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Abstract

Foot infection is a well recognized risk factor for major
amputation in diabetic patients. The osteomyelitis is
one of the most common expression of diabetic foot
infection, being present approximately in present in
10%-15% of moderate and in 50% of severe infectious
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process. An early and accurate diagnosis is required
to ensure a targeted treatment and reduce the risk of
major amputation. The aim of this review is to report a
complete overview about the management of diabetic
foot osteomyelitis. Epidemiology, clinical aspects,
diagnosis and treatment are widely described according
to scientific reccomendations and our experience.

Key words: Diabetic foot ulcers; Diabetic foot infections;
Osteomyelitis; Surgery; Antibiotic therapy

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Diabetic foot osteomyelitis is a current topic in
the field of diabetic foot. Bone infection is a recognized
risk factor for minor and major amputation. An accurate
description about the diagnosis and treatment is useful
to help physicians in the management of osteomyelitis
in patients affected by diabetic foot ulcers.

Giurato L, Meloni M, Izzo V, Uccioli L. Osteomyelitis in diabetic
foot: A comprehensive overview. World J Diabetes 2017; 8(4):
135-142 Available from: URL: http://www.wjgnet.com/1948-9358/
full/v8/i4/135.htm DOI: http://dx.doi.org/10.4239/wjd.v8.i4.135

INTRODUCTION

Approximately 60% of diabetic foot ulcers (DFUs) are
complicated by infection!*!. In more than two-thirds
of the cases, infection is the main cause for major
lower limb amputation in diabetic patients with foot
ulceration®®!, Infections may complicate DFUs in both
neuropathic and ischemic ulcers.

However, the simultaneous presence of peripheral
arterial disease (PAD) and infection influence the
evolution of DFUs, increasing the risk of non-healing and
major amputation™. Therefore, in the case of diabetic
foot infection (DFI) and limb ischemia, , it is mandatory
an early performing revascularization to allow an
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adequate blood flow in the area of the infection.

Even if a large variety of bacteria may colonize foot
ulcers, infection is considered only if an inflammatory
reaction develops due to the interaction between
bacteria and host tissues. Colonization is usually limited
to skin surface, while infection is generally characterized
by the involvement of subcutaneous or deepest tissues.
The severity of infection is related to location, depth
(fascia, muscles, tendons, joints or bone), presence of
necrosis and/or gangrene.

The diagnosis of infection is usually clinical while
the microbiological characterization allows to detect
the bacteria involved and drive the targeted antibiotic
treatment.

Gram positive bacteria as staphylococcus aureus
are the most involved in DFI. Nowadays, the resistance
to antibiotics is increasing in diabetic population and
multi-resistant organisms (MDRO) are common in
DFI. Hospitalization, surgical procedures and long
antibiotic therapy induce the development of MDRO or
methicillin-resistant Staphylococcus aureus (MRSA)®®,
Osteomyelitis is a common DFUs infection, being
present in 10%-15% of moderate and in 50% of severe
infections’. The ulcers complicated by osteomyelitis
often require surgical treatments and a long antibiotic
therapy too™* %,

Osteomyelitis is usually due to non-healing ulcers and
it is associated with high risk of major amputationt***.,

Diabetic foot osteomyelitis (DFO) is mostly the
consequence of a soft tissue infection that spreads into
the bone, involving the cortex first and then the marrow.
The possible bone involvement should be suspected
in all DFUs patients with infection clinical findings, in
chronic wounds and in case of ulcer recurrence.

Osteomyelitis can affect any bone but most fre-
quently the forefoot (90%), followed by the midfoot
(5%) and the hindfoot (5%). Forefoot have a better
prognosis than midfoot and hindfoot osteomyelitis.
Above the ankle amputation risk is significantly higher
for hindfoot (50%), than midfoot (18.5%) and forefoot
(0.33%)1"¢*81, An early and accurate diagnosis is
required to ensure an effective treatment and reduce
the risk of minor and major amputation'**®,

THE MICROBIOLOGY OF OSTEOMYELITIS

The microorganisms involved in DFI show a various
epidemiology depending on the characteristics of the
patient, the clinical risk factors, the wounds (extension
and depth) and the microenvironment.

The epidemiology of osteomyelitis reflects the one
found in soft tissue infections, rarely mono-microbial
and more often poly-microbial. S. aureus (up to 50% of
cases), S. epidermidis (about 25%), Streptococci (about
30%) and Enterobacteriaceae (up to 40%) are the most
commonly detected bacteria in DFO*"**, Among the
Gram negative, Escherichia coli, Klebsiella pneumoniae
and Proteus, are the most common microorganism
followed by Pseudomonas aeruginosa. The rate of
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anaerobes is usually low?"*?1, Also DFO show an
increased MDRO mainly MRSA or extended-spectrum of
beta-lactamase-producing®®®. The multi-drug resistance
is a current topic for clinicians with significant influence
on antibiotic approach.

DIAGNOSIS OF OSTEOMYELITIS

The diagnosis should be first based on clinical signs of
infection supported by laboratory, microbiological and
radiological evaluation. However, the diagnosis remains
a challenge and DFO is often not recognized easily in its
initial phase.

Infected wounds usually show purulent secretions or
at least two signs of inflammation (swelling, erythema,
blood serum secretion or simply blood with or without
bone fragments)™**. However, DFO can occur without
any local sign of inflammation. Systemic symptoms
such as fever and malaise are rare, especially in case of
chronic osteomyelitis.

Various clinical findings can help clinicians in dete-
cting bone infection. Two specific clinical signs are
predictive of osteomyelitis. The first is the width and
depth of the foot ulcer. An ulcer larger than 2 cm?® has a
sensitivity of 56% and a specificity of 92%. Deep ulcers
(> 3 mm) are more easily associated with an underlying
osteomyelitis than superficial ulcers (82% vs 33%)™.

A second diagnostic criterion to detect DFO is the
“probe-to-bone test” (PTB). PBT is performed probing
the ulcer area with a sterile blunt probe. If the probe
reaches the bone surface the PTB is considered positive.
In a study involving 75 diabetic patients, PTB showed a
sensitivity of 66%, a specificity of 85% and a positive
predictive value of 89%"*. The same test, evaluated
in a subsequent prospective study of 1666 diabetic
patients and compared with the culture of infected
bones, was found to have a sensitivity of 87%, a
specificity of 91%, a positive predictive value of only
57% and a negative predictive value of 98%"%.

Therefore, in the presence of infected ulcers, a
positive PTB test is highly suggestive of osteomyelitis,
but a negative test does not exclude it. Instead, in
presence of an ulcer without clinical signs of infection, a
positive test may be not specific for osteomyelitis while
a negative PBT test should exclude a bone infection®®.

The combination of the PTB test with X-ray improve
the sensitivity and specificity in the diagnosis of
DFO™?®1, Bone infection is also considered in case of
visible or exposed bone or discharge of bone fragments
(Figures 1 and 2).

Serum inflammatory markers as white blood cells
(WBC), C-reactive protein, erythrocyte sedimentation
rate (ESR) and procalcitonin (PCT) are usually higher
in DFO than soft-tissue infections. However, WBC and
procalctitonin may be negative while ESR > 60 mm/h
and/or CRP > 3.2 mg/dL in the presence of an ulcer
deeper than > 3 mm are significantly predictive of
DFO™., Furthermore, WBC, CRP and PCT values return
to their normal range approximately in three weeks
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Figure 1 Positive probe-to-bone test for first metatarsal head.

Figure 2 X-ray showing destruction of first metatarsal head.

after the treatment in both of soft-tissue and bone
infection, while ESR usually remains high only in case of
osteomyelitis®®”.,

Radiological tests are usually required to detect
bone involvement in case of suspect osteomyelitis
without clinical signs of infection, to confirm the clinical
suspicion and detect the affected bone/bones and to
distinguish DFO from soft tissue infection. X-ray is the
first instrumental tool although it's arduous to detect
the infectious process during the initial phase. Clear
signs related to osteomyelitis are generally not evident
until 30%-50% of the bone has not been involved;
usually this condition happens after 2-3 wk. X-ray DFO
imaging are usually characterized by osteopenia, erosion
of cortical bone, cortical lysis, osteolysis, periosteal
thickening, bone sequestration™'*?. Radiological criteria
of bone healing include: Well-organized consolidation
of periosteum, reduction of bone lucency, reduction
of pathological fractures related to bone infection, neo-
formation of mineralized bone in the areas destroyed by
the infection®*.,

Scintigraphic examinations are more sensitive
than X-ray, especially during the earliest stage of bone
infection and the follow-up. However, the common limi-
tation is the low specificity in the discrimination between
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Figure 3 Leucocyte scan images showing area of increased uptake
strongly suggestive of osteomyelitis in left mid and hindfoot.

soft tissues and bone infection®", The specificity of
leucocyte scan is better than triple-phase bone scan
even if the spatial resolution can be a limiting factor.
However, labeled leukocyte imaging are more useful
than bone scan for diagnosis, evaluation of bone affected
and follow-up during medical treatment>>¢,

More recently, it has been shown that combined
99mTc white blood cell-labeled single-photon emission
computed tomography and computed tomography
(99mTc WBC labelled-SPECT/CT) imaging provide
good spatial resolution with the three-dimensional
CT-scan images and WBC uptake intensity yielding
more information about the location and extension
of infection™®®, Particularly, the role of 99mTc WBC
labeled-SPECT/CT has been positively evaluated to
identify the complete resolution of infection during the
follow-up of patients treated by antibiotics®® (Figure 3).
The positron emission tomography-computed tomo-
graphy (PET/CT) with fluorine-18-fluorodeoxyglucose
(**F-FDG) is an excellent hybrid imaging that can be
used in the diagnosis of DFO and to distinguish bone
from soft tissues infections. *F-FDG is a non-specific
tracer to evaluate intracellular glucose metabolism;
its uptake in increased in the areas of infection and
inflammation™®*? (Figure 4).

Magnetic resonance imaging (MRI) with gadolinium
shows very high sensitivity (90%), and specificity (85%)
in the diagnosis of DFO. The gadolinium uptake allows
to distinguish between soft tissues and bone better
than CT and scintigraphic methods!***, The typical
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Figure 4 Positron emission tomography images demonstrating
diffuse increased of 18F-2-fluoro-2-deoxy-D-glucose uptake of the
right foot suggestive of severe osteomyelitis.

Figure 5 Osteomyelitis of second toe (distal phalanx) revealed by
magnetic resonance imaging. The arrows and the arrowhead show
the bone involvement of distal phalanx (second toe).

changes in the bone marrow predictive for osteomyelitis
are low signal intensity on T1-weighted sequences and
high signal intensity on T2-weighted sequences. These
findings may be already evident 3 d after the onset of
infection. The major limit is the reduced resolution in
the evaluation of cortical bone that does not allow to
highlight few cases of infection such as osteitis or to
distinguish other causes of bone injury™>*!,

The guidelines suggest that the diagnosis of DFO
include the combination of different diagnostic tests,
such as PTB, serum inflammatory markers, X-ray, MRI
or radionuclide scanning. X-ray should be always the
first imaging evaluation; when more specific imaging
are required, MRI is the first choice while white blood
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Figure 6 Severe osteomyelitis involving midfoot, hindfoot and ankle
detected by magnetic resonance imaging.

cell-labelled radionuclide scan, SPECT/CT and °F-FDG
PET/CT are used only if MRI is contraindicated!**%
(Figures 5-7).

The gold standard for the diagnosis of osteomyelitis
is the bone biopsy which provides histological and
microbiological findings®®***!. Histological criteria are:
Bone erosion, marrow edema, fibrosis, necrosis, pre-
sence of inflammatory cells (both acute and chronic),
seizure. Furthermore, the bone biopsy allows to identify
precisely the bacteria involved in the infectious process
and to evaluate the susceptibility to antibiotic therapy.
The bone can be removed by a percutaneous approach
through a not infected skin or during the open surgical
procedures. In case of bone infection, superficial swab
shows a low sensitivity, in fact a reliable correspondence
between bacteria isolated form bone biopsy and swab
culture is approximately of 38%!*”. Therefore, superficial
swab should not be used in case of DFO. Bone biopsy is
the most accurate test (preferably after 10 d of antibiotic
suspension) even if in several cases it is not technically
feasible. However, a recent study showed that the
pathogens isolated from culture of deep tissues (removed
from the area closest to the bone) are very similar to
those obtained from bone biopsy (74.3% vs 82.8%)"*.,
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Figure 7 Severe osteomyelitis of forefoot, mid and hindfoot by positron emission tomography-computed tomography.

TREATMENT OF OSTEOMYELITIS

The treatment of DFO remains a hot topic in the field
of diabetic foot. Over the years the most debated
theories have been surgical or antibiotic therapy as first
approach.

Nowadays the treatment of osteomyelitis is not
completely standardized and evaluated case by case.
Therefore, the guidelines broadly recommend the
specific conditions for surgical or medical approach
combined with conservative surgery. Conservative
surgery means usually a procedure in which only
the infected bone and the non-viable soft tissues are
removed without any amputation™®’,

Tan et al*” have shown that an aggressive surgical
approach with minor amputation reduces the risk of
major amputation above the ankle and reduce the
length of hospitalization and associated costs. The
Authors report that forefoot amputation reduces the risk
of major amputation in comparison to medical therapy
performed for 3 d“*. However, antibiotic therapy was
performed only for 3 d and it is well known that DFO
can require long antibiotic therapy.

Although an aggressive surgical approach could be
mandatory under some circumstances, retrospective
studies have shown that conservative treatment asso-
ciated with prolonged antibiotic therapy is effective to
promote wound healing and reduce the risk of major
amputation and of ulcers recurrencet®>%4,

Ha Van et al® have compared the conservative
surgical treatment, defined as the resection of limited
part of infected bone (phalanx and/or metatarsal head),
associated with antibiotic therapy against antibiotic
therapy alone. The conservative approach was more
effective in terms of ulcer healing (78% vs 57%) and
healing time (181 £ 30 d vs 462 = 98 d, P < 0.008)
compared to antibiotic therapy alone. Furthermore, the
length of antibiotic therapy was significantly reduced in
the group treated by conservative approach than the
group treated by antibiotic alone (111 + 121 d vs 246.9
+ 232d, P < 0.007)%,

Antibiotic therapy is widely used in association
to surgical approach, both for minimal or extended
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procedures; however, several studies have reported
many cases of DFO treated only by antibiotic therapy
without surgery. Some Authors have reduced the role of
surgery to treat bone infection, mainly in case of chronic
osteomyelitis®***,

A recent prospective randomized clinical study
has compared conservative surgery (removal of bone
without amputation of any part of the foot) and antibiotic
therapy alone. Severe infection, patients with PAD and
severe co-morbidity were excluded. Osteomyelitis were
located in the forefoot. The surgical group received
empirical antibiotic therapy after the procedure. The
group treated by antibiotics alone received for 90 d a
targeted treatment according to the microbiological
culture of deep soft tissues localized near the bone. The
patient were followed for 12 mo after wound healing The
rate of wound healing and healing time for respectively
surgical and medical groups was similar (86.3% vs
75%) and (6 wk vs 7 wk). Only 16.6% of subjects
treated by antibiotics alone required a secondary surgical
approach. No patient received major amputation®>.

Also the optimal duration of antibiotic therapy is not
completely defined. The Infectious Disease Society of
America (IDSA) considers 4-6 wk adequate when the
infected bone is not completely removed by surgery
while at least 3 mo in case of antibiotic therapy alone!*!.
However, the recent report of International Working
Group of Diabetic Foot (IWGDF) suggested 6 wk of
antibiotic therapy if the infected bone was not removed
by surgery and no more than a week if infected bone
was resected'®. Lately, the aim is to reduce the
duration of antibiotic therapy. In fact, prolonged use of
antibiotics increases the risk of bacterial resistance, side
effects and costs.

A prospective randomized study compared two
groups of not ischemic patients with DFUs on the
forefoot complicated by osteomyelitis treated with
antibiotic therapy respectively for 6 or 12 wk. At the
beginning antibiotic therapy was empirical and then
driven by microbiological results. Sixty-six percent
of patients resolved the osteomyelitis and there was
not a significant difference between the two groups.
Furthermore, the group treated for 12 wk showed more
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side effects than the group treated for six weeks™®.

A significant aspect is to define the resolution of
bone infection. Nowadays, there are no tests correlated
to long-term resolution of osteomyelitis. The IWGDF
suggest that a decrease of serum inflammatory
markers, especially ESR, associated with the resolution
of soft tissue infection, healing and positive evolution of
radiological signs can be used to stop antibiotic therapy.

Chronic osteomyelitis is associated with a high
percentage of recurrence despite a long antibiotic thera-
py. The rate of infection recurrence is approximately
of 30%""**, Recurrence might be related to the in-
complete resection of infected bone or to resistant
microorganisms persistently remaining in their biofilm®™”.
The recurrence of DFO has to be considered in case of
ulcer reappearance within 12 mo after the first healing.
Furthermore, recurrent foot ulceration can promote the
reappearance of bone infection. Adequate prevention is
mandatory.

CRITICAL ISSUES

The appropriate management of DFO is closely based on
both the severity of infection and patient’s characteristics.
Surgical and conservative approach shows advantages
in some conditions and disadvantages in other.
Several factors can influence the outcome. Among the
advantages of surgical therapy there is the complete
removal of the infected bone and the reduced duration
of antibiotic therapy. On the other side an aggressive
approach can lead to an extended tissue loss and it
should be done only in patients with an adequate blood
perfusion.

Further, the surgical treatment can impair the foot
balance. In fact, a partial amputation (such as removal
of a ray or a metatarsal head), mainly if associated
to a pre-existing peripheral neuropathy, can increase
biomechanical impairments of the foot and promote re-
ulceration or new ulcerations in different areas.

Armstrong et al*® have shown that forefoot ampu-
tation (toes or rays) reduces the joint mobility and
increases the plantar pressures, 10-fold higher than
that found in patients without forefoot amputation.
Furthermore, increased peak pressure and limited
joint mobility are significantly related high risk of re-
amputation.

Molines-Barroso et a**! analyzed the risk factors of
re-ulceration in 119 diabetic patients who underwent
resection of the metatarsal heads due to osteomyelitis.
The rate of re-ulceration was higher in case of 1* and 3"
metatarsal head resection (69% and 52% respectively),
followed by the resection of 2™, 4™ and 5" metatarsal
head (44%, 25% and 19% respectively). The removal
of more than one metatarsal heads was associated with
a risk of re-ulceration approximately of 50%. The risk
of ulceration transfer was significantly higher in case of
1st metatarsal head resection (P = 0.004)"%. The main
advantages of the medical treatment is to avoid the
surgical treatment preserving the foot architecture and
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biomechanics.

The IDSA guidelines define the four clinical patterns
where antibiotic therapy without surgery should be
considered: (1) high risk of foot function loss in case of
radical resection of infected bone; (2) severe deficiency
in foot perfusion without chance of revascularization; (3)
infection confined to the forefoot with only a minimal
loss of soft tissue; and (4) excessive surgical risk
according to patients general conditions. Furthermore,
antibiotic therapy should be the first choice in case of
small ulcers of the forefoot without bone exposure.

The main disadvantages of medical therapy may
be the increased risk of infection recurrence, the long
duration that can predispose to side effects and promote
antibiotic resistance. According to IWGDF guidance,
surgical bone resection is recommended in cases of bone
exposure, progressive bone destruction and spreading of
infection along the soft tissues®.
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