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Stress fractures of the upper limb can occur in athletes from a
wide range of sports.13,9 Athletes with throwing motions are
especially susceptible to elbow stress fractures due to the high load
and valgus forces across the elbow during the acceleration and
deceleration phases of throwing. Kinematical analysis in baseball
pitchers has shown that 64 Nm of valgus stress is loaded on the
elbow during the late cocking to early acceleration phase.6,16 The
anterior bundle of the ulnar collateral ligament of the elbow
functions as the primary resistance structure against this valgus
force,1 and it is thought that the valgus extension overload syn-
drome develops when the resistance of the ligament is
decreased.12,17 Many of the elbow bone disorders associated with
baseball pitching are reported to be based on the valgus extension
overload syndrome,2,14 resulting in stress fractures of the olec-
ranon15 and impaction of the posteromedial olecranon against the
olecranon fossa.5 However, stress fracture of the medial column has
been few reported. We report on our experience of surgical treat-
ment of this rare humeral medial column stress fracture.

Case presentation

The patient is a 19-year-old male, left-handed college baseball
pitcher. Although he had never been injured his elbow or shoulder
in baseball, discomfort in his left elbow appeared after pitching
practice in college. His team's training coach started him on con-
servative treatment under limited throwing, suspecting thoracic
as required for this case report.
ura, MD, PhD, Department of Ortho-

ine, Dentistry and Pharmaceutical Sci-
cho, Kitaku, Okayama City 700-8558,

.ac.jp (Y. Shimamura).

by Elsevier Inc. on behalf of American Should
-nd/4.0/).
outlet syndrome. However, he presented to our clinic because
discomfort remained in his left elbow after pitching for a total of 6
months. Physical examination at first presentation had normal
range of motion (ROM) of the elbow joint, no tenderness in the
ulnar collateral ligament (UCL), but was presented posteromedial
elbow pain in forced elbow extension, discomfort in the left ulnar
Figure 1 Plain radiograph of the dominant elbow at the first presentation. (A) Elbow
extension position. (B) Elbow 45 degrees flexion position. White arrow shows a bony
prominence in the medial column.

er & Elbow Surgeons. This is an open access article under the CC BY-NC-ND license

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:y-shima@md.okayama-u.ac.jp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xrrt.2021.11.007&domain=pdf
www.sciencedirect.com/science/journal/26666391
http://www.jsesreviewsreportstech.org
https://doi.org/10.1016/j.xrrt.2021.11.007
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.xrrt.2021.11.007
https://doi.org/10.1016/j.xrrt.2021.11.007


Figure 2 Preoperative computed tomography. (A) An axial and (B) coronal views show a sclerotic change surrounding the fracture line. (C, D) White and black arrows show a
posteromedial osteophyte of the olecranon.
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nerve area, and mild pain in the medial humeral column. The Roos
test for thoracic outlet syndrome was negative.

Radiograph examinations

A plain radiograph of the elbow joint showed bony prominence
and radiolucency of humeral medial column (Fig. 1). Preoperative
computed tomography (CT) images show osteosclerotic changes
throughout the medial column. The stress fracture line runs
obliquely from the medial wall of the olecranon fossa to the prox-
imal medial of the medial column, and there is an enlargement of
the fracture line on the posterior aspect of the medial column.
There is an osteophyte formation on the posterior medial side of
the olecranon (Fig. 2).

Magnetic resonance imaging examination

Magnetic resonance imaging (MRI) of the left elbow was per-
formed 1 week after CT examination to exclude other causes of
elbow symptoms such as UCL injuries, ulnar neuritis, tendonitis,
synovitis. MR images of T1 and T2 fat suppression show high signal
fracture lines in the medial columns (Fig. 3). The MR images in T1
showed a low-intensity area extending from media column to the
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metaphysis around the fracture line in the coronal view (Fig. 3B). The
low-intensity areas are consistent with osteosclerotic lesions,
meaning poor blood flowand depression of biological environment.
The anterior band of theUCL showed an increased signal intensity in
the proximal medial attachment, suggesting a partial tear (Fig. 3A).

Surgical treatment

Preoperative examination and patient positioning

General anesthesia is administered along with preoperative
antibiotics. A contrast agent was injected into the bilateral elbow
joint under anesthesia. An intraoperative valgus stress test was
performed, confirming widening of the medial joint space at 45� of
elbow flexion (Fig. 4). The patient was positioned right lateral su-
pine position on the operating table, and the left upper limb was
placed on the upper limb stand with an air tourniquet (Fig. 5A). The
operative side is prepped and draped in the standard fashion.

Exposure of the posterior aspect of the medial column

An Esmarch is used to exsanguinate the surgical limb, and an air
tourniquet is inflated to 240 mm Hg. The ulnar nerve should be



Figure 3 Preoperative magnetic resonance imaging. (A) The proximal attachment of the UCL has an increased signal suggesting a partial tear (white arrow). (B) The sclerosis area
revealed as a low-intensity area extending from the medial column to the metaphysis (white arrows).

Figure 4 Measurements of medial joint space opening under the arthrography valgus
stress test. The medial elbow joint space opening on the nondominant elbow was 1.5
mm, and the dominant elbow was 2.3 mm.
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identified by palpation and marked posterior to the medial epi-
condyle. A 6-8 cm incision is marked and made through the skin
only over the posterior aspect of the medial column. Scissors are
used to proceed with blunt dissection into the deep layer of the
subcutaneous tissue. The medial antebrachial cutaneous nerve is
identified and is protected throughout the operation. The fascia of
the medial triceps musculature is released by scissors; the ulnar
nerve is identified and dissected; and a vessel rubber loop is placed
around the nerve to anterior mobilize it throughout the case.
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The triceps muscle is retracted to posterior by retractors and
exposed the posterior aspects of medial column. The bone promi-
nence was running transverse through the posterior aspects of the
medial column (Fig. 5B).

Decortication and bone graft harvest

The dorsal cortical bone was open in an area of 30 mm x 10 mm
centered on the bony prominence using a motorized bone saw. A
bone chisel was inserted under the opened cortical bone and
resected, the intramedullary cancellous bone was replaced by
sclerosis (Fig. 5C). To induce fresh bone marrow blood, the sclerotic
bone was reamed with a 2.5-mm diameter cortical drill and passed
through the distal metaphysis (Fig. 5D). Autologous bone graft for
the medial column defect was planned by harvesting from the
anterior iliac crest. An anterior incision was made above the ante-
rior superior iliac spine, andmonocortical structural graft blockwas
obtained with size of the 30 mm � 10 mm � 10 mm and grafted
into the medial column.

Plate fixation

When the elbow joint was fully extended, the posteromedial tip
of the olecranon and the medial wall of the olecranon fossa were
contacted (Fig. 5F). Stryker VariAx hand 3D plate (Stryker, Kala-
mazoo, MI, USA) was fixed over the grafted bone as a compression
fixation (Fig. 5G). The ulnar nerve transfer did not perform, and the
wound was closed in its original position (Fig. 6).
Postoperative follow-up

Postoperative immobilization was not performed, and we
started rehabilitation from gently passive range of motion



Figure 5 Intraoperative photographs. (A) Right lateral supine position on the operating table and marking of the posteromedial approach's skin incision line. (B) A posteromedial
approach was applied to expose the posterior aspect of the humeral medial column. The medial column had a bony prominence (black arrow). (C) The dorsal cortical bone was
removed with a size of the 30 mm � 10 mm centered on the bony prominence using a motorized bone saw. The bone cavity was replaced by a sclerotic lesion (white arrow). (D)
Bone cavity was reamed with a 2.5 mm diameter drill. (E) Bone graft (BG) harvested from the iliac bone was implanted with the cortical bone surface facing dorsal. (F) In full
extension of the elbow, the posteromedial of the olecranon and the medial wall of the olecranon fossa were contacted. (G) Plate was fixed over bone graft.

S. Nezu, Y. Shimamura, T. Yamawaki et al. JSES Reviews, Reports, and Techniques 2 (2022) 254e259
exercises of the elbow a few days after surgery. A physical con-
ditioning during rehabilitation including stretched motion of the
lower extremity was performed to prevent throwing injuries.
Three months after the surgery, we started a throwing program
with acceptable bone union. The patients were allowed to return
to competition level at 6 months postoperatively and continue to
play baseball as a pitcher without preoperative findings at 18
months after treatment.
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Discussion

A medial column stress fracture of the humerus is a rare case.
Although Chang et al reported a case of conservative treatment in a
16-year-old baseball pitcher,3 there are no reports of primary sur-
gical treatment. In their case, axial CT images showed osteophyte
formation on the posteromedial side of the olecranon, suggesting
impingement of the posteromedial compartment by VEOS, but no



Figure 6 Plane radiographs and CT images at 6 months after surgery. Bone healing was obtained without recurrence of sclerosis in the medullary cavity. CT, computed tomography.
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evaluation of medial instability was performed. Park et al reported
23% of posteromedial osteophyte formation of the olecranon
caused by VEOS is not associated with a UCL injury.14 However,
Molenaars et al summarized the measurement of medial elbow
joint space under valgus stress on radiographs without arthrog-
raphy and reported a mean opening of 4.6 mm in injured UCL el-
bows and 4.2 mm in uninjured UCL elbows, with a mean joint
opening gap of 0.4mm in relation to the presence or absence of UCL
injury.11 Ahmad et al concluded that increased posteromedial
compartment contact force was observed only during the decel-
eration phase of throwing with low elbow flexion in the non-intact
UCL and that abnormal contact pressure was a factor in the
development of osteophyte formation in the posteromedial elbow.2

In our case, preoperative CT recognized osteophyte formation on
the posteromedial side of the olecranon, and we investigated pre-
operatively bilateral elbow arthrography to evaluate the amount of
medial elbow laxity gaps with valgus stress. The results of the
medial elbow joint space opening on the dominant elbow were 0.8
mm (2.3 mm > 1.5 mm) looser than the nondominant elbow.
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Preoperative MRI showed findings suspicious of a nonsymptomatic
UCL partial tear at the proximal UCL attachment, which may be the
cause of the medial elbow laxity. The intraoperative findings also
confirm that the posterior medial osteophyte of the olecranon
contacts the fracture of the medial column in the elbow extension
position. Therefore, we concluded that instability of the medial
support structures to valgus stress induced osteophytes on the
posterior medial side of the olecranon during joint extension,
increasing the contact pressure with the medial wall of the olec-
ranon fossa.

Moreover, the morphological characteristics of this fracture are
that the fracture line runs obliquely through the medial column,
and gaps of the fracture line occur on the posterior surface. The
anterior surface of the medial condyle is attached to the elbow
superficial flexors including origin of the flexor carpi radialis, flexor
carpi ulnaris, and palmaris longus muscles, whereas the posterior
surface is not attached to the antagonist muscles due to the floor of
the ulnar nerve.8 In short, the anterior and posterior surfaces of the
medial column have an asymmetrical relationship in muscle
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attachment. Moreover, these superficial flexor muscles are very
active during the acceleration and deceleration phases, pulling on
the anterior surface of the medial epicondyle.4 Although this rare
stress fracture of the elbow has no evidence of mechanism, we
hypothesize that the contact between the posterior medial side of
the olecranon and the medial wall of the olecranon fossa works as a
pivot point at the release point, and the asymmetricmuscle traction
on the medial column produces extension stress against the pos-
terior surface of the medial column during the release point to the
deceleration phase.

Regarding the blood supply of the distal humerus, Kimball et al
reported that intraosseous vessel supply into the distal medial
humerus enters medial epiphysis distal to the medial epicondyle
and travels transversely across the trochlea, larger anterior than
posterior in a ratio of 2:1, with no vessels actually entering the
medial column.10 The area of the medial column to the medial
column metaphysis is usually the watershed area. In the preoper-
ative images, the fracture site represents bony prominence andmay
be the recovery phase of a stress fracture. However, the fracture line
is clearly still present, and the surrounding area has already been
replaced by osteosclerosis. This is a result that the repetitive stress
of the throwing motion was more significant than the capacity for
self-healing. This situation is similar for transitional, classical, and
distal types of olecranon stress fractures, and Furushima et al re-
ported that surgery for these stress fractures is indicated after 3
months of conservative treatment for these stress fractures.7 In our
case, therefore, surgical treatment was indicated since the patient
had been symptomatic for 6 months. The purpose of the surgery
was to improve the biological environment of the fracture site and
to control its stability against the extension stress in the posterior
aspect of the medial column.

The posterior medial approach was useful because the fracture
line was visualized on the posterior aspect of the medial column
and the ulnar nerve was easily accessible. The posterior medial
approach was also the most appropriate approach to avoid iatro-
genic injury to the superficial anterior forearmmuscle attachments.
In the medial column, the entire medullary cavity had been
replaced by osteosclerosis, and there was no cancellous bone. This
condition means that the blood supply necessary for the healing of
the fracture is very poor. D�ebridement of surrounding the fracture
site between the medial column and the distal diaphysis using a
drill was an important procedure to induce fresh bleeding, but the
removal of the osteosclerotic lesion and cortical bone created a
large space into the medial column. Therefore, iliac bone grafting
with monocortex was ultimately required to solve the mechanical
and biological problems through intraoperative procedures.
Although the use of cannulated cancellous screws was considered
for the fixation of the grafted bone, plate fixation was favorable to
buttress for tension side and preserve the grafted bone. As a result,
bone healing was achieved in the stress fracture area of the medial
column, and the player was able to return to play baseball 4 months
after surgery without any symptoms in the iliac donor site.

To the best of our knowledge, this is the first report of surgical
treatment for humeral medial column stress fractures. These stress
fractures are a rare bone disorder and may be missed because of
lack of common recognition. If there is an osteophyte on the pos-
terior medial side of the olecranon, a stress fracture of the medial
column should be suspected, and additional evaluation for
tenderness and CT or MRI is recommended. This case report pre-
sents that surgical treatment for humeral medial column stress
fractures may be one of the treatment strategies options.
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Conclusion

This report documents our surgical treatment of humeral
medial column stress fracture, for which only conservative treat-
ment had been reported. In this case, d�ebridement of the fracture
site, use of bone graft, and compression plate fixation allowed the
player to return to play baseball, and surgical treatment for this
fracture was successfully accomplished.
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