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Abstract

BACKGROUND

Sport-induced injuries particularly affect young, healthy, and active individuals.
Running, a popular and accessible sport, can cause a wide range of injuries,
including stress fractures. Stress fractures can occur during high-intensity training
or competitions, especially among well-trained amateurs and professional
athletes. Adequate diagnosis can be complicated by the typically young age,
unremarkable medical history, and vital condition of the patient. Stress fractures
present insidiously, and this is specifically the case with stress fractures of the
femoral neck. Timely intervention is crucial to prevent progressive displacement,
as this can damage the blood supply to the femoral head.

CASE SUMMARY

A 30-year-old male runner presented to our outpatient clinic with persistent pain
3 weeks after running a marathon. X-ray showed a complete lateral fracture of the
left femoral neck, which was treated surgically with a dynamic hip screw.

CONCLUSION

It is essential for healthcare providers to be vigilant for the subtle symptoms of
stress fractures to ensure timely treatment. Early recognition prevents com-
plication and leads to a better prognosis.
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Core Tip: Sports-induced injuries primarily affect young, healthy, and active individuals. Stress fractures occur during high-
intensity training, particularly among well-trained amateurs and professional athletes. Young age and a lack of medical
history complicate the diagnosis of insidious femoral neck stress fractures. Failure to diagnose and initiate treatment leads to
fracture progression, impacting vascular supply and overall outcome. Avascular necrosis requires more invasive and
extensive treatment and increases the risk of complications and permanent disability.

Citation: Oudmaijer CA, Paulino Pereira NR, Visser D, Wakker AM, Veltman ES, van Linschoten R. Lateral femoral neck stress
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INTRODUCTION

Diagnosing (atypical) stress fractures of the femoral neck is complex due to their unfamiliarity and insidious presentation,
often resulting in progressive displacement and delayed treatment. Timely diagnosis and intervention are crucial. In this
article we discuss the diagnosis, treatment options and complications of lateral femoral neck stress fractures. Using a case
from our clinic, we provide an overview of literature and the published cases of lateral femoral neck fractures.

Stress fractures are thought to occur due to repetitive loading that exceeds the bone’s regenerative capacity, most
commonly affecting young, active individuals[1,2]. This condition is prevalent among marathon runners and endurance
athletes, due to the repeated mechanical stress from prolonged and cumulative exertion[1,2]. While stress fractures occur
in various locations — particularly in the tibia and metatarsals[2,3] —they are especially concerning when located at the
femoral neck, due to the severe implications and treatment complexity. Stress fractures of the femoral neck are rare, and
comprise only 2.5%-5% of all stress fractures[4]. The etiology of femoral neck stress fractures remains unclear, but the
prevailing hypothesis suggests that repetitive forces on the hip joint cause micro-stress and bone fatigue, leading to a
failure of structural integrity[1,2]. If undiagnosed and, therefore, untreated, these fractures can progress to a complete
fracture, with consequences often exacerbated by their subtle presentation and risk of progressive displacement,
potentially resulting in severe outcomes like fracture dislocation requiring prosthetic replacement.

It is important to distinguish stress fractures from acute fractures. Stress fractures develop gradually over time due to
repetitive physical load or overuse, as a result of cumulative micro-damage to the bone[1,2]. Unlike acute fractures, stress
fractures may initially present with mild, progressive pain during activity, which can worsen over time if not treated.
Acute fractures of the hip occur suddenly due to a significant external force, such as a fall, car accident, or direct trauma
[5-7]. These fractures are typically severe, immediate, and often result in a complete break of the bone. Patients usually
experience intense pain and are unable to bear weight on the affected limb, requiring prompt medical intervention, often
surgical, to stabilize the fracture[5-7]. These fractures predominantly affect older adults, especially those with com-
promised bone quality due to osteoporosis, but can also occur in younger individuals subjected to significant trauma.

Diagnosing (atypical) femoral neck stress fractures is challenging due to their insidious presentation. Patients often
present with vague persistent groin or hip pain, initially mild and easily overlooked[8-10]. Pain typically worsens with
physical activity and subsides with rest, often misinterpreted as muscle strain. Despite pain, walking is usually possible
[8-10]. Clinical examination most often reveals full passive range of motion, with pain elicited only at extreme hip
positions[10]. Active range of motion is often not complete due to the same pain. Early-stage stress fractures are
frequently missed on standard radiographs, with initial sensitivity ranging from 15%-35%, which may improve to 30%-
70% after 2-10 weeks[10]. Magnetic resonance imaging (MRI) is the most reliable diagnostic tool, showing bone edema at
the fracture site, but MRIs are often only performed if symptoms are chronic[8]. Diagnosis is, therefore, often delayed,
averaging 14 weeks[11], increasing the risk of fracture displacement, impacting blood flow to the femoral head, and
subsequent avascular necrosis. Prompt and accurate diagnosis is crucial to prevent further complications, emphasizing
the vital role of care providers in early detection and timely referral for additional investigation and treatment.

CASE PRESENTATION

Chief complaints

A 30-year-old male runner presented to our outpatient clinic at the department of Sports Medicine with persistent pain in
the left groin, with the inability to fully bear weight. Initial symptoms began during a marathon, manifesting as transient
muscle weakness and left groin pain after a ski trip. Symptoms progressed when he resumed his training program. As an
experienced runner, he had trained regularly over the past year following a standardized program (building up to a
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Figure 1 Clinical presentation. Presentation at the time of completing the Marathon, with the fracture already present, where loading on the affected side was
possible, but limited by pain. Particularly notable is the patient’s self-localization.

mileage of 40-50 km a week, with 80% endurance and 20% intensive training) with no previous episodes of groin or hip
pain. No recent changes in training intensity or quality were noted, aside from the skiing trip. His caloric intake was
normal for his weight and activity level, with gradual intentional weight loss of 8 kg over the past 2 years. The patient
had halted training and consulted a sports physician, who made the clinical diagnosis of left psoas muscle strain. During
the subsequent 4 weeks, with medication for pain relief, rest, and graded training, the patient was able to resume activity
without further issues or pain.

During the marathon, the patient ran pain-free for 37 km at his trained pace. At 37 km, he began experiencing
progressive groin pain, becoming unable to fully bear weight on his left leg by 40 km. Despite the pain, the patient was
able to finish the marathon in 4.5 hours (Figure 1). He subsequently visited his general practitioner on day 3 post-
marathon due to increasing groin pain, tenderness over the greater trochanter, and inability to fully bear weight despite
pain medication. The general practitioner diagnosed acute inflammation of the prior psoas muscle strain and advised
increased pain medication and rest. During the following 3 weeks, the pain gradually reduced, but was still significant,
and mobilization with support became possible. Due to the persistent pain, he (re-) consulted his general practitioner and
a physiotherapist, eventually presenting to the outpatient clinic of the Sports Medicine department 3 weeks post-
marathon.

At this point, the patient could not bear weight on his left leg without pain, although the pain had moderately
improved.

History of present illness
The patient was not on any medication, and had an unremarkable social and occupational history.
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Figure 2 X-ray at presentation, coronal and lateral views. This coronal X-ray of the left hip shows a complete lateral fracture of the left femoral neck, with
shortening due to varus alignment of the fracture. The lateral X-ray of the left hip shows the external rotation and notably the fracture on the anterior side. A: Coronal
X-ray without overlay; B: Coronal X-ray including an overlay, highlighting the fracture; C: Lateral X-ray without overlay; D: Lateral X-ray including an overlay,
highlighting the fracture.

History of past illness
The patient had no prior medical history.

Personal and family history
The patient had no relevant family history regarding osteoporosis or bone disease, with only his grandmother having
sustained a femoral fracture at the age of 81 after a fall.

Physical examination

Physical examination revealed no visible abnormalities. Passive movement of the affected side was nearly complete, with
mild pain at full flexion. Active hip flexion was limited by pain from 90°, and isolated straight leg raising was impossible
against resistance. Sensory, motor, and circulatory function were intact.

Laboratory examinations
Not performed at the time of initial diagnosis.

Imaging examinations

The subsequent X-ray showed a complete lateral fracture of the left femoral neck (Figure 2). A subsequent computed
tomography scan (Figure 3) revealed no pre-existing bone pathology, but confirmed significant impaction and
malalignment. The three-dimensional reconstruction (Figure 4) showed 24.6° external rotation and 16.0 mm shortening of
the affected femur and the anatomical anteversion was neutralized due to the fracture.
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Figure 3 Computed tomography scan at presentation. A: Coronal section without overlay; B: Coronal section including an overlay, highlighting the fracture;
C: Transverse section without overlay; D: Transverse section with an overlay, highlighting the fracture. Additional imaging with computed tomography did not reveal
evidence of pre-existing bone pathology, but confirmed significant impaction and malalignment. Furthermore, there were multiple signs of osteopenia in the left leg,
most likely due to disuse over the preceding 3 weeks. Additionally, there was thickening of the periosteum on the medial side halfway down the femur, possibly due to
altered force distribution. In the transverse section, external rotation is notably observed.

FINAL DIAGNOSIS

Based on the duration and progression of symptoms, the hypothesis was that a stress fracture had initially healed due to
rest in the 4 weeks preceding the marathon, but had progressed to a complete fracture during the marathon. However, an
atypical femur fracture directly related to the marathon was a viable alternative.

TREATMENT

The patient underwent surgical fixation with a dynamic hip screw the day after outpatient clinic presentation. Despite the
delay in presentation, anatomical alignment was successfully achieved. At the start of surgery, repositioning was
acquired with traction. Afterwards, a cannulated screw (short threads were intentionally used) was placed first, to
acquire more traction on the cranial side, thereby inducing more valgus alignment. The dynamic hip screw was then
placed, and a four-hole plate was used due to the nature of the fracture and the unavailability of histopathology at that
time. The postoperative course was uneventful, and the patient was discharged the day after surgery following initial
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dm

Figure 4 3D reconstruction of the fracture and malalignment at presentation. This 3D reconstruction illustrates the malalignment: 24.6° of external
rotation and 16.0 mm shortening due to varus alignment at the fracture site. From left to right: Images from anterior, lateral, medial, and posterior perspectives. The
sand-colored reconstruction represents the contralateral side; cyan, the affected side.

mobilization under physiotherapy supervision and a weightbearing X-ray (Figure 5).

OUTCOME AND FOLLOW-UP

Given the insufficiency fracture, the atypical lateral fracture pattern, delayed presentation, and a potential underlying
bone mineral pathology, partial (50%) weightbearing was advised for 6 weeks, with 10% in the first 2 weeks.
Histopathology revealed no signs of bone disease or malignancy. During outpatient follow-up, the patient made
satisfactory progress under physiotherapy supervision, and a 6-week radiograph showed no change in alignment
Figure 6).

( ther t)his, the patient initiated full weightbearing under supervision of a physiotherapist. He resumed work within a
week post-surgery, initially working from home for 2 weeks. The endocrinologist was consulted to exclude any metabolic
predisposition, finding no underlying cause for the fracture. No abnormal measurements were found for vitamin D,
calcium and phosphorus metabolism, parathyroid hormone and type I procollagen carboxy terminal propeptide, and
amino terminal propeptide. However, initial examination at 6 weeks post-surgery, 9 weeks post-injury, did show disuse
osteopenia of the affected leg, with heightened urinary electrolyte excretion, due to excess intake, as the rest of the body
was unaffected and showed normal bone mass on DEXA-examination.

At follow-up at 3 months post-surgery, our patient had improved significantly, partly due to extensive rehabilitation
therapy by a specialized physical therapist, and was able to do all his daily activities, including his work as a clinical
resident, without any pain or limitations. Under strict supervision, he aims to resume his physical activities, such as
tennis and running (Figure 7).

DISCUSSION

Based on the cases presented in Table 1, a common theme emerges despite varying individual factors. Obviously, these
atypical stress fractures typically occur following significant increases in mileage, often during marathon training or after
initiation of running regimens. Predisposing factors such as medical histories or causative agents (e.g., the female athletic
triad or osteoporosis) are generally absent. Absence of these predisposing factors are most likely due to publication bias,
as cases where stress fractures are the result of osteoporosis, make relatively unremarkable cases. All the cases had
complete fractures with varying degrees of displacement, with almost all managed surgically with a dynamic hip screw
to stabilize the fracture site, after which partial weightbearing was initiated. Post-treatment outcomes show successful
recovery trajectories, with patients achieving pain-free mobility and returning to physical activities gradually over weeks
to months. However, there is no consistency in reporting whether patients returned to their pre-fracture level of activity,
for instance long-lasting running regimens.
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Table 1 Overview of published cases of atypical femoral basicervical/lateral stress fractures

Ref. Case " .C?use of  Predisposing Diagnosis Treatment Outcome
description injury factors
Biz et al 33-year-old Marathon Previous history of ~ Left femoral lateral fracture, DHS + 30 days of partial At 12-month follow-up, she
[13] female training anorexia with incomplete in the posterior- weightbearing was completely pain-free
amenorrhea distal part and demonstrated full
range of motion
Biz et al 48-year-old Initiated None Complete and displaced left DHS + 30 days of no At 3-month follow-up, she
[13] female running femoral neck base stress weightbearing. was able to walk, pain-free
fracture Subsequently increasing and had started stationary
load over 20 days to cycling and swimming
complete load
Cichy etal 23-year-old Marathon None Complete, minimally DHS + 6 weeks of partial ~ No avascular necrosis,
[9] male marathon displaced basicervical weightbearing lights sports
runner fracture of the right femoral
neck
Clough et 55-year-old Marathon None Displaced lateral fracture of DHS Not mentioned
al[10] male training the right femoral neck,
which had collapsed into
varus, with a neck-shaft
angle of 110°
Ejnisman  56-year-old No clear None Complete fracture of the 3x CHS Full recovery after 6 months
et al[14] female causative base of the femoral neck
agent with subtle displacement
Kerretal  32-year-old Marathon None Lateral fracture of the DHS + 6 months of partial ~ Full weightbearing, lights
[12] male femoral neck with varus weightbearing sports at 8 months
displacement and a neck-
shaft angle of 90°
Scottetal  50-year-old Increased None Slightly displaced fracture ~ 3x CHS + 6 weeks of Full weightbearing, light
[15] male marathon  his running through the base of the neck partial weightbearing sports at 12 weeks
runner mileage of the right proximal femur

CHS: Cannulated hip screw; DHS: Dynamic hip screw.

Stress fractures occur when repetitive loading surpasses the body’s ability to regenerate, and are common in young
and active individuals[1,2]. This condition is particularly prevalent among marathon runners and other endurance
athletes due to the repeated mechanical stress from prolonged and cumulative exertion[1,2]. The hypothesis of etiology of
stress fractures is that repetitive forces on the hip joint cause micro-stress and fatigue, leading to a failure of structural
integrity[1,2]. If undiagnosed and untreated, these fractures can progress and displace, potentially leading to severe
complications such as avascular necrosis. Diagnosing an (atypical) femoral neck stress fracture presents challenges due to
its subtle onset; patients typically report persistent, vague groin or hip pain that initially is mild and often misdiagnosed
[8-10]. Pain worsens with activity, but improves or resolves with rest, mimicking symptoms of muscle overuse. Initial
radiographs often miss early fractures, exhibiting low sensitivity; initially ranging from 15%-35%, increasing to 30%-70%
after 2-10 weeks[10]. MRI represents the current golden standard, but is often employed only after prolonged complaints
and, therefore, the diagnosis is frequently delayed by an average 14-week interval[11].

Delayed diagnosis increases the risk of progressive displacement of the fracture, leading to reduced blood supply and
increasing the risk of avascular necrosis[10-12]. Complications such as displacement of an initially well-aligned fracture,
varus deformity, avascular necrosis, and non-union are not very common, but unfortunately delayed diagnoses are
frequent[10-12]. The degree of fracture displacement is the most critical factor affecting the patient’s prognosis[11].
Regarding medial column fractures, progressive displacement leads to a 60% reduction in sports activity levels and a 30%
incidence of avascular necrosis[10,11]. No information is available regarding these important predictors of long-term
functioning for lateral column fractures. Therefore, a quick and accurate diagnosis is crucial to prevent further complic-
ations. General practitioners and other primary care providers play an essential role in early detection. By being alert to
the symptoms of stress fractures, physicians can refer patients for further investigation and treatment in a timely manner,
significantly improving the prognosis.

Femoral neck stress fractures can be treated conservatively or surgically, depending on the severity and stability of the
fracture. Conservative treatment is only justifiable for an incomplete fracture on the medial side, i.e. the compression side
[8]. This approach involves rest and non-weightbearing mobilization of the affected leg, followed by a gradual increase in
weightbearing over 12 weeks[8]. However, if the fracture is on the lateral side, there is a high risk of progression,
necessitating primary surgical treatment, most preferably with cannulated hip screws or a dynamic hip screw|[8]. Surgical
fixation should be considered in all cases, even for incomplete medial fractures, as it allows for immediate postoperative
weightbearing. Prolonged immobilization is unacceptable for the typically young patient group[3,8].

Displaced fractures or fractures that have existed for a longer time, with a high risk of non-union and avascular
necrosis, require surgical intervention[3,8]. The preferred method is surgical fixation, often by means of a dynamic hips
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Figure 5 Position after bearing weight on postoperative day 1, coronal view. The position post-operation and loading on day 1 was anatomically
correct, with notably good results on the medial side, despite the delayed presentation. Due to uncertainty regarding underlying pathology, a four-hole dynamic hip
screw including an anti-rotation screw was chosen. A: Corresponds to the picture without overlay; B: Includes an overlay, highlighting the fracture.

Figure 6 Position after bearing weight on postoperative day 1, lateral view. The position post-operation and loading on day 1 was anatomically correct,
with notably good results on the medial side, despite the delayed presentation. A: Corresponds to the picture without overlay; B: Includes an overlay, highlighting the
fracture.

screw or cannulated hip screws, aiming to restore anatomy and maintain adequate blood supply to the femoral head([8,11,
12]. Surgical fixation of (incomplete) lateral, medial, or displaced fractures, can be performed with specific fixation
methods depending on the degree of displacement, angle of the fracture, and patient-related factors. These methods vary
from cannulated hip screws, dynamic hip screws, and intramedullary pens, to complete hip replacement surgery.
Recovery after surgery varies significantly depending on the duration, alignment, and severity of the fracture[8,11,12].

Conservatively treated, non-displaced fractures have a better prognosis and a shorter recovery period. Displaced
fractures and cases with avascular necrosis often require long-term rehabilitation and can result in permanent limitations,
both during sport and daily activities[8]. Therefore, timely and adequate treatment is vital to ensure the best possible
outcome for the patient.
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Figure 7 Position of osteosynthesis material at outpatient clinic follow-up. A: Coronal X-ray without overlay; B: Coronal X-ray including an overlay,
highlighting the fracture; C: Lateral X-ray without overlay; D: Lateral X-ray including an overlay, highlighting the fracture. During the outpatient clinic follow-up, the
patient was almost free of complaints and the alignment was consistent with before. At this time, there were no convincing signs of bone remodeling, which is also not
expected with this atypical fracture.

In our case, the initial presentation during marathon training was particularly insidious, given the rapid transient
nature and absence of symptoms during other sport activities. Initial additional diagnostics would not have revealed a
stress fracture, which would have only been detected by MRI as an area of bone edemal[8]. During the second
presentation, when there was a complete lateral fracture, timely radiographic diagnosis would have resulted in earlier
surgical fixation, significantly lowering the risk of non-union, complications, and making a return to pre-existing
functioning more likely[9,10,12]. However, timely detection of a femoral neck (stress) fracture is extremely challenging
due to the non-specific clinical symptoms. The symptoms can be easily misinterpreted, and a prolonged diagnosis period
is common|[8,11,13-15], due to the low incidence of stress fractures, the vitality of young patients, and atypical symptoms,
leading to muscle overuse being be more likely. Consequently, insufficient action is often taken. Increased alertness and a
lower threshold for additional diagnostics in the presence of persistent and/or atypical hip or groin pain in active
patients results in earlier identification and appropriate treatment.

CONCLUSION

It is essential for healthcare providers, specifically those in primary care and emergency departments, to be vigilant for
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the subtle symptoms of stress fractures to ensure timely diagnosis and treatment. Early recognition and intervention can
prevent complications such as avascular necrosis and permanent disabilities, leading to a better prognosis with recovery
to pre-existing levels of functioning.
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