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An unusual diagnosis for persistent
leg pain in an adolescent girl
This condition should be in the differential diagnosis for any patient presenting with
extremity pain—especially if the pain is out of proportion to the clinical findings. 

CASE REPORT

Pamela Y. Young, RPA-C

CASE 
A 17-year-old African-American female presented to the
emergency department (ED) complaining of right leg pain.
She noted that the pain began approximately 2 weeks prior
to evaluation and was originally felt in both calves. She
said that the left leg pain resolved without difficulty after
several days. However, the pain had continued in the right
leg and was becoming increasingly severe. The patient
described the pain as “achy” and “crampy.” She had tried
OTC analgesics with minimal relief. She admitted that the
pain was worse with ambulation and movement of her leg.
It was a little better when she was not standing on it. 

The patient denied any trauma or strenuous activity,
although she did walk to catch the bus daily. She had no
numbness or tingling in her extremities, chest pain, or

shortness of breath. She had no history of bleeding disor-
ders and denied any significant medical history, although
her family history was positive for sickle cell anemia. She
had had an elective termination of pregnancy 7 months
earlier, with no sequelae. She was currently taking birth
control pills. Her last menstrual period was 1 month earlier
and had been normal. Her social history was significant for
tobacco use. 

The physical examination revealed a slightly antalgic gait
on initial observation. Mild edema to the pretibial surface
was also noted, but no ecchymosis, erythema, or skin dis-
ruption to the pretibial surface was seen. There was no pal-
lor to the lower extremity and no erythema to the calf area.
The skin of the pretibial surface had a taut appearance and
was mildly warm to palpation, but the differences from the
other extremity were minimal. There was marked tender-
ness over the pretibial surface but only very mild tender-

FIGURE 1. MRI views of the patient’s leg show increased signal within the bulk of the anterior tibialis, hallucis longus, and 
peroneus longus muscles and, more distally, the peroneus brevis muscle. 



ness to palpation of the calf. There was no tenderness to pal-
pation of the knee or ankle. Movement of the knee and
ankle joints produced no pain. Deep tendon reflexes were 2+
throughout on both lower extremities, and strength was 5/5.
Light touch sensation was intact throughout. The patient had
full range of motion (ROM) in the leg and foot. Her periph-
eral pulses were bounding in both legs. The patient was
examined by both the PA and the attending physician, who
thought that there was some degree of tetany to the leg. The
operating diagnosis was a simple muscle strain. 

A complete metabolic panel was ordered, and electrolyte
results were normal. The patient was given a muscle relaxant
and ibuprofen in the ED, which provided her with a little
relief. As the patient had no erythema and minimal tender-
ness to palpation of the calf, an ultrasound was not per-
formed. There was no direct trauma, so plain films were not
obtained. She was given crutches and made non-weight bear-
ing. She was instructed to follow up with her primary care
provider the next day and discharged with narcotic pain
relievers.

Four days later, the patient returned to the ED complaining
of worsening leg pain. She had seen her primary care pro-
vider, who had advised her to continue with the pain reliev-
ers. In the interim, her right leg had become increasing pain-
ful and the pain was now associated with dorsi and plantar
flexion of the foot. 

The examination revealed marked edema and erythema 
of the lower leg, with increased warmth. The patient was
unable to bear weight and complained of paresthesia to the
leg and foot. Although light touch sensation remained intact,
the leg was exquisitely tender to even the slightest touch.
Laboratory test results included a WBC count of 11,300/�L
and an elevated creatine kinase level. Plain radiographs were
obtained, and results were normal. An ultrasound was ob-
tained to rule out deep vein thrombosis (DVT) and was neg-
ative. An orthopedist was then consulted and recommended
MRI, which showed a fluid collection in the leg (see Figure
1, page 31). Compartment pressures were measured, and the
readings were markedly elevated. Compartment syndrome
(CS) was diagnosed, and the patient was taken to the operat-
ing room for a fasciotomy.
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DISCUSSION
Thick layers of tissue called fascia separate groups of muscles
in the arms and legs from each other. Inside each layer of 
fascia is a confined space, called a compartment, that includes
muscle tissue, nerves, and blood vessels. Fascia do not ex-
pand, so any swelling in a compartment will lead to increas-
ing pressure in that compartment, which will compress the
muscles, blood vessels, and nerves. If this pressure is high
enough, blood flow to the compartment will be blocked, and
CS can develop. 

The most common area for an anatomic compartment to
occur is in the lower extremities. The lower leg is divided into
four compartments: anterior, lateral, superficial posterior, and
deep posterior.1 CS usually results from infection or trauma
such as a crush injury or fracture. In cases where there is no
obvious trauma to the affected area, an apparent atraumatic
CS can occur. The most common presenting symptom is pain.

Compartment syndrome occurs when perfusion pressure
falls below tissue pressure in a closed compartment space. An
integral mechanism of this disorder is the elevation of the
pressures in the compartment. The elevation will occur when
tissue injury results in swelling and bleeding and subsequent-
ly increases the pressure inside the muscle compartment. The
inflammatory response associated with trauma drives fluid
into the interstitial compartment from the intravascular chan-
nels. There is a reduction in venous outflow secondary to
pressure on the venules and lymphatic drainage of the com-
partment. At the same time, inflow of arterial blood contin-
ues, further increasing intracompartmental pressure.

Normal compartmental pressure is maintained by the inter-
stitial fascia that maintains an adequate difference between

TEACHING POINTS
■ Two types of compartment syndrome (CS) are generally recognized: acute compartment syndrome (ACS) and chronic exertional compart-

ment syndrome (CECS). ACS is usually associated with trauma to the area or with external forces. CECS typically occurs in athletes who
have repetitive loading leading to microtrauma of physical activity. 

■ The classic and pathognomonic Ps of CS include pain, pulselessness, pallor, paraesthesia, and paralysis, though these are not seen in every case. 
■ The definitive diagnostic test is measurement of compartment pressures. Several techniques are used, but the most common involves

inserting a wick catheter into the affected compartment and connecting it to a pressure monitor. 
■ Definitive treatment for ACS is immediate fasciotomy; but treatment of CECS may begin conservatively, with behavior modification 

and physical therapy. Conservative treatment is not always successful, however, and fasciotomy may eventually be needed to completely
relieve symptoms. 

■ CS must be part of the differential diagnosis for any patient presenting with extremity pain. It should be high on the list if the patient has
known trauma, but further investigation is warranted in anyone with pain out of proportion to the clinical findings. 

“Compartment syndrome occurs
when perfusion pressure falls
below tissue pressure in a closed
compartment space.”



arterial and venous pressure at the capillary level. Normal tis-
sue pressure is 0 to less than 10 mm Hg.2 The fascia have no
stretch fibers; therefore, any stressors such as bleeding into
the compartment or swelling can exponentially increase the
pressure within the compartment. The increased pressure
compromises capillary blood flow. Increased pressures can
also compromise venous and lymphatic drainage in the
affected area. When pressures rise higher than 20 mm Hg,
capillary blood flow is at risk. At 30 to 40 mm Hg, nerve
and muscle necrosis become possible.2 Furthermore, at this
level hypoxia begins within the tissues of the compartment
secondary to the decreased flow of the capillaries. 

Two types of CS are generally recognized: acute compart-
ment syndrome (ACS) and chronic exertional compartment
syndrome (CECS). The increased pressure in ACS is usually
associated with trauma to the area, such as a fracture or
blunt injury. It can also be associated with external forces
such as a cast or burn eschar. This most commonly occurs in
the anterior compartment of the leg. Another potential cause
of ACS is reperfusion after an ischemic event. With correc-
tion of an arterial injury, reperfusion and edema may extend
beyond the original injury, leading to an increase in sur-
rounding pressures.

CECS typically occurs in athletes who have repetitive load-
ing leading to microtrauma of physical activity. The anterior
and deep posterior compartments are the most commonly
involved. With the chronic form, there is usually pain and
crampy muscle tightness with minimal clinical findings. The
pain is also usually limited to the involved compartment.
The typical patient is a runner who has pain only with exer-
cise. The pain will usually resolve with cessation of the activi-
ty, though the intensity will increase with each exacerbation. 

The classic and pathognomonic Ps of CS include pain,
pulselessness, pallor, paraesthesia, and paralysis, though these
are not seen in every case. The patient with ACS will have a
primary complaint of pain. Often the patient will appear to
be at a level of discomfort not supported by the examination.
The patient may also report paresthesia in the cutaneous
nerves. However, the other Ps may not manifest until late in
the course of the disorder. 

Paresthesia, pulselessness, pallor, and paralysis often devel-
op when damage to the surrounding vasculature and muscles
has been significant, with necrosis not far behind. Pain is
increased with stretching of the muscle group involved by
passive ROM and extension of the area. Palpation of the
involved area will usually reveal a tense, firm muscle group.
Clinicians should note that in patients with CECS, the exam-
ination may not elicit pain—unless the patient has recently
exercised, exacerbating the condition. If the patient presents
after exercise, the leg may be edematous with tense muscles.
If the condition has progressed enough, muscle weakness
and paresthesia to light touch may be present. The patient
may also be hypotensive.

Plain films of the involved limb are typically normal, as are
ultrasound findings—although ultrasound of the involved
limb will exclude DVT from the differential. MRI may
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reveal fluid collection but may be nonpredictive early in the
course of CS—although in the case of our patient, it did help
to define the diagnosis. 

A common mistake is to diagnose shin splints or a stress
fracture instead of CS. Stress fractures result from repetitive
microtrauma, and plain films may appear normal early in
the condition. A bone scan is usually diagnostic in this case.
The bone pain in stress fractures is usually well-localized
and exacerbated by activity. Shin splints are symptomatic in
the middle and distal thirds of the tibia. Pain can range from
dull achiness to sudden, severe and sharp pain. As with
stress fractures and CECS, the pain of shin splints may be
alleviated with rest and exacerbated by activity. Unlike with
ACS, however, both passive and active ROM is painless in
shin splints and stress fractures. Also, a patient with a stress
fracture or shin splints will not have associated neurologic
complaints.

The definitive diagnostic test is measurement of compart-
ment pressures. Several techniques are used, but the most
common involves inserting a needle or wick catheter into the
affected compartment and connecting it to a pressure monitor.
The values that determine the diagnosis are different for acute
and chronic compartment syndromes. Pedowitz and col-
leagues determined that resting pressures higher than 10 to 15
mm Hg and 5-minute post-exercise pressures higher than 15
to 20 mm Hg are diagnostic of CECS.3 For ACS, many sur-
geons use pressures higher than 30 mm Hg as an indication
for immediate intervention. Another diagnostic measurement
is compartment pressures within 10 to 30 mm Hg of diastolic

BP, known as the delta pressure. If the diagnosis is in ques-
tion, serial measurements may be obtained. Consecutively 
elevated pressures are also an indication of an ACS.

Definitive treatment for ACS is fasciotomy. The procedure
should be performed as soon as possible after diagnosis. A
longitudinal incision is made in the affected compartment.
Decompression should be followed by debridement of any
dead tissue. The surgical incision is left open until pressures
have decreased sufficiently for re-approximation of the
wound edges. Delayed closure will usually follow 2 to 3 days
later. The most common complication of the procedure is
wound infection.

Treatment of CECS may begin conservatively, with behav-
ior modification and physical therapy. Shoe design and train-
ing techniques and modalities must be addressed. Orthotics
are used for limb misalignment or muscle imbalance. Con-
servative treatment is not always successful, however, and fre-

“Definitive treatment is fasciotomy,
which should be performed as
soon as possible after diagnosis of
compartment syndrome.”



quent reevaluation is necessary. Fasciotomy may eventually
be needed to completely relieve symptoms. Physical therapy
is necessary after surgery in both forms of CS syndrome.

If left untreated, CS can have dire, long-reaching conse-
quences. These include foot drop (with untreated anterior
compartment pathology), acute renal failure secondary to
rhabdomyolysis, and tissue necrosis in the affected compart-
ment. Volkmann’s contracture can also develop with long-
term ischemia to the forearm due to increased pressures.2
Contracture deformities of the hand, arm, and wrist will
occur in varying degrees of severity according to the dura-
tion of the ischemia. This condition is commonly associated
with forearm fracture and resulting vascular compromise.

Our patient had an atypical presentation. Her CS was not
acute because her symptoms had slowly progressed over 2
weeks. Yet her only exercise consisted of walking to a local
bus stop, so the diagnosis of CECS did not apply either.
ACS has been associated with nontraumatic causes such as
hypothyroidism, viral myositis, and bleeding disorders
including sickle cell anemia. Our patient did not suffer from
any of these disorders either. 

In our patient, necrosis of the involved tissue as well as
foot drop eventually developed. After surgery, a localized
infection at the fasciotomy site developed, and the patient
had to be taken back to the operating room for wound
debridement. Eventually she was discharged to home for
physical therapy and long-term follow-up. 

In conclusion, CS must be part of the differential diagnosis
in any patient presenting with extremity pain. It should be
high on the list of suspected conditions if the patient has
known trauma, but further investigation is warranted in any-
one with pain out of proportion to the clinical findings. Taut,
painful compartment areas; inability to bear weight; and par-
ticularly pain should all increase the index of suspicion.
Failure to diagnose CS can result in long-term or permanent
disability for the patient. JAAPA

Pamela Young practices in the emergency department at Albany Medical
Center, Albany, New York. The author has indicated no relationships to 
disclose relating to the content of this article. 
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“If left untreated, CS can cause
foot drop, acute renal failure, 
and tissue necrosis in the affected 
compartment.”
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›CASE
The patient is a 27-year-old female who
presented with progressive neck pain
and extremity weakness. She described
the pain as a constant, dull ache that
radiated to her shoulders (the left more
than the right). The patient also com-
plained of progressive weakness in her
left arm and both legs and of numb-
ness in her left arm.
HISTORY The pain began 2 years ago.
The patient denied any trauma or cer-
vical manipulation. The pain had
waxed and waned over time but had
become increasingly severe in the past
3 months. She took ibuprofen, but it
did not relieve her pain. She denied
fever or recent infections. She had no
significant medical history and was
right hand dominant. 
PHYSICAL EXAMINATION The pa-
tient’s pain on a verbal analog scale
was 8/10. On physical examination, she
was found to be awake, alert, and ori-
ented. The cranial nerves were intact.
The cervical spine was tender to palpa-
tion in the left paraspinal region and
trapezius muscle. On motor examina-
tion, the right arm was 4/5 throughout;
left arm, 1/5 distal, 2/5 proximal; left

Case of the Month Frank S. Eisinger, PA-C
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leg, 2/5 throughout; right leg, 4+/5
throughout. Sensory examination re-
vealed markedly diminished sensation
to the left arm. Reflexes were 3+ in the
left brachial and patella tendons and
2+ on the right. An MRI of the cervi-
cal spine was obtained (see Figure 1).

›WHAT IS YOUR DIAGNOSIS?
• Epidural abscess
• Herniated disk
• Schwannoma
• Meningioma

›DISCUSSION
The MRI revealed a 2-cm � 2.5-cm
enhancing extramedullary mass on the
left at the C3-4 level, resulting in spinal
cord displacement. The mass was
noted to exit the neural foramen and
abut the left vertebral artery. These
findings are consistant with a schwan-
noma of the C4 nerve root.
TREATMENT A neurosurgeon was con-
sulted. The patient was started on IV
corticosteroids and scheduled for surgi-
cal resection. She underwent a C3-4
laminectomy, left facetectomy, and
removal of the tumor. The patient 
started a physical therapy program on
the second postoperative day. She pro-
gressed rapidly and was soon able to
ambulate without an assistive device.
On discharge, she had a residual 
sensory deficit and 3+/5 motor func-
tion in the left arm. She continued
physical and occupational therapy as
an outpatient.
COMMENT Nerve sheath tumors ac-
count for 25% of intramedullary spinal
cord tumors. Schwannomas comprise
65% of all nerve sheath tumors; the
remainder are neurofibromas. Schwan-
nomas, considered benign and slow
growing, are caused by the prolifera-
tion of Schwann cells. Because of their
origin, schwannomas have a distinct
point of attachment to the nerve. Their
gross appearance is smooth and globu-
lar. Approximately 15% of schwanno-
mas extend though the dorsal nerve
root sheath resulting in a dumbell or

hourglass appearance, thus having an
intradural and extradural component.
Peak incidence is in the fourth to sixth
decades, without predilection of sex.

The clinical presentation varies, de-
pending on the location of the tumor.
After reaching a critical mass, schwan-
nomas begin to compromise a signifi-
cant amount of the spinal canal. The
most common symptom is pain, usual-
ly radicular in distribution. Weakness 
is the most common finding on physi-
cal examination.1 In patients presenting
with progressive neurologic symptoms
and physical findings thought to be
central in nature, a space-occupying
lesion of the spinal canal should be
included in the differential diagnosis.
The diagnostic test of choice is MRI 
of the spine with gadolinium contrast.
Schwannomas commonly appear as
isointense to somewhat hypointense
lesions on T1-weighted images and
have some degree of enhancement with
constrast administration.

The treatment for schwannoma is
surgical removal via laminectomy and
unilateral facetectomy. The facetectomy
allows access to dumbbell-shaped le-
sions without causing structural insta-
bility. The schwannoma is removed
along with its point of origin, which is
usually the dorsal sensory root itself.2
The patient will have minor postopera-
tive residual sensory deficits as a result.
The procedure is well-tolerated and fol-
lowed by occupational and physical
therapy to maximize recovery. JAAPA
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FIGURE 1
MRI of the 
cervical spine

■ 7 AM
I arrive at work and page my attending physician, who is carrying the
main triage pager for the hospital. During the day, I usually work with
four physicians and another PA. This morning, my attending physi-
cian assigns me six patients to see. A few I know from the day before,
but two were admitted overnight. As usual, their admitting diagnoses
are diverse. I look up all their lab results and vital signs on the com-
puter before starting rounds to see if I need to address any immediate
problems. I find that one of my patients became confused overnight
with decreased urine output and decide to start with her. This patient
was admitted yesterday with an altered level of consciousness from a
urinary tract infection and has a history of dementia. Clinically she
appears dehydrated, so I order a small IV fluid bolus with mainte-
nance fluids along with tomorrow’s morning labs. After determining
that her antibiotic is still appropriate, I meet with her family. They are
concerned that her confusion will not improve, and we discuss acute
delirium and the prognosis. We also discuss possible short-term place-
ment in a skilled nursing facility after this admission. After our discus-
sion, I make a note to check her urine output and mental status later. I
also call social work to come and speak with the family for discharge
planning. Continuing through the rest of my morning patients, I ex-
amine each patient, write progress notes, order labs, and consult other
services as needed. When I’m finished, I check back with my supervis-
ing physician to go over the patients I’ve seen. My attending will visit
those patients later, reviewing my note and cosigning my orders. 

■ 11 AM 
My attending physician calls me with a consult requested by orthopedic
surgery. The patient is an 86-year-old female with good functional sta-
tus who fell early this morning in her assisted living apartment and sus-
tained a left intertrochanteric hip fracture. The hospitalist service has
been asked to perform a preoperative medical risk assessment before
the patient undergoes open-reduction internal fixation of the fracture. I
quickly review her medical history, laboratory studies, chest film, and
ECG on the electronic medical record (EMR), and then I go to see the
patient. After taking more history from the patient and family, I per-
form a physical examination, which is unremarkable except for a grade
3/6 systolic murmur and, of course, the fracture. I recommend to the
patient and the surgery team an echocardiogram to rule out significant
valvular disease. After completing my dictation and orders, I call my
attending physician, who then meets me to review the case and briefly
examines the patient. She agrees with my management, and she tells
me that after a quick lunch, I should see another new patient—a direct
admission from the medical oncology outpatient clinic.

■ 12:30 PM
Before I even grab lunch, I call the nurse on the floor to ensure that
the new admission is stable and no immediate orders are needed.
After quickly eating, I head upstairs. My patient is a 29-year-old fe-
male currently receiving chemotherapy for invasive cervical cancer,
and she has acute onset of fever. Because she is neutropenic, she is
admitted for a workup and empiric antibiotics. While I am reviewing
the history on the EMR, the nurse comes to tell me that the patient is

A Day in the Life

Kristen Will is a hospitalist PA at the Mayo Clinic Hospital,
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The author with a patient at the Mayo Clinic Hospital

Like many new PAs, I wasn’t sure which spe-
cialty I wanted to practice in after gradua-
tion. I worked in everything from family

medicine to cardiovascular surgery. It wasn’t until
almost 5 years after graduating, when I accepted a
position with a new hospitalist group, that I realized
that being a hospitalist PA encompassed everything
I enjoyed—high acuity patients, a team approach to
medicine, and a fast-paced environment. Over the
past 5 years, I’ve learned that hospitalist PAs must
be able to multitask and prioritize patient care
based on acuity while working effectively within the
hospital institution as a “system.” I admit patients
and round on them during hospitalization, write
orders, establish care plans, discharge patients, and
perform inpatient medical consults for medical and
surgical subspecialties. 

Kristen K. Will, MHPE, PA-C
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Anaphylaxis during sentinel
lymph node mapping

Sara Saft, PA-C; Michael Sarap, MD, FACS

CASE 
Mammography was performed in a healthy 54-year-old
female and uncovered a 7-mm solid lesion in the right breast.
A biopsy of the lesion revealed invasive carcinoma surround-
ed by ductal carcinoma in situ. The patient had no family
history of breast cancer and no history of smoking, excessive
alcohol consumption, asthma, or allergies. Her medical and
surgical histories included hysterectomy and tonsillectomy.
She reported that she was allergic to cephalexin. Daily med-
ications included aspirin (81 mg), a multivitamin, and estro-
gen replacement, which was discontinued at the time the
breast cancer was diagnosed. The patient was scheduled for
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The Surgical Patient

a lumpectomy with axillary node sampling using isosulfan
blue and technetium (99m Tc) sulfur colloid. 

A total dose of 0.5 mCi of 99m Tc was administered approx-
imately 2 hours and 45 minutes before the patient’s arrival in
the OR. She also received a preoperative dose of clindamycin,
900 mg IV, to which she experienced no adverse reaction.
General anesthesia was then induced with desflurane adminis-
tered via a laryngeal airway mask; dexamethasone, 8 mg, and
ketorolac, 60 mg, were also administered IV. Vital signs were
stable with a BP of 144/71 mm Hg, a heart rate of 100 beats
per minute (bpm), and pulse oxygen saturation of 97%. The
patient was prepped and draped in normal sterile fashion.
Isosulfan blue, 5 mL, was injected in the circumareolar breast
region. A right breast lumpectomy was then performed and
included the removal of moderate amounts of tissue surround-
ing the tumor site. 

Approximately 20 minutes after the administration of the
isosulfan blue, the patient abruptly became severely brady-
cardic, hypoxemic, and hypotensive with a BP of 44/19 mm
Hg, a heart rate of 45 bpm, and an oxygen saturation of
88%. The anesthesiologist quickly performed endotracheal
intubation. The patient was aggressively resuscitated with lac-
tated Ringer’s solution administered at 1,000 mL/h, and a
continuous dopamine infusion was started. Diphenhydra-
mine, 50 mg, was also administered by IV push. Because of
the patient’s unstable hemodynamic status, the sentinel node
mapping technique was aborted and a rapid axillary node
sampling procedure was performed. The axillary incision
was quickly closed, while a femoral arterial line was then
started for continuous monitoring of arterial pressure. The
patient was then transferred to the ICU for further diagnos-
tic evaluation and resuscitation. 

Once in the ICU, the patient continued to receive fluids and
dopamine, and her BP increased to 105/60 mm Hg and her
heart rate to 88 bpm. She was started on mechanical venti-
lation. Physical examination revealed significantly swollen
upper extremities, including the head, neck, lips, and ear
lobes. It was then assumed that the patient also was suffering
from pronounced upper airway swelling.

Subsequent treatment included diphenhydramine, 50 mg
IV every 6 hours; methylprednisolone, 125 mg IV every 6©
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Diagnostic Imaging Review

›CASE
A 13-year-old female presented with a 
4-day history of left knee pain. The
pain had come on suddenly. The pa-
tient stated that after she walked home
from school, she had some moderate
knee discomfort; then, after dinner, she
noticed increased pain and swelling just
below her patella. The pain was now
constant, worse with bending and walk-
ing up stairs, and slightly better with
rest. The patient was very active, play-
ing volleyball and soccer, but denied
any recent trauma or history of injury
to her knees. She did not recall having
any similar symptoms in the past. 

On physical examination, obvious
swelling was noted below the knee
joint. The patient experienced pain
with palpation below the patella and
with passive flexion of the knee along
with extension of the knee against
resistance. She also complained of pain
when performing a shallow knee bend.
No joint effusion or locking of the knee
was observed, and she had full range
of motion at the hip, knee, and ankle
joints. McMurray sign and the anterior
and posterior drawer signs were all
absent. No pain was elicited when val-
gus and varus stresses were applied on
the knee. The results of the examina-
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A common cause of knee
pain in athletic children
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FIGURE 1
Osseous irregularity
and fragmentation on
the tibial tubercle

tion of the right knee were normal. A
radiograph was ordered (see Figure 1).
What does this image suggest is the
most likely diagnosis?

›DISCUSSION
Figure 1 is a lateral plain radiograph of
the knee in a skeletally immature pa-
tient. The film reveals no gross fracture
or dislocation. A fabella is seen in the
posterior aspect of the knee. The tibial
tubercle demonstrates some osseous
irregularity and some fragmentation,
suggestive of Osgood-Schlatter disease.
No patellar tendon calcification or
gross soft tissue swelling is noted adja-
cent to the tibial tubercle.

In 1903, after observing a similar pat-
tern of knee symptoms in young athlet-
ic patients, Dr. Robert Osgood and Dr.
Carl Schlatter identified the condition
and coined the term Osgood-Schlatter
disease. This condition is actually not a
disease but rather more of an overuse
injury. It usually occurs when continual
strain is placed on the anterior tibial
tubercle by the patella tendon, causing a
partial separation of the tonguelike epi-
physis of the anterior tibial tubercle.
The femoris muscle is one of the largest
muscle groups and inserts on a relative-
ly small area of the tibial tuberosity,
resulting in high tension on the inser-
tion site. In children and young adults,
additional stress is placed on this carti-
laginous site through repetitive flexion
and extension at the knee, which occurs
in sports such as volleyball, soccer,
gymnastics, and baseball. In growing
children, the attachment of the patellar
tendon to the tibial tuberosity is more
tenuous; eventually, traumatic changes
occur along the insertion point of the
tibial tuberosity, causing the tendon to
avulse from the bone. Once the bone or
cartilage is pulled away, it continues to
grow, ossify, and enlarge, leading to
swelling of the knee and even pain in
the area.1

Osgood-Schlatter disease is typically
seen in boys between the ages of 12 and

they have much more fat than beans
and so can be a significant source of
calories. 

VEGETARIAN AND VEGAN
CHILDREN
Children who follow a vegetarian or
vegan diet will grow and thrive the
same as other children as long as their
diet is a well-planned one. Parents
should be counseled about the appro-
priate nutritional needs for the forma-
tive developmental years. Enlisting the
help of a nutritionist may be beneficial.
Younger children may feel full before
they have eaten an adequate amount of
calories. Children should eat frequent
meals and snacks that contain high-
energy, nutrient-dense foods.4

BOTTOM LINE
With the proper focus on nutrition,
vegetarian and vegan diets are very
healthy and beneficial. Many resources
about vegetarian diets and menus are
available at the local public library 
and online. JAAPA

For information that can be photocopied
and handed to patients, please turn the
page.
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Vegetarian diets can be just as
variable as omnivore diets.
When speaking with patients

who want to follow a vegetarian diet,
take time to discuss the foods to eat to
help ensure nutritional adequacy. This
discussion can start with a list of some
of the common forms of vegetarianism. 

A semivegetarian is someone who occa-
sionally eats meat. A lacto-ovo vegetarian
is someone who excludes meat from
the diet but consumes eggs and dairy
products; a lacto-vegetarian excludes both
eggs and meat from the diet. A vegan is
someone who abstains from eating all
animal products, including gelatin and,
sometimes, even honey. 

Lacto-ovo is the most common type
of vegetarian diet. This type of diet has
the least amount of nutritional deficien-
cies because it includes eggs and dairy
products. Patients who follow a strict
vegan diet usually should also take 
supplements. 

VEGETARIAN-FRIENDLY
NUTRIENT SOURCES
The American Dietetic Association
states that well-planned vegetarian diets
are healthful and nutritionally ade-
quate.1 Below are some of the major
nutritional components of a healthy
diet and some common ways vegetari-
ans may get them. 

Calcium Nondairy sources of calcium
include calcium-fortified cereals, orange
juice, and soy drinks. Bok choy, leg-
umes, broccoli, kale, and collard greens
also contain calcium. Calcium supple-
ments may still be needed, however,
especially for women. 

Iron There are two different types of
iron: heme iron from meat and non-
heme iron from fortified cereals, soy-
beans, legumes, potato skin, prune
juice, raisins, and blackstrap molasses,
among other foods. Nonheme iron is
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Q: Is a vegetarian diet healthy?
less bioavailable than iron from meat,
and vegetarians require 1.8 times more
iron daily than do carnivores because
of this difference.2 Vegetarians should
consume foods rich in vitamin C to
help with iron absorption. 

Zinc Another mineral vegetarians
may need more of in their diet is zinc,
again because zinc from animal prod-
ucts is absorbed more easily than is
zinc from plants. Vegetarians may need
50% more zinc to make up for the bio-
availability differences.3 Good plant
sources of zinc include fortified grains,
legumes, nuts, and soy foods.

Vitamin B12 This important nutrient
is found naturally only in animal prod-
ucts, so vegans will need supplements.
Vitamin B12 can be found in fortified
cereals, soymilk, yeast substitutes, and
some sea vegetables. Vitamin B6 is
found in fortified cereals, potato skin,
legumes, and bananas.

Vitamin D Vegans may have low lev-
els of vitamin D, as it is found natural-
ly in dairy products; it can be found in
fortified cereals and soymilk as well.
Vegans may need to take vitamin D
substitutes. 

Riboflavin Good plant-based sources
of riboflavin are almonds, asparagus,
bananas, legumes, and sweet potatoes.
Fortified cereals and soymilk also are
sources of this nutrient.

Omega 3 fatty acids Also known as
linolenic acid, omega-3 fatty acids are
commonly found in fish and eggs.
Vegetarians can get linolenic acid by
including flaxseed oil, canola oil, wal-
nuts, and soybeans in their diet. 

Protein Cooked beans (legumes) are
a very good and popular source of pro-
tein for vegetarians. One cup of cooked
beans provides the same amount of
protein as 2 ounces of meat. Legumes
include all types of beans, lentils, and
peas. Nuts are also high in protein, but
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