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Abstract

Emphysematous osteomyelitis is a rare, possibly fatal 
infection characterized by intraosseous air, most often 
associated with immunosuppression. We present an 
immunocompromised 68-year-old patient who has insulin-
dependent diabetes mellitus with neuropathy. He was found 
with emphysematous osteomyelitis of the calcaneus without 
concurrent subcutaneous emphysema with polymicrobial 
wound culture and bacteremia. Emphysematous osteomyelitis 
typically presents concurrently with subcutaneous emphysema 
in 79% of cases. Early detection is critical, as urgent surgical 
intervention and appropriate antibiotics are necessary to 
reduce morbidity and mortality.
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Introduction

Emphysematous osteomyelitis is a rare variant of osteomy-
elitis that is defined by the presence of air within the intramed-
ullary space [1]. There is sparse literature describing it, primarily 
consisting of case reports. The reported cases of infectious em-
physematous osteomyelitis typically had comorbidities that led 
to immunocompromise, such as diabetes or malignancy [1-3,5]. 
Similar to subcutaneous emphysema formed by necrotizing soft 
tissue infections, emphysematous osteomyelitis needs prompt 
diagnosis and definite treatment due to its high mortality [1,2].

Our case report is of a 68-year-old male with insulin-depen-
dent diabetes mellitus with emphysematous osteomyelitis of 
his calcaneus.  

Case report

A 68-year-old male presented to our institution with concern 
for recurrent cellulitis to his left foot wounds. His medical his-
tory consisted of insulin-dependent diabetes with neuropathy, 
hypertension, peripheral vascular disease with previous revas-

cularization, chronic left foot wounds, and multiple bilateral 
forefoot amputations, including a left-sided trans-metatarsal 
amputation. The patient has been seen at a local wound care 
center, where he had received 17 sessions of hyperbaric oxy-
gen therapy and aggressive local wound care, including enzy-
matic debridement, sharp debridement, and negative pressure 
wound vac therapy for his chronic left rearfoot wounds. 

He presented with generalized fatigue, decreased appetite, 
and acute lower quadrant pain with subjective complaints of a 
worsening left foot infection. His vital signs showed mild tachy-
cardia of 103/min, blood pressure of 143/67 mmHg, tempera-
ture of 36.9°C, and respiratory rate of 16/min. Lower extremity 
examination consisted of handheld Doppler vascular assess-
ment with monophasic signal to the anterior tibial, posterior 
tibial, and dorsalis pedis arteries. Increased warmth was present 
in the heel region. There was a medial heel and plantar lateral 
heel wounds that communicated within the deep tissue, sepa-
rated by a full-thickness tissue bridge, with a mixed fibrogranu-
lar wound base (Figure 1). Both wounds probed to the plantar 
fascia and plantar calcaneal bone with surrounding erythema, 
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along with malodorous mixed seropurulent drainage. Labora-
tory findings were significant for leukocytosis (17.0×10×3/mcL), 
Erythrocyte Sedimentation Rate elevation (51mm/hr), and hy-
perglycemia (217 mg/dL). Renal and liver function tests were 
normal. A culture of the deep wound and two sets of blood 
cultures were obtained. The patient was empirically started on 
empiric antibiotics of intravenous cefepime and vancomycin. 

Left foot radiographs showed significant soft tissue defects 
and osteolysis within the inferior calcaneus, highly suspicious 
of underlying osteomyelitis (Figure 2). A Magnetic Resonance 
Imaging (MRI) of the left foot was ordered for further evalua-
tion of underlying osteomyelitis. The result was concerning for 
osteomyelitis within the calcaneus with multiple punctate low 
signal foci suspicious of emphysematous osteomyelitis. The MRI 
also showed multiple fluid collections within the hindfoot and 
midfoot (Figure 3). 

The patient underwent urgent left below-knee amputation. 
Pathology of the soft tissue and bone was without involvement 
of underlying osteomyelitis or inflammation; the microbiology 
of the surgical margins was without any growth. The wound 
culture showed polymicrobial growth consisting of Methicillin-
Resistant Staphylococcus Aureus (MRSA), Pseudomonas aerugi-
nosa, Enterococcus faecalis, Streptococcus viridans, and mixed 
gram-negative rods. One of the two initial blood cultures grew 
Streptococcus viridans and MRSA within the aerobic and an-
aerobic bottles. Enterococcus faecalis was also grown within 
the aerobic bottle. A transesophageal echocardiogram did not 
reveal vegetations, and the patient subsequently completed a 
four-week course of Linezolid. The patient had dehiscence of his 
incision site at approximately 1 month post-amputation, requir-
ing surgical revision. Further follow up reveled a fully healed 
stump.

Discussion

Patients with diabetic foot ulcerations are at a significant risk 
of developing osteomyelitis, with literature supporting underly-
ing bone infections being present in 10-15% of moderately in-
fected diabetic ulcers and up to 50% in severe infections [4]. Pa-
tients with diabetic ulcers and developing osteomyelitis have a 
significant risk of amputation, which can be detrimental to a pa-
tient’s overall quality of life. Major amputations are a high risk, 
especially when diabetic ulcers are present on the rear foot, 
with approximately 50% undergoing a proximal amputation 
[4]. Emphysematous osteomyelitis presents a more challenging 
situation for clinicians, with Leuy et al. reporting that 15 of their 
25 cases required surgical intervention, and 32% of patients did 
not survive in the hospital 7-56 days after diagnosis [3].

Emphysematous osteomyelitis is exceptionally rare, with 
potentially fatal consequences if not properly identified quickly 
[1,2,5]. Plain radiographs do not play a reliable role with a high 
incidence of false-negative findings [1,2]. Currently, the litera-
ture is minimal when it comes to emphysematous osteomyelitis 
of the foot, with the first article being identified in 2014 [5]. 
Subcutaneous emphysema is typically described concurrently 
with patients presenting with emphysematous osteomyelitis, 
with a report of both present at 79% [6]. Compared to typical 
osteomyelitis, when cortical destruction and periosteal reac-
tion may be suggestive signs, emphysematous osteomyelitis 
may be present without cortical destruction [6]. Computed to-

Figure 1: Aplasia of the right hemiface with deviation of the chin 
towards the resected side.

Figure 2: Non-weight bearing left plain radiographs with notable 
large plantar foot soft tissue ulcerations extending to the calcaneus 
with adjacent inferior calcaneus ill-defined ostial lytic lesions. Prior 
transmetatarsal amputation. Noted vascular calcifications.

Figure 3: Sagittal T1 and axial T1 Fat-Suppressed magnetic 
resonance images that demonstrate the multiple punctate low 
signal foci of emphysematous osteomyelitis within the calcaneus.

mography is currently considered the gold standard for proper 
identification, similar to cases of necrotizing soft tissue infec-
tions [1,2,5]. Currently, the most common identifying feature 
to help with proper identification of infectious intramedullary 
air is the “Pumice Stone” sign identified by Small et al. in 2018. 
It is described as irregularly irregular-sized 2-5mm gas locules 
and was accurately shown in 96% of cases with emphysematous 
osteomyelitis [6].

Monomicrobial emphysematous osteomyelitis is most asso-
ciated with hematogenous spread, with anaerobes or Entero-
bacteriaceae species being the primary contributor [3]. Poly-
microbial is associated with contiguous spread, with the most 
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common species being identified as anaerobes or a member 
of the Enterobacteriaceae species [3]. The patient presented in 
our case aligns with the current conventional thought, as this 
patient likely developed his infection secondary to contiguous 
spread, with polymicrobial growth on culture. However, our 
patient did not grow anaerobes and some gram-negative or-
ganisms were not worked up to identify as Enterobacteriaceae, 
which the literature currently suggests being most identified 
[3].

Our case study provides a unique presentation of emphyse-
matous osteomyelitis of the foot. To the author’s knowledge 
based on a thorough database search, one other article was 
identified with emphysematous osteomyelitis within the calca-
neus, which concurrently presented with subcutaneous emphy-
sema [7]. The patient in the Gruenberg case study, unfortunate-
ly, required above-knee amputation after serial debridement’s 
secondary to the extent of the infection [7]. Our patient had a 
dissimilar presentation of their calcaneal infection, as there was 
no surrounding subcutaneous emphysema (Figure 2) but did re-
quire a below-knee amputation. The difficulty with our patient 
was that the infection was not easily identifiable on plain radio-
graphs, leading to a delay in diagnosis until advanced imaging 
was completed. There is no agreement in the current literature 
on the use of plain radiographs for accurate identification of 
emphysematous osteomyelitis. Once the diagnosis of emphy-
sematous osteomyelitis was made, a multi-disciplinary team 
was assembled that included podiatry, vascular surgery, infec-
tious diseases, and medicine team, allowing prompt, decisive 
decision-making and urgent intervention that saved the patient 
from a more proximal amputation or worse fate. 

Unfortunately, without clinical evidence of necrotizing soft 
tissue infection or subcutaneous emphysema noted on plain ra-
diographs, there remains difficulty of when computed tomog-
raphy should be indicated for assessment of intraosseous air. 
Future research regarding what laboratory studies and clinical 
features may need to be identified to help assess for emphyse-
matous osteomyelitis when there is no concurrent subcutane-
ous emphysema.

Conclusion

Emphysematous osteomyelitis remains a significantly rare 
foot manifestation, but a life-threatening complication in pa-
tients with diabetic foot ulcers, with a high risk of proximal am-
putation and mortality. It remains a diagnostic challenge due to 
a lack of reliable findings on plain radiographs, limited aware-
ness, and sparse literature. Our case provides knowledge to-
wards an atypical presentation without subcutaneous emphy-
sema, highlighting the need for further diagnostic assistance 
when advanced imaging may not be immediately accessible. 
Still, the current treatment is urgent surgical resection and anti-
biotics initiation, which makes limb salvage extremely difficult. 
Further identification of laboratory studies and clinical features 
may assist in earlier detection when intraosseous air is not iden-
tified on plain radiographs. 
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