CASE REPORT

Upper Extremity Stress Fractures and Spondylolysis
in an Adolescent Baseball Pitcher With an Associated
Endocrine Abnormality: A Case Report
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Abstract: Lower extremity stress fractures are relatively common
among competitive athletes. Stress fractures of the upper extremity, however, are rare and most have been reported in the
literature as case reports. We present a case of an adolescent
baseball pitcher who had both proximal humeral and ulnar shaft
stress fractures, as well as spondylolysis of the lumbar spine.
This particular patient also had an underlying endocrine abnormality of secondary hyperparathyroidism with a deﬁciency in
vitamin D. A bone mineral density panel demonstrated a high
T score (+2.79 SD above the mean) and the patient’s biologic
bone age was noted to be 2 years ahead of his chronologic age.
The patient was treated with a course of vitamin D and calcium
supplementation. After treatment, both the vitamin D and parathyroid hormone returned to normal levels. The upper extremity
stress fractures and spondylolysis were managed conservatively
and he was able to return to full activity and baseball. For
patients who present with multiple stress fractures not associated with consistent high levels of repeated stress, a bone mineral
density panel should be considered. If vitamin D deﬁciency
is present, a course of oral supplementation may be considered
in the management. An endocrinology consult should also be
considered in patients who present with multiple stress fractures.
Conservative management of upper extremity stress fractures
and spondylolysis was successful in returning this patient back
to his previous activity level.
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S

tress fractures are a relatively common occurrence
among competitive athletes. These injuries occur as
a result of repetitive subthreshold stress applied to the
bone.1–4 By deﬁnition, these forces are below the yield
strength of bone; however, they remain signiﬁcant enough
to alter the remodeling process.5,6 The prevalence of stress
fractures has been reported to be 1.9% in a sports
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medicine clinic population of 10,276 patients3 and 2.7%
in a group of 5461 preadolescent and adolescent females.7
A majority of the stress fractures reported in the literature
involve the lower extremities.1,2,8 Despite the rarity of upper
extremity stress injuries, there are reports of ulnar stress
fractures associated with tennis, competitive polo, weight
lifting, baton twirling, gymnastics, bowling, table tennis,
volleyball, golf, softball, and professional baseball.9–20
After a review of the literature and to the best of our
knowledge, this is the ﬁrst report of an individual with
the combination of humeral and ulnar stress fractures
and spondylolysis occurring in the presence of an earlier
undiagnosed endocrine abnormality. The patient’s case is
even more unique because his bone density is 2 standard
deviations above the mean, although it is actually low
bone density that poses a documented risk for stress
fractures.21,22 The patient provided informed consent
regarding the use of information about his case in the
preparation and presentation of this case report.

CASE REPORT
A 12-year-old male pitcher involved in an organized
youth baseball league presented to the pediatric orthopaedic clinic complaining of acute right upper extremity
and shoulder pain after a baseball game. He had been
asymptomatic and in good health until the early part of
the season, at which point he began experiencing an
aching discomfort in the upper extremity while pitching.
The patient reported pitching at speeds of up to 65 miles
per hour. Of note, there was no history of previous
trauma. The patient reported experiencing an acute escalation
of pain immediately after a baseball pitch during his most
recent game. Subjectively, he rated the pain at 9 out of 10.
Other than localized pain, the patient was asymptomatic
and without numbness or loss of function of his right
upper extremity. He was placed into a sling on the ﬁeld
and referred to our clinic for further evaluation.
Upon physical examination, the patient had tenderness to palpation in the region of the right proximal
humerus and a decreased range of motion both passively
and actively secondary to pain. There was no focal
numbness or any loss of motor function throughout the
upper extremity. The patient had no other signiﬁcant past
medical or surgical history and no history of previous
steroid use. Anterior-posterior and axillary lateral radiographs of the right shoulder revealed a minimally
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most speciﬁcally pitching, but improved with rest. He
reported no improvement of his symptoms after a course
of rest, ice, and nonsteroidal anti-inﬂammatory agents.
Physical examination revealed tenderness to palpation
over the proximal dorsal aspect of the ulna in the above
described region. There was no erythema, edema, or loss
of sensation and the patient did not have any tenderness
proximally at the elbow, over the radius, or distally at the
wrist. He had full range of motion in both his right elbow
as well as his wrist. Examination of his right hand was
normal with full strength and sensation. Radiographs of
the elbow and the forearm were obtained and showed a
very subtle area of periosteal elevation over the region of
tenderness.
Given the patient’s history of a previous proximal
humerus stress fracture secondary to pitching and the
progressive proximal ulna pain with associated periosteal
elevation on plain radiographs, a magnetic resonance
imaging (MRI) was obtained. The MRI identiﬁed a stress
fracture in the patient’s proximal right ulna with extensive
bone marrow edema (Fig. 2). A metabolic workup was
also obtained and revealed a previously undiagnosed
vitamin D deﬁciency. He was referred to an endocrinologist for further workup.
Upon evaluation by the endocrinologist, a mineral
panel and parathyroid hormone (PTH) levels were obtained
(Table 1). Based on these results, he was diagnosed with
secondary hyperparathyroidism with nutritional vitamin
D deﬁciency and was advised to begin a course of calcium
and vitamin D supplementation. Bone mineral density
was evaluated using T scores to compare his results to
the standard deviation from young normal patients and

FIGURE 1. Anterioposterior view of the right humerus
showing a minimally displaced oblique fracture.

displaced oblique right proximal humerus fracture without
evidence of any underlying metabolic disorder (Fig. 1).
The patient was treated with a sling and nonweightbearing instructions. At 1-month follow-up, repeat radiographs demonstrated healing of the fracture with callus
formation. At 3 months, the patient reported no pain in the
right upper extremity during both active and passive range
of motion. He was subsequently able to return to baseball
and pitching without further diﬃculties or complaints.
The patient returned to the orthopaedic clinic 1 year
later with a new complaint of progressive pain in his right
forearm. He localized the pain to the subcutaneous
border of his ulna approximately 5 inches distal to the
tip of the olecranon. The pain had progressively worsened
over a period of several weeks without associated numbness or loss of motor function. There was no associated
traumatic event. The pain was exacerbated by activity,
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FIGURE 2. Fat-suppressed T2 MRI of the right forearm demonstrates bone marrow edema consistent with stress fracture on
the proximal ulna. MRI indicates magnetic resonance imaging.
r

2010 Lippincott Williams & Wilkins

J Pediatr Orthop



Volume 30, Number 4, June 2010

Upper Extremity Stress Fractures and Spondylolysis

TABLE 1. Initial Mineral Testing Panel of Calcium,
Phosphorus, Parathyroid Hormone, and 25 (OH) Vitamin D
Initial Laboratory Values
Calcium
Phosphorous
Parathyroid hormone
25 (OH) Vitamin D

9.5
4.2
99 (12-65)
32 (40-100)

Z scores to compare his values to the standard deviation
from age-matched normal patients. The bone mineral
density (Table 2) showed a Z score of 2.79 for the 13-yearold at the L1-4 vertebral body and a T score of 1.25 at his
femoral neck. His hip T score was measured at 1.61 above
the standard deviation. A treatment plan was devised
and included: vitamin D and calcium apatite (600 units
of vitamin D, 684 mg of calcium, and 354 mg of phosphorus), and daily vitamins, which provided an additional 300 units of vitamin D and 45 mg of calcium. After
2 months of treatment, the patient’s laboratory values
improved to normal levels: PTH of 40, vitamin D level of
39, and calcium of 9.4.
Due to the patient’s elevated bone mineral density,
spine radiographs were also obtained to determine if there
were any areas of hyperdense or irregularly calciﬁed bone.
Spine radiographs revealed that the patient had bilateral
L5 spondylolysis and grade I spondylolisthesis at the L5S1 level (Fig. 3). Of note, on review of systems, the patient
complained of intermittent back pain, which had been
present for several years associated with increased activities but without any neurologic deﬁcits. Wrist radiographs were also obtained to determine bone age. The
bone age of the patient was of a 15.5-year-old although
his chronologic age was only 13.5, which equated to a
bone age 2 to 3 standard deviations advanced for his
biologic age. The patient was instructed to continue with
his vitamin D supplementation and was scheduled for a
repeat checkup of his 25 OH vitamin D level in 6 months.
The patient’s spine abnormalities were followed-up in
the orthopaedic clinic without any complications. At his
most recent follow-up, 3 years after the initial injury, the
patient was noted to have clinical and radiographic
healing of both the proximal humerus and forearm stress
fractures. His upper extremities have remained asymptomatic and due to the lack of progression of his
spondylolisthesis, he continues to play baseball without
restriction.

TABLE 2. Bone Mineral Density Demonstrating T and
Z Scores
Region of
Interest
L1-L4
Femoral neck
Total hip

r

Bone Density

T Score
(SD of Young
Normal Patients)

Z Score
(SD of Age-matched
Normal Patients)

1.138
1.100
1.276

N/A
+1.25
+1.61

+2.79
N/A
N/A
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FIGURE 3. Lateral radiographs of the lumbar spine demonstrates L5 bilateral spondylolysis and grade I spondylolisthesis
at the L5 to S1 level.

DISCUSSION
Multiple studies have demonstrated that high levels
of stress are placed on the athlete’s elbow throughout the
pitching motion.23–25 There are high levels of valgus stress
placed on the medial elbow structures, which peak during
the cocking phase of throwing.26–28 Signiﬁcant forces are
also generated in the elbow and forearm during the late
cocking, acceleration, and deceleration phases of pitching. The muscles of the upper extremity contract in a
coordinated fashion to facilitate optimal positioning of
the elbow during each phase of the pitching motion.27,28
Some of the postulated causes of stress fractures in the
upper extremity are repetitive or sustained muscle
tension,29 and torsional forces.29,30 Elbow injuries are
the second leading cause of lost playing time in baseball
players after shoulder injuries.31 Our patient initially
presented with a minimally displaced oblique fracture of
the right proximal humerus after a baseball game. Given
the fact that the patient had discomfort and aching in
his right upper extremity before the acute fracture, we
feel that he likely had a stress fracture of the proximal
humerus before the acute event. Stress fractures of the
proximal humerus are very rare and have only been
described in a few case reports, the majority of which are
related to the proximal epiphyseal plate in skeletally
immature patients.32–34
www.pedorthopaedics.com |
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Our patient returned to the clinic 1 year after his
initial presentation with complaints of right forearm pain
worsened by pitching and point tenderness on the dorsal
aspect of the ulna, 5 inches distal to the tip of the
olecranon. Plain radiographs revealed a periosteal elevation over the point of tenderness in the proximal ulna. An
MRI was subsequently obtained and demonstrated bone
marrow edema consistent with an ulnar stress fracture.
Schickendantz et al20 retrospectively reviewed 7 professional baseball players who had MRI documentation of
osseous stress fractures of the proximal ulna. The primary
symptom of all players was posteromedial elbow pain
during the acceleration and follow-through phases of the
throwing motion without any muscle weakness. None of
the players had rest pain or discomfort when performing
activities of daily living. All were able to return to full
activity and baseball with conservative management. Our
patient was also managed conservatively and was able to
return to full activities.
Given the history of 2 stress fractures, we obtained
a mineral panel (Table 1) that revealed a vitamin D
deﬁciency. The patient was subsequently referred to the
endocrinologist for further workup. We also obtained a
bone mineral density test secondary to a concern for
osteoporosis. Our patient was found to have a bone
mineral density signiﬁcantly above the normal population;
the bone age of our patient was 2 to 3 standard deviations
advanced for his biologic age. Several studies have
evaluated the relationship of bone mineral density with
stress fractures and have concluded that lower bone
mineral density is a risk factor.35,36 Cline et al37 evaluated
a group of 49 female army recruits with the diagnosis of
stress fracture to identify characteristics and factors that
were associated with an increased risk of stress fractures.
They did not ﬁnd a correlation between stress fracture
and bone mineral density or calcium intake when comparing this group to a control population. Another study
performed among female military personnel on active duty
also support the above statement; however, they were
able to correlate high exercise intensity and body mass
index with increased risk of stress fracture.38 Our patient’s
bone mineral density was signiﬁcantly higher than his
age-matched control group, which should theoretically
decrease his risk for stress fractures. We speculate that
perhaps a signiﬁcantly increased bone mineral density
(2 to 3 SD above) can be associated with increased brittleness of the bone, which may cause weakness and increased
risk for stress fractures, similar to what is seen in patients
with osteopetrosis. Furthermore, a Finnish study found
that stress fractures are associated with increased PTH
levels but not with decreased 25 (OH) vitamin D levels.39
Our patient had a high PTH level of 99 and a low 25 (OH)
vitamin D level of 33. Our treatment was vitamin D and
calcium supplementation in adult dosages. This treatment
method is supported in the literature, as a recent study
reported a 20% decrease in stress fracture among a group
of female navy recruits who were on a daily regimen
of 2000 mg of calcium and 800 IU of vitamin D when
compared with a placebo group.40
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Multiple stress fractures occurring in the same
individual is a rare entity in the literature.41–44 Our patient
had 3 stress fractures presenting in the proximal humerus,
the ulna shaft, and the L5 pars interarticularis, respectively. The grade I spondylolisthesis at the L5-S1 level is
likely secondary to the L5 spondylolysis. Genetic factors
associated with stress fractures have been proposed in the
literature with 1 case reporting multiple stress fractures
occurring in identical anatomic sites in identical twins.45
We believe that the etiology in our patient is multifactorial
and is associated with genetics, poor nutrition, and high
activity levels. His vitamin D and PTH levels returned to
normal after a course of supplementation indicating that
the secondary hyperparathyroidism was a result of an
underlying nutritional vitamin D deﬁciency and not due to
vitamin D-resistant rickets.
In conclusion, a bone mineral density panel should
be considered in adolescent patients who present with
multiple stress fractures that are not associated with
consistent high levels of repeated stress. Patients should
also be placed on a daily regimen of calcium and vitamin
D supplementation if a deﬁciency is discovered. Furthermore, an endocrinology referral is recommended for
workup of metabolic or genetic abnormalities in patients
with a history of multiple stress fractures. Conservative
management was successful in returning this patient back
to his previous level of activity.
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