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Background: The ulnar collateral ligament (UCL) of the elbow is subject to repetitive stress in overhead
throwing athletes. This can lead to morphologic changes at the bony attachments of the UCL and hy-
pertrophy of the sublime tubercle. The purpose of this case series is to describe the surgical details and
clinical outcomes of a series of competitive baseball pitchers with hypertrophic sublime tubercles who
underwent UCL reconstruction (UCLR).
Methods: All baseball pitchers who were treated for UCL injuries with significant hypertrophy of the
sublime tubercle on preoperative imaging were included in the series. Clinical history, preoperative
imaging, intraoperative findings during UCLR, and postoperative outcomes measured with the Conway
scale were described.
Results: Ten players (average age of 22.9 years [range 13-39]) were included (average follow-up 20.4
months [range 3-38 months]). Five patients also had symptoms of ulnar nerve compression, with 4
requiring transposition at the time of ULCR and 1 at 3 months postoperatively. Bony hypertrophy of the
sublime tubercle was confirmed intraoperatively in all cases and excised before UCLR with the docking
technique. Of the 7 patients with at least 12-month follow-up postoperatively, 6 had excellent outcomes,
and 1 had a fair outcome.
Conclusion: Although UCLR in the setting of hypertrophic sublime tubercle can be more complex than
typical UCLR, excellent outcomes are achievable with preoperative recognition and surgical planning.

© 2022 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder & Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Injury to the elbow ulnar collateral ligament (UCL) is a debili-
tating and potentially career-ending condition in elite throwing
athletes.22 The anterior bundle of the UCL is the major ligamentous
restraint against valgus stress of the elbow through a large arc of
elbow motion and is subject to significant loads during the late
cocking and early acceleration phases of throwing.11,12,23 Over the
past 2 decades, there has been a significant increase in the number
w Board approved this study
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of UCL reconstructions (UCLRs) performed inMajor League Baseball
pitchers, with 25% of these pitchers having had previous UCLR.3

Furthermore, with increasing rates of youth and adolescent
participation in sports, 15- to 19-year-old athletes now account for
most UCLRs across all age groups.10 As athletes begin throwing
from a younger age, repetitive microtrauma to the UCL, along with
its bony attachments, are cumulative over years. This may lead to
adaptive changes in local anatomy, particularly in the skeletally
immature patient. Depending on the age and sex of the athlete, the
medial epicondyle may not completely fuse until age 17 years in
boys, and repetitive forces to the medial elbow likely affect the
process of chondro-osseous transformation.21 Among adult elite
overhead athletes, significant hypertrophy of the medial epi-
condyle has been described relative to controls.16
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Figure 1 Representative preoperative anterior-posterior radiographs of the elbow showing hypertrophy of the sublime tubercle for patient 1 (A), patient 2 (B), patient 5 (C), patient
6 (D), patient 7 (E), and patient 9 (F).
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Hypertrophy of the UCL insertion at the ulnar sublime tubercle
has not been well described in elite throwing athletes. It may
develop in a similar fashion to hypertrophy of the medial epi-
condyle, or it may represent a distal avulsion of the ligament
resulting in a nonunited bony fragment. Depending on the extent
of hypertrophy, which likely exists along a spectrum with ossifi-
cation of the distal UCL, ligament reconstruction in these patients
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requires preoperative recognition and planning, as the altered
anatomy can be disorienting. Failure to consider sublime tubercle
hypertrophy may result in nonanatomic reconstructions. The
purpose of this case series was to describe 10 cases of significant
sublime tubercle hypertrophy in baseball pitchers undergoing
UCLR and to discuss pertinent intraoperative findings and
techniques.



Figure 2 Preoperative coronal gradient-echo magnetic resonance images for patient 2, showing complete UCL rupture with hypertrophy of the sublime tubercle. UCL, ulnar
collateral ligament.

Figure 3 The patient positioned is supine on the operating table and with the right upper extremity on a hand table and the medial elbow shown. After incision, subcutaneous
dissection, and FCUmuscle split, the underlying native UCL is exposed (A). After removal of the tissue on the hypertrophic sublime tubercle, the excess bone can be visualized clearly
(B). FCU, flexor carpi ulnaris; UCL, ulnar collateral ligament.
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Materials and methods

This retrospective case series review was approved by our
institutional review board (#2017-0083). Inclusion criteria were
UCL injury requiring surgical reconstruction with concomitant
sublime tubercle hypertrophy. Ten patients who had surgery be-
tween 2015 and 2021 were included in this series. All UCLRs were
performed using the docking technique.1,2,24 All patients had pre-
operative examination findings consistent with UCL insufficiency,
including pain with valgus stress and a positive moving valgus
stress test. If the patient had preoperative ulnar nerve symptoms
(including numbness of the ring and small fingers, wasting of the
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hand intrinsics, etc.), an anterior subcutaneous ulnar nerve trans-
position was also performed. Preoperative X-ray and magnetic
resonance imaging were obtained on each patient to evaluate the
extent of sublime tubercle hypertrophy (Figs. 1 and 2). Arthroscopic
d�ebridement of posteromedial osteophytes was carried out
concomitantly with ligament reconstruction if preoperative ex-
amination and imaging studies were consistent with posteromedial
impingement. One patient also presented with findings consistent
with pronator syndrome; therefore, open median nerve decom-
pression was performed at the time of UCLR.

Postoperative outcomes were assessed with the Conway scale.5

Excellent outcomes were defined as return to play at the previous



Figure 4 Excess bone is removed from the sublime tubercle (A), which leaves a space where the native UCL typically is (B). UCL, ulnar collateral ligament.

Figure 5 Standard docking technique using hamstring autograft was performed.
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level of competition for at least 1 year after surgery. A good result
was defined as return to play at a lower level or the ability to throw
daily batting practice for at least 1 year after surgery. A fair result
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was defined as return to play at a recreational level. Finally, a poor
outcome was defined as inability to return to throwing. Patient
symptoms and physical examination were used to detect any cases
of recurrent elbow instability.

Surgical technique

All patients underwent UCLR using the docking technique with
either palmaris or hamstring autograft. The technique was similar
to previous docking techniques that have been previously pub-
lished with the addition of careful removal of the hypertrophic
bone at the sublime tubercle. After dissection through the flexor
carpi ulnaris, the native UCL is identified at the medial epicondyle.
The amount and quality of native ligament tissue remaining can be
variable based on the chronicity of the injury and how large the
hypertrophic bone at the sublime tubercle is (Fig. 3). If any native
ligament tissue remains, this can be followed distally to identify the
excess bone that needs to be removed at the sublime tubercle. If the
tissue is degenerated or no longer there, excess bone should be
removed to be confluent with the surrounding ulna. Tissue sur-
rounding the excess bone is removed to define the extent of hy-
pertrophy. This can be accomplished using an osteotome
positioned from distal to proximal on the deep aspect of the bony
prominence. The surgeon should remove enough bone to restore
the native sublime tubercle anatomy. Care should be taken to
ensure that the underlying bone of the native sublime tubercle is
not compromised, as this may prevent the surgeon from forming an
adequate bony bridge between the ulnar tunnels. After bony
resection (Fig. 4), the docking technique is performed as has been
previously described (Fig. 5). Postoperative protocol is also the
same as has been published in previous techniques.

Results

Ten patients met inclusion criteria and were included in the
series (Table I). Hypertrophy of the sublime tubercle was demon-
strated with preoperative radiographs and magnetic resonance
imaging in all patients (Figs. 1 and 2). The mean age was 22.9 ± 7.7



Table I
Patients with hypertrophic sublime tubercle who underwent UCL reconstruction.

Patient
number

Age Level Concurrent procedures Graft Follow-up
(mo)

Outcome Conway
outcome scale

1 25 Minor leagues Palmaris longus autograft 28 Playing recreationally Fair
2 18 Minor leagues Elbow arthroscopy,

posterior trochlear
d�ebridement

Palmaris longus autograft 34 Pitching professionally in
minor leagues

Excellent

3 24 Minor leagues Elbow arthroscopy,
posteromedial osteophyte
d�ebridement, ulnar nerve
transposition

Palmaris longus autograft 15 Returned to minor leagues Excellent

4 26 Minor leagues Gracilis autograft 26 Returned to pitching in
minor league baseball

Excellent

5 13 High school Palmaris longus autograft 26 Returned to pitching at
previous level

Excellent

6 30 Former professional,
injured playing
recreationally

Ulnar nerve transposition Semitendinosus autograft 38 Returned to playing
recreationally

Excellent

7 18 High school Elbow arthroscopy, open
median nerve
decompression for pronator
syndrome

Palmaris longus autograft 15 Reoperation at 3 mo postop
for lysis of adhesions/
manipulation under
anesthesia, ulnar nerve
transposition, returned to
previous level of
competition

Excellent

8 20 College Elbow arthroscopy and
d�ebridement, ulnar nerve
transposition

Gracilis autograft 11 Returned to throwing Pending

9 16 High school, national
teams

Ulnar nerve transposition Palmaris longus autograft 9 Throwing 105 feet with no
symptoms, progressing
with physical therapy with
plan for fall baseball, able to
return to play but not as
pitcher

Pending

10 39 Recreational Gracilis autograft 6 Started throwing
progression with no
symptoms

Pending
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years (range 13-39) at the time of surgery. All patients were base-
ball pitchers, with 4 in minor league professional baseball, 1 col-
legiate athlete, 3 high school pitchers, 1 former professional who
injured his UCL while playing baseball recreationally, and 1 high-
level recreational pitcher.

Four patients underwent concomitant elbow arthroscopy with
intra-articular d�ebridement. Five patients had symptoms consis-
tent with ulnar neuropathy, with 4 patients undergoing ulnar nerve
transposition at the time of UCLR, and 1 (patient 7) needing a
second surgery at 3 months after UCLR for ulnar nerve trans-
position, manipulation under anesthesia, and lysis of adhesions. Of
note, patient 7 also presented preoperatively with symptoms
consistent with pronator syndrome and underwent open median
nerve decompression at the time of initial UCLR. In 6 of the 10 cases,
palmaris longus autograft was used to reconstruct the UCL with the
docking technique. In 2 cases, after the resection of the hypertro-
phied sublime tubercle, a particularly large void was noted and
addressed with either doubling over the palmaris longus graft
(patient 1) or using a larger semitendinosus autograft (patient 6).
Gracilis autograft was used for the remaining 3 patients.

The mean follow-up was 20.4 months (range 3-38; Table I).
Three patients (8, 9, and 10) were less than 12 months removed
from UCLR; thus, their final outcomes on the Conway scale were
undetermined at the time of writing. Of the remaining 7 patients, 6
were able to return to pitching at or above their previous level and
thus achieved excellent outcomes on the Conway scale. Patient 1
was unable to return to his previous level of play (minor league
professional baseball) and had a fair outcome on the Conway scale.
No patients complained of residual symptoms or had findings of
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instability on examination postoperatively. There were no cases of
recurrent sublime tubercle hypertrophy on postoperative X-rays.

Discussion

In this case series of 10 baseball pitchers undergoing UCLR in the
setting of significant sublime tubercle hypertrophy, outcomes
demonstrated that with appropriate preoperative recognition and
planning, a high rate of return to sport was achievable.

The elbow UCL experiences repetitive microtrauma during
baseball pitching,11,23,26 and for professional baseball pitchers, this
is a chronic process that has been ongoing for a number of years.
Given trends toward increasing youth participation in high-level
sports in recent years, the incidence of elbow UCL injury
requiring surgical reconstruction among 15- to 19-year-olds is
increasing at a rate of 9.12% per year,10 with overall favorable out-
comes after UCLR in adolescent athletes.14 Concurrently over the
past 2 decades, there has been a significant increase in the number
of UCLR performed in Major League Baseball pitchers, from one
reconstruction in 1986 to 32 in 2012.9,17

As with musculoskeletal structures elsewhere in the body,
repetitive valgus loads in the elbow have the potential to lead to
remodeling of bony anatomy, especially in developing athletes. In a
computed tomography study of elite overhead athletes compared
with control patients, Makhni et al showed that the medial epi-
condyles in elite athletes were significantly larger than those found
in controls.16 Using quantitative geometric analysis, they found the
medial epicondyle to be larger in total volume as well as anterior-
posterior thickness, lending support to the theory that chronic
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repetitive stresses at the elbow can result in bony hypertrophy.16 In
adolescent boys, the medial epicondyle ossification center may not
be fused until up to age 17 years, and these patients may be espe-
cially susceptible to alterations in bony morphology due to
repetitive throwing.21

This process of adaptive hypertrophy is less established at the
sublime tubercle, with only a few small case series published in the
literature. Although there is no ossification center at the sublime
tubercle, repetitive traction on the developing periosteum and/or
healed avulsion fractures may result in a hypertrophic sublime
tubercle. In a retrospective radiographic review of 42 patients with
heterotopic calcification of the UCL, Mulligan et al reported 2 cases
of confluent ossification of the distal UCL, similar in appearance to
the cases presented in this series. In their series, a positive associ-
ation was found between heterotopic calcification in any location
within the UCL with partial or complete tears of the UCL.18 Salvo
et al presented a case series of acute avulsion fractures of the
sublime tubercle in 8 overhead throwing athletes. Two of the 8
patients demonstrated healing of their avulsion fracture with
nonoperative management, whereas the other 6 had residual
medial elbow pain limiting their performance and underwent
either UCL repair or reconstruction. They report that all patients
were able to return to their previous level of activity following
treatment (Salvo 2002). Glajchen et al report a case series of 3
college baseball players who had calcific densities adjacent to the
sublime tubercle. Two of these 3 athletes underwent UCL recon-
struction without any follow-up presented in this series (Glajchen
1998). Therefore, these injuries may represent nonunited avulsion
fractures or hypertrophic calcification from repetitive valgus loads
across the UCL.

It is important to recognize hypertrophy of the sublime tubercle
in the preoperative imaging work-up of athletes indicated for sur-
gery. The surgeon must restore the native morphology of the sub-
lime tubercle at the time of surgery by adequately removing the
excess bone while not compromising the integrity of the ligament
insertion site. Alterations in the bony morphology and fixation
points of the reconstructed ligamentmay have significant effects on
ligament isometry and tension during maximal load. It is also
important to assess bone quality when excising the hypertrophied
bone, as the remaining bony bed of the ligamentous footprint may
be more cancellous in nature. In cases of insufficient bone quality
after hypertrophic sublime tubercle excision, the use of interfer-
ence screw fixation on the ulna with docking of the graft on the
humeral side (the DANE TJ technique) or docking the graft on the
ulna and securing the sutures over a bony bridge (double docking
technique) may be considered.6,8 In addition, after the resection of
the hypertrophied sublime tubercle, a large bony or soft tissue void
may be encountered. This may potentially be addressed with the
use of a larger graft, such as semitendinosus, or doubling over the
palmaris longus graft if there is adequate length.

With modern surgical techniques, excellent outcomes can be
achieved in up to 90% of primary UCLRs.25 When counseling pa-
tients regarding prognosis and expected postoperative outcomes,
however, it is important to recognize that certain cohorts are at
increased risk of inferior outcomes. Revision reconstruction,7,15 the
presence of posteromedial chondromalacia,19 and combined flexor-
pronator mass and UCL injuries20 have all been associated with
worse outcomes after UCLR. Although outcomes in this series were
mostly excellent at intermediate-term follow-up, patients with
hypertrophic sublime tubercles may be another cohort with poorer
prognoses, and further studies in this area are warranted.

When evaluating a throwing athlete with medial elbow pain, it
is also important to carefully examine other medial elbow struc-
tures. Ulnar nerve irritation often presents solely as medial elbow
pain without neurologic findings and can be mistaken for
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ligamentous injury.4,13 Ulnar nerve compression is often a dynamic
phenomenon in pitchers, as pressure in the cubital tunnel can
significantly increase during the pitching motion. Although not
documented in the literature, a hypertrophic sublime tubercle
could potentially further compress the ulnar nerve in the cubital
tunnel, so ulnar nerve transposition may be indicated at the time of
UCLR in these patients.

This case series is limited by its small sample size and lack of
long-term functional outcomes. Nevertheless, this is a rare entity
even among competitive baseball pitchers, and further studies
quantitatively examining the morphology of the sublime tubercle
in elite throwing athletes are warranted.

Conclusion

In this series of 10 baseball pitchers with hypertrophic sublime
tubercles who underwent UCLR and had short-term follow-up of at
least 12 months, 6 of the 7 patients had excellent outcomes and
were able to return to their previous level of pitching, whereas one
patient had a fair outcome. UCLR in patients with hypertrophic
sublime tubercles are complex cases that require adequate preop-
erative radiographic work-up, careful assessment of any concomi-
tant pathology, and surgical planning, with the ability to alter the
surgical technique based on intraoperative findings.
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