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Background: Femoral neck stress fracture (FNSF) accounts for 3% of all sports-related stress fractures. The most common cause
is marathon running. The main types of FNSF are compression-sided, tension-sided, and displaced fracture. The most common
symptom is groin pain. Plain radiograph is the first-line investigation, and the magnetic resonance imaging (MRI) is the second-line
investigation. The location and displacement of the fracture guide the management. Early detection and diagnosis decrease the rate
of fracture displacement and osteonecrosis of the femoral head.

Objective: To report two cases of FNSF that developed in two Thai marathon runners, and to review what is currently known about
FNSF in this specific sports-related setting.

Materials and Methods: Two cases of FNSF are described, and a review of the literature relative to FNSFs in long-distance runners
describes the role of imaging, management, and return to running.

Results: FNSFs are a rare injury, and marathon runners presenting with exercise-related groin pain should be evaluated. Management
is based on fracture location and whether or not the fracture is displaced. The first case profiles a patient with delayed FNSF diagnosis.
Fracture displacement was found two weeks after symptom onset, and total hip arthroplasty was performed. The second case
describes a patient with early FNSF diagnosis that was treated conservatively with good outcome.

Conclusion: Although FNSF is a rare injury, it should be considered in marathon runners who present with exercise-related groin
pain. Delayed diagnosis can adversely affect quality of life. Early detection and management of FNSF shows excellent results in terms
of return-to-sport rates.
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Different types of stress fractures can be observed
in athletes, but femoral neck stress fractures (FNSFs) account
for 3% of all sports-related fractures(1,2). FNSF is a rare and
serious injury that must be diagnosed and treated to avoid
propagation and displacement of fracture, osteonecrosis of
the femoral head, and the need for total hip replacement.
Fifty percent of all athletes who suffer this injury fail to
return to their sporting activities of choice, with rates as high
as 60% among those who suffers a displaced fracture. Since
the early 1990s, reports of FNSFs among athletes have been
increasing, prompting the need for non-military medical staff
to be more aware of FNSFs.

The most common cause of FNSFs in sports is
marathon running, long-distance running, basketball,
gymnastics, and ballet dancing(3). The main risk factors are

female gender and poor baseline physical capacity(1,4).
Fullerton & Snowdy classification is a commonly used
classification that uses plain radiographs and bone scans to
categorize femoral neck fractures into three types: tension,
compression, and displaced(2). Shin & Gillingham developed
a 4-grade classification system to evaluate femoral neck
fractures based on magnetic resonance imaging (MRI)
findings(5).

Gradual onset of hip and/or groin pain are the
common presenting symptoms, and the pain is aggravated
by weight-bearing and its intensity decreases after rest(6).
Anterior groin pain is the most complaint (87%)(2), which
pain at the thigh or gluteal area and can radiate to the knee(6).
A common finding from non-specific physical examination is
tenderness upon palpation of the anterior part of the hip and
the inguinal area (62%)(6). A complete physical examination
should be performed to exclude other conditions. The first-
line imaging investigation for FNSF is plain radiographs. An
anteroposterior view of the pelvis and a direct lateral view of
the proximal femur should be requested(6,7). The gold standard
second-line imaging investigation for FNSFs is magnetic
resonance imaging (MRI)(7). MRI has 100% sensitivity, 100%
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specificity, and 100% accuracy for diagnosis of FNSFs.
If this condition is detected early and the injury is

undisplaced, the success rate of treatment is high. However,
if the FNSF goes undetected, exacerbation can lead to a variety
of adverse outcomes, including the need for total hip
replacement and an inability to return to sporting activities.
As high as 100% of patients can return to previous functional
performance if undisplaced FNSF is detected and treated
early. In contrast, as low as 0% of patients can return to
previous function performance if osteonecrosis of femoral
head develops and surgical management is required. Here, we
report two cases of FNSF in long-distance runners.

Case Report
Case 1

A 55-year-old Thai male accountant who is
recreational runner of approximately 30 kilometers per week
with a total running distance of approximately 6,000
kilometers presented with 16 days of deep pain in his right
thigh, which usually appeared after 14 kilometers of running.
He reported no previous history of left hip pain. There was
no history of trauma, smoking, alcohol abuse, steroid use,
metabolic disorder, or any relevant diseases. His height is
163 cm, his body weight was 63 kg, and his BMI was 23.71
kg/m2. He took analgesics with partial improvement in the
early period after symptom onset. His pain then became
more persistent, after which he was evaluated by a
rehabilitation physician who suggested acupuncture that
reduced his pain. One week later, he participated in a
marathon in Japan that he had to abandon at the 2.5-kilometer
mark due to pain. He visited a Japanese orthopedist, and
physical examination revealed slightly decreased range of
motion (ROM) of his right hip due to pain compared to the
contralateral hip (flexion limited to 90°, extension 20°, external
rotation 20°, internal rotation 10°, flexion-abduction 30°,
and adduction 20°). Neurovascular examination of both lower
extremities showed normal results. He was prescribed non-
steroidal anti-inflammatory drugs (NSAIDs) as rescue pain
medication that reduced his left hip pain. He then developed
severe pain at the posterolateral area of the buttocks during
the night, so he decided to return to Thailand the following
morning. Radiographic examination, including plain
lumbosacral spine x-rays (antero-posterior and lateral views),
did not reveal any sign of fracture by a spine surgeon (Figure
1), and MRI of the lumbosacral spine showed no significant
pathology of the spine or vertebral disc.

He was once again prescribed NSAIDs as rescue
pain medication that reduced his left hip pain. A few days
later, he revisited to an orthopedist due to onset of severe
pain in his left hip. Radiographic examination, including plain
radiograph of both hips (antero-posterior and left hip lateral
cross table views), revealed a displaced fracture of femoral
neck (Figure 2). The diagnosis was displaced FNSF at the
left femoral neck base, which was classified according to
Fullerton and Snowdy as a Type III, complete and displaced
FNSF.

Surgical treatment was proposed, and total hip

arthroplasty was performed. The patient was advised to
take NSAIDs to control his pain. During the rehabilitation
period, the patient underwent physiokinesis. At the 1-month
follow-up, the patient was completely pain-free with full
left hip ROM on clinical examination. He was able to walk
with total weight-bearing without pain, and began an exercise
program consisting of stationary cycling and walking. He
then recommenced normal physical activity without
complaint one month later. Postoperative radiograph showing
appropriate position of the prosthesis is shown in Figure 3.
CT scan was performed on the right hip screening for FNSF,
and no fracture was observed (Figure 4).

Case 2
A 30-year-old Thai male with pemphigus valgaris

who was a physically active non-smoking, non-drinking
recreational runner complaining of deep pain at the left groin
at the 4th kilometer of a 10.5-kilometer run. He has no allergies
to medications, but he reported  usage of prednisolone 20
milligrams per day for 45 days for treatment of pemphigus
valgaris exacerbation. He reported no history of trauma at
the left hip or at any other site. He had antalgic gate of left
hip for 1 week after the run which made him discontinue due
to pain. His height was 172 cm, and his body weight was 68
kg (BMI: 22.98 kg/m2). Clinical examination revealed no
deformity or shortening of either lower extremities, excellent
capillary refill and pulse, and normal neurological examination.
His left hip motions were complete, and comparable with

Figure 1. Radiographic examination of LS spine and
neck fracture of left femur (arrows).

Figure 2. Radiographic examination of both hips, and
left hip lateral cross table (arrows).
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the contralateral hip. However, his symptom started and
increased with load. The iliopsoas test and those for labral
pathologies were negative. No pathology of his contralateral
hip was found. Calcium level test and all blood tests were
normal. Serum vitamin D level was within normal limits.
Plain radiographs were performed, including antero-posterior
and lateral views of the hips, and no lesions were observed
(Figure 5).

MRI of both hips (Figure 6) showed a left femoral
neck stress fracture at the medial side with surrounding bone
edema, but without cortical bone involvement. The patient
was diagnosed as incomplete compression-side FNSF, with
Type II Fullerton and Snowdy classification. The patient
was treated conservatively and advised to rest with limited
weight-bearing on crutches. Ambulation was progressed from
non-weight-bearing to toe-touch weight-bearing to partial
weight-bearing until the patient was pain-free at his left hip
for 6 weeks. At the 3-month follow-up, radiographic
examination revealed union of the FNSF at his left hip (Figure
7).

Discussion
The management of FNSFs depends on the

Figure 3. Postoperative radiograph after total hip
arthroplasty of left hip.

Figure 4. CT scan of right hip in coronal and sagittal
views.

Figure 5. Radiographic examination of left hip in AP
and frog leg views.

Figure 6. MRI T1W and T2W sagittal view images,
and T1W and T2W axial view images of both
hips shows FNSF of the left femoral neck
(arrows).

location, femoral neck width (complete or >50% femoral
neck width; incomplete or <50% femoral neck width), and
displacement of femoral neck fracture. Conservative treatment
is the first-line management strategy for incomplete
compression and incomplete atypical tension fractures(1).
Surgery is required in patients with complete compression
fracture, complete tension fracture, and displaced fracture(4).
Surgical management was used to avoid displacement and
osteonecrosis of the femoral head in incomplete tension
fractures(4,8). Although complete FNSF was diagnosed, bed
rest was ordered before surgery because the fracture was
impacted from the pelvis by ipsilateral hip abductor muscle
force(4,8).

The first case profiled in this report had a Type III
fracture (complete displacement of FNSF) of left hip by
Fullerton & Snowdy classification. The diagnosis for this
case was delayed by more than 2 weeks. The results of
delayed surgery for displaced FNSFs include a high rate of
postoperative osteonecrosis of the femoral head and failure
of fixation(9,10). Johansson, et al reported that 30% of 10
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Figure 7. Radiographic examination of both hips in
the AP and frog leg views at the 3-month
follow-up shows union at the fracture site
(arrows).

displaced FNSFs among athletes who received delayed
treatment developed osteonecrosis of the femoral head by
a mean follow-up duration of 14 weeks. Significant
complications in displaced FNSFs include osteonecrosis of
femoral head (24 to 42%), non-union (16 to 44%), delayed
union (8 to 50%), malunion (5 to 33%), fixation failure (14%),
revision (21 to 50%), and late OA (68%)(2,6,10). This patient
was demanding for a high level of function, so we described
the advantages and disadvantages of fixation compared to
arthroplasty of the hip. The patient ultimately decided upon
total hip arthroplasty. Total hip arthroplasty has greater
longevity than fixation, but a higher failure rate in displaced
FNSFs. During the rehabilitation period, the patient could
initially bear full-weight with the use of a walker. At the 2-
week follow-up, he was completely pain-free with full ROM
on clinical examination. He was able to walk with full load
without pain, he started normal physical activity, and there
was no hip pain at 1 month after surgery. At 6 weeks after
surgery, this patient could manage a gentle running program,
and he remains pain-free in ROM and weight-bearing
exercises.

The second case is a young active runner who
developed deep pain at the left groin at the 4th kilometer of a
10.5-kilometer run. Initial investigation by plain radiograph
was unable to identify the fracture line on his left hip. Since
FNSF was suspected in this case, MRI was ordered. MRI of
his left hip revealed an incomplete compression fracture of
the femoral neck (Fullerton and Snowdy Type II). The
management options for this type of FNSF are conservative
treatment and surgical treatment. A decision was made to
treat this patient conservatively with 2 weeks of bedrest,
followed by rehabilitation that included non-weight-bearing
to toe-touch weight-bearing with crutches for 6 weeks,
followed by partial weight-bearing with crutches for 6
weeks(4,11). Weight-bearing ambulation was then permitted as
tolerated(4,11). Both radiological and clinical evidence of
fracture union should be evaluated. At the 3-month follow-
up, radiographic examination revealed union of the FNSF at
his left hip. At approximately 12 weeks, normal activity can
be performed, especially strengthening and range-of-motion
exercises of the hip(4,11).

Ambulation by partial weight-bearing with crutches

should be used until the patient becomes pain-free within 6
to 8 weeks, but it can take up to 14 weeks in some cases(4,12).
Ambulation should progress from non-weight-bearing to toe-
touch weight bearing to partial weight-bearing according to
the patient’s level of pain and discomfort(4,12,13). Frequent
radiographs during follow-up are necessary to assess the
fracture and the quality of fixation, and follow-up should
continue for a minimum of 2 years to assess for delayed
postoperative osteonecrosis of the femoral head(4,11). If fracture
displacement occurs, immediate non-weight-bearing should
be ordered, and surgical fixation should be performed.

A return to full running can normally be achieved
within 3 to 6 months after surgery, but the duration can
sometimes be as long as 1 year(4,11). The patient must be able
to fully perform all normal activities of daily living in a fully
pain-free state before a transition to full sports-related activity
can be achieved(3,4). In 2016, Neubauer, et al published a
systematic review of runners with FNSFs, and 28 of the 48
included runners were able to return to running(4).

Conclusion
Although FNSF is a rare injury, it should be

considered in marathon runners and long-distance
runners who present with exercise-related groin pain.
Delayed diagnosis can adversely affect quality of life.
Plain radiograph, which is the first-line investigation for
FNSF, may yield a negative finding. MRI is the a gold
standard or second-line investigation for this condition.
In cases with delayed diagnosis, displaced FNSF, and
that cannot be treated conservatively, total hip arthroplasty
should be considered the treatment of choice in physically
active patients. Early detection and management of
FNSF shows excellent results in terms of return-to-sport
rates.

What is already known on this topic?
Although FNSF is a rare injury, it should be

considered in long-distance runners who present with exercise-
related groin or thigh pain. Early detection and management
of FNSF showed promising results in terms of return-to-
sport rates and time to return to normal activities.

What this study adds?
Marathon runners and long-distance runners that

present with hip pain should be investigated for the presence
of femoral neck stress fracture.
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