
Introduction 

Diabetes mellitus (DM) is a devastating disease that affects multi-
ple organs, including the heart, kidneys, and nerves [1,2]. Diabetic 
foot is a common complication in approximately 6.3% of patients 
with DM [3]. It starts almost as a small wound in the skin and soft 
tissues as a form of diabetic foot infection (DFI). However, it even-
tually invades the underlying bone and causes diabetic foot osteo-
myelitis (DFO). Although 20% of outpatient patients with DFI are 
associated with DFO afterward, it is worth mentioning that the 
harm caused by neglecting DFO diagnosis deteriorates anatomical 
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structures and the overall quality of life. Approximately 20% of out-
patient cases of DFI result in osteomyelitis [4]. Following DFI, 
DFO is not a simple bone inflammatory disease but a complicated 
disease associated with infection, peripheral arterial disease, and 
peripheral neuropathy, a leading cause of lower extremity amputa-
tion [5,6]. 

Since 1999, the International Working Group on the Diabetic 
Foot (IWGDF) and the Infectious Diseases Society of America 
(IDSA) have regularly proposed evidence-based guidelines and a 
consensus scheme for diagnosing diabetes-related foot diseases [7-
11]. According to the classical IWGDF/IDSA classification, the 
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occurrence of DFO is classified at 3 or 4 and considered severe [8]. 
In 2020, the updated version of the guidelines and recommenda-
tions addressed DFI and DFO separately [10]. According to this 
new classification, DFO was distinguished by adding the letter 
“(O)” after the conventional classification system.  

Diagnosis methods for DFI are generally made based on clinical 
findings. Indicators include erythema, induration, tenderness, 
warmth, and drainage [12]. However, there are numerous meth-
ods for diagnosing DFO, and few studies have addressed the 2023 
IWGDF guidelines so far. This narrative review aims to summarize 
the updated data diagnosing DFO based on the new guidelines. 

Data sources 

An extensive literature search using “diabetic foot [MeSH]” and 
“osteomyelitis [MeSH]” or “diagnosis” was conducted using 
PubMed and Google Scholar in July 2023. Only English-language 
studies containing clinical research were included. The authors 
also consulted experts outside the group to identify the desired 
system. Data were collected independently by the authors and dis-
cussed for inclusion in this review. Disagreements between authors 
were also hashed out until a consensus was reached. 

1. Can diabetic foot osteomyelitis be diagnosed clinically? 
Although a definite diagnosis of DFO requires positive results 
from histology and cultures of bone specimens, it is not always 
necessary [13]. The initial diagnosis should be based on clinical 
signs. Osteomyelitis may be suspected when an ulcer fails to heal 
for more than 6 weeks despite appropriate wound care, adequate 
offloading, or adequate blood supply [4,9]. Other clinical elements 
of suspected DFO include diabetic foot ulcers that are large (i.e., 
> 2 cm), deep (i.e., > 3 mm), have an inflammatory toe (“sausage 
toe”), present synovial fluid drainage, and are located over a bony 
prominence [8,10,14]. As such, clinicians must assess potential 
risk factors associated with the onset of DFO, such as an overlying 
bony prominence, extension to bone or joint, and recurrent or 
multiple wounds. Of note, acute Charcot foot should be ruled out 
in cases of inflammatory symptoms such as redness, warmth, ten-
derness, or local swelling, especially when located at the midfoot 
and without any wound [15]. 

Foot ulcers may not be evaluated because of invisible underlying 
structures beneath the open wound. Because of the presence of 
callus or necrotic tissue, thorough debridement at presentation will 
aid in a more accurate evaluation. If the bone is exposed, there is a 
high probability of osteomyelitis [16]. The new 2023 IWGDF 
guidelines emphasized the importance of identifying at-risk factors 
such as the loss of protective sensation and peripheral artery dis-

ease [11]. Therefore, a new risk stratification system and corre-
sponding foot screening frequencies were proposed. Early detec-
tion of at-risk lesions became important to prevent progression to 
DFO, the most severe form of diabetes-related foot disease. How-
ever, merely diagnosing DFO based on clinical manifestations does 
not exclude the presence of osteomyelitis. Other methodologies 
which will be described later should be combined. 

2. Is the probe-to-bone (PTB) test still important? 
One of the detection tools for DFO is the probe-to-bone (PTB), 
which was first introduced in 1995 [17]. It was originally per-
formed with a sterile, blunt, and 14 cm stainless steel eye probe. 
Striking a bone with a probe indicates the likelihood of osteomyeli-
tis in addition to bone or joint space infection. Normally, the test is 
conducted by inserting a sterile probe into the open wound and 
exploring it [18]. If the probe reaches the bony surface, the test is 
considered positive. This simple test yielded a sensitivity of 66%, a 
specificity of 85%, and a positive predictive value of 89%. The sub-
sequent study, which evaluated a prospective study of 1,666 pa-
tients with diabetic foot and compared histologic results, suggested 
a sensitivity of 87%, a specificity of 91%, a positive predictive value 
of 57%, and a negative predictive value of 98% [14,19]. Lam et al. 
[20] reported that the pooled sensitivity and specificity of the PTB 
test were 87% and 83%, respectively. Meanwhile, the positive and 
negative predictive values were 98% and 79%, respectively. Recent-
ly, the 2023 IWGDF guidelines still suggested that a positive PTB 
test combined with abnormalities on plain radiographs and high 
levels of serum markers of inflammation may support the diagno-
sis [11]. 

3. Which biochemical markers can predict diabetic foot 
osteomyelitis? 
Blood tests, including the white blood cell (WBC) count, erythro-
cyte sedimentation rate (ESR), C-reactive protein (CRP), and 
procalcitonin, are commonly associated with DFO. Among these, 
ESR is the most useful marker; a high level (usually defined as > 70 
mm/hr) of its value increases the likelihood of future osteomyelitis 
[15]. The values of WBC, CRP, and procalcitonin return to nor-
mal approximately 3 weeks after the start of treatment, while the 
value of ESR stays high only in the case of DFO [21]. Its value has 
a high specificity, while its sensitivity was only 28% [22]. Among 
other markers, WBC and CRP levels are elevated in both soft tis-
sue and bone infections. Differentiating the origin of infections 
based on these two markers is not useful [13]. Vangaveti et al. [23] 
showed that procalcitonin is a useful diagnostic test for DFO and 
differentiates it from cellulitis. From a case-control study, remark-
ably higher serum procalcitonin level was noted in patients with 
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DFO (as the experimental group) than those with DFI (as the 
control group). Its sensitivity was 79% compared with 50%, 63%, 
and 66% for adiponectin, osteoprotegerin, and osteopontin. 

The 2023 IWGDF guidelines still recognized the importance of 
ESR, CRP, and procalcitonin. However, normal findings of these 
values do not exclude foot infections; when in doubt, additional ra-
diologic evaluation is recommended [11]. On the other hand, 
Caruso et al. [24] studied the correlation between a level of para-
thyroid hormone (PTH) and DFO. The authors hypothesized 
that the high bone turnover caused by osteomyelitis may affect 
PTH levels and reported that PTH levels were lower in diabetic 
patients without osteomyelitis. 

4. What is the value of plain radiographs in diagnosing 
diabetic foot osteomyelitis? 
The plain radiograph, characterized by its cost-effectiveness, expe-
ditiousness, and safety, remains readily accessible worldwide. The 
sensitivity of plain radiographs is lower than that of other imaging 
modalities; bony abnormalities can be visualized on plain radio-
graphs at least 2 to 4 weeks after the onset of bone infection [25]. 
Typical radiographic findings include cortical disruption, perioste-
al elevation, a sequestrum, or gross destruction of cortical bone. 
Confounding factors such as neuroarthropathy (Charcot arthropa-
thy), history of orthopedic surgery, underlying soft tissue or bone 
disease, and trauma may make the diagnosis suspect [26,27]. 
Combining plain radiographs with PTB results in a sensitivity of 
88.6%, specificity of 66.7%, positive predictive value of 91.2%, and 
negative predictive value of 60% [28]. 

5. Is magnetic resonance imaging mandatory for 
diagnosing diabetic foot osteomyelitis? 
In addition to plain radiographs, magnetic resonance imaging 
(MRI) can be considered a potential tool for evaluating the severi-
ty and extent of bone and soft tissue involvement [29]. MRI has 
high sensitivity and specificity (90% and 83%, respectively) in di-
agnosing osteomyelitis [30]. 

In 2023, the IWGDF created a new guideline for acute Charcot 
neuro-osteoarthropathy (CNO). CNO is a sterile inflammatory 
process in individuals with neuropathy that injures bones, joints, 
and soft tissues. If not properly treated, it can lead to progressive 
fractures and dislocations, resulting in a deformed foot [31]. 
Therefore, distinguishing CNO from typical DFO is critical for cli-
nicians. MRI can differentiate the infected arthropathy from the 
noninfected arthropathy. The typical MRI findings of DFO in-
clude cortical disruption, adjacent soft tissue and bone edema, and 
sinus tract formation. In contrast, the findings of CNO are pre-
dominant midfoot involvement (especially periarticular or sub-

chondral lesions), cyst-like cortical fragmentation, joint deformity 
or subluxation, and relatively intact overlying skin [15,30,32,33] 
(Fig. 1).  

Many studies have already shown that MRI has the best diagnos-
tic accuracy and is useful for evaluating the extension and depth of 
DFO. Nevertheless, it can be challenging to differentiate DFO and 
bone marrow edema [34]. DFO is bright on short tau inversion re-
covery (STIR) and T2-weighted (T2W) and confluent hy-
pointense in T1-weighted (T1W) images. In contrast, bone mar-
row edema is also bright in T2W images, but the T1W image has 
an intermediate to decreased reticulated hazy intensity [35]. Bone 
marrow edema may be related to inflammation, infection, tumor, 
and trauma. La Fontaine et al. [32] reported that in 17 out of 58 
patients (29.3%), the impression of DFO based on MRI findings 
was inconsistent with actual bone biopsy results. Therefore, an in-
tegrated approach with clinical findings, MRI results, and bone bi-
opsy (if possible) is crucial for diagnosing DFO accurately, making 
MRI a gold standard diagnosis but not a vital modality for diagnos-
ing DFO. 

6. Which nuclear medicine imaging techniques can help in 
diagnosing diabetic foot osteomyelitis? 
In cases where bone biopsy is not performed, MRI is the first mo-
dality of choice for diagnosing DFO. However, other nuclear medi-
cine imaging modalities, including WBC scintigraphy, 3-phase 
bone scan, and fluorodeoxyglucose (FDG) positron emission to-
mography/computed tomography (PET/CT), can be considered, 
especially if MRI is contraindicated [8,36]. Among these multiple 

Fig. 1. Diabetic foot osteomyelitis at left first proximal pha-
lanx. (A) Plain X-ray shows an erosive, destructive lesion on 
the proximal phalanx of the first toe (arrow). (B) A lesion on 
the plain X-ray does not appear serious, but a high signal 
intensity is marked on the T2 fat suppressed magnetic reso-
nance imaging.
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nuclear medicine modalities, a comprehensive understanding of 
each tool and proper choice is required. 

Low specificity in distinguishing between soft tissue and bone 
infection is the common disadvantage of WBC scintigraphy. More-
over, as MRI techniques advanced, the role of WBC scintigraphy 
became limited. However, it is still sensitive, especially at the earli-
est stage of bone infection and at follow-up. Low specificity in dis-
tinguishing between soft tissue and bone infection is a common 
limitation [37]. 

The technetium (99mTc) 3-phase bone scan plays an important 
role in distinguishing DFI and DFO. In DFI, tracer activity in-
creases in early phases but is normal in delayed phases. On the 
contrary, DFO presents increased activities in both early and de-
layed phases [35]. 

Nawaz et al. [38] compared the diagnostic performances be-
tween FDG-PET/CT, MRI, and plain radiographs. The research-
ers concluded that FDG-PET/CT is a highly specific modality and 
should be considered a useful complementary imaging modality to 
MRI. WBC scintigraphy can be combined with single-photon 
emission CT or CT [30]. Uptake is clearly delineated with bone 
on CT images. This hybrid technique of these two modalities plays 
an important role in differentiating superficial DFI from DFO. 
However, false-negative results may be the limitation of this imag-
ing modality during antibiotic treatment or in the presence of un-
derlying severe vascular disease. The sensitivity and specificity of 
this modality then range from 75% to 100% and from 67% to 
100%, respectively [39-42]. Lauri et al. [43] strongly recommend-
ed using WBC scintigraphy in suspected pedal osteomyelitis. On 
the other hand, FDG-PET/CT can show focal or diffuse uptake 
when osteomyelitis is suspected. A systemic review and meta-anal-
ysis suggested that FDG-PET/CT has the highest diagnostic accu-
racy for confirming or excluding the diagnosis of chronic osteomy-
elitis [44]. In a meta-analysis published in 2013, the pooled sensi-
tivity and specificity of this modality is 74% and 91%, respectively 
[45] (Fig. 2). 

7. When and what type of biopsy is needed? 
The definite diagnosis for DFO can only be made with bone biop-
sy. It usually provides histopathologic and microbiologic findings 
[36]. A negative histopathologic bone biopsy can accurately ex-
clude the diagnosis of DFO [46]. Cecilia-Matilla et al. [47] con-
ducted an observational prospective study of 165 patients with dia-
betic foot ulcers and found four histopathologic types of DFO: 
acute osteomyelitis, chronic osteomyelitis, chronic acute osteomy-
elitis, and fibrosis according to bone necrosis, remodeling, bone 
marrow fibrosis, and periosteal fibrosis. The histologic criteria of 
DFO include bone erosion, bone marrow edema, fibrosis, necro-

sis, and the presence of inflammatory cells [14].  
On the other hand, microbiologic results from bone biopsy pro-

vide causative pathogen and its susceptible antibiotic information 
[13]. The 2023 IWGDF guidelines recommended a curettage or 
biopsy, not a swab, to diagnose osteomyelitis. The most common 
causative organisms can be diverse, but Staphylococcus aureus is 
predominant in most cases [11]. In interpreting causative patho-
gens (i.e., Staphylococcus epidermidis, Corynebacterium spp., Cuti-
bacterium acnes), bacteria from the normal skin flora should be ex-
cluded. 

The correct technique of bone biopsy is associated with mean-
ingful results. Superficial swabbing causes low sensitivity, and the 
concordance rate between bacteria from bone biopsy and superfi-
cial swab culture was only 38% [48]. A recent study confirmed that 
transcutaneous bone biopsy, which does not traverse the wound, is 
necessary to avoid contaminating the sample [49]. Choosing an 
appropriate time for bone biopsy is also important. The previous 
guidelines [8,36] suggested that biopsy should be considered 
during surgical drainage when the situation is most severe, given 
the high prevalence of DFO (i.e., up to 60%) in these situations. 
Both IDSA and IWGDF do not recommend routine bone biopsy 
in every patient with suspected DFO. However, if the clinical situa-
tion remains equivocal or the first-line empiric antibiotic treatment 

Fig. 2. Osteomyelitis at the right second metatarsal bone. 
Positron emission tomography/computed tomography image 
illustrates diffusely increased fluorodeoxyglucose accumula-
tion along the bone.
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fails, bone biopsy and culture may be helpful. Between microbiolo-
gy and histopathology for DFO, a recent cross-sectional study 
showed that histology provided a more accurate diagnosis than mi-
crobiology, especially in patients with chronic DFO [50]. 

Conclusion 

Small foot ulcers can lead to infection around the wound, a form of 
DFI, and many of these cases end up complicating DFO. Differen-
tial diagnosis and definite diagnosis of DFO are important for suc-
cessful treatment. Clinical assessment includes the PTB test or 
careful wound examination. Plain radiographs are simple but pow-
erful tools for follow-up. Nuclear medicine images such as WBC 
scintigraphy, 3-phase bone scan, and FDG-PET/CT are used for 
DFO diagnosis. On the other hand, MRI is still a gold standard di-
agnosis but not a vital modality for diagnosing DFO. A compre-
hensive understanding of each tool and proper choice is required 
among these multiple nuclear medicine modalities. A bone biopsy 
and culture provide histopathologic and microbiologic findings. 
Both IDSA and IWGDF do not recommend routine bone biopsy 
in every patient with suspected DFO. However, if the clinical situa-
tion remains equivocal or the first-line empiric antibiotic treatment 
fails, bone biopsy and culture may be helpful. Based on these nu-
merous diagnosis modalities and indications, the proper choice of 
diagnostic tool can have favorable treatment outcomes. 
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