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Ulnar collateral ligament (UCL) injuries of the elbow are common in overhead throwing
athletes. With throwing, the elbow experiences substantial valgus stress and repetitive
microtrauma can lead to injury. Increasing rates of injury among both youth and professional
throwers has resulted in a “UCL epidemic.” Ulnar collateral ligament reconstruction
(“Tommy John Surgery”) became a part of the public consciousness after Tommy John
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ELBOW ULNAR COLLATERAL LIGAMENT 267
returned to professional baseball after a UCL reconstruction with Dr Frank Jobe for what was
once considered a career-ending injury. Partial tears and some athletes with complete UCL
injuries can be managed without surgery. Since the introduction of UCL reconstruction,
technical modifications have aimed to decrease complications and increase return-to-play
rates. Ulnar collateral ligament repair has reemerged as a potential surgical option for some
throwers. Future prospective and comparative studies are necessary to better define the
optimal operative treatment for these injuries. (J Hand Surg Am. 2022;47(3):266e273.
Copyright � 2022 by the American Society for Surgery of the Hand. All rights reserved.)
Key words Elbow surgery, tommy john, UCL reconstruction, UCL repair, ulnar collateral
ligament.
I NJURIES TO THE ULNAR COLLATERAL ligament (UCL)
of the elbow in overhead throwing athletes were
first described in 1946, when Waris1 reported on

UCL ruptures in high-level javelin throwers. Ulnar
collateral ligament reconstruction (“Tommy John
Surgery”) became increasing popularized after
pitcher Tommy John returned to pitching profession-
ally after a UCL reconstruction with Dr Frank Jobe in
1974. In the decades following, surgical options have
continued to evolve, and return-to-play (RTP) rates
have risen to around 85%.2 However, despite an
improved understanding of UCL biomechanics, rates
of injury and reconstruction have substantially
increased in recent years, resulting in a “UCL
epidemic.”3

ANATOMY AND BIOMECHANICS
The UCL has 3 major components: anterior, poste-
rior, and transverse bundles (Fig. 1).4 The anterior
bundle is the primary restraint to valgus forces. The
anterior bundle is further divided into anterior and
posterior bands, of which the anterior band is the
primary valgus restraint.5 The origin of the anterior
bundle is located on the anterior-inferior aspect of the
medial epicondyle. Its insertion is nearly 30 mm in
length along an osseous ridge (UCL ridge) extending
distally from the sublime tubercle to just medial to the
ulnar insertion of the brachialis tendon (Fig. 1).4,5

The proximal aspect of the UCL receives its blood
supply from the recurrent flexor or pronator artery
and is well vascularized. 6 However, the distal
insertion is relatively hypovascular.6 In addition to
the static constraint provided by the UCL, the mus-
cles of the medial elbow function as dynamic valgus
stabilizers.

Injury to the UCL is often the result of repetitive
microtrauma from tensile forces exerted on the
medial elbow during throwing.2,7 Tears are most
J Hand Surg Am. r V
common proximally. Maximum valgus force occurs
during the late cocking and early acceleration phase
of throwing, and the mechanics of the remainder of
the upper limb and core (functioning as a kinetic
chain) can determine the amount of energy trans-
mitted across the medial elbow.8

INJURY PREVENTION
Ulnar collateral ligament injury rates have increased
for both professional pitchers and youth throwers.3

UCL injury prevention has increasingly been the
subject of research investigations and lay-press re-
ports. The American Sports Medicine Institute
(ASMI) released an evidence-based position state-
ment identifying both risk factors and common mis-
conceptions about UCL injures.3 They identified risk
factors such as pitching on multiple teams, pitching
year-round, and poor mechanics or conditioning as
risk factors for youth injury.3 Youth pitchers who
throw >100 innings a year are 3.5 times more likely
to sustain an injury.9 Misconceptions regarding these
injuries and guidelines are commonplace. Ahmad
et al10 demonstrated that around a quarter of parents
and players did not believe pitch counts were asso-
ciated with higher rates of UCL injury. Throwing a
curveball is not strongly associated with UCL in-
juries; however, many organizations encourage
young pitchers to develop a change-up as a secondary
pitch prior to a curveball.3,11 Little League baseball
has implemented pitch counts and evidenced-based
recommendations (Table 1) to help combat the ris-
ing rates of injury; however, further studies are
required to better understand their effectiveness.12

DIAGNOSIS
Clinical presentation

Patients with both acute and chronic injuries will
report medial elbow pain. Throwers with an acute
ol. 47, March 2022



FIGURE 1: Illustration of the anterior, posterior, and transverse
UCL bundles on the medial elbow. Included are the footprint
length and surface area of the UCL insertion along the sublime
tubercle and the UCL ridge. Double sided black arrows indicate
the location of the UCL footprint. Reproduced with permission
from Springer Nature.6
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injury will often recall either hearing or feeling a
“pop” during a particular throw. In the chronic
setting, decreases in both velocity and accuracy may
be noted. Athletes can present with signs and symp-
toms of ulnar nerve compression at the elbow, and
these changes are more frequently sensory than mo-
tor. Surgeons need to maintain a high index of sus-
picion for both associated and differential diagnoses
when evaluating athletes with medial elbow pain
(Table 2).
Physical examination

As part of a kinetic chain, an examination of the
entire upper extremity is important when evaluating
athletes with suspected UCL injuries. We test cervical
range of motion and assess for clinical evidence of
cervical radiculopathy. After assessing for any evi-
dence of scapular dyskinesia, we measure shoulder
range of motion in the supine position in order to
better isolate glenohumeral motion. Pitchers with
increased shoulder external rotation have greater
medial elbow torque with throwing.13 A careful
neurologic examination can reveal evidence of asso-
ciated ulnar neuropathy, particularly with more
chronic injuries.

An examination of the elbow includes assessments
of active and passive range of motion. Throwers,
particularly baseball pitchers, often have slight elbow
flexion contractures on the throwing arm relative to
the nondominant side, which is typically
J Hand Surg Am. r V
asymptomatic.14 Palpation should include the medial
elbow structures, including the medial epicondyle,
flexor-pronator mass, sublime tubercle, medial head
of the triceps, and ulnar nerve. A physical examina-
tion of ulnar nerve instability at the elbow demon-
strates poor agreement with intraoperative nerve
findings.15 The incidence of ulnar nerve compression
associated with UCL injuries has been variably re-
ported. Prior authors have suggested that ulnar nerve
neuritis can be associated with valgus elbow insta-
bility in over 40% of cases.16 In their series of UCL
reconstructions, Cain et al17 noted that one-third of
their patients had a positive Tinel sign over the ulnar
nerve at the elbow; however, only 3% had persistent
ulnar nerve paresthesias before surgery. When
concomitant ulnar nerve pathology is suspected, we
routinely obtain preoperative electrodiagnostic
studies. In cases with associated nerve pathology, an
ulnar nerve decompression can be performed at the
time of UCL reconstruction; however, indications for
transposition remain controversial.

Valgus stability tests should be performed on both
sides for comparison, as differences can be subtle.
Valgus stress in full extension engages the olecranon
into the olecranon fossa, which can aid in valgus
stability. Pain with moving the elbow passively into
full extension while applying a valgus force can be
indicative of valgus extension overload syndrome,
with the associated posterior medial olecranon
osteophyte. The valgus stress test, which is performed
at 30� of elbow flexion, unlocks the olecranon from
the olecranon fossa and can stress the anterior band of
the UCL (Fig. 2A). The moving valgus stress test and
milking maneuver (Fig. 2B) can also assess valgus
stability. Pain or apprehension when performing
these stability tests should be noted, as subtle 2-mm
differences in medial elbow gapping can be chal-
lenging to appreciate on exam.

Imaging

Standard elbow radiographs should be obtained,
which can reveal avulsion fractures, posterior medial
olecranon osteophytes associated with valgus exten-
sion overload syndrome, osteochondral lesions, as
well as ossicles and calcifications within the UCL.
Standardized stress radiographs with comparison to
the uninjured side can reveal increased medial joint
gapping and aid in the diagnosis of a complete UCL
injury. While increased medial laxity is associated
with UCL injury, throwers can have slight increases
in medial laxity that are adaptive.18 An ultrasound
can be utilized as a dynamic test to assess the UCL
ol. 47, March 2022



TABLE 1. Little League Baseball Pitch Counts and Rest Requirements

Age Daily Maximum Pitches

Required Rest*

0 Days 1 Day 2 Days 3 Days 4 Days

7e8 50 1e20 21e35 36e50 N/A N/A

9e10 75 1e20 21e35 36e50 51e65 66þ
11e12 85 1e20 21e35 36e50 51e65 66þ
13e14 95 1e20 21e35 36e50 51e65 66þ
15e16 95 1e30 31e45 46e60 61e75 76þ

*Required rest days are based on the number of pitches thrown, as well as the age of the player.

TABLE 2. Differential Diagnoses and Associated
Diagnoses for Overhead Athletes Presenting With
Medial Elbow Pain or UCL Injuries

Differential Diagnosis and Associated Conditions in the
Evaluation of Elbow UCL Injuries

Cubital tunnel syndrome or ulnar neuropathy

Flexor-pronator muscle strain

Osteochondral lesions

Medial epicondyle apophysitis

Valgus extension overload syndrome

Snapping medial triceps

Olecranon stress fracture

Medial epicondyle avulsion

Cervical radiculopathy

Elbow arthritis

ELBOW ULNAR COLLATERAL LIGAMENT 269
thickness, integrity, and joint gapping with a valgus
stress. An ultrasound is noninvasive and can quantify
laxity but is user-dependent and requires a familiarity
with the appropriate techniques.

Magnetic resonance imaging arthrograms can aid
in distinguishing complete from partial tears and
remain our preferred imaging modality for sus-
pected UCL injuries. The “T-Sign” can be indicative
of a partial tear, where dye extravasates along the
humerus or sublime tubercle, yet remains contained
under the most superficial portion of the UCL.
Magnetic resonance imaging classification systems
can aid in guiding treatment decisions and have
demonstrated higher levels of inter- and intra-
observer agreement.19 The 6-part classification
system proposed by Ramkumar et al19 defines the
tear location on a magnetic resonance image (1 ¼
proximal, 2 ¼ midsubstance, 3 ¼ distal) and dis-
tinguishes partial tears (subtype A) from complete
tears (subtype B).
J Hand Surg Am. r V
NONSURGICAL MANAGEMENT
Nonsurgical management is the treatment of choice
for partial-thickness UCL tears. Athletes with full-
thickness tears may elect to undergo an attempt at
nonsurgical management, particularly if the time
associated with postoperative rehab would be detri-
mental. Athletes that do not wish to continue
throwing do not need to undergo UCL reconstruction.
Ulnar-based tears are significantly more likely to fail
nonsurgical management compared to proximally
based tears.20 Among professional pitchers, RTP
rates for partial tears are around 85% with nonsur-
gical treatment.21

During the initial period of nonsurgical treatment,
we have the athlete refrain from throwing and focus
on addressing any associated deficits, such as gle-
nohumeral internal rotation deficit, scapular dyski-
nesia or SICK (scapular malpositioning, inferior
medial border prominence, coracoid pain, and dys-
kinesis of scapular movement), or core and hip girdle
weakness. When the elbow is pain free, we initiate
flexor-pronator strengthening and begin a throwing
program with close supervision with the therapist or
trainer. Attention is focused on optimizing pitching
mechanics during this period.

Platelet-rich plasma has been frequently described
as an adjuvant to nonsurgical treatment, but there are
a paucity of prospective, randomized trials support-
ing its use. Prior series have suggested increased
healing rates with platelet-rich plasma, but a recent
case-control investigation of professional pitchers
receiving platelet-rich plasma injections did
not improve RTP outcomes with nonsurgical
treatment.22
OPERATIVE MANAGEMENT
Surgical indications for UCL tears in overhead ath-
letes include partial tears with persistent symptoms
after nonsurgical treatment, as well as symptomatic
ol. 47, March 2022



FIGURE 2: Both A the valgus stress test and B the milking maneuver can be used to assess UCL instability. A The valgus stress test is
performed with the elbow in 30� of flexion with a valgus force applied by the examiner. B With the milking maneuver, the forearm is
supinated and the shoulder is abducted while the elbow is placed at or above 90� of flexion. The examiner applies a posteriorly directed
force while holding the patient’s thumb, which places a valgus stress across the elbow.

270 ELBOW ULNAR COLLATERAL LIGAMENT
complete tears. Surgical options include UCL repair
and reconstruction. In addition to throwing athletes,
some nonthrowing athletes may benefit from opera-
tive treatment of these injuries. For example, rock
climbers, wrestlers, and competitive gymnasts often
bear weight through the upper extremity and may
have functional instability and pain associated with
UCL injuries.

UCL repair

Ulnar collateral ligament repair has reemerged as a
potential surgical option for some athletes with UCL
injuries. Indications for this procedure are continuing
to evolve and remain controversial. Early experience
with this technique resulted in high rates of failure
compared to reconstruction, leading some authors to
abandon UCL repair entirely.17 However, more
recent series have demonstrated RTP rates above
90%.8,23,24 Ulnar collateral ligament repair has the
potential advantage of a shorter rehabilitation prior to
the resumption of throwing. In the absence of ran-
domized studies analyzing repair versus reconstruc-
tion, we individualize this decision based on age, the
goals of the patient, and the characteristics of the tear.
In our practice, repair is considered for athletes with
partial-thickness UCL tears who fail to return to sport
with nonsurgical treatment. Additionally, we consider
repair in cases of full-thickness avulsions from the
humeral origin or ulnar insertion, particularly in
younger athletes. We augment the repair with
braided, nonabsorbable suture tape, similar to that
described by Dugas et al23 (Fig. 3). We agree with
prior authors that midsubstance tears, intrasubstance
ossicles, and generally poor or attenuated ligament
quality are often better addressed with
J Hand Surg Am. r V
reconstruction.8,23 Additionally, patient factors
should be considered in cases where the tear pattern
is potentially amenable to repair. For example, a high
school junior pitcher without college aspirations who
desires to compete in their senior season may be more
interested in repair with the potentially shorter reha-
bilitation period. In these cases, shared decision-
making can help guide treatment.

UCL reconstruction: technique history and evolution

Techniques for UCL reconstruction have undergone a
number of modifications since the 1970s. Dr Frank
Jobe described a UCL reconstruction utilizing a flexor-
pronator tenotomy and a routine submuscular trans-
position of the ulnar nerve. This “Jobe Technique”
utilized a figure-of-8 autograft through drill tunnels in
the ulna and humerus (Fig. 4). Jobe reported an RTP
rate of 63% in his series of 16 patients.25 Subsequent
modifications aimed to decrease the high rate of ulnar
nerve complications. The Modified Jobe Technique
favored a muscle-splitting approach as a means of
avoiding some of the morbidity associated with flexor-
pronator tenotomy. Additionally, with the Modified
Jobe Technique, routine transposition of the ulnar
nerve was no longer performed. Thompson et al26

demonstrated improvements with respect to RTP
(>90%) and ulnar nerve complications with the
Modified Jobe Technique.

Dr Andrews described the ASMI Technique, with
a flexor-pronator elevation between the 2 heads of the
flexor carpi ulnaris and a figure-of-8 graft.17 In a
series of 1,281 patients who underwent reconstruc-
tion with the ASMI Technique, Cain et al17 demon-
strated an RTP rate of 83%. Compared to the original
Jobe Technique, the ASMI Technique employs
ol. 47, March 2022



FIGURE 3: Ulnar collateral ligament repair augmented with
braided, nonabsorbable suture-tape material.

FIGURE 4: Illustrations of 4 common UCL reconstruction
techniques: A Jobe Technique with a figure-of-8 graft, B the
Docking technique, C the David Altchek, Neal ElAttrache,
Tommy John Technique, and D the Dual Interference Screw
technique.
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routine subcutaneous, as opposed to submuscular,
transposition of the ulnar nerve, which appeared to
decrease the overall complication rate.17 Other
reconstruction techniques, notably the Docking
technique, have been the focus of a number of in-
vestigations as well. Utilizing a muscle-splitting
approach, the Docking technique involves 2
converging tunnels in the ulna and a single humeral
docking tunnel for graft passage (Fig. 4). Proposed
advantages include less ulnar nerve and flexor-
pronator morbidity, as well as a simplified method
of graft passage and tensioning. Excellent results
have been reported in greater than 90% of patients,
with ulnar nerve complications occurring in less than
3% in large series.2,27

More recent technical modifications have often
endeavored to simplify graft management and often
utilize implants for graft fixation. The David Altchek,
Neal ElAttrache, Tommy John (DANE TJ) technique
utilizes a proximal Docking technique with interfer-
ence screw fixation in the ulna (Fig. 4). Proposed
advantages of the DANE TJ technique include
creating an isometric and more anatomic distal
insertion, as well as a decreased risk of bone bridge
fracture and fixation failure by using an interference
screw in the ulna.28 Other techniques have employed
all suspensory endobutton fixation, as well as all
interference screw fixation, which may have some
biomechanical advantages.29

A lack of prospective and randomized studies
analyzing the various operative techniques makes
comparisons difficult. Systematic reviews have sug-
gested that complication minimization can lead to
increased RTP.30 A recent systematic review and
meta-analysis demonstrated no significant difference
outcomes between the Modified Jobe and Docking
Techniques when a muscle-splitting approach was
J Hand Surg Am. r V
used without routine submuscular transposition.31 As
a result, routine ulnar nerve transposition is now
rarely performed in the absence of symptomatic ulnar
nerve compression.
Complications

As UCL reconstruction techniques have moved away
from flexor-pronator tenotomies and routine sub-
muscular transposition, complication rates have
generally decreased. Ulnar neuropathy is a frequent
complication, with a rate of 12% across all published
series.32 Additional neurologic complications can
include injuries to the medial antebrachial cutaneous
nerve. During palmaris autograft harvest, care must
be taken to protect the median nerve because iatro-
genic nerve injury is a well-described and devastating
complication associated with this procedure.33

Medial epicondyle or tunnel fractures are rare.
Elbow stiffness and heterotopic ossification can also
occur. Given the increase in the frequency of UCL
reconstructions, there is subsequently an increased
need for revision procedures.
ol. 47, March 2022
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AUTHOR’S PREFERRED TECHNIQUE: UCL
RECONSTRUCTION
For athletes indicated for UCL reconstruction, we
utilize a Docking technique similar to that described
by Rohrbough et al.27 We find this technique allows
for reliable and reproducible graft tensioning within
the humeral socket and avoids the added costs asso-
ciated with fixation methods that use implants. After
a peripheral nerve block and induction of general
anesthesia, the patient is positioned on a regular bed
with an arm board. A sterile tourniquet is utilized.
Our preferred graft is an ipsilateral palmaris autograft
when available; however, in some cases a hamstring
allograft is used as described by Savoie et al.34 A
generous longitudinal skin incision is made just
posterior to the medial epicondyle extending distally
beyond the sublime tubercle. Branches of the medial
antebrachial cutaneous nerve are identified and pro-
tected. The nerve’s course can be highly variable;
however, the anterior branch can often be located
2e3 cm anterior to the epicondyle. In cases where an
ulnar nerve decompression is not performed, we use a
muscle-splitting approach. The fascial raphe is iden-
tified between the flexor carpi ulnaris and the com-
mon flexors. Alternatively, in patients with evidence
of concomitant ulnar nerve compression, we
approach the UCL and sublime tubercle between the
2 heads of the flexor carpi ulnaris after the ulnar nerve
has been decompressed.

A key elevator is used to expose the entire length
of the UCL, and the location of the tear is determined.
A longitudinal split is then made with a knife through
the anterior band of the UCL, which exposes the
underlying ulnohumeral joint. Elevation of the ante-
rior and posterior leaflets of the UCL allows for
visualization of the sublime tubercle, as well as the
UCL ridge. Converging 3.5-mm anterior and poste-
rior drill tunnels are spaced 1 cm apart and are located
at the junction of the sublime tubercle and UCL ridge.
Small, curved curettes can be used to ensure that the
tunnels connect. The graft is then passed through the
ulnar drill tunnels.

We next identify the UCL origin on the anterior-
inferior surface of the medial epicondyle. A 4.5-mm
drill is used to create the humeral tunnel, which is
15 mm in depth. Care is taken to ensure that the drill
does not penetrate the far cortex of the epicondyle.
While protecting the ulnar nerve, a drill guide is used
to create 2 separate 2.0-mm drill holes that commu-
nicate with the humeral socket. These 2.0-mm tunnels
allow for suture passage from the graft and
tensioning. The graft configuration is shown in
J Hand Surg Am. r V
Figure 4. Prior to tensioning the graft, we repair
native UCL with 2-0 braided, nonabsorbable suture.
With the forearm in supination, we tension the graft
with a slight varus stress in 70� of flexion. The graft
can then be sutured to the underlying native ligament
for additional fixation. After wound closure, a long-
arm posterior orthosis is applied in 70� of flexion
until the first postoperative visit.

POSTOPERATIVE REHABILITATION
After UCL reconstruction, we use a postoperative
orthosis for 10 days after surgery and encourage
immediate shoulder, wrist, and digital range of mo-
tion. Gentle strengthening can begin 4 to 6 weeks
after surgery, and valgus stress to the elbow is avoi-
ded for 4 months. Our throwing program begins 4
months after surgery; for pitchers, simulated games
typically begin around 10 months. Full RTP is typi-
cally between 12 and 18 months after reconstruction,
depending on the individual circumstances, sport, and
position.

SUMMARY
The increasing rate of UCL injuries among both
youth and professional athletes remains a concern.
Organizations have adopted evidenced-based guide-
lines with respect to pitch counts in an effort to
decrease UCL injuries among youth pitchers. In the
decades since the introduction of UCL reconstruc-
tion, technical modifications have aimed to decrease
complications and increase RTP rates. Ulnar collat-
eral ligament repair has reemerged as a promising
option for some UCL injuries and requires further
analysis. Future prospective, comparative studies are
necessary to better define the optimal operative
treatment for these injuries.
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