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Abstract

BACKGROUND

Stress fractures of the femoral neck are not common in clinical practice, and
simultaneous stress fractures of the femoral neck and proximal femur of the
unilateral femur are even more rare. We introduce a case of this type of fracture
that was treated in our department, analyze the causes, and review similar stress
fractures reported in the literature to provide references for the diagnosis and
treatment of such conditions.

CASE SUMMARY

A 62-year-old female, with a free medical history, was admitted to the hospital
mainly due to pain in the right hip and worsening pain in the right thigh. The
patient had no obvious history of trauma. X-ray and computed tomography
showed fracture of the femoral neck and proximal femur. The patient had
undergone surgery 1 year prior to address a fracture of the left proximal femur
that had occurred in a traffic accident. Our first consideration was stress fracture
of the femoral neck; however, simultaneous stress fractures of the femoral neck
and proximal femur of the unilateral femur were seen. The femoral neck stress
fracture was a tension fracture, with obvious displacement and varus deformity of
the hip. Considering that the patient was an elderly female, we performed total
hip arthroplasty. Follow-up X-rays showed that the stress fracture of the proximal
femur had mostly healed after 3 mo.

CONCLUSION
Muscle fatigue and hip varus deformity provide an anatomical basis for the
occurrence of femoral neck stress fractures.

Key Words: Femoral neck fracture; Femoral fracture; Stress fracture; Fatigue fracture; Hip
pain; Case report
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Core Tip: Stress fractures of the femoral neck are not common in clinical practice. Additionally,
simultaneous stress fractures of the femoral neck and proximal femur of the unilateral femur are even
more rare and have not been reported in the literature. We found that varus deformity of the hip provides
an anatomical basis for the occurrence of stress fractures of the proximal femur. Early diagnosis is very
important for the treatment of femoral neck stress fractures. The classification of femoral neck stress
fractures guides the treatment options.

Citation: Tang MT, Liu CF, Liu JL, Saijilafu, Wang Z. Multiple stress fractures of unilateral femur: A case report.
World J Clin Cases 2022; 10(13): 4280-4287

URL: https://www.wjgnet.com/2307-8960/full/v10/i13/4280.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i13.4280

INTRODUCTION

Stress fractures of the femoral neck are not common in clinical practice. They were first reported by
Ernst[1] in 1936 and account for about 11% of all stress fractures[2]. Additionally, simultaneous stress
fractures of the femoral neck and proximal femur of the unilateral femur are even more rare and have
not been reported in the literature. This article introduces a case of unilateral femoral neck and proximal
femur stress fractures that were diagnosed and treated in our department, analyzes the causes, and
reviews the literature to provide references for the diagnosis and treatment of these injuries.

CASE PRESENTATION

Chief complaints

The patient was a 62-year-old female who was admitted to our hospital mainly due to pain in the right
hip for 4 mo and worsening pain in the right thigh for 1 mo. At 4 mo before admission, the patient had
no history of trauma. Initially, the pain in the right hip and groin slightly improved after rest but
worsened after exercise. The symptoms recurred. In the month prior to admission, the patient felt pain
in the right thigh, which had prompted her to visit our clinic.

History of present illness

The patient had undergone an open reduction and internal fixation for a fracture of the left proximal
femur 1 year prior (Figure 1A), to address the injury sustained in a traffic accident. Due to the delayed
union of the left femoral fracture, the patient supported the right limb with crutches on the ground to
perform functional exercises.

History of past illness

The patient had no history of osteoporosis or other trauma, no metabolic diseases (e.g., diabetes or
kidney disease), no immune diseases (e.g., rheumatism), did not smoke tobacco or drink alcohol, and
had no history of hormone and bisphosphonate usage.

Personal and family history

The patient weighed 60 kg and had a height of 165 cm. Her body mass index was 22 kg/m? She
reported having no bad personal habits nor customs, as well as no family history of cardiovascular,
respiratory or gastrointestinal diseases.

Physical examination

No obvious deformity of the left hip, local redness, pigmentation, nor swollen blood vessels were
observed. Tenderness at the midpoint of the left groin, tenderness on the lateral side of the femur,
missing inguinal lymph nodes, positive percussion test, good passive movement of the right hip joint,
and good distal blood supply were found.

Laboratory examinations
Blood biochemistry was normal. Urinalysis was unremarkable. Electrocardiogram, chest X-ray, arterial
blood gas, and levels of bone turnover markers and vitamin D were normal. Specific findings from
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Figure 1 X-ray of the pelvis 1 yr prior to and before surgery. A: Fracture of the left proximal femur and good continuity of the right femur neck. At that time,
the patient had no clinical symptoms in the right hip; B: Fracture line at the upper end of the right femoral neck (orange arrow) and varus deformity of the hip.
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laboratory tests were serum calcium level of 2.26 mmol/L (range: 2.02-2.7 mmol/L), parathyroid
hormone level of 42 pg/mL (range: 15-65 pg/mL) and 25-hidroxyvitamin D level of 13.83 pg/L (range:
11.1-42.9 pg/L).

Imaging examinations

X-ray of the right hip in the anterior-posterior and lateral views showed right femoral neck and
proximal femur cortical discontinuity, and varus deformity of the right hip joint (Figures 1B and 2).
Computed tomography (CT) of the right hip showed that the upper cortex of the left femoral neck was
discontinuous, and the fractured end was displaced (Figure 3). Bone mineral density (lumbar spine and
proximal femur) was normal (T value: 0.36).

FINAL DIAGNOSIS

Stress fracture of the right femoral neck and proximal femur and postoperative fracture of the left
proximal femur.

TREATMENT

According to the classification, the stress fracture of the femoral neck in the patient was a tension
fracture, with obvious displacement of the fracture end and varus deformity of the hip, which had
surgical indications. Considering that the patient was an elderly female, we performed total hip arthro-
plasty (THA). Because of the stress fractures of the proximal femur, we chose a longer femoral
prosthesis (i.e. extended stem), and the fracture end was first fixed with a wire to prevent intraoperative
fractures when the femoral stem prosthesis would be subsequently installed (Figure 4A and B). After
the patient was admitted to the hospital, the examination was completed and there was no contrain-
dication to the operation.

OUTCOME AND FOLLOW-UP

After the operation, the patient was able to move around immediately. Follow-up X-rays (after 3 mo)
showed that the stress fracture of the proximal femur had mostly healed (Figure 4C and D).

DISCUSSION

Stress fractures were first reported in the middle of the 19* century. Femoral neck stress fractures are
not common and are generally found in populations including military recruits, ballet dancers, and
distance runners. Stress fractures are not easy to diagnose early, as they are difficult to see on X-rays

WJCC | https://www.wjgnet.com 4282 May 6,2022 | Volume10 | Issue13 |



Tang MT et al. Multiple stress fractures of unilateral femur

R SO Ay

DOI: 10.12998/wjcc.v10.i13.4280 Copyright ©The Author(s) 2022.

Figure 2 Plain radiograph of the hip joint before an operation. A: Lateral view; B: Anterior-posterior view. Both show the fracture line at the upper end of
the right femoral neck (orange arrow), displacement of the fracture end, varus deformity of the hip, and proximal femur cortical discontinuity (white arrow).

DOI: 10.12998/wjcc.v10.i13.4280 Copyright ©The Author(s) 2022.

Figure 3 Preoperative computed tomography of the hip joint. A: Coronal scan; B: Axial scan. Both scans show the fracture line above the femoral neck
(arrow), obvious displacement of the fracture end, and varus deformity of the hip.

immediately following the injury. Delayed diagnosis often results in fracture displacement, nonunion,
and femoral head necrosis. Here, we reported a case of simultaneous unilateral femoral neck and
proximal femur stress fractures. There have been previous reports of bilateral femoral neck stress
fractures[3-7], but to the best of our knowledge, this is the first report on unilateral femoral stress
fractures.

Pathogenesis

The pathogenesis of stress fractures remains a subject of debate. At present, there are two theories. One
is that repeated stress stimulation leads to accelerated bone remodeling and bone resorption is greater
than bone formation, leading to stress fractures. The other is that loss of muscle function around the
injured area leads to abnormal bone bearing, causing the fracture. The simultaneous action of internal
and external factors cause stress fractures[8]; however, other factors are also involved, such as genetic
factors, endocrine and metabolic diseases, vitamin D deficiency, osteoporosis, sex-related factors,
ethnicity, and mental factors[4,5,9].
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Figure 4 X-rays of hip joint after the operation and 3 mo after the operation. A: Anterior-posterior view; B: Lateral view. Both views show that, after
total hip arthroplasty, the prosthesis was in a good position and the proximal femur was fixed with steel wires to prevent intraoperative fracture; C: Anterior-posterior
view; D: Lateral view. Both views show that the right artificial hip prosthesis was in a good position, the fracture line of the right proximal femur disappeared, and the
bone fracture healed well.
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The patient in this case report shifted her body weight to the right lower limb because of the fracture
of the left proximal femur, which is considered to be the main cause of right femoral neck stress
fractures. Patel et al[10] reported a case of an elderly patient with a bilateral femoral neck stress fracture.
The right femoral neck pressure fracture occurred first, and the left tension fracture occurred after 3 mo.
We considered the mechanism similar to that in our patient, who had stress fractures in the femoral
neck and proximal femur of the unilateral femur. It is an extremely rare case, and the order of
occurrence of stress fractures in the femoral neck and proximal femur is difficult to determine. The
patient complained of pain in the right inguinal area and hip for 4 mo, and pain in the proximal thigh
for nearly 1 mo. According to her medical history, the femoral neck stress fracture occurred first,
followed by the proximal femoral stress fracture.

The cause of stress fractures of the proximal femur was initially thought to be caused by muscle
fatigue. The muscle fatigue injury theory refers to the fact that bone stress is correlated with the
functional state of the muscle joints, and the muscle-joint unit acts as a stress attenuator. Tensile stress
caused by uncoordinated muscle contraction and muscle fatigue loss to protect the bones is the cause of
stress fractures. After repeated weight bearing, the patient’s right hip abductors fatigue, resulting in
accelerated bone reconstruction at the proximal and lateral sides of the femoral neck, leading to tension
fractures above the femoral neck. The pain gradually improves after rest, as the weight on it has been
reduced.

After a fracture of the right femoral neck, the fractured end is hardened and coxa varus deformity
occurs. After varus deformity of the hip, the right hip muscles and lateral hip muscles are further
misused, leading to the disappearance of lateral tension resistance and loss of the protective effect on the
bone, which further lead to stress fractures of the lateral cortex of the proximal femur. Therefore, varus
deformity of the hip provides an anatomical basis for the occurrence of stress fractures of the proximal
femur. When walking and running, femoral neck stress is about 3-5 times the body weight. When there
is hip varus, the stress on it further increases. Consistent with earlier reports in the literature, there is a
significant correlation between hip varus deformity and stress fractures of the proximal femur[11-13].

There have also been reports in the literature that the difference in angle of the femoral neck shaft and
curvature of the femoral shaft affects the distribution of lateral femur tension, leading to concentrated
stress distribution in the proximal one-third of the femur and the occurrence of stress fractures of the
proximal femur[14,15]. Our literature review also found cases of bilateral hip varus deformity in
patients with bilateral femoral neck stress fracture[16]. Although the authors did not discuss it, hip
varus deformity is another cause of stress fractures. It has also been reported that most patients with
femoral neck stress fractures have radiographic signs of acetabular impingement[17]. However, further
research is needed to confirm whether these signs are correlated with stress fracture.

Classification

There are many classifications of femoral stress fractures, which guide treatment strategies. Stress
fractures are divided into fatigue fractures and insufficiency fractures. Insufficiency stress fractures
usually have abnormal bone quality and structure, resulting in fractures that cannot withstand conven-
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tional stress. Fatigue fractures are caused by normal bone under long-term repeated stress stimulation,
resulting in decreased bone production and increased bone resorption. Blickenstaff and Morris[18]
divided femoral neck stress fractures into three types. Type I fractures are periosteal reactions or callus
formation on the medial side of the femoral neck, with no obvious fracture lines. Type II is a visible
femoral neck fracture line with no significant displacement of the fracture end. Type IIl is a completely
displaced femoral neck fracture. According to the mechanism underlying femoral neck stress fractures,
Fullerton and Snowdy[19] divided them into the following three types: Tension fracture, pressure
fracture, and displacement fracture. Tension fractures occur outside and above the femoral neck, and
the fracture ends are often displaced. Compression fractures are mostly fractures in the lower part of the
femoral neck, which are stable fractures and are not prone to displacement of the fracture end.

Stress fractures of the proximal femur are not common, and are usually called atypical femoral
fractures. In recent years, it has been reported that atypical fractures of the proximal femur may be
caused by the inhibition of bone transformation caused by long-term use of bisphosphonates. However,
it has also been postulated that the abnormal morphology of the femur is a main reason for proximal
femur stress fractures[20-22].

Radiographic evaluation

According to the literature[3], early diagnosis plays a key role in the treatment of femoral stress
fractures, especially femoral neck stress fractures, and can prevent femoral head necrosis, nonunion,
and hip deformities caused by misdiagnosis and delayed diagnosis. Patel et al[10] also proposed that
early diagnosis is very important for the treatment of femoral neck stress fractures, and sometimes more
radical treatments can be applied clinically to prevent serious adverse complications caused by fracture
progression. Although early diagnosis is extremely important for femoral neck stress fractures,
clinically, the early missed diagnosis rate of femoral neck stress fractures has reached 75%[16]. A
systematic review of the literature on 48 cases of femoral head stress fractures among exercisers found
that the average delay in diagnosis is 57 d.

The early diagnosis of femoral stress fractures is difficult. Most patients go to the doctor mainly
because of hip and groin discomfort, which worsens after fatigue and can be relieved by rest.
Radiography is the first choice for early examination but there are usually no abnormal findings. The
radiographical sensitivity is about 10%, and the missed diagnosis rate is 75%[16,23]. Early diagnosis
mainly relies on magnetic resonance imaging (MRI) and bone scan, with sensitivities of 100% and 85%,
respectively. MRI shows the early edema reaction of the femoral neck, with visible or invisible fracture
lines. After the stress fracture occurs, radiographs and CT show clear fracture lines, with or without
sclerosis of the fracture end and callus formation. Although MRI is considered the gold standard for
diagnosing stress fractures, if MRI exams for hip pain are routinely used, they will not only lead to a
waste of medical resources but the expensive costs will increase the burden on patients and lead to
conflicts between doctors and patients. For patients with pain and discomfort in the groin area and
thigh and recent repetitive stress irritation, stress fractures should be suspected. If necessary, in addition
to normal radiography, MRI or bone scan should be considered.

Treatment strategy

The classification of femoral neck stress fractures guides the treatment options. The most important
thing in the treatment of femoral neck stress fractures is early diagnosis, which can prevent
displacement of the fracture end caused by delayed or missed diagnosis, leading to further adverse
complications. For non-displaced femoral neck fractures and proximal femoral fractures, a conservative
treatment approach can be used (e.g., bed rest, local treatment) in addition to regular radiograph review.
Generally, these fractures can be treated; for example, shock wave therapy can be used to treat stress
fractures by promoting fracture healing[24,25]. Displaced femoral neck stress fractures usually require
surgical intervention. For younger patients, physicians can choose hollow nail internal fixation and non-
weight bearing functional exercises. For elderly patients with fracture end displacement, THA can be
used. Displaced proximal femoral fractures are mostly treated with femoral intramedullary nails. This
patient had a tension fracture of the femoral neck, with obvious displacement of the fracture end and
varus deformity of the hip. Considering the patient’s age, the first choice was THA. The patient had a
stress fracture of the proximal femur on the same side, but there was no significant displacement of the
fractured end. Therefore, the prosthesis of the femoral end used an extended stem. Simultaneously, we
pre-installed a wire fixation to prevent fracture displacement during the subsequent reaming and
installing of the prosthesis.

CONCLUSION

Although femoral stress fractures are not common, patients with a history of exercise, or hip joint, groin
or thigh pain should be vigilant, and femoral stress fractures should be considered. X-ray examination
should be performed routinely, and if necessary, MRI exams to achieve early diagnosis and avoid
adverse consequences caused by delayed diagnosis.
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