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Summary: Stress fractures are increasingly
common in our country. History taking
and physical examination are essential tools
for diagnosis. However, imaging methods
very important in confirming these injuries.
Although plain radiography is the initial
choice, magnetic resonance imaging (MRI) is
the modality with the greatest sensitivity and
specificity for the early detection of this type
of fracture. The present study aims to review
the literature, identifying the most consistent
imaging findings and offering a practical
approach to the diagnosis of stress fractures
through a systematic assessment.
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INTRODUCTION

Stress fractures had their first description
in the literature in 1855, when Breithraupt, a
military doctor, reported overload injuries in
the fifth metatarsal bone of Prussian conscript
soldiers." About 40 years later, with the
invention of radiography, the characteristics of
the so-called “gait fractures” were confirmed
through imaging examination.” However,
only in 1958, Devas made the first report of
stress fractures in athletes.’?

Stress injuries occur as a result of a high
number of cyclical and repetitive overloads
on the bone structure, with forces lower than
the load sufficient to fracture the bone in a
single acute situation, but with the power to
shake the bone microstructure.* In this way,
they differ from other fractures because they
do not result from acute traumatic events.’

There are two categories of stress fractures:
fatigue fracture, which results from repetitive
abnormal stress applied to a bone with normal
elastic strength; and insufficiency fracture,
which occurs when there is normal stress on a
bone with altered elastic resistance.®

Fatigue fractures predominantly affect

active and healthy young people who increase
the frequency, duration or intensity of physical
exercise.” On the other hand, insufficiency
fractures prevail in elderly people with
comorbidities, such as osteoporosis, which
weaken the bone and predispose to this type
of injury even in the face of a habitual routine
activity.

For the diagnosis of stress injuries, a
compatible clinical history in addition to
imaging exams are essential to enable faster
treatment initiation, thus improving the
prognosis of these fractures.

PATHOPHYSIOLOGY

Stress consists of the force applied to a
certain body segment resulting from muscular
tension or weight support, being necessary,
to a certain extent, to maintain the normal
development of bone tissue.?

Bone is a dynamic structure that is in
constant metabolism and that, in physiological
situations, suffers the action of the Law of
bone remodeling proposed by Wolff, in which
intermittent loads related to daily life activities
stimulate changes in bone architecture, in
order to to adapt it to the new mechanical
environment.8

]When physiological bone remodeling
suffers an imbalance between osteoclastic and
osteoblastic activity, the cycle of adaptations
in response to overloads applied to the bone is
compromised, which can culminate in Stress
Fracture, which initially occurs through elastic
(reversible) deformation. followed by a plastic
deformity (irreversible) that then progresses
to the appearance of microscopic lines of bone
discontinuity (microfractures). If the inciting
activity is not interrupted, it may lead to a
complete fracture of the affected bone.’

Stress fractures usually occur between 6 and
8 weeks after the beginning or increase in the
habitual load imposed on the bone structure,
the increasing number of repetition cycles
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of overload, associated with an inadequate
recovery time or even a decrease in surface
area over which the force is applied.*!*!>12

Incorticalbone, the periostealand endosteal
reaction, sometimes seen on radiographs,
represents the production of new bone at sites
of stress as an attempt to reinforce the cortex
temporarily weakened by microfractures;
while in cancellous or medullary bone, stress
culminates in microlesions of bone trabeculae
and, as a repair mechanism, there is the
formation of microcalluses and trabecular
thickening, which are responsible for bone
sclerosis.8

Therefore, stress fractures are consequences
of the sum of recurrent loads and occur when
the rate of accumulated microdamage exceeds
the bone’s ability to regenerate through the
normal process of bone remodeling, while
the repair process of these injuries occurs
through the reabsorption of damaged cells
and replacement with new bone tissue.”"?

EPIDEMIOLOGY

In general, stress fractures represent 1 to
20% of all injuries in sports medicine, and
the most frequently affected population is
military personnel, runners and dancers.>'*

Involvement of the limbs
predominates over the upper limbs due to
the overload exerted by supporting body
weight on those bones, with the most affected
being the tibia, femur and fibula, in addition
to the 2nd and 3rd metatarsals, notably in
runners. '>'*7 In relation to the upper limbs,
the proximal portion of the ulna is the most
affected area, followed by the distal end of the
humerus.11

While the occurrence of fatigue fractures is
uncommon in the axial skeleton, insufficiency
fractures commonly affect this site, with the
spine being the most affected, resulting in loss
ofheight of the vertebral bodies, instability and
kyphotic deformity."® The upper extremities

lower

generally are not affected by insufficiency
fractures.”

In non-athlete individuals, it is known that
poor physical and muscular conditioning are
triggering factors for stress injuries, while
there is not a direct relation to age, gender and
ethnicity. -2

RISK FACTORS

Some risk factors are associated with
an increased chance of developing a stress
fracture, for example to sport activities,
specially running, level of nutrition, hormonal
profile and biomechanics. *

Women may have a higher incidence
of stress fractures than men. The so-called
“female athlete triad” represents a risk
factor for females and is characterized by
the presence of eating disorders (anorexia),
menstrual irregularity or amenorrhea and
osteopenia - presumably due to the absence
of the protective effect of estrogen against
bone loss. Changes in bone tissue related to
the combination of hormonal and nutritional
disorders contribute to the development of
stress fractures in this group.*2>26%7

Regarding biomechanical and anatomical
aspects, some of the risk factors are:
discrepancy in length between the lower
limbs, decreased width of the tibia, excessive
genu valgus, rigid cavus foot and exaggerated
pronation of the feet.”**’ The presence of bone
deformity, such as lateral curvature of the
femur, especially in the elderly, can also be
considered a risk factor.***!

In regard to insufficiency fractures, several
conditions reduce the elastic strength of the
bone and predispose to this type of injury.
The most common cause is osteoporosis,
but rheumatoid arthritis, Pagets disease,
osteomalacia, hyperparathyroidism,
osteogenesis imperfecta, previous irradiation
and prolonged therapy with bisphosphonates
are some other factors.”
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CLINICAL EVALUATION

The diagnosis of stress fractures is made
based on anamnesis, physical examination
and complementary imaging methods.”

Clinical history is characterized by pain
related to physical exercise or habitual walking,
edema and limitations in range of motion.*
The pain is usually insidious and, a few weeks
after the onset of the injury, it can progress
and become more intense., causing functional
incapacity.”¢ initially, it usually occurs at the
end of the activity, improves after the guarantee
and allows the return to its performance
without prejudice. However, as the overload
continues, the severity of the symptoms tends
to worsen, causing persistent pain even after
the stress has stopped, ultimately leading to
the suspension of physical activity.'**

On physical examination, mild soft tissue
edema can be observed, although infrequent.
Bonepalpationiscommonly painful, especially
in the most superficial regions.” The physical
examination is quite sensitive, but somewhat
specific.’”*® Therefore, imaging studies must
be obtained routinely, being fundamental for
diagnosis and adequate treatment."

RISK CLASSIFICATION

Stress fractures can be classified into
low and high risk according to their natural
history, bone location and the appearance of
complications (recurrence, delayed union
and progression to complete fracture). These
conditionss define the chance of a non
satisfatory evolution of the injury during
treatment.'>'

Low-risk fractures are considered to be
those that have a favorable evolution. They
are located in areas of bone compression,
and have low rates of complications.” These
preferentially affect: clavicle, scapula, ribs,
humerus, radius, diaphysis of the ulna, inferior

and medial cortex of the femoral neck (Figure
1 a, b, ¢), femoral shaft, fibula, tibial shaft and

first to fourth metatarsals.?

High-risk stress fractures have an
unfavorable natural history, affect locations
where traction forces prevail (which act
to separate the edges of the fracture and
predispose them to displacement) or in areas
of poor vascularization, have high rates of
complications and can require the need for
surgical treatment with internal fixation.”
Those that are serious occur, mainly, in the
cortex of the proximal diaphysis of the femur -
known as “atypical femoral fractures” (Figure
1 d, e, f), in the anterior cortex of the tibia ,
in the patella, in the medial malleolus, in the
navicular bone, in the hallux sesamoids and in
the fifth metatarsal.”

IMAGING ASPECTS

CONVENTIONAL RADIOGRAPHY

Plain radiography is still the most routinely
used imaging method due to its easy access
and low cost and is the initial examination of
choice when stress fractures are suspected.*

Radiographic sensitivity in the early stages
of lesions is low, estimated at around 15 to
35%, as radiological changes become visible
two to four weeks after the onset of symptoms,
which can delay diagnosis.!'Follow-up images
evolutionary are positive in only 50% of
cases.*h

Insufficiency fractures can be difficult to
identify on radiographic studies, due to the
frequently associated osteopenia.*

The initial radiological change of stress
fracture includes the “gray cortical” sign
consisting of an ill-defined cortical border. As
the pathological process progresses, a cortical
fracture line becomes visible. Periosteal bone
neoformation can be visualized 10 days after
the onset of the injury. In cancellous bone,
stress fractures have as a pattern the formation
of a linear sclerotic band perpendicular to the
trabeculae (Figure 2 a, b, ¢).*
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Figure 1 - Low and high-risk femoral fractures. 34-year-old woman complaining of pain in her right hip,

beginning three weeks before, while exercising. AP radiograph of the right hip (a) does not show direct

signs of fracture. However, proton density-weighted coronal MRI (PD), with fat saturation (b) and T1

coronal MRI (c) demonstrate a linear fracture line (black arrows) with low signal, in the inferomedial

femoral neck cortical, surrounded by edema of the adjacent bone marrow (black arrowheads) that

exhibits high signal in PD and low signal in T1. - Another female patient, 49 years old, with pain in the

anterior compartment left thigh root, of insidious character and worsening for one week after running.

Radiograph of the left hip in AP (d) and CT with 3D reconstruction (e) reveal evolution to complete

fracture of the superolateral femoral neck cortex (white arrows), with signs of bone misalignment. T'1-

weighted coronal MRI (f) shows the extensive fracture line (white arrowhead) with low signal, associated

with changes in bone angulation / axis in this region.
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Figure 2 - Low-risk fibular fracture. 41-year-

old woman, presenting pain and edema in her
left ankle for 15 days, related to functional
training at the gym. AP (a), lateral (b) and
oblique (c) radiographs of the left ankle
demonstrate a range of bone sclerosis (white
arrowheads) in the distal metaphyseal region
of the fibula, denoting trabecular thickening.
MRI in the coronal T1 (d), sagittal T1 (e)
and sagittal T2 views with fat saturation (f)
better define the lesion, showing a transverse
fracture line (black arrows) that extends
from the posterior edge to the anterior edge
of that region, characterized by low signal
in T1 and T2, surrounded by bone edema
(black arrowheads), marked by poorly
defined medullary zone of low signal in T1
and high signal in T2, as well as edema of
the muscleadipose and subcutaneous planes
surrounding the distal fibula.

BONE SCINTIGRAPHY

For a long time, bone scintigraphy was
considered the gold standard in the early
diagnosis of stress fractures. The degree of
lesion uptake depends on the rate of bone
metabolism and local vascularization.

It is considered that from 6 to 72 hours
after the insult it is already possible to observe
the concentration of the radiopharmaceutical
in the affected regions, detecting areas of bone
remodeling, microfractures of the trabecular
bone and periosteal reaction.* This method
has high sensitivity, of approximately 100%,
but its specificity is lower than radiography, as

other disorders such as tumors, infections or
periostitis can generate false-positive results.*

COMPUTED TOMOGRAPHY

Computed tomography (CT) is not the first
choice in suspected stress fractures, with lower
sensitivity when compared to scintigraphy and
MRI.*** However, it can help locate the injury
and demonstrate the fracture line that was
not well seen on conventional radiography,
especially in stress fractures that affect the
bones of the pelvis and sacrum.* This exam is
also used when there is are contraindications
for MRI.*7*8

MAGNETIC RESONANCE IMAGING

MRI is the first choice for patients with
clinical findings suggestive of stress fractures
and without radiographic changes. The
findings become evident 1 to 2 days after the
onset of symptoms." It is the most sensitive
and specific modality for diagnosing these
lesions, presenting sensitivity similar to
that of scintigraphy (100%), but with higher
specificity (100%), accuracy (90%), positive
predictive value (100%) and negative
predictive value (62%).>**+*

On MR, typical findings of initial reactions
to stress include areas of low signal intensity
on T1- weighted images and high signal
intensity on T2 and STIR, corresponding to
bone marrow edema (Figure 3).?* This method
is also used. allows simultaneous assessment
of soft tissue structures.
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Figure 3 — Bone stress reaction. A 25-year-
old female, with a clinical picture of localized
pain in her right foot, after running a
marathon one month before. Magnetic
resonance imaging in the coronal axes of the
right forefoot weighted in T1 pre-contrast (a)
and T1 post-contrast (b) and in the T2 sagittal
view with fat saturation (c) demonstrate
accentuating bone edema (black arrows) in
the medullar of the second metatarsal, with
low intensity signal at T1 and high signal
at T2, extending from the base to the distal
metaphyseal transition, including significant
contrast enhancement (white arrow),
compatible with stress reaction. There is
also a slight thickening of the cortex (white
arrowhead) in the diaphysis region, associated
with severe edema of the adjacent soft tissues.

The most advanced stress fractures,

resolved in approximately 6 months. After this
period, the altered signal persistence probably
represents recurring damage.

In insufficiency injuries, the orientation of
the fracture line also tends to be perpendicular
to the main trabeculae of the affected bone.
This type of fracture is most commonly found
in the spine, in which the affected vertebral
body collapses / compresses and presents
hypo-signal or intermediate signal in T1
and hypersignal in T2 / STIR, reflecting the
association with edema or hemorrhage (Figure
4). The fracture line can also be identified.
When old and healed, the compression
fracture shows a spongy bone marrow signal
in all image sequences. **

1

Figure 4 - Compression insufliciency
fracture. 82-year-old woman reporting
spontaneous pain in her spine for 20 days
after sitting up suddenly. AP radiographs (a)
and profile (b) of the thoracic spine and CT

classically, are characterized by a linear
band, perpendicular to the bone force lines,
with low signal at T1 and low signal at T2 /
STIR, representing the fracture line, which
is surrounded by poorly defined zones of
hypo-signal in T1 and hypersignal in T2 /
STIR indicating bone edema (Figure 2 d, e, f).
In some cases, a high intensity signal in the
STIR can also be observed in juxtacortical and
subperiosteal locations, translating periosteal
reaction.® Signal abnormality tends to be

International Journal of Health Science ISSN 2764-0159

in coronal reconstruction (c) show flattening
/ compression fracture of the body of the
tenth dorsal vertebra (white arrows), at the
expense of depression of its upper plateau
(black arrow). T1-weighted sagittal MRI in
relation to the intervertebral disc and T2
hypersignal compared to the disc, translating
edema or hemorrhage (white arrowheads),
with intense uptake by the contrast medium
(black arrowhead). It is also associated with
the retreat of the superior-posterior wall,
reducing the caliber of the medullary canal.

DOI 10.22533/at.ed.1593852311102 .



DIFFERENTIAL DIAGNOSIS

PATHOLOGICAL FRACTURE

The patient’s medical history and the
location of the lesion may be important
in differentiating between stress and
pathological fractures. The diagnosis of stress
fractures should be favored in young and
healthy patients with a history of repetitive
activity. Pathological fractures, on the other
hand, should be considered particularly in
elderly patients with metastatic bone disease.
As for its location, stress injuries usually
occur in characteristic locations associated
with specific activities, while pathological
fractures most commonly affect three sites:
the subtrochanteric region of the femur,
the metaphyseal-diaphyseal junction of the
humerus and the vertebral bodies. Although
such information is useful, it is not sufficient
to reliably discriminate between benign and
malignant causes of fractures.”

It is often difficult to differentiate between
a vertebral compression caused by an
insufficiency fracture and a pathological
fracture related to an underlying tumor,
specially in multiple myeloma. However,
some imaging characteristics may suggest the
benign origin of insufficiency fractures, such
as the abnormal signal intensity involving
only a part of the spinal cord of the vertebral
body, the precise linear margin between the
normal and abnormal spinal cord, the absence
of involvement of the pedicle, the presence of
a liquid-filled cleft inside the vertebra in T2-
weighted images, the absence of a paraspinal
mass and the return to the normal spinal
cord signal after the injection of the contrast
medium (gadolinium).*"*

DIAGNOSTIC SYSTEMATIZATION

In short, due to a nonspecific clinical stress
fractures history, complementary imaging
studies are essential to offer additional
subsidies for the correct diagnosis and
management of these injuries. In the scenario
of a stress fracture suspicion, conventional
radiography in two views of the area of
interest is the first test to be performed, as
it is accessible and inexpensive, despite its
relatively low sensitivity (Figure 5).*>

If initial radiographs are negative and there
is the possibility of a stress fracture at high-
risk location, magnetic resonance imaging
should be performed due to the high chances
of complications.*®

In the situation where the initial x-ray
examination is negative, but that the
location of the stress fracture is low-risk
for complications, it is recommended that
radiography be repeated within 10 to 14
days after the onset of the clinical pain, in an
attempt to catch changes that become visible
only later in this method.*

When there is a strong suspicion of a low-
risk stress fracture and initial radiography is
normal, appropriate treatment should begin
immediately to prevent progression of the
injury, rather than starting the treatment only
after confirmation on serial x-ray tests.*

Magnetic resonance imaging will also
be indicated in cases that persist without
radiographic manifestations of the fracture
and are refractory to clinical treatment.*

In exceptional contexts where there is an
immediate need for the diagnosis of a stress
fracture, for example, in a professional athlete
during a sports season, it is recommended
that an MRI be performed directly to speed
up the detection and correct recovery of the
injury.*

Faced with a suspicion of a stress fracture
(fatigue or insufficiency) in pregnant women,
magnetic resonance imaging is the initial

i e B



modality of choice, as it does not expose
pregnant patients to ionizing radiation.
Computed tomography is reserved for
occasions when magnetic resonance imaging
is inconclusive, remaining as a reasonable and
less sensitive alternative for the diagnosis of
stress fractures, except contraindications.*

CONCLUSION

Stress fractures are routinely encountered in
medical practice. It is important to understand
the terminology and pathophysiology, know

theriskfactors,symptomsandlocationssubject
to complications of these injuries, as well as
understand the complementary radiological
resources available, in order to guarantee
the identification and characterization of
fractures, providing the ideal management to
the patient.

The systematic approach to stress fractures,
proposed in this article, aims at early diagnosis
and, thus, optimizing treatment and adequate
follow-up of the injury, as well as preventing
complications.
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