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the femur becomes prone to stress-related injuries 
including microfractures. Incidence of femoral stress 
fractures is not entirely established, displaying vari-
ability among athletes and military trainees. Of all 
sports and military associated stress fractures, 7.2% 
were located in the femur [1]. Stress fractures, if 
left untreated, can progress to a more complex and 
comminuted fracture, thus furthering injury, creating 
functional deficits, and worsening long term progno-
sis. Understanding the anatomy, biomechanics, and 
pathophysiology of femur stress fractures can in-
crease diagnostic accuracy and improve prognosis for 
patients.

Anatomy
The proximal femur, part of the hip joint is a ball-

and-socket joint that allows for abduction, adduction, 
extension, flexion, external rotation and internal ro-
tation of the lower leg. The medial side of the femur 
is bordered by the adductor muscles, which originate 
at the inferior portion of the acetabulum and pubis. 
The middle and distal posterior third portions of the 
femoral shaft provides adductor muscles insertion. 
Hip flexion is mainly controlled by the iliopsoas mus-
cle group, namely psoas major and iliacus that inserts 
on the lesser trochanter of the femur. Hip external 
rotators such as the gluteus medius and minimus at-
tach to the greater trochanter of the femur. The vas-
tus medialis and lateralis muscles attaches on the lat-
eral aspect of the femur. This vastus muscle group ex-
tends to the lower leg and distributes forces/weight 
throughout the femur to the femoral head, which is 
adjacent to the acetabulum Figure 1.
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Introduction
The femur is a crucial anatomical and physiologi-

cal structure that allows for humans to ambulate and 
maintain balance upright with ease. Similar to other 
long bones, the femur is subject to remodeling and 
turnover with variability based on use and trauma. 
It has high compressive and tensile strength and is 
the attachment point for major muscle groups such 
as the iliopsoas, gluteal, quadriceps, and hamstrings. 
With multi-directional forces acting on the long bone, 
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is crucial to the femur’s weight distribution and stress 
management.

Etiology of stress fractures
Long bones are subjected to two types of patho-

physiologic forces that result in stress fractures. One 
is abnormal loading on normal bone, and the other 
is normal load on an abnormal bone. The first type 
(abnormal load on normal bone) is a consequence 
of excessive use and force and referred to as “fa-
tigue fractures”. The current theory is that overuse 
and increased frequency of weight bearing activity 
causes an imbalance between the osteoblastic and 
osteoclastic cells. Turnover of the cortical matrix is 
increased, especially in heavy load bearing areas such 
as the femoral neck, Ward’s triangle, and subtrochan-
teric cortex. The increased osteoclastic function caus-
es a weakening of the bone matrix leading to a patho-
logical fatigue stress fracture. Patients are often seen 
to have thickened trabecular formation along the 
medial aspect of the femoral neck, secondary to the 
overall increase in extrinsic stress or weight bearing 
activities. This thickening can be notated as an osteo-
phyte formation and can be a clue as to underlying 
improper bone remodeling. The efficiency in bone re-
modeling is greatly dependent on the vascularity of 
the cortical and subchondral bone [5].

The second type (normal load on abnormal bone) 
is due to metabolic and/or hormonal imbalance. This 
leads to improper osteoid formation and decreased 
strength of the cortical bone, resulting in “insufficiency 

The femoral head has multidirectional trabecu-
la to assist in distributing forces and reinforce the 
femoral neck. There are groups of trabecular tissue 
at the proximal femur, all of which assist in support-
ing tensile and compressive forces. The growth and 
proliferation of trabecular tissue in remodeled bone 
is dependent on the location of maximum forces 
and stress lines, often referred to as Wolf’s law [2]. 
Therefore, the convergence of the trabecular tissue 
and convergence of increased forces at the femoral 
neck is associated with an increased predisposition 
for fractures. There are two main trabecular patterns 
at the femoral neck: The principal tensile trabeculae 
and principal compressive trabeculae. The principal 
tensile trabeculae form a band between the lateral 
aspect of the greater trochanter to the fovea. The 
principal compressive trabeculae band extends ver-
tically from the medial aspect of the femoral head to 
the femoral neck [3]. The increased stress and load 
at this convergence point (known as Ward’s Trian-
gle) can lead to increased bone turnover, especially 
compared to distal aspect of the femur [4]. Failure of 
appropriate trabecular formation can also predispose 
patients to injury, especially stress injury or fracture.

The distal aspect of the femur consists of ligamen-
tous attachments of the knee including the anterior cru-
ciate ligament (ACL), posterior cruciate ligament (PCL), 
medial collateral ligament (MCL), and lateral collateral 
ligament (LCL). It also includes the medial and lateral 
condyle with an articulating surface with the tibia and 
patella. Distal articulation with meniscal involvement 
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Figure 1: Anatomy of posterior hip outlining major anatomical landmarks.
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perience excessive fatigue of specific muscle groups 
which leads to an imbalance between the forces act-
ing on the long bones of the femur and results in a 
typical tensile stress fracture. Typical tensile stress 
fractures of the femoral neck are seen at the “mid-
point of the lateral aspect of the femoral neck” and 
have a high risk of complications. Atypical tensile 
stress fractures are defined by cortical disruptions on 
the proximal or distal third of femoral shaft. Recent 
studies have indicated that “typical” stress fractures 
in the lateral femoral neck likely alters the treatment 
plan (surgical vs. non-surgical) [9]. 

Unlike tensile stress fractures, compressive stress 
fractures occur on the medial aspect of the femur. 
The adductors are medially attached to the proximal 
and distal aspects of the femur exacerbating the con-
vexity of the femur. In patients with excessive fatigue, 
weight, or metabolic insufficiency, the bone becomes 
impacted. This leads to stress injuries and/or microf-
racture, furthering to a stress fracture.

Varus and valgus impaction factures
Unrecognized stress fractures of the femoral neck 

can progress into a varus or valgus deformities, often 
referred to as impaction fracture. A valgus deformi-
ty can result from a tensile “typical” stress fracture at 
the femoral neck. A varus deformity can result from a 
compressive stress fracture at the femoral neck. Bone 
remodeling process is disrupted or misaligned, causing 
a need for surgical fixation or correction.

The femur articulates proximally with the acetabu-

fractures”. Additionally, imbalance of electrolytes, hor-
mones, and nutrition can cause a stress fracture even 
during normal weight bearing activity. There is an in-
creased propensity for stress fractures to occur in long 
bones when the cause is secondary to metabolic insuf-
ficiency [6].

In femurs, stress fractures most commonly occur 
at the medial aspect, at the junction of the proximal 
and middle third of femoral shaft [7]. The increased 
propensity of medial third stress fractures are sec-
ondary to the antero-lateral bend of the femur. The 
associated adductor complex increases the compres-
sion forces and fatigue on the medial side.

Types of stress fractures in the femur
Based on etiology two types of stress fractures, 

tensile and compressive, can present subtly with sim-
ilar clinical symptoms on plain radiographs. It is be-
lieved that compressive fractures generally occur in 
younger patients, while “transverse” or tensile frac-
tures occur in an older population. Elderly women 
have an increased risk for tensile stress fracture sec-
ondary to osteogenic long bones and decreased min-
eralization of the cortical matrix [8]. If unrecognized 
or untreated, these fractures at the femoral neck can 
lead to two serious complications: valgus and varus 
compaction fracture. 

Due to the normal convexity of the femur, there 
is an increased tensile force on the lateral aspect of 
the femur often leading to a transverse cortical stress 
fracture in predisposed individuals. Athletes may ex-
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Figure 2: Anatomy of the adult femur indicating normal distal condylar axis (16 degrees) and anteverted femur (>16 degrees).
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osteoedema.

A valgus fracture would be classified as a Garden 
I or II [11]. Valgus stress fractures are less likely to 
displace or cause disruption to adjacent structures.

Varus impaction fracture is similar to valgus, but the 
femoral head is displaced inferiorly leading to an angle 
less than 120 degrees. Complications such as osteone-
crosis are more common in varus impaction fractures. 
Such complications usually require surgical interven-
tion. The femoral head and neck are highly perfused by 
arterial trunks that branch off the femoral artery, which 
runs inferiorly to the neck and lesser trochanter. A varus 
fracture with displacement can impinge and disrupt the 
blood flow to the capsule, leading to rapid osteonecro-
sis if not addressed in a timely manner. The foveal ar-
tery does not offer enough blood supply to supplement 
the loss of femoral artery flow. A varus fracture would 
be classified as a Garden III or IV due to the displace-
ment and location of the injury [11].

Clinical Presentation

Clinical overview

Patients usually present with ambiguous pain in the 
upper leg that worsens with weight-bearing hip move-
ments. Patients generally do not complain of swelling, 
loss of muscle tone, or weakness, but often refer to pain 
in the groin. Patients are at increased risk if they have a 
history of intensive training, are female athletes, suffer 
from coxa vara (deformity of the femoral head and neck 

lum and distally with the tibia at specific angles to allow 
for appropriate rotation and distribution of forces. The 
normal femoral neck anteversion is 15 degrees. This an-
gle is measured along the femoral neck and head rela-
tive to the articulation of the femur to the tibia. The an-
gle of the femoral head to the femoral shaft is normally 
around 126-139 degrees which is essential for proper 
muscle attachment and force distribution among ad-
ductor muscles (Figure 2 and Figure 3). 

There are multiple grading schemes for femoral 
head and neck fractures, one of them being the Gar-
den’s classification (Table 1).

Valgus impaction fractures is a complication of 
stress fracture and are generally associated with the 
femoral neck and head, and usually happens due to 
excessive training, running or falling. A valgus frac-
ture indicates a shift of the femoral head superiorly, 
increasing the femoral head angle greater than 135 
degrees. The fracture line can be subtle and often 
mistaken for an osteophyte or subclinical cortical re-
action. Valgus impaction fractures are indicated by 
subtle displacement on MRI imaging with associated 

 

A. NORMAL                          B. COXA VALGA      C. COXA VARA
 (126-130°)                             (> 140°)           (< 125°)

Figure 3: Femoral shaft and femoral neck angle with variation depicted as Coxa Valgus and Coxa Varus.

Table 1: Garden’s classification of femoral neck fractures [10].

Type Description Displacement
I
II
III

IV

Incomplete fracture, valgus impacted
Complete fracture
Complete fracture, partial 
displacement
Complete fracture, fully displaced

Non-displaced
Non-displaced
Displaced

Displaced
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However, in some cases a faint radiolucent line may 
be detected, indicating a stress fracture. In many cas-
es, subtle findings can be seen on plain radiographs, 
especially with varus and valgus impaction fractures 
but are unfortunately mislabeled as osteophyte for-
mation or anatomical variation instead of stress frac-
ture complication. The slight shift in the femoral head 
that occurs with stress fractures may be difficult to 
measure on plain radiograph due to increased noise 
from the pubis and dependency on patient orienta-
tion. Due to these difficulties, the fracture is often 
undetected until the patient presents with an on-
going periosteal or endosteal reaction. While radio-
graphs may not provide significant diagnostic value 
to stress fractures themselves, they can reveal other 
underlying causes, especially in fractures due to met-
abolic/hormonal insufficiency or malignancies. Signs 
of osteoporosis, osteopenia, osteomalacia, and lytic 
lesions on radiograph can indicate a such an etiology 
and may warrant further examination for a possible 
stress fracture.

Bone scintigraphy
Triple phase technetium-99 m bisphosphate bone 

scintigraphy (BS) was previously the imaging tool of 
choice for suspected stress fractures. Increased local-
ized remodeling and inflammation causes an increase 
in tracer uptake within 6-72 hours [14]. Generally, a 
positive sign on all three phases of BS (vascular, soft 
tissue, and bone) indicates an acute stress fracture. BS 
alone cannot exclude infection, tumor, or other inflam-
matory reactions from the differential diagnosis. Due to 
the test’s low specificity (approximately 86%), another 
imaging modality must be utilized for confirmation of 
stress reaction [15]. Other limitations of BS include ex-
posure to ionizing radiation and the inability to visual-
ize cortical disruption or change, which limits, follow up 
and progression.

Computed tomography (CT)
Computed tomography can detect subtle fracture 

lines not previously seen in plain radiographs. It has a 
high sensitivity for fractures making it an adequate mo-
dality for stress fracture imaging. CT imaging is limited 
in detection of soft tissue edema and osteoedema (18% 
of cases), both of which are early markers of stress re-
action and possible stress fracture [16]. However, there 
are some radiographic CT signs that can indicate stress 
related reaction or injury. This includes trabecular thick-
ening secondary to increased stress and force distribu-
tion, cortical disruption (callus formation) or cortical 
thickening due to periosteal reaction.

Recently, dual energy CT (DECT) has shown to be an 
alternative to the identification of bone marrow edema. 
Differences in energy level is being used to hyperatten-
uate various tissue compositions allowing for increased 
diagnosis of radiographically occult fractures. Signs such 

with less than 120 degrees respective to femoral shaft), 
or experience insufficiency secondary to a myriad of 
causes (metabolic bone disease, chronic renal disease, 
endocrinopathy, smoking, infection, bone tumor at 
femoral neck, bisphosphonate therapy, post radiation 
therapy) [12]. Special attention is given to long term bi-
sphosphonate therapy due to its unique presentations 
and unknown pathophysiology.

Bisphosphonates
Elderly patients may undergo antiresorptive ther-

apy for severe osteopenia or osteoporosis. Studies 
have shown there are two rare known complications 
from prolonged therapy use: Osteonecrosis of the jaw 
and femoral fractures. This is especially true for pa-
tients on denosumab. The femoral fractures demon-
strate a unique radiographic sign, cortical peaking, 
but also initially begins as a stress injury. There is 
small cortical disruption with osseous edema and 
periosteal reaction, which over time worsens into a 
complete fracture if untreated. Typical location of bi-
sphosphonate stress fractures of the femur includes 
subtrochanteric and lateral cortex of femoral shaft. 
Some unique characteristics on imaging include lack 
of comminution, cortical thickening (peaking), and 
transverse orientation (Case 6). The pathophysiology 
for BP associated atypical femoral fractures (AFF) is 
not fully known, studies have shown BP therapy does 
not impact periosteal and endosteal callus formation. 
However, termination of BP has shown to decrease 
the incidence of AFF [13]. 

Physical exam
Pathologic findings are determined from a hop test, 

fulcrum test, or antalgic gait test. The hop test instructs 
the patient to hop on the affected leg. Complaints of 
pain indicates a positive finding. The fulcrum test is con-
ducted by applying a downward force on the distal end 
of the femur and elevating the affected leg proximally 
while the patient is sitting. Complaints of pain indicate 
not only positive findings, but also alludes to a potential 
bone pathology. Antalgic gait test refers to the distinc-
tive short stride patients have when one lower extrem-
ity is painful during weight bearing activity. Patients 
prefer to have limited weight bearing on the affected 
side, causing the opposite lower extremity to touch the 
ground much earlier than a normal gait. Although this is 
not a sensitive sign, this particular gait is a compensato-
ry reaction to decrease pain [7].

Types of Imaging

Radiograph
Radiographic findings are negative during the 

first 6 weeks for patients presenting with stress in-
jury. Multiple studies have found limited diagnostic 
value in radiographing stress fractures, with a re-
ported sensitivity of 15-35% on initial imaging [14]. 
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sus chronic stress injuries based on periosteal edema 
on T2 or STIR imaging with associated marrow ede-
ma in acute injury or callus formation from increased 
osteoblastic activity in chronic injury. Patients will 
have decreased signal on T1 with associated in-
creased signal on STIR indicating acute injury. Stress 
fractures are seen as band-like areas of low signal on 
T1 weighted images in the intramedullary space and 
may continue to the cortex usually surrounded by 
an osteoedema [14]. Typical signs of stress injury in 
the femur are located in the subtrochanteric region 
with osseous changes of the cortical margin or sub-
chondral marrow. Recent studies illustrate sequences 
such as diffusion weighted imaging (DWI) can be used 
to identify bone marrow edema as an adjunct to nor-
mal MRI findings. Other clinical signs on DWI include 
osseous and soft tissue edema [19].

Femur imaging summary and protocol
As a protocol, patients are generally screened 

with a plain radiograph to rule out fractures. In sce-
narios where no fractures are visualized, but one is 
suspected MRI is recommended. MRI has a positive 

as osteoedema can be readily seen in virtual noncalci-
um (VNCa) DECT. This can help facilitate diagnosis in pa-
tients in a timely manner and provide an alternative to 
MR imaging [17]. Consideration should be given to the 
radiation exposure, especially in pediatric patients, be-
fore using CT to diagnose femoral stress fractures.

Magnetic resonance imaging (MRI)
MRI has become the gold standard for evaluation 

of stress fractures, especially in the femoral head and 
neck. It has both high sensitivity and specificity for 
stress fracture and also provides positive imaging 
findings as early as onset of symptoms. Unlike bone 
scintigraphy, MRI can successfully narrow down the 
differential diagnosis among other etiologies with 
similar symptom presentation, such as iliopsoas tear, 
tendonitis, avascular necrosis, etc. [18]. The biggest 
advantage for MRI is the detection of endosteal and 
periosteal edema, which indicates increased osteo-
blastic/osteoclastic activity. Due to improved tissue 
contrast and lack of radiation, repeated imaging can 
also be done to evaluate and document fracture pro-
gression. MRI can also differentiate acute injuries ver-

Table 2: Grading scale of stress fractures based on MRI findings. Allows for analysis of severity and appropriate treatment options.

Grade Frederickson Description Type Treatment

1 (Low) Mild to moderate periosteal edema on T2; normal 
marrow on T2 and T1

Compression Generally non-surgical unless > 
50%

2 (Low) Moderate to severe periosteal edema on T2; marrow 
edema on T2 but not T1

Tensile Generally surgical, individually 
based decision 

3 (High) Moderate to severe periosteal edema on T2; marrow 
edema on T2 and T1

Displaced Surgical emergency for reduction 
and fixation

4 (High) Moderate to severe periosteal edema on T2; marrow 
edema on T2 and T1 with fracture line

Atypical tensile Non-Surgical 

 

Patient 1: Images show a STIR and T1 with stress response and mild osteoedema on the compressive side of the medial 
intertrochanteric proximal right femur. There is no current evidence of fracture on far-left image; however, changes in the 
adjacent images indicate further progression could lead to stress fracture. White arrows show focal lesion with no surrounding 
soft tissue changes. Image B and C show common occurrence of medial sided stress fracture of the femoral neck. Changes 
are often seen on the compressive side of the femur either due to overexertion from the adductor muscle group or weakness 
of hip abductor muscle group. Compression-type stress fractures are characterized by a callus fracture pattern in the inferior 
aspect of the femoral neck with or without cortical disruption. These fractures are considered mechanically stable, and they 
are at a low risk of displacement [9].

Example Cases
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Patient 2 Image A: shows a subtle hypertrophic osteoblastic lesion on radiograph. Image B and C: CT imaging indicates a 
nondisplaced stress fracture involving of proximal left femoral shaft with evidence of attempt at healing.

 

Patient 3 Image A: MRI T2 STIR indicating significant stress response of left proximal femur with diffuse edema. Image B: 
MRI T1 shows subchondral stress/insufficiency fracture of the superior left femoral neck with significant bone marrow edema 
in the left proximal femur. No evidence of subchondral collapse. MRI can help indicate the severity of damage and stress 
response versus traditional radiograph or CT.

 

Patient 4 Image A and B: MR imaging shows focal linear region of marrow edema (T2 imaging) in the posterior distal femur, 
likely related to stress response. Subtle stress response can be difficult to identify on CT or radiographs.
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ria [21]. Often times the use of supportive crutches to 
minimize weight bearing stress is advised. However, 
this option is only feasible barring any displacement 
of the fracture, significant injury to adjacent struc-
tures, and/or disturbance to perfusion. If the patient 
suffers from any of these findings (including displace-
ment), then surgical intervention may be warranted 
to preserve function of the lower extremity.

Patient who present with bisphosphonate associat-
ed stress injury or fracture, should stop the antiresorp-
tive treatment. Often these patients are prophylactical-
ly treated operatively with an intramedullary nail [22].

Hardware

Depending on the location and grade of injury, vari-
ous fixation methods are employed to allow for proper 

predictive value equal to 100% for stress fractures of 
the hip [18]. Radiographic and MRI findings can in-
clude periosteal reaction and callus formation within 
the cortex (indicating older injury). There are multi-
ple grading scales for stress fracture, one of the most 
common was created by Fredrickson which uses find-
ings on T1 and T2 MRI imaging and associated edema 
(Table 2) [1,20].

Treatment
Medical management can vary depending on the 

severity of the injury as well as the goals for each 
patient, the biggest decision in care being operative 
versus non-operative. Non-displaced stress fractures 
typically undergo non-operative management, with 
emphasis on rest for 3 - 16 weeks, dependent on the 
grade of stress fracture using the Frederickson crite-

 

Patient 5 Image A: MRI T2 STIR shows an incomplete, nondisplaced fracture of the tensile surface of the right femoral 
neck. There is moderate bone marrow edema in the right femoral neck, greatest superiorly. White arrow: A thin linear, 
incomplete fracture extends superiorly towards the lateral aspect of the sub-capital femoral neck. Image B: MRI T1 with diffuse 
hypointense signaling at tensile surface extending into intertrochanteric region. Black Arrow: thin incomplete T1 hypointense 
fracture line extends inferiorly toward the proximal, anterior intertrochanteric region.

 

Patient 6: This patient has a history of long-term bisphosphonate therapy (more than 2 years). Bisphosphonates alter bone 
turnover and lead to insufficient matrix. Patients can develop stress injury from normal weight bearing activities red arrows 
indicate typical location of “cortical beaking” which can progress to a complete fracture.
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alignment and healing of the fracture. Depending on 
the degree of displacement, varus and valgus impac-
tion fractures are generally fixated with long cannulat-
ed screws, securing the femoral head and aligning it to 
the appropriate angle (125-130 degrees) relative to the 
femoral shaft [4].

Metaphyseal stress fractures are generally treat-
ed non-operatively with restriction to weight bear-
ing and activity. However; if in the presence of a dis-
placed fracture, an intramedullary nail is typically in-
dicated for appropriate fixation. If intramedullary nail 
is inappropriate, then a series of plates and screws 
can be used to align the femoral shaft.

Conclusion
Stress fractures are multifactorial. Their clinical 

history and physical examination can be ambiguous 
and often lead to a vague diagnosis. Patients with 
stress fracture of the femur can present with gen-
eralized groin pain, occasional swelling, worsening 
symptoms over time, and inability to bear weight for 
extended periods. Rarely is there a specific inciting 
traumatic event, but rather a gradual change in their 
health and activity level. The femur is comprised of 
a trabecular meshworks that is equipped to handle 
both intrinsic and extrinsic (tensile and compressive) 
forces. Overtime, the bone remodels to adequately 
distribute and absorb maximum forces on the femur. 
The etiology of stress fractures falls into two typical 
categories, fatigue or insufficiency fractures. Fatigue 
fractures are caused by an increase in weight bearing 
activity or stress on the femur leading to improper 
bone remodeling. Insufficiency fractures are caused 
by an underlying metabolic imbalance or deficiency 
that affects bone quality and modeling. There are 
two types of stress fractures, tensile and compres-
sive. Generally, stress injury to the lateral aspect of 
the femur is associated with tensile forces. Lesions 
on the medial aspect of the femur and femoral neck 
are considered to be a compressive stress fracture. 
Clinical history can indicate underlying stress injury 
and may warrant a CT or MRI for further evaluation. 
Radiographic signs such as cortical disruption, peak-
ing, periosteal edema, osseous edema, and adjacent 
soft tissue edema can indicate stress reaction or frac-
ture. Using these radiological signs and the Frederick-
son criteria for MRI imaging of the femur, clinicians 
can deduce and grade the stress injury or fracture. 
Unrecognized stress injuries of the femur, especially 
the femoral neck, can lead to complications such as 
displacement and femoral head necrosis. Diagnosed 
stress fractures are medically managed with pain 
control and removal of the inciting event. In the cases 
where the femur is likely to be further compromised, 
hardware fixation can be performed.
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