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With a medical history of foot ulcers and current edema in both ankles and feet,  
an elderly veteran with diabetes needed a diagnosis for his foot pain.

A 
62-year-old male veteran 
with poorly controlled type 
2 diabetes presented with 
nontraumatic swelling about 

both his ankles and feet. He reported 
foot pain, fever, chills, and dyspnea 
on exertion. Chronic ulcers on his 
left 1st and 5th metatarsals plagued 
him over the prior year, occasionally 
necessitating antibiotics for cellulitis. 
One month prior to presentation, the 
patient developed a new ulcer under 
his right 5th metatarsal head; he was 
treated conservatively, because there 
were no signs of infection. His medi-
cal history also included hyperten-
sion, hyperlipidemia, osteoporosis, 
and dementia with a baseline Mini-
Mental State Examination score of  
20 out of 30. His medications in-
cluded insulin, glipizide, amlodip-
ine, atenolol, hydrochlorothiazide, 
enalapril, lovastatin, aspirin, done-
pezil, memantine, and fluoxetine. 
The patient lived alone and relied on 
his brother for ensuring medication 
compliance, blood pressure control, 
and blood sugar monitoring. His vi-
tals were stable and a physical exami-

nation revealed edema in both ankles 
and feet. Peripheral neuropathy and 
diminished pedal pulses were also ev-
ident on physical examination. Rou-
tine 3-view radiographs of both feet 
were obtained (Figures 1a and 1b).

What’s your diagnosis?
The patient’s diagnosis was diabetic 
calcaneal stress fracture, midbody 
compression type. Right and left lat-
eral foot radiographs revealed diffuse 
osteopenia and a compacted right cal-
caneal fracture (white arrows) parallel 
to the subtalar joint (Figure 2). A key 
finding in calcaneal fractures is loss 
of Bohler’s angle, which should fall 
between 20° and 40° and be directly 
compared with the opposite foot.

Bohler’s angle is determined by 
measuring the angle created by draw-
ing 2 intersecting lines: One line trav-
els through the superior aspect of the 
calcaneal tuberosity and the superior 
aspect of the posterior calcaneal facet, 
and the second line travels through 
the superior aspect of the posterior 
calcaneal facet and the superior as-
pect of the anterior calcaneal process. 

Close inspection of the patient’s 
x-rays revealed that Bohler’s angle 
was actually negative due to the mid-
calcaneal depression. In the absence 
of serious trauma, this mid-calcaneal 
compression fracture is most ac-

curately described as an advanced 
stress fracture brought on by reduced 
weight bearing on the contralateral 
foot during an extended bout with 
plantar ulcers. Computed tomogra-
phy (CT) was performed for surgical 
planning, but ultimately the patient 
was deemed a poor surgical candi-
date (Figure 3). At the time of this 
case report, the patient was being 
followed with periodic foot x-rays 
to document stability of the fracture 
with external bone stimulators being 
reserved for fracture progression.

Discussion
According to the 2011 National Dia-
betes Fact Sheet, about 18.8 million 
Americans have been diagnosed with 
diabetes, incurring a total yearly cost 
of $174 billion.1 The future preva-
lence of diabetes in the U.S. is es-
timated to increase up to 3-fold by 
2050.2,3 Specifically, within the VA 
system, the prevalence of diabetes 
rose from 16.7% in 1998 to 19.6% 
in 2000.4 In 1998, $1.67 billion was 
spent on the treatment of veterans 
with diabetes, a figure that includes 
$1.45 billion in inpatient care and 
$214.8 million in outpatient care.5

Foot problems are common 
among older veterans with diabe-
tes. These problems increase older 
veterans’ risk of peripheral vascular 
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disease (PVD), sensory neural im-
pairment and subsequent infection, 
neuroarthropathy, and potential am-
putation.6 Indeed, roughly 60% of 
amputations in all VA hospitals be-
tween 1989 and 1998 were attributed 
to diabetes, and one study estimated 
the incidence of lower-extremity 
amputation over a 25-year period at 
10% for patients with diabetes.7-9

Patients with type 1 and type 2 
diabetes have an increased risk of 
fracture compared with people with-
out diabetes.10,11 Diabetic neuropa-
thy alters sensation and response to 
injury, leading to repetitive and pro-
gressive trauma that can result in de-
formity.12-14 Although controversial, 
some studies have found reduced 
bone mineral density (BMD) in pa-
tients with type 2 diabetes.15-17 The 
glitazones have been implicated in 
reducing BMD by stimulating adipo-
cyte formation from mesenchymal 
stem cells at the expense of osteo-
blasts, leading to increased risk of 
fracture.18

A potentially serious foot injury 
is the calcaneal insufficiency stress 
fracture. Although calcaneal stress 
fractures are among the least com-
mon type of stress injury, they most 
commonly occur in military recruits 
as fatigue-type stress fractures, where 
abnormal stress is applied to normal 
bone.19,20 Insufficiency stress frac-
tures, on the other hand, occur when 
abnormal bone is exposed to normal 
stress, typified by sacral and verte-

bral insufficiency fractures in patients 
with osteoporosis.20 Other factors 
predisposing to insufficiency frac-
tures include chronic renal failure, 
parathyroid disease, steroid therapy, 
inflammatory arthritides, nutritional 
deficiencies, and diabetes.21 Delayed 
diagnosis and misdiagnosis are fre-
quent problems with calcaneal insuf-
ficiency stress fractures, especially 
in patients with diabetes with poor 
sensory perception who may be as-
ymptomatic. Prompt diagnosis and 
treatment are critical to avoid pro-
gression to irreversible damage, de-
formity, and possibly amputation.22-26

Calcaneal fractures are tradition-
ally secondary to serious trauma and 
divided into intraarticular (75%) and 
extraarticular (25%).27 Many classifi-
cation schemes have been proposed 
for intraarticular fractures, but Han-
nover and Sanders are the 2 most 
widely used.27 Hedlund proposed a 

separate classification scheme for ex-
traarticular calcaneal stress fractures 
in 25 patients with diabetes, calca-
neal fracture, and no history of seri-
ous trauma.28 The first type involves 
a coronal fracture through the pos-
terior calcaneus along the apophy-
seal growth plate. The second type 
involves a fracture line that runs par-
allel to the subtalar joint but with-
out involving the joint, described as 
a midbody compression fracture and 
seen in the study patient. The third 
type is associated with heel ulcer-
ation and involves an oblique coronal 
fracture extending from the calcaneal 
tubercle toward the subtalar joint. 
The calcaneal insufficiency avulsion 
fracture described by Kathol and col-
leagues is similar to Hedlund’s type 3 
and is most strongly associated with 
neuropathy, osteoporosis, diabetes, 
and steroid treatment (Figure 4).29,30 
Soft tissue injury and infection can 

Figures 1a and 1b. Lateral radiographs of the right (a) and left (b) foot.

Figure 2. Lateral radiograph of the right foot demonstrating a midbody calcaneal compres-
sion fracture (white arrows) with loss of Bohler’s angle and impaction of the inferior calcaneal 
fragment into the subtalar fragment.

a b Weight bearing
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complicate these avulsion 
fractures due to posterior 
skin compression and ne-
crosis, often necessitating 
open reduction.30,31 If di-
agnosis and treatment are 
delayed, a more extensive 
surgical procedure may be 
required.24

Insufficiency stress frac-
tures in patients with diabe-
tes differ from fatigue stress 
fractures in young healthy 
adults by their advanced 
state at presentation. Calca-
neal fatigue stress fractures 
can occur in any location 
and in any orientation; 
however, they most com-
monly occur in the poste-
rior calcaneus approaching 
the vertical orientation (Figure 5).21,32 

These fractures almost never prog-
ress to displacement or collapse in 
healthy individuals with appropriate 
treatment; whereas in patients with 
diabetes who have neuropathy and 
reduced sensation, calcaneal stress 
fractures often progress to displace-
ment, collapse, disfigurement, and 
disability.22,33,34

Early insufficiency fractures may 
be asymptomatic, especially in pa-
tients with diabetes with reduced 
sensation.12,23,35 Symptoms might 
include soft tissue swelling and heel 
or plantar pain with weight bear-
ing.19,21,22 Soft tissue swelling associ-
ated with calcaneal stress fractures 
usually involves the retrocalcaneal 
bursa anterior to the Achilles tendon 
and may spread to involve the medial 
and lateral malleolus.19,21 Squeezing 
the calcaneus may elicit point tender-
ness over the fracture site, and ad-
vanced fractures can result in hind 
foot deformity if they are not prop-
erly treated.21-23 

Treatment involves wearing a 
protective rocker-bottom boot with 

cushioning material, physical therapy, 
and nonsteroidal antiinflammatory 
drugs for pain relief. The boot redis-
tributes pressure and limits impact 
on the fracture site. More advanced 
fractures may be treated with surgical 
techniques or bone stimulators. Pre-
ventive measures such as tight glyce-
mic control, aggressive treatment and 
prevention of vascular complications, 
visual assessment, and regular exer-
cise help combat osteoporosis and fall 
risk. Bisphosphonates have also been 
shown to reduce bone turnover and 
symptoms in patients with diabetes 
with Charcot arthropathy and may 
reduce future fracture risk.36

The differential diagnosis for 
heel swelling in patients with dia-
betes also includes plantar fasciitis, 
retrocalcaneal bursitis, tarsal tun-
nel syndrome, tendonitis, nerve 
entrapment, infection, and tumors. 
Imaging plays a central role in dif-
ferentiating between these etiolo-
gies when the history and physical 
examination are equivocal. Plain 
radiographs should be the initial im-
aging study, although they will often 

be negative. Early findings of stress 
fractures include faint intracortical 
striations known as the gray cortex 
sign, discrete sclerotic bands, and 
subperiosteal or endosteal bone for-
mation.37,38 These may appear from 
1 week to several months after the 
onset of symptoms. As seen in this 
study patient, late plain radiographic 
findings included a definite lytic 
fracture line or osseous collapse.38 
Three-phase bone scintigraphy has 
a high sensitivity for stress fracture 
approaching 100% but provides low 
specificity, because tumor, infection, 
infarction, and periostitis can have 
similar scintigraphic findings.32,39

Depending on availability, CT 
or magnetic resonance imaging 
(MRI) should be the second study 
performed if plain radiography is 
unrevealing. Computed tomogra-
phy will demonstrate a linear frac-
ture line with surrounding sclerosis 
and is useful for defining anatomy 
when surgical intervention is con-
sidered.38 An MRI demonstrates re-
duced bone marrow signal on T1 
weighted sequences and increased 

Figure 3. Sagittal CT of the right foot dem-
onstrating a midbody calcaneal compres-
sion fracture with intact subtalar joints 
(asterisks). Talus, T; Calcaneus, C.

Figure 4. Lateral radiograph of the ankle in a different 
patient demonstrating a calcaneal insufficiency avul-
sion fracture. Note the retracted and thickened Achilles 
tendon (asterisk) and the arterial calcification com-
monly seen in patients with diabetes (white arrow).
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bone marrow signal on T2 and pro-
ton density weighted sequences. A 
distinct cortical break may also be 
seen, especially on T1 weighted se-
quences.32 An MRI is helpful in that 
it can identify many other entities in 
the differential for heel swelling  
in patients with diabetes, especially 
in the soft tissues, such as tendonitis, 
bursitis, plantar fasciitis, and osteo-
myelitis.

Early diagnosis and treatment of 
stress injuries in patients with dia-
betes are crucial in preventing long-
term complications and restoring 
function. At least, plain radiographs 
should be obtained in any patient 
with diabetes with foot pain or swell-
ing.3 Ultrasound can be useful in the 
evaluation of soft tissues; however, 
ultrasound is not useful for detecting 
early bone marrow edema indicative 
of a stress injury. Bone scintigraphy is 
sensitive but lacks specificity. In pa-
tients with diabetes with radiographi-
cally occult stress injuries visible by 
MRI, off-loading and immobilization 

result in reduction in bone marrow 
edema and progression of bone de-
struction.13 Therefore, the authors 
advocate using MRI in any patient 
with diabetes with unexplained foot 
or ankle pain or swelling in order to 
detect early signs of stress injury or 
an alternative etiology for the symp-
toms.

Preventive strategies will play a 
major role in the future to help re-
duce the disability and cost related 
to diabetic foot pathology. “Compre-
hensive foot care programs—ones 
that include risk assessment, foot-
care education and preventive ther-
apy, treatment of foot problems, and 
referral to specialists—can reduce 
amputation rates by 45% to 85%.”1 
Indeed, the VHA practice guidelines 
for diabetes recommend risk stratify-
ing patients with diabetes according 
to their risk for lower-extremity ulcer 
and amputation, followed by appro-
priate referral to a foot specialist for 
high-risk patients.40 Features of high 
risk include lack of sensation using a 
monofilament; evidence or history of 
lower-extremity arterial disease; foot 
deformity, such as hammer toe, Char-
cot foot, or bunions; and a history of 
foot ulcer or nontraumatic amputa-
tion at any level.40

Although most lower-extremity 
amputations in patients with dia-
betes occur secondary to PVD and 
infection, calcaneal insufficiency 
fractures remain an important cause 
of deformity that may require am-
putation if it is left untreated. Early 
diagnosis and treatment of lower-
extremity pathology is crucial in 
reducing long-term disability and 
health care utilization in patients 
with diabetes.  ●
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