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INTRODUCTION

Diabetes mellitus (DM) is a growing and a major health 
problem worldwide. The global prevalence of  diabetes 

in 2019 is estimated to be 9.3% (463  million) adults 
(20–79  years) and this will rise to 10.9% (700  million) 
by 2045.1 The prevalence of  diabetic foot varies 
demographically and associated with many comorbidities.2 
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Background: Demography and clinical presentation of diabetic foot ulcer varies across 
geographical location. Multiple imaging modalities such as plain radiography and magnetic 
resonance imaging (MRI) are used to evaluate osteomyelitis or neuroarthropathy in diabetic 
foot. Plain radiography is a low cost and easily available test while MRI is reported to be of 
higher sensitivity and specificity for delineating the extent of soft tissue and bone involvement. 
Aims and Objectives: The study was designed to determine the spectrum of demographic 
and clinical findings and to find the utility of different diagnostic modalities such as clinical, 
plain radiography, and MRI that were used to differentiate between osteomyelitis and 
neuroarthropathy. Materials and Methods: After obtaining permission of Institute’s Ethics 
Committee’s permission, this observational study was carried out among patients, males and 
females aged 13 years and above, who presented with diabetic foot ulcer for treatment. The 
study spanned from March 2020 to August 2021 to reach a sample of 50 patients following 
non-random purposive sampling. A pro forma (containing history, physical examination findings, 
and laboratory investigations) was used to explore patient data. Besides clinical diagnosis, 
plain radiography and MRI were used to evaluate the clinical findings. Results: In the study, 
most of the subjects were between 51 and 70 years of age having diabetes for a duration of 
5–15 years. The basis of complications observed is infections, ischemia, and neuroarthropathy. 
Among the diagnostic modalities used to reach a diagnosis of osteomyelitis or neuroarthropathy, 
MRI was able to pick up the diagnosis in a greater number of patients for above two entities. 
Osteomyelitis was identified in 24  (48%) patients and neuroarthropathy was identified in 
22 (44%) patients. Use of plain radiography helped in reaching diagnosis in 30% of patients 
for each category. Clinical diagnosis about osteomyelitis or neuroarthropathy was made in 22% 
and 26% of patients, respectively. However, on analysis, it was not significant. Conclusion: The 
present study showed a male preponderance. Moreover, MRI was able to categorically diagnose 
different pathological parameters of osteomyelitis and neuroarthropathy. Marrow edema was 
detected in a larger proportion of patients among the MRI-diagnosed cases of osteomyelitis and 
neuroarthropathy. MRI appears to be more useful than plain radiography for clinical diagnosis.
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Depending on the severity of  disease, bone infection may 
be present in about 20–60% of  these foot infections.3,4 
Soft tissue and bone infection involving the foot lead 
to serious impairment in quality of  life.5 It is quite 
challenging task for the clinician to differentiate between 
diabetic foot osteomyelitis and neuroarthropathy (i.e., 
Charcot neuropathic osteoarthropathy), especially at initial 
presentation.6 As the approach to treatment is different, 
it is important for clinicians to know how to diagnose 
each of  these entities to yield better outcome.6 Thus, the 
importance of  correct diagnosis cannot be understated.

Multiple imaging modalities can be used to evaluate 
for suspected osteomyelitis or neuroarthropathy. Plain 
radiography is usually the first diagnostic test when 
evaluating for bone involvement in the diabetic foot.7 It is 
one of  the most common choices for radiological imaging 
due to its lower cost and wide availability.8 Plain radiography 
is mainly used for the evaluation of  major structural 
changes as it can provide information on arthropathic 
changes, osteomyelitis. However, the presence of  soft-
tissue gas, infected tissue, cellulitis, fasciitis, sinus tracts, 
and abscess formation is difficult to detect with plain 
radiography.8 The accuracy of  plain radiography for early 
diagnosis is only about 50–60%, with a reported sensitivity 
of  60% and a specificity of  80%, approximately.7,9 For 
the assessment of  soft-tissue infection and osteomyelitis 
involving the foot, magnetic resonance imaging (MRI) 
is the modality of  choice, with sensitivity and specificity 
of  90% and 83%, respectively.10,11 MRI, in combination 
with plain radiography, remains to be the most accurate 
in detecting diabetic foot osteomyelitis and differentiating 
it from neuroarthropathy.12 MRI has distinct advantages 
over other modalities given its ability to detect early 
changes related to osteomyelitis, evaluate the true extent 
of  disease, depict extra-osseous spread of  infection, 
and help guide surgical management.8 Hence, MRI 
is increasingly being used to evaluate potential bone 
infection.

Aims and objectives
The present study was designed to perform a comprehensive 
study of  diabetic foot ulcer, its clinical findings, and to find 
the utility of  different diagnostic modality to differentiate 
between osteomyelitis and neuroarthropathy. Specific 
objectives were:
1.	 To determine the demographic pattern, the clinical 

presentation, and complications of  diabetic foot ulcer 
patients in the present cohort.

2.	 To determine the pattern of  clinical entities (osteomyelitis 
and neuroarthropathy) that were identified by different 
diagnostic modalities (clinical, radiological, and MRI).

3.	 To determine the distribution pattern of  MRI-diagnosed 
cases of  osteomyelitis and neuroarthropathy.

MATERIALS AND METHODS

This prospective, observational (clinical analytical) study 
was conducted in the general surgery ward of  a tertiary 
care center (Government Medical College) in the East 
India. The study was carried out after Institute’s Ethics 
Committee’s approval (No. NMC/798, dated February 
14, 2020). The patients admitted with diabetic foot ulcer, 
males and females aged 13 years and above, were included 
in the study after obtaining proper consent. The followings 
were the exclusion criteria.

Exclusion criteria
1.	 Patients aged 12 years and less
2.	 Patients on follow-up found to be suffering from such 

infectious diseases requiring isolation.
3.	 Patients who have left hospital against medical advices.

From hospital records, it was assessed that only 46 patients 
with diabetic foot ulcer were admitted in general surgery 
wards in the previous year. Considering this case load and 
characteristics of  a population, we intended to have non-
probability sample by recruiting 50 patients with diabetic 
foot ulcer for the present study. It was a non-random 
purposive sampling to match the objective of  the present 
study. The study spanned from March 2020 to August 
2021, till the sample size of  50 is reached. Thus, the total 
sample size was 50. It was an observational study and no 
control was required.

Patients undergoing follow-up and found to be suffering 
from such other infectious diseases requiring isolation were 
also excluded from the study. Patients who have left hospital 
against medical advices were not included in the study. 
Informed consent form was built up for taking consent 
from every participant in their respective understandable 
language. A  pro forma (containing history, physical 
examination findings, and laboratory investigations) was 
used to explore patient data. Besides clinical diagnosis, 
plain radiography and MRI were used to evaluate the 
clinical findings.

Laboratory investigations consisted of  complete hemogram, 
serum urea and creatinine, serum sodium and potassium, 
fasting and postprandial blood glucose, serum glycosylated 
hemoglobin (HbA1c), plain radiograph (X-ray), and MRI 
of  the affected foot.

Statistical analysis
For statistical analysis, data were entered into a Microsoft 
Excel spreadsheet and then analyzed by SPSS (version 27.0; 
SPSS Inc., Chicago, IL, USA) and GraphPad Prism 
version  5. Data had been summarized as count and 
proportions for categorical variables and mean±standard 
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deviation for numerical variables. Unpaired proportions 
were compared by Chi-square test or Fisher’s exact test, 
as appropriate. Z-test was used to test the significant 
difference of  proportions. For this study, P≤0.05 was 
considered for statistically significant.

RESULTS

There was a considerable difference in gender which was 
noted when age range distribution was analyzed (Table 1). 
Furthermore, a male preponderance was noted (Chi-square 
value 3.2. P= 0.001). Out of  total 50 patients, majority of  
the female patients were 61–70 years old and most of  the 
male patients were 51–70 years old (Z=0.207. P=0.833). In 
our study, most of  the patients were 61–70 years old and the 
mean age of  patients was 58.8 years irrespective of  gender.

It was found that the majority of  patients had disease 
duration of  5–15 years (Table 2).

Regarding the days of  suffering with diabetic foot problem, 
it was found that majority of  patients presented after 
2 weeks of  sufferings (Table 3).

Most of  the patients had presented with features of  
ulcer and neuropathic ulcer (Table  4). Other important 
presentations were with cellulitis and gangrene. The 
distribution was not significant on analysis (P=0.075).

About one-third (32%) of  patients had lesion in dorsum 
of  foot. Other frequent sites of  involvement were fore 
foot and toes (Table 5).

Among the diagnostic modalities used, MRI was able to pick 
up the diagnosis in a greater number of  patients; osteomyelitis 
was identified in 24  (48%) patients and neuroarthropathy 
was identified in 22 (44%) patients who had MRI diagnosis. 
However, on analysis, it was not significant (Table 6).

Among these MRI-diagnosed cases of  osteomyelitis and 
neuroarthropathy, MRI was able to delineate different 
abnormalities. Among these pathologies, bone marrow 
edema was found to be the major entity (Table 7).

The majority of  patients received wound debridement and 
excision of  slough with regular dressing. Disarticulation and 
amputation were required in 13 patients (Table 8).

DISCUSSION

Diabetic foot complications are considered as a significant 
public health hazard.13 In DM, the foot is affected mainly due 
to neuropathic arthropathy and/or osteomyelitis.14 About 
12–25% of  diabetic patients suffer from foot problems 
and foot ulceration remains to be the most common entity 
that often leads to complications.15,16 When patients seek 
medical advice, clinical evidence of  infection is present in 
more than 50% of  diabetic foot ulcer cases. The incidence of  
diabetic foot complications such as foot ulcer, infection, and 
gangrene increases with age and duration of  the disease.17 
Foot ulceration is a prominent cause of  morbidity and 
mortality in patients of  DM in the developing countries.18

Management for these patients needs repeated hospitalization 
and surgical management besides extensive medical 

Table 1: Distribution of age
Age groups 
(years)

Male Female Total  
(irrespective of gender)

<50 7 0 7 (14%)
51–60 10 8 18 (36%)
61–70 10 9 19 38%)
71–80 6 0 6 (12%)
Total 33 (66%) 17 (34%)

Table 2: Duration of diabetes
Duration of disease Number of patients (proportion)
<5 years 9 (18%)
5–10 years 14 (28%)
11–15 years 13 (26%)
16–20 years 8 (16%)
>20 years 6 (12%)

Z=0.225, P=0.818

Table 3: Distribution of days of sufferings
Duration Number of patients (proportion)
<15 days 15 (30%)
15–30 days 18 (36%)
30–90 days 10 (20%)
>90 days 7 (14%)

Z=0.638, P=0.522

Table 4: Distribution of clinical presentation
Clinical presentation Number of patients (proportion)
Abscess 4 (8%)
Cellulitis 9 (18%)
Gangrene 9 (18%)
Neuropathic ulcer 10 (20%)
Ulcer 18 (36%)

Z=1.781, P=0.075

Table 5: Site of the lesion
Site of the lesion Number of patients (proportion)
Dorsum of foot 16 (32%)
Fore foot 12 (24%)
Toes 11 (22%)
Planter foot 09 (18%)
Heal 02 (4%)

Z=0.89, P=0.373
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treatment. Charcot neuroarthropathy is an infrequent but 
dreadful complication of  diabetic peripheral neuropathy. 
Often, it culminates into lower limb amputation.19 
Neuroarthropathy is reported to affect 0.8–8% of  the 
diabetic population20 and the incidence appears to be 
increasing further. Moreover, a higher proportion of  cases 
are being detected with the utilization of  advanced imaging 
studies for diagnosing foot problems.20,21

Diagnostic imaging is a crucial factor not only in diagnosis 
but also helps in determining surgical decision and extent 
of  surgical intervention. There may be difficulty in 
distinguishing osteomyelitis from neuroarthropathy, both 
clinically and on imaging.22 Radiologist can contribute 
much to the patient management due to their familiarity 
with the particular technical requirements of  MRI and the 
specific imaging features of  these entities. By providing 
an accurate diagnosis based on imaging, the radiologist 
can play an important role in the multidisciplinary team 
for the management of  patients with complications of  
diabetic foot.22 In many cases, the osseous infection is 
evident on digital X-ray. MRI is not only a sensitive and 
specific diagnostic modality of  osteomyelitis but also it 
helps in pre-operative planning of  surgical resection of  
infected bone.23 MRI is becoming increasingly available and 

currently the imaging modality of  choice in the assessment 
of  osteomyelitis and soft-tissue complications in the 
diabetic foot. Diagnosis through MRI can be challenging 
due to the myriad manifestations and at times overlapping 
features of  these complications.22 MRI, in combination 
with radiography, is the most accurate in the detection of  
diabetic pedal osteomyelitis and its differentiation from 
neuroarthropathy.24

The present study showed a male preponderance and 
elderly patients with Type 2 diabetes were more than young 
aged Type 1 DM. In a study in Western countries, male 
sex was found to be associated with a 1.6-fold increase in 
foot ulcer risk.25 In a recent study24 on Indian population, 
males are found to be more affected than females in case 
of  soft-tissue infections and joint complications. High 
prevalence of  DM in men compared with women and 
more trauma-prone occupations in males, especially in low-
income groups, may attribute to this difference.26 However, 
contrast reporting2 does exist where a higher prevalence 
of  females than male (about 22% vs. 13%, respectively, 
P=0.03) has been observed.

Foot ulceration is a common cause of  morbidity and mortality 
due to DM in the developing countries. In an observational 
study (n=47),18 involving consecutive DM patients with foot 
ulcers, majority (85%) of  the patients were found to have 
Type-2 variety of  the disease. About 25% of  patients having 
Type-2 DM were diagnosed about their systemic disease only 
when they presented with foot ulceration.

The present study finds that ulcer (56%) and more 
specifically the neuropathic type (20%) are one of  the most 
predominant complications of  diabetic foot. Oyibo et al.,2 
found that most patients with diabetic foot complications 
had Type-2 diabetes and a majority (87%) of  them 
presented with foot ulcers of  which a considerable portion 
(52%) was neuroischemic origin.

Table 6: Diagnosis modalities of osteomyelitis and neuroarthropathy
Diagnostic modalities Osteomyelitis Neuroarthropathy P‑value
Clinical diagnosis 11 (22%) 13 (26%) The Chi‑square statistic is 0.2536. P=0.8809. 

The result is not significant at P<0.05.X‑ray diagnosis 15 (30%) 15 (30%)
MRI diagnosis 24 (48%) 22 (44%)

Data are presented as number of patients (proportion), MRI: Magnetic resonance imaging

Table 7: Distribution of clinical features in MRI‑diagnosed cases of osteomyelitis and neuroarthropathy
Parameters Osteomyelitis Parameters Neuroarthropathy
Marrow edema 29% Marrow edema 36%
Sinus tract 25% Bone destruction 27%
Sequestrum 17% Periarticular infection 14%
Intraosseous abscess 17% Tarsometatarsal and metatarsopharyngeal joint involvement 14%
Subperiosteal abscess 12% Periarticular bone marrow abnormality 9%

Data are presented as proportion of patients

Table 8: Modalities of surgical treatments 
received
Modalities of surgical treatment Number of patients 

(proportion)
Wound debridement 18 (36%)
Excision of slough and regular dressing 12 (24%)
Fasciotomy 3 (6%)
Disarticulation 9 (18%)
Below‑knee amputation 3 (6%)
Above‑knee amputation 1 (2%)
Incision and drainage 2 (4%)
Split skin grafting 2 (4%)

Z=1.309 and P=0.19
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The present study showed that MRI diagnosis was possible 
in a considerable proportion of  patients in correctly 
diagnosing the neuroarthropathy and osteomyelitis 
compared with X-ray diagnosis and clinical diagnosis. 
Moreover, MRI was able to categorically diagnose 
different pathological parameters of  osteomyelitis and 
neuroarthropathy. Among the MRI-diagnosed cases of  
osteomyelitis and neuropathy, the marrow edema was 
detected in a considerable proportion of  patients. Based 
on the present study findings, it may be commented that 
MRI appears to be a better modality than plain radiograph 
with respect to accuracy of  detecting complications.

Limitations of the study
The present study has certain limitations. It was a single-
center study and the observed population was small. 
Moreover, non-probability sampling was adopted in 
which the sampling technique was influenced by the 
subjective judgment of  the researcher rather than random 
selection. Thus, a less stringent method was followed. 
Furthermore, the performance of  nonrandom purposive 
sampling depends purely on the researcher’s knowledge 
and experience. Future multicenter study involving a large 
sample may reveal important observations.

CONCLUSION

The present study showed a male preponderance for 
diabetic foot ulcer. MRI can be more useful modality to 
diagnose different pathological parameters of  osteomyelitis 
and neuroarthropathy. MRI appears to be more useful 
than plain radiography for evaluation of  diabetic foot 
ulcer. Bone marrow edema remains to be a dominant 
parameter in MRI-diagnosed cases of  osteomyelitis as well 
as neuroarthropathy. In other words, MRI can be more 
helpful than plain radiography in detecting the extension 
of  the disease, differentiating between osteomyelitis and 
neuroarthropathy, and thereby suggesting the diagnosis in 
diabetic foot ulcer.
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