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ABSTRACT
Background and Purpose: This case report describes a physical therapist’s use of diagnostic ultrasound 
imaging in the decision making process used to refer a patient to a physician for a suspected fibular stress 
fracture. The purpose of this case report is to 1) describe the history, subjective examination, and objective 
examination findings of a fibular stress fracture, 2) describe the ultrasound findings associated with a fibu-
lar stress fracture, and 3) describe the decision making process of a physical therapist in the decision to 
refer the patient to a medical physician for further work-up. 

Case Description: A 52-year-old female recreational runner with a recent increase in running intensity 
self-referred to a physical therapist with a 19-day history of lateral lower leg pain. Examination revealed 
relatively normal ankle range of motion, mild weakness of ankle invertors and evertors, no increase in 
pain with resisted muscle tests of the ankle, and tenderness to palpation over the fibularis brevis muscle 
and distal fibula. Diagnostic ultrasound examination of the fibularis muscles revealed cortical irregularity 
of the distal third of the fibula in the location of tenderness. 

Outcomes: The physical therapist used the abnormal ultrasound findings, running history, symptoms, and 
physical examination for differential diagnosis, and decided to refer the patient to a physician for further 
examination. Radiographs revealed a fibular stress fracture. Follow-up ultrasound imaging demonstrated a 
mixed hypoechoic-hyperechoic appearance of the fibular cortex typical of healing fracture and the pres-
ence of bony callus. 

Discussion: Diagnostic ultrasound imaging is increasingly being used by physical therapists to guide reha-
bilitation. Ultrasound imaging of musculotendinous structures may display adjacent bone. Physical thera-
pists should be knowledgeable of normal and abnormal bony ultrasound imaging findings. Abnormal 
ultrasound findings may be one sign indicating the need to refer a patient for consultation by a 
physician. 
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BACKGROUND AND PURPOSE
Stress fractures are common injuries in runners, ath-
letes, and military recruits due to repeated mechani-
cal loading experienced during activities such as 
running and marching.1-8 Excessive repetitive sub-
maximal loading of normal bone without sufficient 
rest time results in greater osteoclastic than osteo-
blastic activity of the loaded bone.9,10 This excessive 
stress on normal bone leads to the development of 
microfractures, which is known as a stress reaction.9 
If repeated submaximal loading continues without 
sufficient rest, the bone stress reaction may progress 
to a stress fracture, a fracture of the bone cortex.9,10 
The reported incidence of stress fractures in athletes 
varies according to sport; however, track and field 
athletes have been reported to have the highest inci-
dence rates of lower extremity (LE) stress fractures.11 
Incidence of LE stress fractures among competitive 
track and field athletes may be as high as 20%.11,12 
Incidence of LE stress fractures among recreational 
and competitive runners was reported to be 8.3% in 
males and 13.2% in females.13 The bones with the 
greatest incidence of stress fractures include the 
tibia, metatarsal, fibula, tarsal, femur, and pubic 
bones.2,3,7,10,11,14,15 The incidence of fibular stress frac-
tures in athletes and military recruits is reported to 
range from 3.5% - 29.6%, depending on the popula-
tion.2-4,7,10,11,14,16 In a recent literature review, Kahanov 
and colleagues16 reported the proportion of fibular 
stress fractures among runners to be 7% - 12% of all 
stress fractures; however, the proportion may be as 
high as 33% and 20% of stress fractures in female 
and male distance runners, respectively.11

Risk factors for stress fractures can be classified 
as extrinsic or intrinsic.17 Extrinsic risk factors are 
causes that exist external to the individual affecting 
his or her risk of developing a condition, e.g., par-
ticipation in activities or environmental features.17 
Intrinsic risk factors are features that exist within the 
individual that impact his or her likelihood of con-
tracting a condition, e.g., gender or biomechanics.17 
Reported extrinsic risk factors for stress fractures 
include participation in running sports, military 
recruits’ participation in basic training, increased 
training intensity (speed or duration/number of 
training sessions), and participation in recreational 
running more than 25 miles per week.1,17 Intrinsic 

risk factors for stress fractures are reported to include 
female gender, amenorrhea, reduced caloric intake, 
reduced physical fitness, decreased bone mass, and 
previous history of stress fracture.1,17-19 In a recent 
meta-analysis, Wright and colleagues18 reported that 
the two strongest risk factors for a LE stress fracture 
in runners are a history of a stress fracture (odds 
ratio [OR] 4.99; 95% confidence interval [CI] 2.91 to 
8.56; p<0.001) and female gender (OR 2.31; 95% CI 
1.24 to 4.29; p=0.008).

Diagnosis of stress fractures requires a careful review 
of an individual’s activity including current and past 
exercise regimens.9 The history may reveal a recent 
change in exercise/training such as increased inten-
sity or alteration in terrain.1,9 There is a high inci-
dence of recurrence of stress fractures,18,20,21 thus, a 
history of previous musculoskeletal injuries should 
be explored.1,22 Pain may be constant or intermittent, 
depending on the severity of the fracture.1 Physical 
examination may reveal point tenderness on bones 
which are accessible to palpation.3,9 Active and pas-
sive joint movement may be painful if the fracture 
is close to a joint.3 Resistive muscle tests may be 
painful if the tested muscle is attached to the por-
tion of bone with the stress fracture or if resistance 
causes movement of the fracture site.3 Soft tissue 
swelling and warmth may be present.9,19 However, 
tenderness to palpation, appreciable swelling, and 
palpable warmth may not be apparent in bones with 
extensive overlying soft tissue or for stress fractures 
that are less severe.3,15 Stress fractures in LE bones 
cause pain in stressful weight-bearing activities such 
as running.2,15 More severe LE stress fractures may 
provoke pain during less stressful weight-bearing, 
for example during walking.1,15,19 Stress fractures of 
the fibula are most common in its distal third and 
cause pain in the lateral distal third of the lower 
leg.2,15 Additional pathologies that may cause pain in 
this location include fibularis muscle strain or ten-
dinopathy (particularly fibularis brevis) and lateral 
ankle ligament sprain.1

Ultrasound imaging (USI) has been used to examine 
musculoskeletal tissues,23-25 including diagnosis of 
fractures.26-29 Behrens and colleagues2 suggested that 
USI could be useful to diagnose stress fractures since 
it is non-invasive and relatively easy to perform. 
The sensitivity and specificity of USI for  diagnosis of 
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early metatarsal stress fractures in persons with nor-
mal radiographs was reported to be 83% and 76%, 
respectively.30 Physical therapists (PTs) currently 
use USI to examine muscle, tendon, and other soft 
tissues to determine optimal rehabilitation strate-
gies.24, 25, 31 Since USI may reveal bony changes con-
sistent with fractures, PTs should be knowledgeable 
in USI findings for stress fractures. If present, these 
examination results may be signs used by the clini-
cian in the decision to refer a patient to a medical 
physician. The purpose of this case report is to 1) 
describe the history, subjective examination, and 
objective examination findings of a fibular stress 
fracture, 2) describe the USI findings associated with 
a fibular stress fracture, and 3) describe the decision 
making process of a PT in the decision to refer the 
patient to a medical physician for further work-up.

CASE DESCRIPTION: HISTORY AND 
SYSTEMS REVIEW
The subject was a 52-year-old female who partici-
pated in a “couch-to-5K” running training program. 
She self-referred to a PT with a chief complaint of 
constant right lateral ankle pain that prevented her 
from participating in recreational running. The sub-
ject reported that she first felt mild pain towards the 
end of a 20-minute run 19 days prior. The pain did 
not prevent her from finishing the run, was initially 
mild in intensity, and abated with completion of the 
run. But symptoms returned and became severe fol-
lowing her participation in a 5 kilometer (5K) run 
nine days prior to her physical therapy examination. 
She reported that the pain was severe and she was 
not able to tolerate normal weight-bearing on the 
right LE during running. However, she continued to 
run and completed the 5K despite the pain. Although 
the pain had decreased in intensity since the 5K, the 
subject reported that she was concerned because it 
was still constant despite cessation of running. 

The subject’s chief complaint at the time of initial 
examination was constant right LE pain, localized 
posterior to the distal third of the fibula. Numeric 
pain rating was reported to be 2-8 on a verbal scale 
of 0-10 (10 = worst pain). The pain was worsened by 
weight-bearing and palpation; pain was relieved by 
remaining non-weight-bearing. The subject’s goals 
for physical therapy were to be able to return to run-
ning for fitness.

The subject’s medical history was unremarkable 
related to LE injury. Prior to participation in the 
couch-to-5K program, she reported exercising at a 
fitness center two to three times per week includ-
ing weight training and cardiopulmonary activi-
ties (elliptical or treadmill running). This included 
treadmill walk-run interval training for 20-30 min-
utes at approximately 3.0 - 5.0 miles/hour for dis-
tances of 1.5 – 2.5 miles. The subject reported that 
she tried to alternate weeks of treadmill training 
and elliptical training for 20 – 30 minutes per ses-
sion. Her weight training included use of exercise 
machines for LE and lower back strengthening, free 
weights for upper extremity resistance exercise, and 
planks and therapeutic exercise ball exercises for 
abdominal and back exercise. She reported no previ-
ous injuries from running or exercising. Medications 
included only a daily multivitamin.

CLINICAL IMPRESSION #1
The subject’s primary problem was an inability 
to run and difficulty with full weight-bearing on 
the right LE during ambulation due to moderately 
severe lateral lower leg/ankle pain. Given the loca-
tion of symptoms and running as the mechanism of 
injury, the differential diagnosis list included fibu-
laris muscle strain/tendinopathy and fibular stress 
fracture. The plan for the examination included a 
focused exam of the right LE including the selective 
tissue tension tests, palpation, and USI examina-
tion of the musculotendinous tissues. The PT was 
an experienced clinical researcher with five years 
of experience using USI for examination of degen-
erative and traumatic conditions of the Achilles ten-
don, gastroc-soleus muscle group, plantar fascia, and 
other musculotendinous structures of the LE.

EXAMINATION
Physical examination began by observing the sub-
ject’s gait while ambulating to the examination room. 
She ambulated without an assistive device with 
decreased stance time on the right LE, decreased 
left step length, a reduced heel rise at right terminal 
stance, and slow gait speed. Observation revealed 
a mild hallux abductovalgus deformity on the right 
foot. Non-pitting edema at the right lateral distal 
lower leg and proximal lateral foot was present along 
with mild warmth to palpation. Right ankle active 
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and passive motion did not alter symptoms and 
were nearly equal to the left ankle (plantarflexion, 
dorsiflexion, inversion, and eversion). Resisted tests 
of right ankle inversion and eversion were painless 
and 4+/5 strength on manual muscle testing, com-
pared to 5/5 for the left LE. Sensation was intact to 
light touch in both distal LE. There was tenderness to 
palpation over the right fibularis brevis muscle pos-
terior to the fibula and on the fibula approximately 
6 cm proximal to the inferior border of the lateral 
malleolus. A firm enlargement over the fibula was 
palpable at the location of tenderness. 

The PT performed an examination of the fibularis 
brevis muscle in the area of tenderness with com-
parison to the contralateral fibularis brevis muscle 
in order to determine if changes in muscle architec-
ture were present. Longitudinal USI images of the 
distal fibulae and surrounding tissues were taken 
with a LOGIQR e USI system with a 7.5 MHz, 38 mil-
limeter linear-array probe (GE Healthcare, Wauwa-
tosa, WI, USA). The USI settings were B mode, 10 
MHz, depth 3.5 cm, image width 3.84 cm. Images 
were captured over the area of tenderness to palpa-
tion of the right distal fibula, approximately 4 cm 
– 8 cm superior to the inferior border of the lateral 
malleolus. This revealed an alteration of the normal 
contour of the right distal fibula at the location of 
tenderness (Figure 1). A 1.90 cm long hypoechoic 
area was visible overlying the normal hyperechoic 
surface of the bony cortex.

CLINICAL IMPRESSION #2
The initial impression of severe strain of the fibu-
laris brevis muscle was ruled out by the lack of 
alteration of symptoms by active ankle motion, the 
strong, painless result from resisted tests of the ankle 
evertors, and the apparently normal results for USI 
assessment of the fibularis brevis musculotendinous 
unit.32,33 The findings of point tenderness of the distal 
fibula, warmth, edema, constant pain, increased pain 
with weight-bearing, history of recently increased 
duration and frequency of running activity, and 
apparent unusual contour of the fibula on USI exam-
ination made the PT suspect a possible fibular stress 
fracture.1,15,19,34 The PT instructed the subject to con-
tact a medical physician for further work-up. Use of 
crutches for ambulation  non-weight-bearing on the 

right LE was recommended; however, the subject 
declined. She reported that she had a straight cane 
and that she would use that to decrease weight-bear-
ing on the right LE. It was also recommended that 
she minimize ambulation and refrain from running 
until she was examined by a medical physician. 

Figure 1. Longitudinal ultrasound images of the distal fi bu-
lae, taken 19 days following symptom onset. (A) Distal left 
fi bula approximately 4 cm - 8 cm superior to the lateral mal-
leolus; malleolus on the left (white arrow). The bony cortex is 
visible as a horizontal hyperechoic line. (B) Distal right fi bula 
approximately 4 cm - 8 cm superior to the lateral malleolus; 
malleolus on the left (white arrow). A 1.90 cm long area of 
apparent periosteal thickening (wide yellow arrow) visible as 
a hypoechoic area (white arrowhead) overlying the hyper-
echoic bony cortex (between the white crosses). Infl ammation 
in the soft tissues is visible as hypoechoic areas in the overly-
ing soft tissue (bent arrow).
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OUTCOME
The subject’s examination by a physician was delayed 
due to a previously planned trip. Due to persistent 
intermittent pain during ambulation, the subject 
made an appointment with a podiatrist following her 
return. Radiographs taken four weeks after her physi-
cal therapy examination revealed a healing stress 
fracture of the distal fibula (Figure 2). Since symp-
toms and ambulation were improving, the podiatrist 
recommended continued conservative management. 
This consisted of refraining from running until symp-
toms were completely abated, and then gradual 
resumption. The subject contacted the PT to relay the 
results of her examination by the podiatrist. Repeat 
USI revealed enlargement of the area of visible cor-
tical irregularity (Figure 3). Eight weeks following 
the injury, the subject reported being pain-free dur-
ing ambulation. She was able to return to running on 
the treadmill and on an indoor cushioned track six 
months following the initial injury.

The couch-to-5K program in which the subject partic-
ipated included walk-run interval training sessions 
three times per week that began with 20 minutes 
of 60-second jog intervals alternated with 90-second 
walk intervals bounded by five-minute warm-up 
and cool-down walks (Run for God, Varnell, Geor-
gia, USA). The program progressively increases jog-
ging time while decreasing walking time for a total 
time of 30 minutes for 10 weeks. During week 11 
the running time was 30 minutes with five-minute 
walking warm-ups and cool-downs. Running based 
upon distance began in week 12 with two-mile jogs 
and finally three-mile jogs. The 5K race was follow-
ing week 12. The subject reported that she first felt 
symptoms at the end of week nine of training in 
which she ran approximately 2.5 miles three times. 
She developed constant pain when she participated 
in a 5K at the end of week 10 of training.

DISCUSSION
This case report has shown how the results of por-
table USI were useful in the decision making process 
to refer a 52-year-old female recreational runner to 
a physician for a suspected fibular stress fracture. 
Physical therapists have been reported to use thera-
peutic ultrasound to screen for the presence of stress 
fractures.35 Although it is currently not common 

Figure 2. Radiographs of the right lower leg, taken 47 days 
following symptom onset. (A) Anterior-posterior view of the 
right lower leg and ankle. Distal fi bular stress fracture con-
fi rmed by bone callus at the area of symptoms (yellow arrow). 
(B) Oblique view of the right lower leg and ankle. Fibular bone 
callus evident (yellow arrow); improved visualization of callus 
in oblique view as compared to anterior-posterior view.

Figure 3. Longitudinal ultrasound image of the right distal 
fi bula, taken 53 days following symptom onset. Ultrasound 
settings: B mode, 10 MHz, depth 3.5 cm, image width 3.84 cm. 
Fibular bone callus evident as a 2.30 cm long area of cortical 
irregularity with a mixed hypoechoic-hyperechoic appearance 
(between the white crosses). Posterior acoustic shadowing 
from the bone callus visible (between the white arrows).
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practice for PTs to use USI to diagnose fractures, the 
clinical use of USI by PTs to make qualitative assess-
ments of muscle architecture in rehabilitation is 
growing.36,37 Physical therapists have been reported 
to use USI to assess the trunk muscles in persons 
with low back pain, the infraspinatous muscle in 
persons with shoulder impingement syndrome, the 
scapular muscles in persons with lateral epicon-
dylalgia, and the levator ani muscles in persons with 
pelvic floor dysfunction.24,25,38-42 Ultrasound imaging 
provides visualization of muscle tissue and is able 
to provide dynamic images of muscle during con-
traction and activity.37 Since abnormal findings of 
bony structures may be visible with USI, PTs should 
be knowledgeable of normal versus abnormal bony 
architecture to aid in clinical decision making.

The fibular stress fracture developed by this recre-
ational runner was initially not suspected as the cause 
of her symptoms due to her relatively small amount 
of running. Although the subject did recently increase 
her running mileage and frequency, this was done 
over a period of nine weeks. Her reported weekly 
mileage was much less than 25 miles per week, the 
amount reported to be an extrinsic risk factor for 
stress fractures.1 She reported exercising several times 
per week prior to beginning the “couch-to-5K” run-
ning training program. The training program utilized 
interval training, which was found to be protective of 
running related injuries in a prospective study of rec-
reational runners.43 Although a 10% rule for a graded 
progression of exercise volume is commonly recom-
mended, there is insufficient evidence to the benefi-
cial effects of such a program.44,45 But in light of the 
diagnosis, it is apparent that several risk factors for a 
stress fracture were present including female gender, 
altered training regimen for both amount and sur-
face of running terrain, and a possible biomechanical 
risk factor related to the foot structure of the patient’s 
right foot.1,17,18 It is possible that additional factors may 
have contributed to development of the stress fracture 
including hormonal influences, older age, nutritional 
deficiencies, reduced physical fitness, reduced bone 
mass, and being a novice runner.17,46 Lower estrogen 
levels in amenorrheic female athletes was reported to 
interfere with the ability of bone to adapt to increased 
mechanical loading due to disruption of the osteoclast/
osteoblast activity.9,17 It may be that  perimenopausal 

female recreational athletes are at increased risk of 
stress fractures due to lower estrogen levels, amen-
orrhea, and reduced caloric intake for weight loss. A 
recent meta-analysis found that novice runners were 
at greater risk for running-related injuries versus regu-
lar recreational runners.46 

Although fibular stress fractures have been reported, 
this is the first case reporting the use of USI find-
ings of a distal fibular stress fracture.47-49 A system-
atic review concluded that USI was accurate for 
diagnosis of long bone fractures in the emergency 
department setting.26 Ultrasound imaging has also 
been used at the hospital bedside for diagnosis of 
pediatric long bone fractures.29 Metatarsal and tibial 
stress fracture cases diagnosed with USI have been 
reported.34,50,51 A case series of primarily metatarsal 
stress fractures included one case of an adolescent 
male with a proximal fibular stress fracture.49 Impor-
tantly, comparison of USI findings to MRI for detec-
tion of early metatarsal stress fractures in persons 
with negative radiographs demonstrated sensitivity 
of 83%, specificity of 76%, a positive likelihood ratio 
of 3.45, and a negative likelihood ratio of 0.22.30 A 
recent systematic review of studies examining diag-
nostic imaging for LE stress fractures reported that 
USI has higher sensitivity than specificity.52 The 
authors recommended that the best use may be to 
rule out a LE stress fracture when USI findings are 
negative; magnetic resonance imaging is the cur-
rent recommended “gold standard” to diagnose a LE 
stress fracture.52 

The USI image cortical irregularity overlying the 
stress fracture in this case is similar to the reported 
findings of earlier case reports involving the tibia 
and the metatarsals. This case has a few additional 
findings of interest, notably visible periosteal eleva-
tion demonstrated by the hypoechoic area overly-
ing the hyperechoic area of the bony cortex and 
hypoechoic areas in the soft tissues, which are fluid 
from inflammation.51 Ultrasound imaging signs 
reported to indicate a stress fracture include perios-
teal elevation, fluid in the soft tissue surrounding the 
bone, increased acoustic shadowing posterior to the 
stress fracture, and increased vascularization due to 
healing (visible on Doppler color USI).49,53,54 The fol-
low-up USI illustrates posterior acoustic shadowing 
and the mixed hypoechoic-hyperechoic character of 
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healing bone callus, visible on the subject’s radio-
graph taken a few days prior.28,49,51,53 It may be that 
the tender, firm enlargement palpated by the PT over 
the subject’s fibula was a healing bone callus at the 
site of the stress fracture. Physical therapists using 
gray-scale USI to assess muscle morphology should 
be alert for signs of cortical irregularity, increased 
posterior shadowing, increased vascularization, and 
hypoechoic areas overlying normal hyperechoic 
bone as possible signs of occult stress fractures.49,53 If 
color Doppler USI is used, the PT should be alert for 
signs of increased vascularization as an early indica-
tion of bone healing in a suspected stress fracture.54

Ultrasound imaging is being used more frequently 
for assessment of muscle morphology and motor con-
trol in rehabilitation and for clinical diagnosis.23,26,29,55 
Reported benefits to USI as an imaging modality are: 
it does not expose a patient to radiation, it is inex-
pensive, it may be portable, it is becoming readily 
available, and it is easy to perform.1,29,53 Physical 
therapists are using USI to assess musculoskeletal 
structures for clinical decision making in designing 
the rehabilitation program.25,41,42,56 In response to the 
growing clinical use of USI by PTs, recommendations 
regarding its use by PTs have been published.55,57 
This case report suggests that USI may be useful to 
assist clinicians with clinical decision making as a 
screening tool for the need to refer.26,34 Although fib-
ular stress fractures are considered low risk injuries 
since they are not likely to progress to complete frac-
ture or to develop nonunion or delayed union, they 
still may result in significant morbidity if not man-
aged properly.9,16 Importantly, USI may be useful for 
examination of other bones in which stress fractures 
are considered high risk, such as the femur.9,15,16 If 
PTs have access to this diagnostic imaging device, 
the images collected may be useful to send with a 
patient when referring him/her to a medical physi-
cian. This is only a case report; however, so firm con-
clusions cannot be made. Future research is needed 
to evaluate the sensitivity and specificity of USI for 
the detection of early stress fractures.30,52 

CONCLUSIONS 
This case report has shown the use of USI results in 
the decision making process of a PT to refer a recre-
ational female runner for a suspected fibular stress 

fracture. The abnormal bony findings of the right 
fibula, coupled with the patient history, age, gender, 
constant pain, and physical examination findings 
indicated that referral to a medical physician was 
necessary. This case illustrates the importance of a 
PT being familiar with bony findings on USI since 
they may be signs of an occult stress fracture. This 
may be particularly important for those PTs examin-
ing patients who are self-referred or for patients who 
have only been examined with plain radiography. 
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