotics and open reduction and fixation in order
to extrude the enfolded nail matrix and allow for an ana-
tomic repair

a laceration at the level of the germinal matrix
with interposed nail matrix in the fracture site
that has been reported to exist in 47% of cases
[88]. Inappropriate treatment whether by lack of
direct repair or simple reduction without remov-
ing the interposed tissue inevitably results in nail
dystrophy.

Appropriate treatment begins with recognition
of the potential significance of severe injury. A
laceration near the nail fold, bleeding, subungual
hematoma, or nail avulsion should not be dis-
missed as a simple injury without radiographs.
Children who sustain this injury during sport
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should be substituted out of the game and sent
immediately to either an emergency department
or an urgent care center for prompt treatment.
When plain films confirm the presence of a jux-
taphyseal fracture, management begins with the
administration of intravenous antibiotics as
would be the case for any open fracture.
Appropriate treatment then includes removal of
the nail plate and exploration of the nail matrix
and/or laceration. The fracture is identified and
thoroughly irrigated with sterile saline. The nail
matrix, if interposed, is extruded from the frac-
ture site. The fracture is reduced, and the nail
matrix is repaired with fine (6-0) absorbable
suture. If the nail plate was intact, it is thoroughly
cleaned and placed back under the eponychial
fold and secured with absorbable suture (4-0-5-
0). The foil from the suture pack or a plastic nail
prosthesis can be used as an alternative to the nail
plate. The final critical part of treatment is to
assess stability of the reduction. Any sense of
instability with associated loss of reduction
should be addressed by fixation accomplished
with k-wire or even a hypodermic needle of suf-
ficient girth. While managing this injury in an
operating room is always appropriate, manage-
ment in the emergency department is equally effi-
cacious [85, 86, 88]. What matters is that all
components of the injury are addressed. If the
surgeon prefers treatment in the operating room
on a delayed basis, then immediate treatment
with antibiotics, nail plate removal, and irriga-
tion/debridement of the open fracture must occur.
Such acute, partial treatment is not associated
with an increased risk of infection [86, 87].
Following definitive treatment, the fingertip is
dressed, along with the fixation wire if applied, in
such a method as to still allow observation of skin
for perfusion. Immobilization should be robust
and comfortable, and extensive if a wire is
applied, that is, cast or rigid hand/forearm-based
splint. Antibiotics can be continued orally for up
to 3 days. Immobilization is continued until
radiographs and clinical exam confirm healing
typically around 3-4 weeks postoperatively.
Children can return to play once the wounds and
fracture are healed and any fixation is removed.
Any soreness/sensitivity can be addressed with a

distal interphalangeal splint or taping that leaves
the proximal joints free. The fingertip is still fol-
lowed with radiographs for the next 2—4 months
to monitor motion, nail growth, and physeal
integrity. With acute, appropriate treatment,
reported complications include infection
(0-10%), premature physeal closure (0-20%),
and nail dystrophy (1-25%) [69, 84-88].

Phalangeal Neck Fracture

The phalangeal neck fracture (alternatively
labeled subcondylar, distal condylar, or subcapi-
tal) is somewhat unique to children and peaks
between the toddler and skeletally immature ado-
lescent ages. They are the result of axial loading
and occur with relative frequency in younger
children. An awkward ground or fly ball, a head-
first slide, and an attempted tag are the typical
circumstances that will lead to this injury. The
situations, and mechanisms, are very similar to a
sprain, and this injury is often assumed to be a
sprain as the displacement is very subtle and the
joint is stiff and painful. And these injuries do not
always result in ecchymosis or significant swell-
ing which also lends itself to underrecognition
(Fig. 18.10) [89].

Determining rotational alignment and coro-
nal angulation are key to the physical examina-
tion. These parameters can be established with a
careful and gentle examination, but any doubts
can be resolved with a local anesthetic digital
block and re-examination. The examination is
truly the best method to assess rotation which is
the critical data point in treatment algorithms.
Inspection of radiographs involving any fracture
of the phalangeal head and neck warrants appre-
ciation that much of the head is cartilaginous in
younger children, and small osseous fragments
represent large cartilaginous portions. Any con-
fusion is often settled with contralateral radio-
graphs. Fragments are also occasionally rotated
greater than 90°, and appreciating the ‘normal’
radiograph is critical for anatomical reduction
[89, 90].

Children with nondisplaced phalangeal neck
fractures are traditionally treated with rigid cast-
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Fig.18.10 Radiographic
examples of pediatric
phalangeal neck
fractures. (a)
Nondisplaced, Type 1,
phalangeal neck fracture.
(b) Displaced, Type 2,
phalangeal neck fracture.
(¢) Completely displaced,
Type 3, phalangeal neck
fracture
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ing due to inherent instability with this pattern.
Park et al. recently challenged this notion a com-
parative study detailing that simple buddy taping
of even mildly displaced phalangeal neck frac-
tures resulted in outcomes similar to operative
reduction and stabilization at an average of 17
months given the remodeling that occurred in the
nonoperative group [91]. This fracture generally
heals with sufficient stability to allow for return
to sport with buddy straps by 3-4 weeks until
pain free. This transition should be confirmed
first by both the absence of clinical tenderness
and the presence of radiographic healing. Most
children do not require formal physiotherapy
after cast removal.

Of the displaced varieties, type 2 phalangeal
neck fracture (dorsal angulation and translation)
is the typical subtype encountered by hand sur-
geons. Manipulation can be attempted in type 2
displaced fractures provided the family under-
stands that upward of 60% will re-displace within
a week. A successful manipulation should be re-
evaluated every 7-10 days until healed. It is
important to obtain X-rays out of the cast to avoid
the potential confounding of overlapping fingers
and cast material given the small size of the frac-
ture. Any loss of alignment warrants consider-
ation for surgical management (Fig. 18.11).

The remodeling potential for these fractures
was once thought minimal necessitating opera-
tive treatment for any displaced pediatric phalan-
geal neck fracture, but it is greater than originally
thought. In the largest series, Puckett et al. found
that all malunited phalangeal neck fractures (type
2) remodeled fully in the sagittal plane and
partially in the coronal plane (Fig. 18.12) [37].

Fig. 18.12 A series of lateral radiographs of a Type 3
pediatric phalangeal neck fracture remodeling over the
course of 9 months. (a) Initial radiographic healing. (b) 5
months later. (¢) 9 months later

Fig. 18.11 Closed treatment of phalangeal neck frac-
tures. (a) Closed reduction can successfully realign a dis-
placed phalangeal neck fracture as demonstrated in these
pre- and postreduction lateral plain films. (b) At the same

time, successfully reduced phalangeal neck fractures need
close observation as demonstrated in this clinical example
where alignment was lost 1 week after a successful closed
reduction
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Matzon and Cornwall introduced an algorithm
that allowed healed displaced phalangeal neck
fractures (sagittal plane deformity, no rotational
deformity, with sufficient growth remaining) to
remodel; otherwise, displaced fractures were
treated through a combination of manipulation,
pinning, and open reduction as needed to gain
alignment [92].

While acute displaced fractures still benefit
from interventions, malunited fractures can
potentially be allowed to remodel depending
upon the age of the child and the wishes of the
family. Malrotation, clinically visible coronal
deviation (>15°), or insufficient growth remain-
ing (<1 year) mandates anatomic alignment. A
family choosing nonoperative treatment of
acceptably displaced phalangeal neck fractures
must understand that months will need to pass
before mobility returns. In the less likely event of
insufficient remodeling, a secondary subcondylar
resection arthroplasty can help restore flexion
[93]. Parents of athletes, musicians, and other
physically active children often choose surgery
as motion is restored faster, whereas parents of
young children may be more likely to choose
casting to avoid surgical procedures and general
anesthesia.

Most can be reduced with flexion after first
correcting coronal and rotational alignment. The
hand surgeon should be familiar with various
techniques of closed reduction and pinning for
phalangeal neck fractures (Fig. 18.13) [94-97].
Children who present 2 to 3 weeks after injury
with a displaced fracture will not be amenable to
simple closed reduction due to partial healing. In
these circumstances, closed osteoclasis becomes
an attractive surgical option especially if criteria
for remodeling are not met or there is desire for
quicker return of mobility (Fig. 18.14) [98]. With
this technique, a relatively large Kirschner wire
(0.045-0.062) is introduced percutaneously and
manually manipulated to disrupt the immature
callus. Once loosened, the fragment is either
reduced manually or with the aid of an intrafocal
pin to ‘hinge’ the fragment into alignment; fixa-
tion is then achieved using percutaneously placed
pins. Anatomic alignment is not necessary pro-
vided it is acceptable or in a position to remodel.

Osteoclasis can sometimes be accomplished up
to 5-6 weeks following injury before full healing
has occurred [92]. Only an open osteotomy
would suffice once callus is sufficiently mature
(>5 weeks), and this is a last resort in order to
avoid its associated risks: stiffness and avascular
necrosis of the fracture fragment. If required, the
neck is approached dorsally with a longitudinal
or gently curved incision, and accessing the frac-
ture either around the side of the lateral band or in
between the lateral band and extrinsic extensor.
The surgeon must avoid the collateral ligaments
and surrounding soft tissue as best as possible to
avoid devascularizing the phalangeal head, place
the K-wires such that the ligaments are not cap-
tured, and start physiotherapy in a functional
splint at 2-3 weeks’ time to minimize loss of
mobility. Gentle dissection techniques and avoid-
ing soft tissue stripping can still reduce an already
tenuous blood supply and create the environment
for postoperative stiffness. Anatomic alignment
may need to be sacrificed in favor of acceptable
alignment (rotationally and coronally aligned,
partial restoration of the sagittal alignment) in
order to avoid these complications and anticipate
a staged subcondylar reconstruction if motion
proves insufficient. An open approach is some-
times necessary, but the author will at times alter-
natively allow the malunion to mature, wait until
remodeling, and then correct later malrotation or
coronal deviation [99].

Proximal/Periphyseal Phalangeal
Fracture Including Avulsion Fractures

Periphyseal, juxtaepiphyseal, and metaphyseal
fractures are discussed together as treatment
principles are very similar. Periphyseal fractures
are the most common fracture type in children
affecting the proximal phalanx, especially the
thumb, and in particular Salter-Harris 2 fractures;
though in a separate series concerning fractures
of the fingers published by Al-Qattan, the juxta-
epiphyseal pattern is equally common [100, 101].
Juxtaepiphyseal fractures, classified by Al-Qattan
as either type 1 (transverse on the metaphyseal
side within 2 mm of physis) or type 2 (with an
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Fig.18.13 Radiographic
examples of various
pinning configurations
for displaced phalangeal
neck fractures. (a)
Standard crossed pinning
through the collateral
recesses. (b) For coronal
oblique neck fractures
where there is little
purchase on one side, two
divergent pins can be
placed unilaterally. (c)
For coronal oblique neck
fractures where there is
little purchase, a second
antegrade pin can provide
rotational stability, with
casting providing further
support. (d) For the
smallest of fragments,
middle phalangeal neck
fractures, and young
children, a single
retrograde pin can prove
sufficient

associated ‘“Thurston-Holland’ fragment), are the
next most common pattern of phalanx fracture
(Fig. 18.15). Most paraphyseal fractures in chil-
dren are stable after reduction. As children

become adolescents, however, these fractures are
more commonly unstable and need to be reduced
and surgically stabilized. Nonetheless, any dis-
placed paraphyseal fracture in the young ball
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Fig. 18.14 A subacute Type 2 phalangeal neck fracture
with poor alignment. (a) Initial radiographs demonstrate
immature callus formation. (b) A closed, percutaneous,

osteoclasis is performed, which allows manipulation of
the fracture into acceptable, albeit not anatomic, position

Fig. 18.15 Juxtaepiphyseal fracture subtypes. (a) Type 1
juxtaepiphyseal ‘extra-octave’ small finger proximal pha-
langeal fracture pre- and posttreatment. (b) Type 2 juxta-

player should initially be treated with a closed
manipulation, and surgery, typically closed per-
cutaneous pinning, reserved for the uncommon
unstable or irreducible displaced fracture.

‘Extra-octave’ Other Physeal/
Juxtaepiphseal Fractures

The apex radial, ulnarly angulated paraphyseal
fracture involving the proximal phalanx of the
little finger is among the most common phalangeal
fractures in children. Known as the ‘extra-octave’
fracture, it serves as a good model for paraphy-
seal fractures involving any of the digits includ-
ing the thumb. Alignment is primarily judged by
clinical exam, and children who can adduct the
finger next to its ‘neighbor’ generally will have

epiphyseal ring finger proximal phalangeal fracture with
the ‘Thurston-Holland’ metaphyseal fragment pre- and
postmanual reduction

an acceptable degree of coronal plane angulation
(within about 15°). Up to 20-25° can be accepted
in skeletally immature children provided parents
understand remodeling may be incomplete. Any
rotational deformity or unacceptable angulation
is initially treated with manipulation. Sagittal
plane angulation is typically within remodeling
parameters, but greater than about 30° ought to
be reduced. Fractures that re-displace (approxi-
mately 5-10%) or prove irreducible are treated
with surgical fixation (Fig. 18.15) [36]. Closed
reduction and percutaneous pinning are primary
means of fixation with open reduction rarely
required.

Irreducible fractures suggest the possibility of
entrapped soft tissue including extensor tendon
in the case of dorsally displaced fractures, and
these rare circumstances necessitate open reduc-
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tion. The irreducible periphyseal fracture is
approached either dorsally or midaxially on the
side of the metaphyseal/epiphyseal fragment.
The extensor hood in the proximal phalanx and
the central slip for the middle phalanx require
careful handling. In the former, then the interval
between the sagittal band/extrinsic extensor and
lateral band can be incised for access. This inter-
val is repaired prior to formal skin closure. Access
to the middle phalanx is usually achieved by
retracting the lateral bands after releasing the
transverse retinacular ligament. Since the central
slip inserts on the epiphysis, it can be left undis-
turbed. As with open treatment of phalangeal
neck fracture, the peri-articular soft tissues must
be respected, and every attempt made to avoid
their dissection. This includes not simply the
nearby ligaments which carry important vascular
supply, but the physis itself which can be dam-
aged with aggressive handling. The important
principle to bear in mind in skeletally immature
ball players is that the final alignment needs only
to be ‘sufficient, with or without considering
remodeling potential, especially if anatomic
reduction would require aggressive handling of
the critical soft tissues. Children with displaced
phalangeal base/shaft fractures that present late
with callus on radiographs warrant particular
mention. Extra-physeal fractures can be surgi-
cally treated closed using percutaneous osteocla-
sis techniques to improve alignment provided the
surgeon is particularly careful around the physis.

True incipient malunions of physeal fractures, on
the other hand, should be considered for later
osteotomy to avoid possible iatrogenic physeal
injury incurred during percutaneous or open
‘take-down’ of the periphyseal callus.

Ligamentous Avulsion Fractures
of the Fingers

Soft tissue avulsion fractures of the phalangeal
bases are very common injuries, especially as
children get closer to skeletal maturity. The volar
plate avulsion fragment of the base of the middle
phalanx is perhaps the most frequent pattern
which also includes lateral collateral avulsion
fragments and dorsal central slip avulsion frac-
tures (Fig. 18.16) [102]. Treatment of these inju-
ries is straightforward and is dependent upon
whether ligament or tendon is injured. Volar plate
and lateral collateral avulsion fractures represent
ligament-equivalent injuries. They are first
assessed for joint stability which is rarely com-
promised. Early motion is initiated with buddy
straps utilizing rigid digital splints only for sport
and only as needed [103—-107]. Prolonged immo-
bilization encourages early stiffness and prolongs
the pain and recovery associated with these inju-
ries. Full active range of motion is typically
achieved within 2-3 weeks from the injury; if it is
not, formal hand therapy is advisable. It is quite
helpful to advise patients and families that swell-

Fig. 18.16 Examples of digital avulsion fractures. (a)
The volar-plate avulsion fracture off the insertion of the
base of the phalanx is an epiphyseal fragment. (b) The
collateral ligament avulsion fracture off the insertion of

the ligament is another epiphyseal fragment. (¢) The
central-slip avulsion fracture is another epiphyseal frag-
ment but includes the tendinous insertion of the extensor
mechanism
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ing and soreness can last for many months fol-
lowing this injury, especially in adolescents. This
education can eliminate unnecessary concern and
follow-up visits.

Dorsal avulsion fractures off the base of the
middle phalanx are central slip-equivalent inju-
ries akin to an acute boutonniere injury. These are
immobilized full time for 3—4 weeks to protect
the extensor mechanism by only holding the PIP
joint in extension (MCP and DIP joints are free
(Fig. 18.16)). Rigid, conforming, and moldable
materials can be applied for games/practice by a
trainer or therapist. Once the injury is no longer
tender and/or radiographs demonstrate bony
healing, the player is advanced into a removable
PIP extension splint and allowed to slowly regain
flexion with intermittent daily exercises. Active
flexion is gradually increased provided active
extension is maintained, and splinting can usu-
ally be discontinued within 2-3 weeks of this
transition. Rarely a player sustains a combined
dorsal and volar avulsion fracture resulting from
a combination of hyperextension injuring the
volar side and axial compression injuring the dor-
sal side. In this situation, the dorsal fracture,
which contains the central slip insertion, is priori-
tized and is treated as just outlined. The differ-
ence is counseling the player and family that
restoration of mobility will likely take much
longer.

Ligamentous Avulsion Fractures
of the Thumb

The thumb proximal phalanx is a frequently
injured bone and becomes increasingly so in the
teenage years as the physeal space narrows.
Collateral ligament avulsion fractures, in
particular, become more common, especially on
the ulnar side. The fragments vary in size and
need to be assessed on X-rays, paying attention
to coronal angulation of the joint, and the loca-
tion of the fragment on the lateral view, as volar-
lateral fragments indicate involvement of the
collateral ligament insertion, whereas strict cap-
sular avulsions are more mid-lateral. Assessing
stability is one of the critical factors in determin-

ing treatment. This must be accomplished with
physical examination because neither the radio-
graphic size of the fragment nor its degree of dis-
placement predicts stability. A gentle exam in
different degrees of flexion to test the proper and
accessory collateral ligaments using the contra-
lateral uninjured thumb as a template will accom-
plish this assessment. Anatomically aligned and
stable fractures are casted for 3—4 weeks and then
allowed to move in the flexion/extension axis
without stress for another 3—-6 weeks until the
fragment is clearly healed. Thumb MCP stiffness
is typically transient and is not nearly as much of
a functional concern as an incompetent ulnar col-
lateral ligament from an unhealed fracture, so it
is generally advisable to err on the side of longer
immobilization to ensure healing. Smaller frag-
ments are more common, and sometimes these
fragments seem rotated or displaced. These
smaller avulsion fractures typically heal well
with nonoperative treatment leaving surgery for
injuries with either acute instability or failed cast-
ing (Fig. 18.17) [108-110].

It is also important to pay attention to the size
of the fragment and the degree of displacement.
These are, in skeletally immature athletes, Salter-
Harris 3 equivalent injuries, and physeal preserva-
tion is part of treating this injury. Gapping of
greater than 2 mm and a fragment larger than 25%
of the articular surface traditionally warrant reduc-
tion and fixation (Fig. 18.18). Additionally, any
rotation of the fragment implies fracture instability
and dictates operative reduction and stabilization.
Surgical reduction can be achieved percutaneously
with a penetrating bone reduction clamp, although
care should be taken not to crush the branches of
the superficial sensory radial nerve. Open reduc-
tion is often required. The surgical approach
involves a straight or curvilinear midaxial incision
on the side of the fragment along the thumb meta-
carpophalangeal joint (MCP). Careful dissection
through the soft tissues should protect branches of
the superficial sensory radial nerve going to the
dorsal thumb. On the ulnar side, dissection pro-
ceeds to the level of the adductor pollicus aponeu-
rosis and extensor hood. On the radial side,
dissection proceeds to the abductor pollicus apo-
neurosis and extensor hood radially. Incising the
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Fig. 18.17 Radiographs of a 17-year-old catcher who
‘jammed’ his right thumb trapping a low pitch. The thumb
MCP was clinical stable, though tender along the ulnar
side. (a) PA of the right thumb demonstrating a small, but
rotated fragment off the ulnar base of the proximal pha-

lanx. The MCP joint looks congruent. (b) The lateral view
demonstrates a congruent joint. The arrow points to the
fragment, which is volar, consistent with an avulsion frac-
ture of the ulnar collateral ligament (bony gamekeeper’s

injury)

Fig. 18.18 Radiographs from a 17-year-old who sus-
tained a displaced bony gamekeeper’s injury sliding head
first back to base to avoid a pick off. (a) The fragment,

about 33%, is off the volar/lateral corner and displaced.
(b) Radiographs following open reduction and fixation

with screw fixation
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interval, repaired prior to closure, provides access
to the fracture fragment. The MCP capsule can be
incised while protecting the collateral ligament to
gain greater visualization of the fracture fragment
if needed. It is important to maintain the ligamen-
tous attachment to the fragment to maintain vascu-
larity. Once the fragment is appropriately reduced,
fixation method is based on the size of the frag-
ment and the age of the child. Smaller fragments
and bones with ‘wide open’ physes are best treated
with k-wires, while larger fragments in nearly or
completely mature children can be managed with
mini-screw fixation.

Scaphoid Injury

The most frequently fractured carpal bone is the
scaphoid, even in children. Series exploring the
relative frequency among carpal fractures has
repeatedly found that 80-90% of the fractures
involve the scaphoid [111, 112]. Still, scaphoid
and other carpal injuries make up a small per-
centage of hand and wrist injuries in the younger
age groups ranging from 1% to 6% [112, 113]. In
pediatric series, upward of 35-40% of the frac-
tures result from sports-related trauma [114,
115]. Peak incidence of fracture in children
occurs between 13 and 15 years of age averaging
earlier for girls than boys, and fractures within
the first decade of life are particularly rare [112,
116-121]. In fact, skeletal maturity is cited as
one factor associated with scaphoid fractures in
children and adolescents [121]. As if emblematic
of sports injuries in children, the pattern of scaph-
oid fractures transitions from predominantly dis-
tal fractures at the younger ages to waist fractures
in adolescents who are not only larger but also
participate in adult-like sports activities [115,
122]. Proximal pole fractures represent 1-9% in
children and adolescents [111, 117, 118,
121-123].

The scaphoid becomes radiographically visi-
ble between 4 and 6 years of age and completes
ossification by around 15 years of age [117]. Like
its primary blood supply, ossification starts dis-
tally and proceeds in a retrograde direction, and

this may explain the predominance of distal frac-
tures in younger age groups [124].

Postinjury radial wrist pain requires sifting
through a variety of possible diagnoses.
Scapholunate ligament or other radial sided car-
pal ligament injury will present with tenderness
near and sometimes at the level of the scaphoid.
Fractures of the distal radius, especially the radial
styloid, nearby carpals, and metacarpal base frac-
tures of the thumb, index, and long will all pres-
ent with tenderness in the vicinity of the scaphoid
[111]. Scaphoid contusion requires advanced
imaging to diagnosis and presents very similar in
history and examination to a scaphoid fracture
[67, 111]. Diligence in pursuing a diagnosis ulti-
mately leads to advanced imaging which demon-
strates bone edema (Fig. 18.19). Though very
little is published regarding this injury, the pos-
sibility of conversion to complete fracture means
respecting this injury and treating it cautiously
[66]. The possibility of extensor tendinitis, that
is, De’Quervain’s and second compartment, dor-
sal radiocarpal impaction, and flexor carpi radia-
lis tendinitis, though not typically from acute
trauma, need to be evaluated when assessing the
young athlete. Stress fractures of the scaphoid in
adolescent and young adult elite athletes are
another repetitive stress injury that requires dili-
gent evaluation as advanced imaging is required
to confirm this diagnosis [39, 40, 42, 44, 125].

Diagnosis of this injury is critical due to the
potentially deleterious consequences of an un-
united scaphoid which extend beyond persistent
pain and limited athletic participation and to pre-
mature traumatic arthritis. The initial fall on an
outstretched rotated wrist sliding into a base or
diving for a ball in the field is not always recog-
nized as a significant injury. Athletes will often
either continue playing with pain or return to play
once the wrist is taped or rested presuming a
sprain. In fact, many children and adolescents
present for treatment with a chronic injury
20-70% of the time (Fig. 18.20) [114, 121, 123].
The consequence of delayed presentation is not
just the potential for painful arthritis; it is also the
reality that union rates are slower and lower in
children who present with an established non-
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Fig. 18.19 Bone contusions. (a) A 17-year-old sustained
injury from direct contact along the ulnar/proximal palm
at bat. Tenderness over the hook of the hamate was pres-
ent. MRI demonstrates contusion along the distal hamate

union and surgery is nearly always necessary
[117,121, 123].

The challenge with diagnosis of pediatric
scaphoid fractures is that, like their adult counter-
parts, recognition is not straightforward, and plain
film evaluation has a false-negative rate ranging
from 15% to 54% (Fig. 18.21) [111, 117, 123]. A
high index of suspicion is critical to making the
acute diagnosis. Important physical findings on
examination include distal pole tenderness, snuff-
box tenderness, radial wrist pain with axial load,
and radial pain with wrist motion [126-130].
Routine PA and lateral plain films often prove
insufficient, and an additional pronated lateral and
ulnar deviated PA round out the 4-view series that
should be obtained to evaluate for scaphoid frac-
ture [131-134]. The ‘pencil-grip’ view is another

body that extends to the junction of the body with the
hook, but no fracture. (b) Scaphoid and lunate contusion
in a 14-year-old sustained during an awkward fall diving
for a fly ball in the outfield

important view to consider given that scapholu-
nate ligament injury is within the differential
diagnosis of posttraumatic radial wrist pain
(Fig. 18.22) [135]. Establishing the diagnosis
does not stop with negative initial radiographs in
the young athlete. Traditional recommendations
of provisional immobilization of suspected frac-
tures and early re-evaluation are a proven strategy
in children. Evenski et al. found 30 confirmed
scaphoid fractures of a cohort of 104 adolescents
with suspected fracture, but 2 weeks from injury
was required for the X-ray positivity in 45%,
while the rest took between 5 and 7 weeks for the
fracture to become ‘visible’ [117] (Fig. 18.21).
An alternate strategy for the elite adolescent ball
player is to proceed with advanced imaging to
improve the accuracy of the diagnosis. MRI and
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Fig. 18.20 Scaphoid nonunion. A 14-year-old male pre-
sented with worsening radial wrist pain during winter
baseball practice. He sustained a wrist injury during fall
season falling on outstretched hand. (a) Representative
initial radiographs in the urgent care center were read as

CT scan both have been shown to improve the
sensitivity of diagnosis and are recommended if
the athlete strongly desires immediate return if the
bone is not fractured (recruiting opportunity,
important event) (Fig. 18.23). MRI is probably
the second study to obtain for diagnosis given its
ability to sift through the differential diagnosis
better than other studies given its ability to visual-

normal and he was dismissed with wrist brace. (b) Three
months later, the same radiographic views reveal chronic
proximal pole nonunion. (¢) The fracture went on to union
after open treatment including a headless compression
screw and autograft

ize soft tissues. CT scan is more useful in assess-
ing bony alignment and healing, but both are
effective imaging modalities to specifically look
for the possibility of occult scaphoid fracture
[133, 134, 136-141]. MRI finding of bone bruis-
ing without fracture should still be treated as a
fracture, as 2% can progress to complete fracture
even with immobilization [66].



256

A. E. Peljovich

Fig. 18.21 A 13-year-old presents acutely after tripping
over second base as he was rounding to third. He had dis-
tinct snuffbox tenderness and distal pole scaphoid tender-

Cast immobilization is the treatment of choice
of nearly all acute, non-displaced scaphoid frac-
tures. Displacement ranges about 10% of all pre-
senting acute scaphoid fractures and remains the
primary surgical indication [114, 115, 118, 121,
142]. Casting acute, nondisplaced, scaphoid frac-
tures in children and adolescents reliably achieves
union greater than 96% of the time, with unions
occurring in 100% in a couple of series [114,
115, 118, 121, 123, 142]. Gholson et al. found
that healing time varied by fracture location
[115]. Distal pole, waist, and proximal pole frac-
tures healed at an average of 6, 9, and 15 weeks,
respectively, but this included children who pre-
sented greater than 6 weeks with nondisplaced
fractures. Other series predominated by factors
that delay healing include displacement and
osteonecrosis; the latter also being a negative
prognostic factor regarding outcomes [115, 121].
Consistent with adult series, healing rates have
not been affected by short- versus long-arm cast-
ing [142]. The author’s preference is a long- to
short-arm cast with interosseous molding to
reduce rotation and incorporate the thumb across
the MCP joint only. The other controversy applies
to both nonoperative and operative treatment and
involves the radiographic assessment of union.
The author’s preference is to obtain a CT scan
unless the plain films and examination are clear.

ness. (a) Representative initial radiographs did not reveal
scaphoid fracture. (b) Repeat radiographs in approxi-
mately 2 weeks revealed a distal waist fracture

In the latter situation, the authors also schedule a
return visit within a month to confirm clinical
improvement and repeat radiographs after return
to activities as tolerated.

There is limited use to operative fixation of a
nondisplaced scaphoid waist fracture in the
young baseball player. Young ball players are not
going to be able to return to the field or the lineup
with a cast on. Perhaps, the only role for such a
player would be pinch-running, but to what
advantage for the young athlete? Operative treat-
ment of a nondisplaced fracture does have the
advantage of allowing early mobilization prior to
healing, and this may reduce the overall return to
play time once the bone is healed compared to
cast treatment; but this has never been vetted in
studies to date. It is important to note that early
surgery requires the athlete to assume the risks of
surgery and does not seem to improve the healing
rate or the time to union [115]. In the end, the
decision to operate on the young ball player with
a nondisplaced scaphoid waist fracture should be
considered carefully and after thorough discus-
sion with the athlete and their families.

Acute, nondisplaced proximal pole fractures
are a relative indication for surgical fixation.
Gholson et al. found that 95% of their acute, non-
displaced proximal pole fracture healed with
casting alone at an average of 15 weeks in chil-
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Fig. 18.22 A 17-year-old outfielder injured his right
wrist diving for a fly ball. Radial wrist pain ended his
game, and it persisted for over 1 week. (a) Standard PA of
the wrist demonstrating an irregularly positioned scaph-

dren [115]. Grewel et al. found that cast treat-
ment resulted in 90% union at an average of 14
weeks in their cohort of 53 patients averaging 30
years of age at injury [143]. Given the lengthy
time to healing, the primary reason to consider
surgical fixation is to limit time in cast, not the
time to healing, in the hopes of reducing overall
time to recovery and return to play.

Acute, displaced fractures, defined as >1 mm
of displacement and/or altered carpal alignment,
should be treated with surgical reduction and fixa-

oid. (b) Standard lateral without significant malalignment
of the carpus. (¢) Pencil group demonstrates asymmetric
widening of the SL interval on the injured wrist, confirm-
ing SL injury

tion. There are potential risks of problems associ-
ated with malunion regarding carpal mechanics
and risk of arthrosis. The primary issue, though, is
the union rate for closed treatment of acute dis-
placed fractures is low, less than 30% for dis-
placed waist and proximal locations and 87% for
distal levels [115]. With successful closed reduc-
tion, fixation can be secured with a percutane-
ously placed headless screw, or Kirschner wires,
from either the volar or the dorsal approach
depending upon fracture location. Open reduction
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Fig. 18.23 A 9-year-old presented with radial wrist pain
following a fall playing defense during practice. The next
game, a championship game, was deemed important to

is needed if closed reduction fails to reduce the
fracture and correct carpal alignment. Union rates
for surgical treatment of displaced fractures is
reported as >96% [115, 121, 142]. Location of the
fracture influences time to union as for cast treat-
ment of nondisplaced fracture. One series found
that the time to union was dependent upon the
particular headless compression screw implanted,
but not the overall union rate [115].

In the relatively frequent presentation of a
chronic fracture (>6 weeks from injury), union
rates with appropriate treatment are still excellent
overall with rates >95% [115]. Time to healing is
substantially increased for chronically presenting
pediatric scaphoid fractures by an estimated
0.65-2.25x with cast treatment and 0.3x with
surgical treatment [115, 123]. Casting can be
considered for chronic presenting nondisplaced
fractures, though union rates are lower, more so
for proximal and waist fractures and particularly
if displaced [115]. In young athletes, surgery is
the favored treatment for all chronically present-
ing scaphoid fractures, with the possible excep-
tion of chronic nondisplaced distal pole fractures
(Fig. 18.20). Even for chronic nondisplaced frac-
tures, surgery affords reduced overall healing and
rehabilitation time compared to cast treatment.

Outcomes for children with scaphoid fractures
are generally excellent. Reviews have described
excellent functional scores in >95% of children
[118, 121]. Poor outcomes are rare and primarily
related to the development of osteonecrosis or

parents and an MRI was obtained. (a) Representative
radiograph taken within a couple of days of injury. (b)
MRI in similar pain reveals a distal waist fracture

chronic nonunion [114, 121, 144-147]. While
there are case reports of pediatric scaphoid non-
union healing with immobilization alone, the
generally accepted recommendation for athletes
is surgical fixation often with bone graft, and pos-
sible low-intensity pulsed ultrasound, to stimu-
late healing with excellent union rates [120, 144,
148, 149].

Return to play for children with scaphoid frac-
tures can be in stages. Children with surgical
secured acute fractures, for example, can consider
returning as a pinch runner with a protective splint
at least 3—4 weeks following surgery depending
upon comfort. The need for free bilateral wrist
movement and strength means that a healed frac-
ture is, at a minimum, required before returning to
the lineup and the field. This translates, in older
adolescents, to a minimum of 6—10 weeks lost to
sport while healing in a cast, and this time is
expected to approach 3—4 months with proximal
pole fractures. Though not vetted in any published
research, stable surgical fixation can allow for
mobility rehabilitation at a much earlier time than
if casted and may represent a relative indication
for surgery in the ‘right’ athlete.

Other Carpal Injuries
Baseball-related injuries involving the other

seven carpals are uncommon, with the excep-
tion of the hamate. In one community emer-
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gency department, over the course of the year,
6% of the hand fractures in children involved
the carpals (1.6% of all pediatric fractures), but
that percentage dropped to 0.7% when scaphoid
fractures were excluded [112]. In another series,
it took 3 years to identify 12 carpal injuries in
children <18 years (48 scaphoid fractures iden-
tified in the same time) [111]. The common
mechanism of injury is either a sliding, diving
while fielding a ball, or a direct blow to the hand
as can occur at bat and errant fielding. Focal ten-
derness and appreciating the possibility of such

an injury is the key to diagnosis given that initial
plain films can be negative in up to 90% of cases
[150]. Special views may be required and should
be directed by physical examination. Tenderness
over the pisiform after being struck by a ball
should be assessed with a supinated lateral.
Tenderness over the hook of the hamate should
be evaluated with both a carpal tunnel view and
a radially elevated supinated lateral view
(Fig. 18.24). A ‘Robert’s’ AP of the thumb will
profile both the trapezium and the trapezoid,
while a pronated lateral aids in assessing tender-

Fig. 18.24 Hook of hamate fracture evaluation. (a) A
radially elevated supinated lateral X-ray, shown here, is a

particularly sensitive view to evaluate suspected hook of

hamate fractures. (b) CT scan with axial view confirming
an acute hook of hamate fracture. (¢) MRI confirming an
acute hook of hamate fracture with associated bone edema
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ness over the dorsum of the triquetrum and
hamate. A bone contusion or intercarpal sprain
is among the other diagnoses to consider.
Diagnosing these injuries ultimately requires
diligence and persistence, which means
advanced imaging with a young ball player
presents with persistent, focally tender, wrist
pain that does not quickly resolve in the setting
of normal plain films. And advanced imaging
should be obtained whenever there is tenderness
over multiple carpals even when one of them
has a visible fracture on plain films due to the
common occurrence of multiple simultaneous
carpal injuries (Fig. 18.24).

Treatment varies based on the carpal injured
and the severity of injury. Stable avulsion-type
injuries of the triquetrum might only require a
removable splint, while nondisplaced fractures
should be casted until osseous union. Capitate
fractures, especially at the neck, warrant consid-
eration for surgical fixation whenever there is
associated injury or displacement due to the risk
of nonunion and avascular necrosis. Young base-
ball players, like their adult counterparts, are at
risk for injuries to the hook of the hamate. These
injuries should be treated similarly (elsewhere
covered in another chapter) with surgical exci-
sion to allow for quicker return to sport. Carpal
fractures occur in combination with both other
carpals and with distal radius fractures [111, 151,
152]. A thorough physical exam when faced with
a young athlete with either a distal radius fracture
or any carpal tenderness is critical to avoid miss-
ing such a combination. The potential conse-
quences of this injury are considerable, and
aggressive treatment is often warranted. ‘Fenton’s
syndrome,” otherwise labeled ‘scaphocapitate
syndrome,” occurs when the capitate impinges on
the distal radius and fractures in the setting of a
scaphoid fracture [111, 153, 154]. This combina-
tion is also thought to represent a greater arc peri-
lunate injury suggesting significant trauma to the
wrist. Trapezial fractures may be seen in thumb
carpometacarpal joint injuries. Pisiform fractures
and dislocations have been seen in combination
with distal radius fractures in 12- and 13-year-old

patients and healed with closed reduction and
immobilization [155]. It remains important to
recognize these possibilities so to fully appreci-
ate the injury and thus administer the optimal
treatment options.

Sprains

Sprains, or ligamentous injuries, are likely much
more common than appreciated. Many physeal
fractures and torus fractures of the distal radius
are often misdiagnosed clinically as a wrist
sprain; however, real injury involving the liga-
ments of the wrist is not uncommon.

Intercarpal Ligament Injury, Including
Scapholunate Tears

Radiographic assessment of potential soft tis-
sue injuries in young athletes requires knowl-
edge of how the growing wrist and hand affects
imaging. Since the scaphoid ossifies from distal
to proximal, for example, the scapholunate
interval, which seems very wide at young ages,
closes radiographically as children skeletally
mature. Kaawach et al. analyzed 119 radio-
graphs of children aged 6-14 years and found
that the typical adult scapholunate interval of
2 mm is not reached by girls until age 11 and by
boys until age 12 [15]. Recent studies confirm
that intercarpal distances and even intercarpal
angles trend downward with increasing age
until puberty [156, 157]. Then, too, other indi-
ces like carpal height change in growing chil-
dren increasing until puberty, when it achieves
adult values. Assessing the young athlete for a
soft tissue injury, therefore, is helped by look-
ing at contralateral wrist films and advanced
imaging. Advanced imaging is particularly
advantageous when an athlete is experiencing
difficulties transition back to sport or playing
games because of wrist pain despite negative
radiographs (Fig. 18.25). The reality is that bad
injuries do occur in young athletes, and this
includes perilunate injuries (Fig. 18.26)
[158-161].



18 Baseball Injuries in Children and Adolescents

261

Fig. 18.25 Severe wrist sprain. A 17-year-old outfielder
collided with a teammate during a defensive play injuring
his wrist. (a) Initial radiographs suggest increased scaph-
olunate angle consistent with the finding of dorsal scaph-

Triangular Fibrocartilage Complex
(TFCC) Tears

Ulnar-sided wrist pain in the young athlete can
result from a number of issues as there is a lot of
anatomy in this area susceptible to injury given
the loads experienced in the ball player’s wrist as

olunate tenderness.

(b) MRI confirmed complete
scapholunate tear with associated dorsal intercalated seg-
ment instability (DISI) pattern

it rotates and deviates during sport. The extreme
loads during a swing especially demand integrity
to the soft tissues that support ulnar load and sta-
bilize the distal radio-ulnar joint (DRUJ).
Probably the most common ligamentous injury
occurs within the TFCC, which is a fibro-
ligamentous structure with various components
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Fig. 18.26 An awkward fall while diving outstretched to  illuminate a Type 4 perilunate dislocation. (b) Wrist radio-
catch a line drive resulted in significant wrist pain and  graphs after surgical fixation
ended his game. (a) Emergency department radiographs
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which sits atop the distal ulna and has important
attachments to the radius, the carpus, and the
extensor carpi ulnaris (ECU). Injuries to this liga-
ment have been discussed in another chapter, but
this discussion will concern this injury in chil-
dren. The TFCC injury in children and adoles-
cents has been traditionally associated with distal
radius fractures in children in some series, but
this is not exclusively the case [19, 162]. It is
important for the clinician to recognize injury
without a history of or associated with an ipsilat-
eral fracture. The average age of children treated
for TFCC tears in a few series varies from 13 to
16 [18, 19, 162—-164]. Ulnar-peripheral tears
(type 1B) are the most common form in adoles-
cents [19, 163—165]. Many athletes recognize the
injury when it occurs during a swing or in the
field but do not always have enough pain to seek
early attention. The athlete seeks attention when
it becomes clear that it is both persisting and
interfering with their swing or their play.

Pain that is primarily ulnar-sided focused
around the soft spot just proximal to the pisiform,
between the pisiform and the ulnar styloid.
Swelling, bruising, and other externally visual
markers of injury are mostly absent, but symp-
toms like perceived or audible clicks, pain with
wrist rotation, and pain when loading their wrist
especially in extension and ulnar deviation are
mostly present. Checking for tenderness of the
ulnar styloid, the triquetrum, and the ulnar mid-
carpal joint and assessing stability of the luno-
triquetral (LT) articulation, the DRUJ, and the
ECU are all part of a thorough evaluation of ulnar
wrist pain. The ‘ulnar foveal sign’ describes ten-
derness in this area and is highly diagnostic for
injury to the TFCC (Fig. 18.27) [166]. Other find-
ings on physical exam include ulnar pain with
ulnar compression and impingement tests and the
“press test” [167]. The contralateral wrist, assum-
ing it is asymptomatic, serves as a terrific tem-
plate for comparison for questions concerning
tenderness and stability. Standard PA and lateral
wrist views allow for visualization of the ulnar
styloid, the morphology of the lunate and its mid-
carpal articulation with the hamate, Gilula’s mid-
carpal line for static stability, most partial carpal
coalitions involving the LT and capito-hamate

Fig. 18.27 This photograph demonstrates the location of
the ‘ulnar foveal soft spot.” Tenderness to this area that is
also consistent with the epicenter of the athlete’s pain is
very predictive of TFCC pain. The location of the ulnar
styloid and pisiform is illustrated on the photo

(CH) articulations that can present with ulnar
pain, static carpal instability patterns (especially
LT and volar tilt of the lunate), and static DRUJ
variance and alignment [168]. Additional views
particularly helpful in the setting of TFCC pain is
a pronated clenched fist view which helps to esti-
mate the functional ulnar variance under condi-
tions similar to activity, and pronated laterals can
expose a triquetral avulsion fracture [169]. The
appearance of a volar-intercalated segmental
instability (VISI) is further evaluated with a for-
mal dynamic series looking for excessive LT
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movement. Advanced imaging is recommended
when there is either gross instability or a lack of
response of conservative management. Older
adolescents, depending upon whether they are in
season or being recruited, may opt for early
imaging to expedite the workup. MRI is the pre-
ferred modality, and an arthrogram is often added
to the procedure to enhance the visualization of
the TFCC and assess for disruptions but is not the
final arbiter regarding treatment given rates of
false-negative studies (Fig. 18.28) [162]. A nega-
tive MRI does not rule out a TFCC injury in chil-
dren and adolescents especially when the
symptoms and signs are most consistent with this
injury [16, 17, 20]. And, just as importantly, clin-
ical correlation with imaging findings are critical
given the modest number of people with MRI
findings of TFCC pathology but no related symp-
toms [170].

Initial management of acute injuries includes
immobilization and activity restriction for 3—4
weeks, though some authors advocate 6 weeks. A
few acute injuries respond well to forearm splint-
ing, but this should be used with caution. The
need for a long-arm cast is determined by whether
short-arm immobilization with or without inter-

osseous molding to minimize rotation is enough
to eliminate pain. Acutely, immobilization is con-
tinued for 3—4 weeks. Athletes are sent for phys-
iotherapy to work on a gradual strength and
mobility program after the first 3—4 weeks. As
pain improves, immobilization transitions to
DRUIJ support taping. Transition to sport depends
upon sufficient strength and sports simulations
that demonstrate the athlete can participate with-
out pain. DRUJ support is often continued as ath-
letes transition back to sport (Fig. 18.29). Athletes
and their parents should be advised that return to
sport even with nonoperative management can
take 2-3 months. Athletes who are struggling to
progress with therapy can consider receiving a
corticosteroid injection. Surgery is indicated for
all athletes with either gross instability or those
who fail to progress with conservative treatment,
and the latter circumstance is probably by far the
most common indication. Two studies have
attempted to evaluate the natural history of TFCC
tears and have found that approximately 60% of
people with an acute tear will ultimately recover
without the need for surgery [171, 172]. Surgery
consists of either repairing or debriding the
TFCC, depending upon the specific location of

Fig.18.28 Key images of TFCC injury as visualized with MRI-arthrography. (a) Type 1B, ulnar sided, TFCC tear. The
articular disc is intact, and this is frequently misinterpreted as normal. (b) Type 1D, radial sided, TFCC tear
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Fig. 18.29 Clinical photographs demonstrating various
techniques to tape/wrap the wrist in order to stabilize the
DRUIJ and unload the TFCC that can be utilized during

the injury within the TFCC, and is usually accom-
plished with arthroscopic techniques. Ulnar
shortening osteotomy should be considered in the
presence of static ulnar positivity. Young athletes
return to sport an average of 3—4 months after
surgery [19].

Conclusion

One of the central themes throughout this chapter
reflects the age-old adage that ‘children are not
small adults.” A child’s skeletal anatomy has less
‘bone,” thicker periosteum, physes, and is grow-
ing and enlarging until the transition to skeletal
maturity and adult anatomy is completed. Their
transitioning and developing musculoskeletal
system has implications on joint and bone stabil-
ity, the types of injuries children sustain and the
way these injuries manifest. Radiographic find-
ings change throughout their development which
also impact a clinician’s ability to detect and
assess these injuries.  Given the level of stress
that children place on their young bodies through
high level sports participation, it is critical that
those taking care of them be familiar with their
specific injuries, how they present, and the best

training and games. (a) A DRUJ orthosis. (b) Two meth-
ods of taping

methods of treatment to allow them to return to
the field without negative consequences.
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of Three Common Baseball Injuries

George C. Poulis, Michael B. Frostad,
and Jeffrey A. Stevenson

The goal of this book has been to cover hand and
wrist injuries specific to the sport of baseball. Be
it a pitcher, a catcher, an infielder, or an outfielder,
along with batting, the hand and wrist are sub-
jected to both acute and chronic trauma. The pre-
vious chapters, written by hand surgeons, have
covered the injuries from the standpoint of the
clinician. Initial history, diagnosis, and treatment,
nonsurgical or surgical, have been covered. The
goals of the treatment of these injuries, which if
missed or under-treated can result in extended
time on the Injured List (IL), has been expedient
diagnosis and treatment with a plan for early
return to play with minimal risk. Crucial to the
achievement of this goal is the interaction of the
athletic trainer with the physician. The surgeon’s
first contact with the injured player sets in motion
the development of a plan to return the ballplayer
to the field safely and productive. Be it surgical or
nonsurgical, the athletic trainer’s role is key in
implementing this algorithm. Some of the chap-
ters have touched on post-injury care, but the
emphasis of this chapter is to concentrate on three
of the most important injuries to the hand and
wrist: hook of the hamate fractures, nail plate and
blisters, along with thumb metacarpal phalangeal
ulnar collateral ligament injuries. One can read a
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textbook, but there is no substitute for the experi-
ence and guidance of the athletic trainer.

The sport of baseball is very unique. Games
are played on a daily basis; so, recovery is the key
to getting player through the long season. As you
will read in this book, there are many injuries that
are specific to the sport of baseball that can easily
be related to other sports. All of the injuries listed
in this chapter can be of acute or chronic nature,
but many of them are acute on chronic. The ath-
letic trainer is faced with many challenges
throughout any given season. It has been noticed,
overtime, that a common denominator or trait of a
quality athletic trainer is the art of forward think-
ing when it comes to injury management. The ath-
letic trainer is responsible for many athletes and
needs to possess the ability to multitask in order to
perform the key duties required of him or her.
Preventative maintenance and injury prevention
are keys to forward thinking. The following inju-
ries commonly occur in the sport of baseball. As
previously mentioned, the views discussed in the
following chapter are from athletic trainers that
are on the front lines dealing with these injuries,
on a daily basis in Major League Baseball.

Thumb Ulnar Collateral Ligament
(UCL) Tear

The thumb UCL is located at the base of the
interphalangeal joint (IP) joint. This injury can
cause a tear of the ligament as well as an avulsion
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fracture. Usually, this can be diagnosed by a good
clinical exam including history and mechanism
of the injury along with and follow-up X-rays
and possibly MRI.

Clinical Exam

During examination it is important to take a good
history and put together all of the subjective and
objective findings. Advanced imaging also is very
helpful to put together with the clinical exam. It
usually does not take long to arrive at the source of
this injury. During the palpation stage of the exam,
often there is extreme discomfort and point tender-
ness noted over the medial aspect of the IP joint
along with a slight increase in temperature due to
inflammation. Ecchymosis can be visually noted
as well but not always present. During the range of
motion portion of the exam, abduction of the
thumb passively is far more increased when com-
pared to the unaffected side. Pain is noted during
this exam, especially at the end range of abduc-
tion. Abduction of the thumb actively is decreased
as well and usually causes increased discomfort.
The manual muscle testing portion of the exam is
often limited to abduction, adduction, flexion, and
extension of the IP joint. The player is usually very
uncomfortable during the clinical exam.

Mechanism

The mechanism of this injury is a radial load,
(hyper abduction), of the thumb. This injury, very
often, happens, but is not limited to the player
sliding headfirst into a base and hyper abducts his
thumb as he reaches the base. Other mechanisms
can be diving for a ball and jamming the glove
hand thumb into the ground and also tagging a
runner out with the glove hand all causing a radial
load to the IP joint. Usually, it is met with imme-
diate pain and instability.

In one particular case, a player was tagging up
from first base and slid headfirst as he advanced
and hyper abducted his thumb. He was immedi-
ately taken out of the game. Exam revealed and
an MRI confirmed an avulsion fracture of the

UCL. He was scheduled for surgery and returned
to play in 6-8 weeks post internal brace surgery.

Nonsurgical Rehabilitation Approach

In some instances, there is an injury to the thumb
which results in a partial tear or sprain to the
UCL. It can be considered to play with a torn
UCL is the IP joint is stable. In nonoperative
cases, it is very important for the athletic trainer to
manage the injury daily followed by tape support.
Each injury we are faced with has its own chal-
lenges. We have used the term “throw the kitchen
sink at it,” meaning, use every modality and
hands-on treatment technique you have in order to
keep this player on the field. Ultimately, most of
these injuries end up needing to be repaired.

Surgical Rehabilitation Approach

Internal brace seems to be very popular and the
chosen surgical option among athletes to repair
the UCL versus traditional suture anchor repair.
General time frames for return to play after receiv-
ing internal bracing technique is approximately
6-8 weeks. The general time frame for return to
play following the traditional suture anchor repair
is approximately 8-12 weeks. Return to play
times vary depending upon the rehabilitation pro-
cess. It is integral to follow the guidance and
advice of the surgeon’s rehabilitation protocol
which guide the rehabilitation through the pro-
tected phases, semi-protected phases, and unpro-
tected phases. Having a plan and simplifying
seems to be the most efficient way to manage the
rehabilitation process. Simplifying a treatment
program is to adhere to four main rehabilitation
principles. They are the following: (1) decrease
pain, (2) decrease swelling, (3) increase range of
motion, and (4) increase strength. Keeping that as
our framework for the rehabilitation program will
help mainstream the program and keep it interest-
ing as well so it does not become boring or stag-
nant. Total body conditioning is very important to
perform in order to prepare the body for the
demands of competition.
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Tape Support/Bracing

For both surgical and nonsurgical scenarios, a
thumb spica tape support and splinting for pro-
tection is very helpful. Either way, tape support
and hand protection, especially while running the
bases, is a good idea.

Return-to-Play Criteria

Advancement to this phase is highly dependent
on the players’ strength and range of motion
returning to normal. The player needs to be pre-
pared to accept and be exposed to the stresses that
will be demanded of them during live competi-
tion. All facets of the player’s game are required
to be performed without any reservations or
apprehension. The player must perform all of
these activities with confidence and report back
to the medical staff the next day with no soreness
or return of symptoms. A sports-specific testing
protocols should be performed checking all of
the boxes based on the position being played.
This includes but is not limited to sliding, run-
ning, catching, throwing, and diving. After this
has been achieved, a simulated game should be
setup to put the player in live situations to simu-
late what they are about to experience once they
return to full activity, always keeping in mind
that this player will need to. If all the live activi-
ties are performed without any issues, then the
player can be cleared for all activity.

Overall, the athletic trainer’s role takes on a
lot of responsibility. Constant conversation with
the players during the rehabilitation and treat-
ment process is key in order to mentally keep
their minds positive and moving forward daily.
This includes incorporating the entire medical
staff. The medical staff includes but is not lim-
ited to the physical therapists, strength coaches,
mental coaches, and nutritionist. Their posi-
tional coach also plays a role. The UCL tear is
an injury that is something that all of us will
experience at one time or another. Bottomline,
the internal brace seems to be the most popular

surgical technique right now with very little risk
of failure when compared to the traditional
suture repair.

Hook of Hamate Injury

Hook of hamate fractures are much more com-
mon injuries in baseball than in the general popu-
lation. The majority of these injuries occur in
hitters, and almost always involve the bottom
hand of the batter. Many baseball players hold the
bat with their bottom hand just off the end of the
bat. This causes trauma to the hypothenar emi-
nence and the underlying hook of the hamate
with the knob of the bat.

Hand off end of bat

These injuries can occur on one swing when
the player feels immediate discomfort over the
hook of the hamate, sometimes occurring on a
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check swing. The player may report having
some soreness in that area of their hand prior to
the final swing that causes them to shut down
their hitting. In one case, I had a player playing
in triple A baseball that was continuing to play
with some mild hand soreness. We were treating
it symptomatically, but he was having a great
year and did not want to think about not playing
at that time. This player had never had the
opportunity to play in Major League Baseball.
He thought with the year he was having that he
had a real chance to get called up for the first
time in his career. It was early August and just a
few weeks from teams being able to expand
their rosters. After one at bat in a game, this
player made the last out of the inning and came
back to the dugout wondering why he could not
fully flex his fourth and fifth digits. He was
removed from the game and evaluated by our
hand and wrist orthopedic physician the follow-
ing day. He was diagnosed with a probable hook
of hamate fracture in which the fractured hamate
had severed the flexor tendon like a shard of
glass. After getting imaging to confirm the diag-
nosis, he underwent surgery to excise the hook
of the hamate with flexor tendon repair. This
player made a full recovery in time for spring
training the following year. The recovery fol-
lowing surgery was much longer due to the
flexor tendon repair. Due to the timing of the
injury toward the end of the season, it would not
have made a difference for that season. The
player was trying to minimize the knowledge of
this injury due to his good season, and chance
for an MLB call up. However, this case caused
me to suspect hamate fractures sooner, and get
imaging to rule them out if there was any doubt
to prevent a longer recovery time.

The player most often will have discomfort
with palpation directly over the hook of the
hamate on the palmar side of the hand. This can
be done with the hand of the patient facing palm
up: placing the interphalangeal joint of the clini-
cian’s palpating thumb over the pisiform
directed distally toward the base of the index
finger. In that position, the hook of the hamate is

directly below the palpating thumb. I have had a
few cases in which the player did not have dis-
comfort over the hook of the hamate, but had
tenderness palpating over the dorsum of the
hamate. In most cases if a hook of hamate frac-
ture is suspected, typically we will get a CT
scan for diagnosis due to the difficulty of seeing
the fracture on X-rays. The pull test is done
applying resistance to the fourth and fifth fin-
gers with them in flexion and ulnar deviation. If
this causes discomfort, it is positive for a hamate
fracture as those tendons pull on the fractured
hook of hamate.

The postoperative rehab for the hook of
hamate excision is relatively straight forward.
The surgery involves removing the fractured
piece of the hamate. Due to the fact that there
is no tissue being repaired, the rehab consists
of wound management, range of motion,
strengthening, and return to baseball
activities.

The entire rehab process typically requires
6-8 weeks to make a full recovery. Some play-
ers return closer to 6 weeks, but they may still
have some grip-related complaints for a couple
of more weeks. This tends to be especially true
with a right-handed hitting catcher, who has had
the hamate surgery done on their left hand. The
fact that their hand involved in the surgery is the
hand they need to catch every pitch. The grip
strength stamina may be affected, and not be
what they require to catch in a game. In addi-
tion, they have the repetitive catching of pitches
that can make the hand sore. Most other position
players do not deal with these issues because
they are catching less baseballs with high veloc-
ity, and the glove serves to protect the hand as
well.

The wound management phase is allowing
the incision to heal without the risk of infec-
tion. The wrist will be in a postoperative splint
to allow this to occur. When the splint is able to
be removed, then we would begin to incorpo-
rate some modalities like Hivamat and laser to
help to decrease inflammation and promote
healing.
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Hamate excised

The next phase is to begin range-of-motion
exercises for the fingers, hand, and wrist. This is
done to tolerance with most players doing well
with this. There are some players who tend to
have a little nervy type issues with getting com-
fortable range of motion in the fourth and fifth
digits.

After they have regained range of motion,
then they progress to the strengthening phase.
This is done with gripping exercises and rice
bucket exercises for the wrist and hand. Our goal
is for them to have about 80—85% grip strength
of their opposite hand to be able to progress to
hitting activities. In most players, the surgery
hand is going to be their glove hand, if they are
same-handed thrower and hitter. In those cases,
they can begin throwing earlier with someone

Hamate incision

catching for them. This allows them to work on
getting their throwing arm prepared to return to
play sooner. They can begin to catch for them-
selves while throwing to their tolerance once
they have regained some strength. Their baseball
glove provides them some protection in this pro-
cess, and it continues to improve with grip
strength. There are some players that are oppo-
site-handed throwers and hitters. In these cases,
their throwing arm is the surgically involved
hand. They may need to delay throwing a little
longer, but in these cases can begin defensive
glove work sooner. There are cases with switch
hitters having hamate surgery. They have been
able to progress their hitting with the surgery
hand as the top hand side ahead of the hitting
with it on the bottom hand. This is due to when it
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is the bottom hand, the knob of the bat has the
fulcrum directly over the surgery site compared
to when it is the top hand. I have had a couple
cases in which a switch hitter has undergone sur-
gery on both hands, with each bottom hand being
the culprit. In these cases, the second surgery
recovery seems to go a little quicker because
they have been through the surgery and rehab
previously on the other side.

After the player has regained 80-85% grip
strength to their uninvolved side, then they
begin a hitting progression. This is initially
started with taking dry swings with a fungo bat
if available. The fungo bat is lighter and is good
for these initial first swings prior to them swing-
ing their regular bat. Then they would progress
to using their regular bat for dry swings. They
can usually progress to tee swings after a cou-
ple days of dry swings. They can begin tee
swings again with the fungo bat before using
the regular bat. The first day on the tee they
would usually take 20 to 30 swings depending
on how they are feeling. Typically, I like to
work in sets of 10 swings with the first day hit-
ting 10 with the fungo, and then two sets of 10
swings with their regular bat off the tee. After a
few days of hitting off the tee, they would prog-
ress to soft toss swings. By this time, they have
reached about 40 swings, initially 20 tee swings
followed by 20 soft toss swings. Once they feel
comfortable with swinging off the tee and soft
toss, they are ready to progress to coach pitched
batting practice. The same type of progression
is usually done with the first day hitting one
round of batting practice. Then they would
progress to taking full batting practice. The
final steps in preparing to return to playing in
games is hitting off some increased game like
velocity. This can be done hitting off a pitching
machine if that is available or hitting off a
pitcher in a live batting practice situation. Both
of these will better prepare the player for return
to game play. The other thing about the live hit-
ting is the player is more likely to have to per-
form a check swing. Sometimes a check swing
is how the injury initially occurred, so it is nice
to check that box prior to them doing it for the
first time in a game.

Blister Prevention and Treatment

A blister on the finger, or fingers, of a pitcher’s
hand can be a debilitating injury that often
requires time off from throwing, disrupting a
pitcher’s normal routine and ability to pitch.
Those pitchers that are “heavy sweaters” suffer-
ing from hyperhidrosis, as well as those that play
in a more humid climate, tend to be more suscep-
tible to developing a blister on the distal aspect of
the second or third digit, sometimes both. There
are some preventive measures that can be taken
to try to decrease the susceptibility of blister for-
mation and minimize the amount of time lost
through reactive treatments should a blister arise.

Prevention

Unfortunately, there are external factors that are
out of the control of a pitcher: weather/humidity,
seams on the baseball, and number of pitches in
any given appearance (more pitches increase fric-
tion force). But, anecdotally, there are some pre-
ventive measures that can be put into effect in
between outings or prior to pitching which can
decrease the chances of developing a blister.
Some pitchers like to try and toughen the skin
prior to throwing, while others prefer to decrease
the amount that they sweat. It is up to the athletic
trainer and the pitcher to determine which
method, or combination of methods, are the
proper ones to implement in any given case.

Toughening the skin is not something that is
easily accomplished, nor does it happen quickly.
Daily use of a class IV laser on low power,
between 5 and 8 watts for 2 min, over the palmar
surface of the distal phalanx of the second and
third digit has been used in combination with
other measures to help prevent blisters. Laser
application can be done multiple times per day,
especially in those pitchers that have a history of
blisters.

Compounding pharmacies have developed an
ointment that is specifically designed to toughen
the skin. While they do not divulge exactly what
the compound is, some of the main ingredients are
tincture of benzoin and hydrocortisone cream,
which when applied to the fingers regularly can act
to toughen the skin. There is very little scientific
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data to back up many of the therapeutic methods
that are used to toughen the skin, but some pitchers
have used pickle juice, rice buckets, or even urine
to help prevent blisters on their hand.

Heavy Sweaters

Some pitchers are prone to excessive sweating
while in competition, especially those that play in
a humid climate. Increased moisture on the hands
and fingers increases the risk of blister formation.
Trying to keep a pitcher’s hands and forearms dry
while on the mound is next to impossible with
only a rosin bag available to help absorb some of
the moisture. Fortunately, there are some prod-
ucts available that can help alleviate most, if not
all, of the sweat from reaching the fingers.

Several topical products are being marketed to
those who suffer from hyperhidrosis, but the bot-
tom line is that they all contain aluminum chlo-
ride, an ingredient found in prescription strength
antiperspirants. These products can be in the
form of a roll-on antiperspirant stick, a liquid that
can be applied using a cotton ball, or as a wipe
that is used over the entire forearm and hand.
Daily application is recommended to achieve the
maximum benefit.

One lesser known product that some pitchers
have grown fond of is rosewater and glycerin.
Generally, rosewater and glycerin are used to
moisturize the skin and face, but in baseball,
pitchers use them to help control sweating.
Application is through a spray on mist and the
rosewater and glycerin are then rubbed over the
entire forearm and hand. It is proposed that the
glycerin helps to block the pores where it is
applied and therefore decreases sweating.

For those pitchers who find that palm sweat is
the biggest contributor to their blister formation,
there is a technology that has recently been used
to control excessive sweating. Tap water ionto-
phoresis, or TWI, can help decrease or eliminate
sweating. Studies have shown anywhere from
80% to 91% effectiveness in reduction of palmar
sweating [1]. The proposed premise behind TWI
is the DC electrical current blocks the synapses to
the sweat glands which decreases or eliminates
sweat production although this is only one pro-
posed theory. Other theories include hydrogen

ion accumulation resulting in decreased pH or
ion deposits blocking the sweat glands.
Regardless of the mechanism of action, there
appears to be some benefit in decreasing palmar
hyperhidrosis. Each individual needs to find
which settings work best for them through trial
and error, but once those settings are discovered
they can be maintained. After an initial period of
daily use, the user can scale back to 2 or 3 times
per week to maintain the benefits of TWI. The
iontophoresis units can also be used to decrease
hyperhidrosis in the armpits or feet.

What to Do with a Blister

Management of a blister can be a tricky proposi-
tion, but if handled appropriately, it can reduce
the amount of down time that a pitcher has.
Whether the blister roof has torn off or it is still
intact will determine immediate blister care. The
blister roof offers protection from a potential
infection; so, if at all possible, it should be left in
place (see Fig. 19.1). To decrease the sensitivity
and initiate the healing process, the blister should
be drained under sterile conditions only due to
risk of infection.

-

Fig. 19.1 Blister with intact roof
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After cleaning the skin with isopropyl alcohol,
an 18G or 21G sterile needle can be introduced
into a corner of the blister away from where con-
tact with a baseball will be made to drain the
serous fluid. A large gauge needle is preferred as
oftentimes the hole where the needle entered the
blister will close back up allowing serous fluid to
accumulate again if the hole is too small. A
Betadine and warm water soak (25%
Betadine/75% warm water) can help minimize
infection and will enter the blister at the hole that
was made with the needle. In those cases where
the blister is still “hot,” ice water can be used
instead of warm water.

Laser therapy can also be initiated immedi-
ately post-injury and should continue daily. The
laser will penetrate through the outer layers of the
skin and help to heal the inflamed tissue under-
neath the roof of the blister. Similar to the set-
tings for blister prevention, the laser can be set at
5-8 watts for 2 min for post-injury treatment but
can be adjusted as needed if the blister is irritated
by the heat.

In cases where the roof of the blister has come
off (see Fig. 19.2), the same Betadine soak and
laser treatments can be administered immediately
post-injury. The wound should be covered with a
cream that promotes the drying and toughening
of the skin and then a bandage. Ichthammol oint-
ment, 1% hydrocortisone, tincture of benzoin,
and zinc oxide are all good options to use, and in
combination with each other also. If the blister
roof is still intact, some of these creams can be
injected through the same hole that was made to
drain the blister and then covered with a bandage
overnight.

Removal of the roof of the blister should only
be attempted once the blister is nontender. After
sterile prep, a #15 blade scalpel can be used to cut
away the roof of the blister as close to the viable
edge as possible (see Fig. 19.3). The goal is to try
and make the ridge as smooth as it can be as the
pitcher will begin throwing as soon as possible,
and any type of ridge can catch on the seam of the
baseball and rip the healthy skin.

During the period in which the pitcher is shut
down from throwing, it is imperative to continue
with shoulder maintenance exercises to minimize

Fig. 19.2 Blister with roof that has been peeled off

Fig. 19.3 Partially debrided blister

the amount of deconditioning that occurs. Return
to throwing should only occur once the blister is
nontender and good healing has taken place. Care
must be taken through the early stages of the
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throwing progression to ensure the blister does
not re-form and throwing mechanics are main-
tained. Consultation with a pitching coach is
encouraged to oversee the return to throwing. As
an extra precaution, throwing can be done with a
bandage or NewSkin over the blistered area to
add protection.

Broken Finger Nail

One other malady that can affect a pitcher’s hand
is a split, or broken, fingernail (see Fig. 19.4).
Generally, the fingernail of the long (middle) fin-
ger is at risk of splitting horizontally due to
extended contact with the seam of the baseball at
ball release. Excessive nail length, even if only a
few millimeters, is usually the culprit. In the

Fig. 19.4 Horizontal split of right long fingernail

image below you can see the overall length of the
nail is just slightly long and allowed the seam of
the baseball to catch the edge and cause a hori-
zontal tear of the nail.

Pitchers that split their fingernail during a
game should most likely be removed from the
game to prevent the split from continuing hori-
zontally across the nail and becoming a larger
issue. If caught early enough, these are usually
only minimally tender and do not result in fur-
ther lost time provided that an acrylic nail, which
acts as a splint, is applied to allow the pitcher to
continue to throw. If an acrylic nail cannot be
applied, some athletic trainers have improvised
with a silk wrap/nail gel combination or butterfly
strips and glue. These options can be used in a
pinch but do not provide the support that an
acrylic nail does.

Nail care is specific to each individual pitcher
and it is ultimately up to them to determine what
length of nail works best. The desired length can
be influenced by the different types of pitches
that they throw. Maintenance should be done
multiple times per week. Fingernail clippers
should be avoided on the pitching hand and the
nail care should be done with an emory board or
with a glass nail file. The glass nail file offers a
finer grit and is preferred over a disposable emory
board as it is more precise. Once the desired
length is achieved, then there should be less risk
of breaking a nail.
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Ulnar collateral ligament (UCL) noninvasive imaging, 221, 222
anatomy, 115, 116 physical examination, 221
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