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ABSTRACT
Diabetic muscle infarction is a rare complica-

tion of diabetes mellitus that is not clearly de-
fined in the orthopaedic literature. This study is
a descriptive case series of 7 new cases of dia-
betic muscle infarction and 55 previously reported
cases in the literature. In the majority of patients,
diabetic muscle infarction presents as a localized,
exquisitely painful swelling and limited range of
motion of the lower extremity. No cases affecting
the muscles of the upper extremity have been ob-
served. The onset is usually acute, persists for
several weeks, and resolves spontaneously over
several weeks to months without the need for in-
tervention. Diabetic muscle infarction is a condi-
tion that should be considered in the differential
diagnosis of any diabetic patient with lower ex-
tremity pain and swelling without systemic signs
of infection. Magnetic resonance imaging is sen-
sitive and specific enough to make the diagnosis.
Muscle biopsy and surgical irrigation and debri-
dement are not recommended since they are as-
sociated with complications. Pain management and
activity restriction in the acute phase followed by
gentle physical therapy is the treatment of choice.
Recurrences in the same or opposite limb are
common. Although the short-term prognosis is
very good and the majority of cases resolve spon-
taneously, the long-term survival is uncertain in
this patient population.

INTRODUCTION
Diabetes mellitus is a common disease with a total

number of cases estimated at 14 million in the United
States. The most common diabetic complications seen
in or thopaedic practice include neuropathy and
vasculopathy (60-80%), diabetic foot ulcers and infections
(2-3%), and neuropathic arthropathy (0.1-2.5%). Diabetic
muscle infarction is a rare complication of diabetes
mellitus that is not included in most standard ortho-
paedic texts. While previous reports have illustrated
some of the clinical and imaging characteristics of this
condition, the scarcity and widespread report of cases
throughout different medical and surgical disciplines
makes it difficult to determine its natural history and
the most appropriate method of diagnosis and treatment
1-14, 16-28 . This study is a descriptive case series of 7 new
cases and 55 previously reported cases of diabetic
muscle infarction. We reviewed several controversial
aspects of the diagnosis and management of this condi-
tion. We wish to call the attention of the orthopaedic
community to this condition, so that unnecessary inva-
sive diagnostic testing, biopsy and surgical debridement
which may lead to fur ther complications, can be
avoided.

MATERIAL AND METHODS
We retrospectively reviewed the charts and imaging

studies of seven patients with the diagnosis of diabetic
muscle infarction without gangrene that were evaluated
and treated in the Department of Orthopaedics at the
University of Iowa Hospitals and Clinics. We also re-
viewed all the articles published on diabetic muscle in-
farction (MEDLINE database search). Data from the
charts and the cases reported, when available, were ob-
tained including age, gender, type of diabetes, insulin
use and years of use, glucose control and systemic ef-
fects of the disease (nephropathy, neuropathy, retinopa-
thy). Clinical data recorded include presentation, loca-
tion and duration of the symptoms; previous injury or
injections at the site; presence of concurrent infection;
and systemic symptoms. Physical exam data recorded
include area affected; presence of a mass and charac-
teristics; pain with range of motion; skin changes; joint
effusion; compartment tenderness; presence of aden-
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opathy or gangrene. Laboratory results recorded in-
clude WBC count; hematocrit; Erythrocyte Sedimenta-
tion Rate; CK/LDH enzymes; and other tests if reported.
Additional laboratory tests were also recorded includ-
ing knee aspiration and blood/urine cultures. Imaging
studies recorded include plain radiographs; ultrasound;
vascular studies including doppler/venogram; bone/gal-
lium scans; CT scan; and MRI. Surgical pathology data
included the use and type of biopsy, surgical irrigation
and debridement, and tissue culture results. Treatment
type, response to treatment, complications, recurrences,
follow-up and survival were also recorded.

RESULTS
There are remarkable similarities in the clinical pre-

sentation of the seven patients from this series and the
reported cases as summarized on Table 1. Diabetic
muscle infarction occurs most commonly in insulin-de-
pendent patients (85%) who have poorly controlled dia-
betes mellitus and concomitant end-organ complications
(nephropathy in 58%, neuropathy in 50%, and retinopa-
thy in 45% of the patients). The average time of insulin
use prior to the diagnosis was 14 years (range, 1 to 50).
It occurs in an equal male/female distribution (53% and
47%, respectively) and the average age at presentation
was 44 years of age (range, 19 to 81). Average follow-
up was 16 months (range, 1 to 48 months).

The characteristic clinical presentation was a sudden
onset of pain and swelling in the extremity with limita-
tion of range of motion. The pain was usually excruci-
ating, persisting during rest and increasing with activ-
ity. The most common anatomic locations were the thigh
(75%), the calf (15%), or both (10%). No history of trauma
or injections were observed in our cases or the reported
cases. The presence of concurrent infections was re-
ported in 2 cases (3%). Ninety-six percent of the patients
had no systemic symptoms such as fever, chills, night
sweats or weight loss. Two patients had low back pain
and one patient had abdominal pain. The duration of
the symptoms prior to clinical consultation was 4 weeks
(range, 1 to 36 weeks).

On physical exam, ninety-eight per cent of the pa-
tients had a localized, tender area with swelling and
induration of the surrounding tissue. A palpable, firm,
well-demarcated mass was observed in 32 patients
(50%). In 5 cases (8%), there was skin redness but no
induration. Knee joint effusion was reported in 2 cases
(3%). No associated adenopathy, compartment syn-
drome or gangrene has been reported.

Laboratory evaluation demonstrated normal white
cell count (79%), erythrocyte sedimentation rate (72%),
and creatine kinase (85%). Anemia was observed in 10

cases (16%). Blood and joint aspiration cultures were
negative.

Diagnostic imaging studies included MRI (76%), ra-
diographs (35 %), vascular studies (34%), CT scan (29%),
Tc99 bone scan (18%), and affected-area ultrasound
(18%). Other studies included EMG/NCV studies (5
cases), angiography (3 cases), Ga 67 scan (2 cases),
and a myelogram (1 case). Many patients had several
tests performed (Table 1). MRI features included T1-
weighted images demonstrating uniform, low-intensity
signal enhancement of the affected muscle(s) with high
contrast provided by the intermuscular fat planes. There
are usually minimal changes of the subcutaneous tis-
sues. T2-weighted images demonstrate high-intensity
signal changes in the intra-and perimuscular tissues
secondary to edema and hemorrhage. There is involve-
ment of non-contiguous compartments and there are
no bone marrow abnormalities (Figure 1). Gadollinium-
DTPA contrast demonstrated linear areas of decreased
signal intensity surrounded by rim-enhancement (+/-
fluid collections). The muscles affected are described
in Table 1. No cases of upper extremity muscles have
been observed.

Needle biopsy was performed in 23 cases (45%),
incisional biopsy in 17 cases (27%), and excisional bi-
opsy 18 cases (29%). No biopsy was elected in 13 cases
(21%). Four of the seven patients in our series had bi-
opsies. The findings at the operation were consistent
with what has been published in the literature. Briefly,
there was edematous subcutaneous tissue and fascia.
There was evidence of small pockets of edematous fluid
deep to the fascia but no evidence of frank pus. The
muscle was pale, felt woody and there was not respon-
siveness to pinching. Histologic examination showed
skeletal muscle with areas of necrotic fibers surrounded
by necrotic fibrous tissue, inflammatory tissue reaction,
and hemorrhage (Figure 2). There were focal areas of
intact muscle surrounded by abundant lymphocytic in-
flammation. Some of the areas showed collections of
small atrophic fibers surrounded by fibrosis, and areas
of muscle regeneration. Medium size arteries showed
fibrinoid necrosis and others have a dense lymphocytic
infiltrate in the media and intima. Occasionally, a su-
perimposed infiltration of the subcutaneous tissues by
polymorphonuclear leukocytes was also seen. Blood and
tissues samples were examined for microorganisms.
Gram stain demonstrated no white blood cells and no
organisms. Aerobic, anaerobic, and fungus cultures
were consistently negative.

Treatment modalities reported include bed rest and
analgesic in 94 percent of the patients, early ambulation
in 25 per cent, and physical therapy in 43 percent. Other
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Figure 1. MRI examination performed 4 weeks after the onset of
pain in left thigh. (A) Axial T2-weighted images demonstrating high-
intensity signal in the intra- and perimuscular tissues of the left
vastus medialis muscle secondary to edema and hemorrhage. Note
minimal associated edema of the subcutaneous tissue. There is
some involvement of the non-contiguous compartments as well as
the vastus medialis muscle on the non-symptomatic right side. (B)
T1-weighted images demonstrating uniform, low-intensity signal
enhancement of the left vastus medialis muscle. There are no bone
marrow abnormalities. (C) Coronal T2 weighted image demonstrat-
ing the extension of the abnormalities in the left vastus medialis
muscle and also minimal changes on the non-symptomatic right
side.

Figure 1A Figure 1B

Figure 1C

associated treatments included antibiotic therapy in 6
cases, anticoagulation in 3 cases and corticosteroids in
1 case. Clinical response demonstrated improvement of
the symptoms in 82 percent of the patients at an aver-
age of 6 weeks (range, 3 to 14 weeks). There was re-
currence of the condition in 21 per cent of the patients
at an average of 20 weeks (range, 2 to 104 weeks). Ten
patients (17%) were deceased.

Patients that had no biopsy or needle biopsy demon-
strated no complications. Six patients that had aggres-
sive physical therapy had recurrence of the symptoms.
Patients that underwent excisional biopsy or surgical
debridement had delayed wound healing (3 cases); a
hematoma (2 cases); wound infection (1 case); nerve
palsy (1 case); heterotopic ossification (1 case); and the
need for blood transfusion (1 case).

DISCUSSION
Diabetic muscle infarction is an unusual complica-

tion of diabetes mellitus. The apparent rarity of this
condition may make it difficult for clinicians and radi-
ologists to become familiar with this entity, but diabetic
muscle infarction is a distinctive illness that can be eas-
ily recognized. Angervall and Stener first described this
condition as “tumoriform focal muscular degeneration”
in two non-insulin dependent diabetic patients. Both
patients were suspected of having a neoplasm prior to
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the biopsy. Pathologic examination of the muscle re-
vealed no infection or tumor but a central area of hem-
orrhagic necrosis surrounded by muscle fibers in vari-
ous stages of degeneration and regeneration, with
hyalinosis and thickening of arterioles2.

In a diabetic patient with painful swelling in the ex-
tremity, the differential diagnosis should include the
conditions summarized in Table 2. Typically, diabetic
muscle infarction presents as a localized, exquisitely
painful mass associated with swelling and limited range
of motion of the extremity. The onset is usually acute,
persists for a few weeks, and there are no systemic signs
of infection.

Vascular conditions and infections are the most com-
mon conditions to consider in the differential diagno-
sis. Deep venous thrombosis has been considered in
almost every case of diabetic muscle infarction. The
localized nature of the condition and the absence of dis-
tal edema or involvement of the lower portions of the
limb will help in the diagnosis. However, vascular stud-
ies may be necessary to differentiate between the two.
Primary hemorrhage into the muscle presenting with
a localized, painful mass may mimic diabetic muscle
infarction and may require imaging studies for the dif-
ferential diagnosis. Pseudothrombophlebitis may
present as a painful, swollen limb, but there is a typical
history of arthritis, trauma, or recent exertion, and
many of the patients will have a palpable cyst at the
time of presentation. In arterial occlusion, the major
blood supply of the limb is compromised and there may
be absence of distal pulses with skin changes. A his-
tory of blunt trauma or recent strenuous activity can

Figure 2. Representative histopathological findings of diabetic muscle infarction. (A) Skeletal muscle with areas of necrotic fibers sur-
rounded by necrotic fibrous tissue and inflammatory tissue reaction. Scattered regenerating muscle fibers and marked endomysial edema
are seen. Note thickening of the arteries and evidence of fibrinoid necrosis. (B) There are focal areas of abundant lymphocytic inflammation,
but without evidence of concomitant vasculitis.

TABLE 2
Differential Diagnosis of

Diabetic Muscle Infarction
Vascular

Deep venous thrombosis
Hemorrhage
Pseudothrombophlebitis

Arterial occlusion
Post-traumatic false aneurysm

Infection
Cellulitis
Soft-tissue abscess
Pyomyositis

Necrotizing fascitiis
Osteomyelitis with soft-tissue extension
Parasitic infection

Neoplasia
Benign: lipoma, fibromas, leiomyoma
Malignant: liposarcoma, MFH

Inflammatory
Myositis: focal, nodular, proliferative

Rhabdomyonecrosis
Neurologic

Diabetic lumbosacral radiculoplexopathy
(amyotrophy)
Bruns-Garland Syndrome
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differentiate contusion, muscle strain or posttraumatic
false aneurysm.

In a diabetic patient, and particularly one who is re-
ceiving insulin injections, local infections are not uncom-
mon. Cellulitis is usually easily recognized, as it is su-
perficial in nature. Soft-tissue abscesses and pyomyositis
do result in pain, swelling and the development of a
mass in the extremity. Fulminant conditions, i.e., necro-
tizing fascitiis, may be more difficult to differentiate es-
pecially at the early stages. However, patients will be-
come rapidly ill and there may be evidence on physical
exam of diffuse undermining of the skin. Occasionally,
an osteomyelitis with adjacent soft-tissue involvement
may present as a mass within the muscle. However,
there are accompanying systemic signs of infection and
characteristic radiographic features. Parasitic infections
are extremely rare and the diagnosis may require im-
aging studies and biopsy.

The acute onset of the symptoms and the initial de-
gree of pain are inconsistent with a primary soft-tissue
neoplasm. Inflammatory myositis may present as a pain-
ful swelling of the extremity but creatine kinase eleva-
tions and proximal muscle weakness usually indicate
the appropriate diagnosis. Neurologic syndromes may
begin with an abrupt onset of lower extremity pain that
ultimately will involve the opposite side. However, the
pain is usually localized to the low back and buttocks
and patients develop dramatic weakness and atrophy
of the muscles25.

Laboratory tests are helpful in the differential diag-
nosis, since the WBC, erythrocyte sedimentation rate,
coagulation profile, and creatine kinase are usually nor-
mal, findings that help to distinguish diabetic muscle
infarction from other entities. The failure of muscle
enzymes to rise despite the presence of muscle necro-
sis is difficult to explain. It may depend upon when the
CKs were obtained in the course of the disease (un-
clear for the cases reported in the literature) or to the
limited amount of tissue involved. It is also possible that
an elevated CK would be found more often if obtained
within the first several days after the acute muscle inf-
arct.

Different imaging modalities have been used to as-
sess patients with painful swelling in the extremity. In
the early reports, angiography was used and it showed
atherosclerosis in the large and medium size arteries,
but it has minimal value in the evaluation of these le-
sions today2. Standard radiographic films have been
rarely helpful, except to exclude bony abnormalities or
soft-tissue calcification. Radionucleotide studies using
T99 or Ga67 demonstrate nonspecific accumulation of
the tracer in the soft tissue5,6,24. Doppler ultrasound and
venography of the lower extremity have been frequently

performed, but they have been consistently negative.
Ultrasonography has also been reported to show heter-
ogenous, mass-like echogenic changes with loss of nor-
mal myofascial interfaces representing muscle swelling
12,28. However, most of these studies are nonspecific and
are probably unnecessary in the diagnostic work-up of
patients suspected to have diabetic muscle infarction.

CT scan will show increased muscle size and lower
attenuation due to edema and may help to exclude
localized abscess, tumor or bone destruction, but it
is of limited help in the evaluation of muscle pathol-
ogy11-13,17,21,24. MRI more sensitively evaluates pathologic
changes in the muscle and offers additional advantages
over other conventional imaging studies. The MRI pro-
vides better anatomic definition than radionucleotide im-
aging, and greater sensitivity to biochemical alterations
than CT scanning. MRI also allows evaluation of bone
and bone marrow to rule out osteomyelitis. An addi-
tional advantage of MR imaging is the ability to per-
form venograms, excluding the presence of deep venous
thrombosis.

MR imaging shows an increase in T2 signal in the
affected muscle, most likely secondary to increase in
tissue water. On T1-weighted images, the involved ar-
eas are isointense or hypointense relative to normal
muscle. Perifascial and subcutaneous edema is a rather
uncommon finding and, when present, is usually mini-
mal. The relative absence of subcutaneous edema in
patients with diabetic muscle infarction is helpful to dif-
ferentiate it from cellulitis, in which subcutaneous swell-
ing is the rule. Rarely, early pyomyositis can present
with similar findings to diabetic muscle infarction, i.e.,
diffuse muscle abnormality without fluid collection15,18.
In this situation, if there are clinical and laboratory find-
ings suggestive of infection and a rim-enhancing lesion
on MRI, pyomyositis should be considered. Gadolinium-
enhancement is not necessary for the diagnosis of dia-
betic muscle infarction and should only be used if
pyomyositis or soft-tissue/ muscle abscess is consid-
ered in the differential diagnosis 18.

The relationship between MRI abnormalities and
symptoms is still controversial. MRI changes can re-
solve with the patient’s clinical improvement and reap-
pear with recurrence of symptoms6,9,18,20,22,27. However,
abnormal MRI changes in muscle that do not appear to
be clinically involved and that preceded clinical symp-
toms by up to 6 months have been observed5,6,17. Hence,
while it has been suggested that MRI changes be closely
related to the duration of the symptoms, larger series
are needed to correlate these changes27.

Biopsy may be needed in cases of diabetic muscle
infarction in which the clinical presentation or imaging
findings is atypical, or in which the recovery is delayed.
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MRI may obviate biopsy by excluding pyomyositis, ab-
scess, osteomyelitis or tumor. If confirmatory biopsy is
needed, needle or incisional biopsy has been recom-
mended since open biopsy has been associated with an
increased risk of postoperative complications4,13.

The treatment of choice of diabetic muscle infarc-
tion is analgesics and activity restriction in the acute
phase, followed by gentle physical therapy until the reso-
lution of the symptoms. In most cases, symptoms will
resolve spontaneously without the need for surgical
debridement. In very rare occasions, patients might not
improve with this regimen and will benefit from surgi-
cal resection1. However, the complications reported in
the literature appear to occur only when attempts have
been made to excise the involved muscle and when
physical therapy was begun early in the postoperative
period. Banker and Chester described two patients who
had excisional biopsy and early mobilization4. They de-
veloped hemorrhage and one required blood transfu-
sion. In addition, the recovery period was prolonged
because of repeated episodes of pain and swelling. In
addition, when physical therapy has begun within the
first few weeks after the diagnosis had been made, the
symptoms were exacerbated4,13,14,27. Therefore, not only
open biopsy, but zealous postoperative physical therapy
should be discouraged.

Recurrences involving the original or contralateral
limb have been observed in 21 percent of the patients.
In all instances, the second event resolved rapidly. Al-
though the short-term prognosis is very good and the
majority of cases resolve spontaneously, the long-term
survival is uncertain in this patient population. As many
as half of the patients with diabetic muscle infarction
have systemic end-organ complications. Seventeen per
cent of the patients died between one and four years
after the diagnosis had been made.

In summary, diabetic muscle infarction is a condi-
tion that should be considered in the differential diag-
nosis of any diabetic patient with lower extremity pain
and swelling without systemic signs of infection. Mag-
netic Resonance Imaging is sensitive and specific for
making the diagnosis. Muscle biopsy and surgical irri-
gation and debridement are not recommended, since
they are associated with further complications. Pain
management and activity restriction in the acute phase
followed by gentle physical therapy are the recom-
mended treatments.
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