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Abstract
Objective The objective was to evaluate magnetic reso-
nance imaging (MRI) findings in patients with fibular stress
injuries.
Materials and Methods The study group consisted of 20
patients with clinically diagnosed fibular stress injuries who
were evaluated with MRI. Radiographs were performed in
14 of the 20 patients. The MRI examinations and radio-
graphs were retrospectively reviewed in consensus by two
musculoskeletal radiologists.
Results All 20 patients with clinically diagnosed fibular
stress injuries had periosteal edema and bone marrow
edema within the fibula on MRI. The periosteal reaction
and bone marrow edema were present within the distal
fibula in 14 patients, the middle fibula in 1 patient, and the
proximal fibula in 5 patients. The periosteal reaction was
located on the anterior cortex in 1 patient, the posterior
cortex in 4 patients, the lateral cortex in 11 patients, and
circumferentially distributed throughout the cortex in 4
patients. Nine patients had abnormal T1 and T2 signal
intensity within the fibular cortex. Initial and follow-up
radiographs showed periosteal reaction in 15% and 50% of
patients with fibular stress injuries respectively.
Conclusions The majority of fibular stress injuries involve
the lateral cortex of the distal fibula.
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Introduction

Stress injuries represent a spectrum of osseous abnormal-
ities that occur in response to chronic repetitive stress
applied to healthy bone. Stress injuries are most commonly
seen in athletes and military recruits who are involved in
strenuous running activities [1–4]. Chronic repetitive stress
results in an imbalance between osteoclastic and osteoblas-
tic activity, which ultimately weakens bone. If the repetitive
stress continues, repair mechanisms may be overwhelmed
and a true fracture may develop. However, most stress
injuries represent stress reaction and show no evidence of a
break in the continuity of bone on histologic analysis [5–8].
The vast majority of stress injuries involve the tibia,
followed in order of decreasing frequency by the meta-
tarsals, fibula, navicular, femur, and pelvis [1–4].

Fibular stress injuries are relatively uncommon. In a
review of multiple clinical series of stress injuries in
athletes and military recruits, the fibula was noted to be
involved in an average of 11.9% of cases [1–4]. Most
previous studies have reported only the clinical and
radiographic findings in patients with fibular stress injuries
[9–11]. The magnetic resonance imaging (MRI) findings in
these individuals have been previously described only in
case reports [12–14]. Thus, this study was performed to
evaluate the MRI findings in a larger number of patients
with fibular stress injuries.

Materials and methods

Study group

This study was performed in compliance with HIPAA
regulations and with approval from our Institutional Review
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Board. A waiver of informed consent was obtained prior to
performing the study.

A musculoskeletal MRI database was used to identify 20
consecutive patients (8 males and 12 females; aged between
13 and 46 years, with an average age of 21.3 years) who
were referred for an MRI examination of the lower
extremity at our institution by a sports medicine specialist
between 1 January 1996 and 1 January 2008 to rule out
fibular stress injury. All patients were involved in sports
activities that included cross country running, marathon
running, basketball, volleyball, soccer, football, triathlon,
decathlon, and sprinting. All patients complained of focal
pain within the fibula (with duration of clinical symptoms
ranging between 7 and 240 days, with an average duration
of 56.0 days) that was exacerbated by physical activity. All
patients had point tenderness over the fibula on physical
examination. None of the patients had a history of acute
trauma to the lower extremity or clinical manifestations to
suggest the presence of infection or malignancy.

Radiographic examination

Fourteen of the 20 patients in the study group had a
radiographic examination of the fibula performed at the
time of presentation to their physician. Ten of these 14
patients had multiple follow-up radiographic examinations
of the fibula performed between 3 weeks and 3 months
after their initial radiographs were obtained. All radio-
graphic examinations consisted of anteroposterior and
lateral views of the fibula performed using standardized
technique [15].

MRI examination

All 20 patients in the study group underwent an MRI
examination of the fibula within 2 weeks of the time of
presentation to their physician. All MRI examinations were
performed on the same General Electric 1.5-Tesla field
strength magnet (General Electric Medical Systems, Mil-
waukee, WI, USA) using a phased array extremity coil. All
MRI examinations included an axial T1-weighted spin-echo
sequence (TR/TE: 400–600 ms/15–30 ms) and a frequency
selective, fat-suppressed T2-weighted fast spin-echo se-
quence (TR/TE: 2,000–4,000 ms/60–80 ms, with an echo
train of 8).AllMRI examinations also included aT1-weighted
spin-echo sequence (TR/TE: 400–600 ms/15–30 ms) and
either a frequency-selective, fat-suppressed T2-weighted fast
spin-echo sequence (TR/TE: 2,000–4,000 ms/60–80 ms,
with an echo train of 8) or short tau inversion recovery
sequence (TI/TR/TE: 160 ms/3,000 ms/44 ms, with an
echo train of 8) performed in the coronal and/or sagittal
planes. All MRI examinations were performed with a field
of view between 16 and 24 cm, a slice thickness between

3 and 7 mm, with an interslice gap between 0.4 and
3 mm, a matrix of 256×192 or 256×256, and one or two
excitations. During all MRI examinations, a vitamin E
capsule was placed at the site of the patient’s maximal
pain to localize symptoms.

Review of radiographic examinations

All radiographs were retrospectively reviewed in consensus
by two fellowship-trained musculoskeletal radiologists who
had between 4 and 7 years of clinical experience. The
radiologists were unaware of the clinical findings of the
prior radiographic interpretation of each patient when
retrospectively reviewing their radiographic examination.
The radiologists determined the presence or absence of
decreased cortical density, periosteal reaction, endosteal
thickening, and a cortical fracture line within the fibula on
each radiographic examination. When a radiographic
abnormality was identified, the radiologists documented
its location within the proximal, mid, and distal fibula, and
within the anterior, posterior, medial, or lateral fibula.

Review of MRI examinations

All MRI examinations were retrospectively reviewed in
consensus by the same two fellowship-trained musculo-
skeletal radiologists. The radiologists were unaware of the
clinical and radiographic findings of each patient when
retrospectively reviewing their MRI examination. In order
to prevent recall bias, the radiologists reviewed the MRI
examination of each patient at least 1 month after reviewing
their radiographic examination.

The radiologists determined the presence or absence of
periosteal edema, bone marrow edema, and intracortical
signal abnormality with the fibula on each MRI examina-
tion. When an MRI abnormality was identified, the

Table 1 Fredericson MRI classification system for stress injuries [16]

Grade of stress
injury

MRI findings

0 No abnormality
1 Periosteal edema with no associated

bone marrow abnormalities
2 Periosteal edema and mild bone marrow

edema visible only on T2-weighted images
3 Periosteal edema and extensive bone

marrow edema visible on T1-weighted
and T2-weighted images

4 Periosteal edema, extensive bone marrow
edema visible on T1-weighted and T2-weighted
images, and intracortical signal abnormality

836 Skeletal Radiol (2008) 37:835–841



radiologists documented its location within the proximal,
mid, and distal fibula, and within the anterior, posterior,
medial, or lateral fibula. Periosteal edema was defined as a
linear area of high T2 signal intensity immediately adjacent
to the outer surface of the fibular cortex. Bone marrow
edema was defined as a focal or ill-defined area of low T1
signal intensity and high T2 signal intensity within the
intramedullary canal of the fibula. Intracortical signal
abnormality was defined as globular or linear areas of
intermediate T1 signal intensity and intermediate to high T2
signal intensity within the fibular cortex. The radiologists
also graded the severity of the fibular stress injuries using
the Fredericson MRI Classification System (Table 1) [16].

Results

Radiographic findings of fibular stress injuries

None of the patients had decreased cortical density or
endosteal thickening of the fibula on initial or follow-up
radiographs. Two of the 14 patients (14.3%) with initial
radiographs had a periosteal reaction on the lateral cortex of
the fibula (Fig. 1). Five of the 10 patients (50%) with
follow-up radiographs had a periosteal reaction on the
lateral cortex of the fibula (Fig. 2). The periosteal reaction
was located on the distal third of the fibula in 4 patients
(80%) and on the proximal third of the fibula in 1 patient
(20%). The 1 patient with a periosteal reaction on the
proximal third of the fibula also had a fracture line through

the lateral fibular cortex. All patients with radiographic
abnormalities had Fredericson grade 4 stress injuries on
MRI (Figs. 1, 2).

MRI findings of fibular stress injuries

The MRI characteristics of the fibular stress injury in each
patient are summarized in Table 2. All 20 patients with
fibular stress injury had a periosteal reaction and bone
marrow edema within the fibula on MRI (Fig. 3). The
periosteal reaction and bone marrow edema was present
within the distal fibula in 14 patients (70.0%), the middle
fibula in 1 patient (5.0%), and the proximal fibula in 5
patients (25.0%). The periosteal reaction was located on the
anterior fibular cortex in 1 patient (5.0%), the posterior
fibular cortex in 4 patients (20.0%), the lateral fibular
cortex in 11 patients (55.0%), and circumferentially
distributed throughout the fibular cortex in 4 patients
(20.0%). According to the Fredericson MRI Classification
System, 5 patients (25.0%) had grade 2 stress injuries, 6
patients (30.0%) had grade 3 stress injuries, and 9 patients
(45.0%) had grade 4 stress injuries. Of the 9 patients with
Fredericson grade 4 stress injuries, the intracortical signal
abnormality was located in the lateral cortex in 7 patients
(78%) and in the posterior cortex in 2 patients (22%;
Fig. 4). The intracortical signal abnormality had a linear
configuration (i.e., fracture line) in 1 patient and a globular
configuration in the remaining 8 patients. Five of the 20
patients with fibular stress injuries had associated tibial
stress injuries on MRI.

Fig. 1 A 13-year-old male basketball player with a 2-week history of
proximal fibular pain. a Initial lateral radiograph of the fibula shows
faint periosteal reaction (arrows) on the posterior cortex of the
proximal fibular diaphysis. b Follow-up lateral radiograph of the
fibula 1 month later shows consolidation of the periosteal reaction
(arrows). c Corresponding sagittal fat-suppressed T2-weighted fast
spin-echo MRI of the fibula performed 1 day after the initial
radiographic examination shows periosteal edema (arrows) on the

posterior fibular cortex with adjacent intramedullary bone marrow
edema (arrowhead). d Corresponding axial fat-suppressed T2-weight-
ed fast spin-echo MRI of the fibula performed 1 day after the initial
radiographic examination shows periosteal edema (arrows) on the
posterior and lateral fibular cortex with adjacent intramedullary bone
marrow edema (small arrowhead). Also note the globular intracortical
signal abnormality (large arrowhead) within the posterior fibular
cortex
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Discussion

Stress injuries of the proximal fibula were first described in
1907 in German infantrymen as a result of repetitive
jumping activities [9]. However, our study has shown that
most fibular stress injuries occur in the distal third of the
fibula in athletes involved in strenuous running activities.
Our findings are similar to those of Devas and Sweetnam,
who published a case series of 40 patients with radiograph-
ically diagnosed fibular stress injuries. In their study, 70%
of the fibular stress injuries were located in the distal fibula,
and all stress injuries occurred in athletes and military
recruits who ran long distances on hard surfaces [10].

In our study, distal fibular stress injuries most commonly
involved the lateral fibular cortex. Devas and Sweetnam

also reported that the periosteal reaction and fracture line
seen on radiographs in their patients with distal fibular
stress injuries involved the lateral fibular cortex. The
authors postulated that the dynamic motion of the distal
tibiofibular joint is the mechanism responsible for distal
fibular stress injuries. The toe strike phase of runners is
marked by eccentric contraction of the plantar flexor
muscle groups to decelerate the forward movement of the
stance leg over the foot [11]. Contraction of the plantar
flexor muscles pulls the fibula distally and medially against
the tibia with resultant stress concentration at the distal
tibiofibular joint [10]. Axial loading of the lower extremity
results in compressive forces on the anterior and lateral
fibular cortex and tensile forces on the posterior fibular
cortex [17]. Since bone exposed to repetitive compressive

Fig. 2 A 23-year-old male football player with a 4-week history of
distal fibular pain. a Initial anteroposterior radiograph of the fibula
shows no abnormality. b Follow-up anteroposterior radiograph of the
fibula 3 weeks later shows periosteal reaction (arrow) on the lateral
cortex of the distal fibular diaphysis. c Corresponding coronal fat-
suppressed T2-weighted fast spin-echo MRI of the fibula performed
2 weeks after the initial radiographic examination shows periosteal
edema (arrows) on the lateral fibular cortex with adjacent intra-
medullary bone marrow edema (small arrowhead). Also note the

globular intracortical signal abnormality (large arrowhead) within the
lateral fibular cortex. d Corresponding axial fat-suppressed T2-
weighted fast spin-echo MRI of the fibula and e axial T1-weighted
spin-echo MRI of the fibula performed 2 weeks after the initial
radiographic examination shows periosteal edema (arrows) circum-
ferentially distributed throughout the fibular cortex with adjacent
intramedullary bone marrow edema (small arrowhead). Also note the
globular intracortical signal abnormality (large arrowhead) within the
lateral fibular cortex
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forces is most susceptible to stress injury, it is not surprising
that most distal fibular stress injuries involve the lateral
cortex [18].

In our study, the second most common location of
fibular stress injuries was in the proximal third of the fibula.
Unlike distal fibular stress injuries, which most commonly
involved the lateral fibular cortex, most proximal fibular
stress injuries involved the posterior fibular cortex. Symeo-
nides published a case series of 48 military recruits who
developed proximal fibula stress injuries and attributed
them to an exercise where recruits would jump for long
distances while maintaining a squatting position [11].
Hopfenfärtner also described proximal fibular stress injuries

in military recruits secondary to repetitive jumping activi-
ties [9]. Neither study described the exact location of the
stress injuries on the proximal fibular cortex. The etiology
of proximal fibular stress fractures is unknown. However,
biomechanical studies have shown that ankle dorsiflexion
during running and jumping increases load distribution
through the fibula and causes torsional forces that are
dissipated via external rotation at the proximal tibiofibular
joint [19, 20].

Radiographs are the initial imaging study obtained at
most institutions when evaluating patients with suspected
fibular stress injuries. However, initial and follow-up
radiographs in our study had a sensitivity of only 15 and

Fig. 3 A 43-year-old female
marathon runner with a 2-week
history of proximal fibular pain.
a Axial fat-suppressed T2-
weighted fast spin-echo MRI of
the fibula shows periosteal
edema (arrow) on the posterior
cortex of the proximal fibula
with adjacent intramedullary
bone marrow edema (arrow-
head). b Corresponding axial
T1-weighted spin-echo MRI of
the fibula shows intramedullary
bone marrow edema (arrow-
head)

Table 2 Magnetic resonance imaging characteristics of fibular stress injuries

Patient Sports activity Location of stress injury Grade of stress injury Location of periostitis Location of intracortical
signal abnormality

1 Triathlon Proximal 2 Posterior –
2 Marathon Proximal 3 Posterior –
3 Soccer Proximal 3 Posterior –
4 Soccer Proximal 4 Circumferential Lateral
5 Basketball Proximal 4 Posterior Posterior
6 Soccer Mid 3 Lateral –
7 Marathon Distal 2 Lateral –
8 Cross country Distal 2 Lateral –
9 Recreational runner Distal 2 Lateral –
11 Cross country Distal 2 Posterior –
12 Basketball Distal 3 Anterior –
13 Basketball Distal 3 Lateral –
14 Track and field Distal 3 Lateral –
15 Sprinter Distal 4 Circumferential Lateral
16 Football Distal 4 Circumferential Lateral
17 Cross country Distal 4 Circumferential Posterior
10 Cross country Distal 4 Lateral Lateral
18 Volleyball/basketball Distal 4 Lateral Lateral
19 Decathlon Distal 4 Lateral Lateral
20 Volleyball/basketball Distal 4 Lateral Lateral
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50% respectively for detecting fibular stress injuries. No
previous study has documented the low sensitivity of
radiographs for detecting fibular stress injuries. However,
our findings correlate well with those of previous studies in
which radiographs had a sensitivity for detecting tibial
stress injuries ranging between 10 and 29% on initial
examination and between 40 and 54% on follow-up
examination [1, 21–25].

Although radiographs are insensitive at detecting fibular
stress injuries, the presence of radiographic abnormalities
may offer important prognostic information regarding the
severity of the stress injury. In our study, all 5 patients who
developed radiographic signs of fibular stress injury had
Fredericson grade 4 injuries on MRI. There have been no
previous studies correlating radiographic findings with MRI
findings in patients with fibular stress injuries. However,
Kijowski and associates compared radiographic and MRI
findings in 80 patients with tibial stress injuries. In their
study, 11 of the 13 patients with radiographic findings of
tibial stress injury had Fredericson grade 4 injuries on MRI,
while the remaining 2 patients had Fredericson grade 3
stress injuries [25]. This study supports our findings that
radiographic abnormalities are much more common in
patients with high-grade stress injuries.

In our study, the MRI findings of patients with fibular
stress injuries included periosteal edema, bone marrow
edema, and intracortical signal abnormality within the
fibula. Similar findings have been described in the few
previously published case reports on patients with fibular
stress injuries who were evaluated with MRI [12–14]. The
MRI findings of fibular stress injury are similar to those of
other disease processes such as infection and neoplasm.

For this reason, when periosteal edema, bone marrow
edema, and intracortical signal abnormality are seen within
the fibula on MRI, it is important to correlate the MRI
findings with clinical findings before a diagnosis of fibular
stress injury can be confidently made [26].

Magnetic resonance imaging was highly accurate at
confirming the clinical diagnosis of fibular stress injury in
all patients evaluated in our study. MRI also provided
excellent assessment of the exact location and extent of
injury in all patients. However, the clinical significance of
using MRI to evaluate patients with fibular stress injuries
remains unknown. Additional studies are needed to
determine whether MRI findings such as the grade of stress
injury, the extent of periosteal edema and bone marrow
edema, and the pattern of intracortical signal abnormality
can be used as prognostic factors to determine how long
patients with fibular stress injuries must refrain from
physical activity to be adequately healed.

There are several limitations to our study. One limitation
was the relatively small size of our patient population.
However, fibular stress injuries are relatively uncommon,
and our study is by far the largest series to describe the
MRI findings in patients with fibular stress injuries. A
second limitation of our study was the presence of selection
bias. Not all patients with fibular stress injuries at our
institution were included in the study. It is likely that some
patients with clinical manifestations of fibular stress injuries
who had a periosteal reaction on radiographs were treated
for their injuries without being further evaluated with MRI.
Furthermore, some patients with fibular stress injuries and
normal radiographs may have been further evaluated with
computed tomography or nuclear medicine scintigraphy. A

Fig. 4 A 20-year-old male decathlete with a 4-week history of distal
fibular pain. a Coronal fat-suppressed T2-weighted fast spin-echo
MRI of the fibula shows periosteal edema (arrows) on the lateral
cortex of the distal fibula with adjacent intramedullary bone marrow
edema (small arrowhead). b Corresponding coronal T1-weighted
spin-echo MRI of the fibula shows intramedullary bone marrow

edema (small arrowhead). c Corresponding axial fat-suppressed T2-
weighted fast spin-echo MRI of the fibula shows periosteal edema
(arrows) on the lateral fibular cortex with adjacent intramedullary
bone marrow edema (small arrowhead). Also note the globular
intracortical signal abnormality (large arrowhead) within the lateral
fibular cortex
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third limitation of our study was that oblique radiographs
were not used to evaluate our patients with fibular stress
injuries. Oblique radiographs may have provided better
detection of subtle periosteal reaction on the fibular cortex
in patients with stress injuries.

In conclusion, our study summarizes the radiographic
and MRI findings in a relatively large number of patients
with fibular stress injuries. Initial and follow-up radio-
graphs have a low sensitivity for detecting fibular stress
injuries. However, identifying periosteal reaction on radio-
graphs has prognostic value and indicates that a high-grade
fibular stress injury is likely present. The MRI findings of
fibular stress injuries include periosteal edema, bone
marrow edema, and intracortical signal abnormality. Fibular
stress injuries are most commonly located in the distal third
of the fibula with the proximal third of the fibula being the
second most common location. Distal fibular stress injuries
most commonly involve the lateral fibular cortex, while
most proximal fibular stress injuries involve the posterior
fibular cortex.
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