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Background. We provide evidence to revise the Infectious Diseases Society of America (IDSA) diabetic foot infection classifi-
cation by adding a separate tier for osteomyelitis and evaluating if moderate and severe infection criteria improve the classification’s 
ability to direct therapy and determine outcomes.

Methods. We retrospectively evaluated 294 patients with moderate and severe infections. Osteomyelitis was confirmed by bone 
culture or histopathology. Soft tissue infection (STI) was based on negative bone culture, magnetic resonance imaging, or single-
photon emission computed tomography. We stratified STI and osteomyelitis using IDSA criteria for moderate and severe infections 
and compared outcomes and complications.

Results. Osteomyelitis patients had greater antibiotic duration (32.5 ± 46.8 vs 63.8 ± 55.1 days; P < .01), surgery frequency 
(55.5% vs 99.4%; P < .01), number of surgeries (2.1 ± 1.3 vs 3.3 ± 2.3; P < .01), amputations (26.3% vs 83.4%; P < .01), reinfection 
(38.0% vs 56.7%; P < .01), and length of stay (14.5 ± 14.9 vs 22.6 ± 19.0 days; P < .01). There were no differences in moderate and 
severe STI outcomes except for infection readmissions (46.2% vs 25.0%; P = .02), and acute kidney injury (31.2% vs 50.0%; P = .03). 
There were no differences in moderate and severe osteomyelitis except the number of surgeries (2.8 ± 2.1 vs 4.1 ± 2.5; P < .01) and 
length of stay (18.6 ± 17.5 vs 28.2 ± 17.7; P < .01).

Conclusions. The IDSA classification better reflects outcomes if risk categories are stratified by STI or osteomyelitis and mod-
erate and severe infections are not categorized separately.
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Diabetes is an increasing public health concern with an estimated 
422 million adults living with diabetes in 2014, doubling since 
1980 [1]. The incidence of diabetic foot ulcers (DFUs) is 2–7% 
per year. Sixty percent of DFUs become infected during the 
course of treatment, with 20% of infected patients developing 
osteomyelitis (OM). Infected diabetic foot ulcerations are one 
of the most common reasons for hospitalizations and are asso-
ciated with increased risk of multiple hospitalizations and am-
putation [2–4]. Among diabetic patients with infections that are 
severe enough to require hospitalizations, two thirds of patients 
will have underlying OM.

In 2004 the Infectious Diseases Society of America (IDSA) 
and the International Working Group on the Diabetic Foot 
published a Diabetic Foot Infection Classification with an update 
published in 2012 [5, 6]. All or parts of the current classification 

system have been validated and implemented internationally [7, 
8]. The classification system has been adopted in diabetic infec-
tion guidance documents from Spain, the United Kingdom, and 
France [9–11]. The goals of clinical classification systems are to 
provide structure to assessment and treatment, to facilitate com-
munication, and to help predict resource utilization and clin-
ical outcomes. The classification can help clinicians determine 
which patients require hospital admission, type and duration of 
antibiotics that should be used, imaging recommendations, and 
the risk of reinfection and readmission.

The current IDSA classification misses a critical decision 
point in diabetic foot infections (DFIs) that dramatically affects 
the diagnosis, treatments, duration of therapy, duration of hos-
pitalization, recidivism, amputation risk, and treatment suc-
cess by not delineating OM in the model. The current IDSA 
recommendations for the route and duration of antibiotic 
therapy are clearly different when there is a soft tissue infec-
tion (STI), OM with complete excision of the infected bone, 
OM with residual bone infection or no resection. In addition, 
the classification has separate tiers for moderate and severe in-
fection but few specific differences in treatments. The classifi-
cation should reflect the increased resources, clinical outcomes 
and increased risk of reinfection and rehospitalization among 
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patients with OM and moderate and severe infections. Our goal 
was to propose the addition of a separate risk tier for patients 
with OM and to evaluate if the current criteria for moderate and 
severe infection for soft tissue or bone infections improved the 
classification system’s ability to direct therapy and determine 
clinical outcomes.

METHODS

This study was approved by the Institutional Review Board 
at the University of Texas Southwestern Medical Center and 
Parkland Health and Hospital System. The medical records of 
353 patients admitted to our hospital over an 8-year period with 
moderate and severe DFIs were retrospectively evaluated. We 
included 137 patients with STI and 157 patients with OM who 
met inclusion criteria and had at least a 12-month follow-up 
documented in the electronic medical records. Diabetic foot 
infection was based on the criteria established by the IDSA and 
was graded as moderate or severe [6]. Severe DFI was defined 
as having 2 or more objective findings of systemic toxicity 
and/or metabolic instability at the time of initial assessment 
based on the recommendations for systemic inflammatory re-
sponse syndrome [6, 7]. Osteomyelitis was confirmed with ei-
ther positive bone culture or bone histology. Histologic criteria 
for OM included the presence of an inflammatory response, 
bone necrosis, and/or bone fragmentation [12]. The diagnosis 
of STI was based negative magnetic resonance imaging (MRI), 
negative single-photon emission computed tomography-
computerized tomography (SPECT), or negative bone cul-
ture and histopathology [13]. Inclusion criteria were patients 
admitted to hospital with moderate or severe DFI, a diagnosis 
of diabetes mellitus based on American Diabetes Association 
criteria [14], age between 18 and 89 years, and maintained at 
least a 12-month follow-up.

Demographic data were collected along with a medical and 
social history, wound characteristics, results of serum lab-
oratory draws, clinical outcomes, and surgical or vascular 
interventions. We documented medical history for retinopathy, 
previous foot ulceration, and amputation based on a review of 
the medical history in the electronic medical record. We defined 
acute kidney injury (AKI) based on KDIGO (Kidney Disease: 
Improving Global Outcomes) criteria [15]. We defined sensory 
neuropathy as abnormal vibratory sensation or abnormal sen-
sation with 10-g Semmes-Weinstein monofilament. We defined 
peripheral vascular disease as an ankle to arm systolic blood 
pressure ratio of <0.90 or >1.3. We defined foot wounds as full-
thickness lesions involving any portion of the foot or ankle. 
We defined foot infection based on criteria consistent with 
the IDSA Diabetic Foot Infection Classification. All data were 
obtained through retrospective chart review.

The data was compiled using SPSS software, version 25 for 
Macintosh (IBM), along with Microsoft Excel, version 15.37 for 

Macintosh (Microsoft). A χ 2 test was used for trending of the 
outcomes and significance was noted at P < .05. Analysis of var-
iance was also used to evaluate statistical means between the 2 
groups, and significance was noted at P < .05.

RESULTS

A total of 353 patients were initially identified: 177 were 
diagnosed with OM and 176 were diagnosed with a STI. We 
included 137 patients with STI and 157 patients with OM 
who met inclusion criteria and had at least a 12-month fol-
low-up documented in electronic medical records. When 
we compared patients who were excluded and patients who 
completed 12  months of follow up, there was no difference 
in gender (68.3% vs 75.2% male; P =  .21), peripheral neurop-
athy (88.2% vs 90.8%; P = .61), history of previous foot ulcera-
tion (70.6% vs 63.9%; P = .43), history of previous amputation 
(49.0% vs 35.4%; P =  .08), glycated hemoglobin (8.8% ± 2.8% 
vs 9.1% ± 2.5%; P = .41), white blood cell count (10.8 ± 4.6 vs 
10.6  ±  4.3; P  =  .77), or need for revascularization (11.8% vs 
10.5%; P = .79). Patients who did not complete the study were 
more likely to have an STI (64.7% vs 46.6%; P =  .02), not re-
quire surgery (39.2% vs 21.1%; P < .01), not require amputation 
(54.9% vs 43.2%; P < .01), and not have retinopathy (84.3% vs 
69.4%; P = .03). For patients with a 12-month follow-up, dem-
ographic and patient characteristics are summarized in Table 1, 
and outcomes are summarized in Table 2.

Patients with OM had worse outcomes and more 
complications than patients with STI. Patients with OM had 
a significantly longer duration of antibiotics (32.5  ±  46.8 vs 
63.8  ±  55.1  days; P  <  .01), a greater need for surgery (55.5% 
vs 99.4%; P  <  .01), more surgeries (2.1  ±  1.3 vs 3.3  ±  2.3; 
P  <  .01), more amputations (26.3% vs 83.4%; P  <  .01), more 
reinfections (38.0% vs 56.7%; P  <  .01), a higher incidence of 
AKI (37.2% vs 49.7%; P = .04), and longer length of stay in the 
hospital (14.5 ± 14.9 vs 22.6 ± 19.0 days; P < .01). There were 
no differences in clinical outcomes among patients with mod-
erate and severe STI (Table 2), except for readmission for foot 
infections (moderate vs severe STI: 46.2% vs 25.0%; P  <  .01) 
and AKI during the index hospitalization (moderate vs severe: 
31.2% vs 50.0%; P  <  .01). There were no differences among 
patients with moderate and severe bone infections, except 
for the mean number of surgeries (2.8 ± 2.1 vs 4.1 ± 2.5) and 
mean length of hospitalization (18.5 ± 17.5 vs 28.2 ± 19.8 days; 
P <  .01). Both of these outcomes were worse in patients with 
severe bone infections.

DISCUSSION

The current IDSA Diabetic Foot Infection Classification is a 
4-tier system that is separated into no infection, mild infec-
tion, moderate infection, and severe infection based on the ex-
tent and severity of local clinical signs (mild and moderate) 
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and the presence of systemic signs of infection (moderate vs 
severe). In the moderate and severe infection tiers, superficial 
infection, deep infection or abscess, and bone infection can be 
grouped together. There are 2 studies that have reported sig-
nificant differences in patients with moderate and severe DFIs 
[7, 8]. Wukich et al [7] compared results of a prospective co-
hort of 229 patients admitted to the hospital with moderate 
and severe foot infections, and Lavery et al [8] evaluated a pro-
spective cohort of 1666 patients with 248 ulcers and 151 foot 
infections. Lavery et al compared outcomes in patients with no 
infection and mild, moderate, and severe infections. In con-
trast, Wukich et al evaluated patients with moderate and severe 
DFI in patients who required hospitalization. In Lavery et al’s 
study, the majority of patients with DFI were treated in clinic, 
and a minority of their patients with moderate (n = 52) and se-
vere (n = 27) infections had OM (39%). In Wukich et al’s study, 
68% of 229 patients had OM. Lavery et al’s study was probably 
underpowered because there were only 20 moderate and 10 se-
vere bone infections. In Wukich et al’s study there were 80 cases 
of OM with severe infection and only 32 severe STIs, a 2.5 ratio 
of severe bone infections to STIs. Worse outcomes in severe 
infections were probably driven by the OM group. Both studies 
combined patients with soft tissue and bone infections, so it 
was not possible to identify the effect of the type and severity 
of infections and how these factors affected clinical outcomes.

The results of this study demonstrate that there were very few 
differences in patients with moderate and severe infections when 
groups were stratified by STI versus bone infection. The only 
difference in outcomes with moderate and severe STI showed 
worse outcomes in hospital readmission in patients diagnosed 
with a moderate infection (46.2% vs 25.0%), the opposite of 
what the current classification would predict, and a higher in-
cidence of AKI in patients with severe STI (31.2% vs 50.0%). 
In addition, there were few differences in moderate and severe 
infections in patients with OM. Diabetes-related immunopathy 
may help explain the difference in expected results and actual 
clinical events in moderate and severe infections. Animal and 
human studies have shown deficits in cellular and humoral im-
munity. Immunopathy may blunt the normal inflammatory re-
sponse that clinicians rely on to distinguish the presence and 
severity of infection [16, 17].

In our study, patients with OM had worse outcomes, more 
surgeries and amputations, longer hospitalizations, and higher 
rates of recurrent infection and readmission for infection than 
patients with moderate and severe STI. Wukich et al [7] and 
Mutluoglu et al [18] have reported similar findings. Previous 
studies did not separate outcomes based on moderate or severe 
infection severity, but both studies reported worse outcomes 
in patients with OM. In a cohort of 37 patients with OM and 
36 patients hospitalized with STI, Mutluoglu and colleagues 

Table 1. Demographic and Patient Characteristics of Patients With Moderate or Severe Diabetic Foot Infections

 
 

IDSA Classification and Type of Infection

Soft Tissue Infection Osteomyelitis

IDSA 3 (n = 93) IDSA 4 (n = 44) IDSA 3 (n = 91) IDSA 4 (n = 66)

Patient factors     

 Age, y 53.6 ± 10.4 49.6 ± 11.4 53.9 ± 10.8 52.1 ± 10.9

 Male gender 69 (74.2) 33 (75.0) 68 (74.7)  51 (77.3)

 BMI, kg/m2 32.9 ± 10.6 31.1 ± 8.8 32.9 ± 10.5 31.4 ± 7.2

 Type 2 diabetes mellitus 92 (98.9) 39 (88.6) 88 (96.7) 61 (92.4)

Comorbidities     

 Retinopathy 24 (25.8) 10 (22.7) 31 (34.1) 25 (37.9)

 Neuropathy 86 (92.5) 37 (84.1) 81 (89.0) 63 (95.5)

 Previous ulcer 61 (65.6) 21 (47.7) 63 (69.2) 43 (65.2)

 Previous amputation 38 (40.9) 7 (15.9) 31 (34.1) 28 (42.4)

 Peripheral vascular disease 68 (73.1) 34 (77.3) 60 (65.9) 45 (68.2)

Laboratory values     

 Glycated hemoglobin, %  8.8 ± 2.7 9.3 ± 2.1 8.9 ± 2.6 9.7 ± 2.3

 WBC, cells/mm3  8.6 ± 3.1 11.3 ± 4.8 9.8 ± 2.9 14.2 ± 4.8

 ABI     

  <0.90 6 (6.5) 2 (4.5) 5 (5.5) 5 (7.6)

  0.9–1.3 25 (26.9) 10 (22.7) 31 (34.1) 21 (31.8)

  >1.3 62 (66.7) 32 (72.7) 55 (60.4) 40 (60.6)

 CRP, mg/dL 4.6 ± 6.5 5.9 ± 7.2 6.9 ± 7.1 12.8 ± 10.9

 ESR, mm/h 55.6 ± 32.1 65.3 ± 38.6 76.0 ± 33.6 96.4 ± 29.7

Descriptive variables are presented as n (%). Continuous variables are presented as means ± standard deviations.

Abbreviations. ABI, ankle-brachial index; BMI, body mass index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IDSA, Infectious Diseases Society of America; WBC, white 
blood cell count.
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reported longer length of stay, longer antibiotic therapy, 
longer time to wound healing, more surgery, and more minor 
amputations in patients with OM. Likewise, Wukich et al re-
ported that patients with OM had longer hospitalization, more 
amputations, more minor and major amputations, and more 
readmissions than patients with STI in a cohort of 155 patients 
with OM and 74 patients hospitalized with STI.

There is a clear difference in the success rate and duration 
of antibiotic therapy in patients with OM. Successful treat-
ment of moderate and severe STI is very high (72–87% [19]) 
and the duration of treatment is short (5–28  days). In con-
trast, successful treatment with remission of OM is often 
much lower (29–88%), and the duration of antibiotic therapy 
can be measured in weeks rather than days. Cohort studies of 
patients’ treatment for OM report the duration of antibiotics 
ranging from 4 to 40 weeks [20–22]. The IDSA DFI guidelines 
recommend different durations of antibiotics based on the se-
verity of STI and the presence of bone infection, and if there 
has been complete or incomplete resection of the infected 

bone [6]. Treatment recommendations for moderate STI are 
for initial parenteral therapy followed by oral antibiotics for 
a total of 1–2 weeks. For severe STI, the recommended dura-
tion is 2–4 weeks. Recommendations for bone infection with 
no residual OM after surgery are 2–5  days of oral antibiotics 
and for patients with residual infection with viable bone are 
4–6 weeks of antibiotic treatment. When there is residual dead 
bone postoperatively, the recommended duration of therapy is 
greater than 12 weeks. The current classification does not in-
clude any provisions to address the significant differences in 
diagnosis, treatment, or complications in soft tissue and bone 
infections. The duration of antibiotic treatment in our cohort 
was longer than IDSA recommendations for many patients with 
both STI (31.3 ± 45.3 days) and OM (63.8 ± 55.1 days).

This study has several advantages and limitations that war-
rant discussion. First, this study used the gold standard of bone 
culture or histopathology to confirm the diagnosis of OM as 
opposed to clinical criteria such as “probe to bone” or imaging 
with radiographs. We acknowledge that these methods have 

Table 2. Outcome Differences by Infectious Diseases Society of America Classification and Type of Infection

 

Soft Tissue Infection Osteomyelitis
Intergroup  

Comparison
Intragroup  

ComparisonIDSA 3 (n = 93) IDSA 4 (n = 44) IDSA 3 (n = 91) IDSA 4 (n = 66)

Patient factors       

 Antibiotic duration, d 17.0, 31.9 ± 47.2 18.5, 34.1 ± 46.5 48.0, 59.0 ± 50.6 56.0, 70.5 ± 60.5 OM 3 > STI 3 …

OM 3 > STI 4

OM 4 > STI 3

OM 4 > STI 4

 Surgical intervention 55 (59.1) 21 (47.7) 90 (98.9) 66 (100) OM 3 > STI 3 …

OM 3 > STI 4

OM 4 > STI 3

OM 4 > STI 4

 Number of surgeries 2.0, 2.0 ± 1.3 2.0, 2.1 ± 1.5 2.0, 2.8 ± 2.1 4.0, 4.1 ± 2.5 OM 3 > STI 3 OM 4 > OM 3

OM 4 > STI 3

OM 4 > STI 4

 Lower limb amputation 27 (29.0) 9 (20.5) 73 (80.2) 58 (87.9) OM 3 > STI 3 …

OM 3 > STI 4

OM 4 > STI 3

OM 4 > STI 4

 Acute kidney injury 29 (31.2) 22 (50.0) 44 (48.4) 34 (51.5) OM 3 > STI 3 STI 4 > STI 3

OM 4 > STI 3

One-year outcomes       

 Healed 62 (66.7) 30 (68.2) 71 (78.0) 42 (63.6) … …

 Time to heal, d 91.0, 136.5 ± 103.3 131.5, 132.3 ± 102.0 128.0, 154.2 ± 110.5 148.5, 184.6 ± 114.2 OM 4 > STI 3 …

OM 4 > STI 4

 Reinfection 40 (43.0) 12 (27.3) 47 (51.6) 42 (63.6) OM 3 > STI 4 …

OM 4 > STI 3

OM 4 > STI 4

 Readmission, foot 43 (46.2) 11 (25.0) 43 (47.3) 42 (63.6) OM 3 > STI 4 STI 3 > STI 4

OM 4 > STI 3

OM 4 > STI 4

 Length of stay, d 10.0, 14.1 ± 12.8 9.5, 15.4 ± 18.7 13.0, 18.6 ± 17.5 24.0, 28.2 ± 17.7 OM 4 > STI 3 OM 4 > OM 3

OM 4 > STI 4

Descriptive variables are represented as n (%). Continuous variables are represented as median, mean (standard deviation). All STI and OM and intragroup comparisons described are sig-
nificant (P < .05). Abbreviations: IDSA, Infectious Diseases Society of America; OM, osteomyelitis, STI, soft tissue infection.
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been used in other OM studies; however, in order to clearly 
differentiate OM from STI, more stringent criteria were 
needed. Radiographs and “probe to bone” may misclassify 
early cases of OM. We confirmed that bone infection was not 
present in the STI based on a negative MRI or SPECT/CT or 
negative bone biopsy. When MRI and SPECT/CT are negative, 
false negatives are uncommon [23]. Therefore, we believe it is 
unlikely that any of the study subjects were misclassified con-
cerning the type of diabetic infection. Third, because patients 
with an uneventful postoperative course may not return for 
the entire 12-month follow-up that was part of our inclusion 
criteria, we may have lost patients with the best clinical results. 
Our electronic medical records are linked to other hospital 
systems in the area, so we could review hospital admissions, 
laboratory results, imaging, and clinic visits in the area. This 
allowed us to reduce the patients lost to follow-up in both 
treatment groups.

We acknowledge the limitations of this study. As no efforts 
were made to adjust for confounding factors, there can be no 
inference regarding the underlying causes for the associations 
made. Other limitations of this study are related to the retro-
spective nature of the study design, leading to potential meas-
urement and selection bias. There were varying operational 
definitions of disease states and outcomes used by different 
clinicians. In addition, selection bias may be a concern. Our 
study population may not be generalizable to the general pop-
ulation because Parkland Hospital is a safety-net hospital and 
disproportionately serves poor, unfunded, and underfunded 
patients, so resources for follow-up care, travel, and paid leave 
from work are more challenging for our patients. In other 
studies, such as the Lower Extremity Assessment Project study, 
lower socioeconomic status was associated with more missed 
clinic visits and poor follow-up after discharge from the hospital 
and worse clinical outcomes [24]. In addition, even the gold 
standard to diagnose OM in the diabetic foot has important 
limitations. Histology is based on subjective criteria and signif-
icant differences in interobserver variability have been reported 
that bring into question the reliability of histology to consist-
ently identify OM [25]. Traditional culture techniques may not 
identify pathogens that are hard to grow. Genetic sequencing 
to identify pathogens in OM has been shown to identify sig-
nificantly more pathogens than traditional cultures, mostly 
anaerobes [26] (86.9% vs 23.1%) and gram-negative pathogens 
(78.3% vs 3.8%).

In addition, if patients have been treated with antibiotics prior 
to their bone cultures, theoretically fewer pathogens may be 
recovered or more cultures may be negative. Most of the literature 
regarding prebiopsy antibiotic exposure is in patients with hema-
togenous vertebral OM. The results of the vertebral OM literature 
are inconsistent, and most of the studies have severe methodo-
logical flaws, such as using clinical examination as the reference 
standard to define OM. There are 9 small, retrospective studies 

that evaluated antibiotic exposure and bone cultures in patients 
with vertebral OM [27–35]. Five of the studies were negative, and 
4 of the studies were positive. There are 2 retrospective studies 
of antibiotic exposure in patients with multiple anatomic sites of 
OM that are both negative, and there is 1 prospective study of dia-
betic foot OM that is also negative [36–38]. Many physicians have 
generalized the questionable results from hematogenous verte-
bral OM to direct extension OM in people with diabetes. We were 
only able to identify 1 prospective study in patients with diabetic 
foot OM that reported that there were more bacterial pathogens 
recovered in patients who received antibiotics prior to bone cul-
ture (87.8%) compared with patients with no antibiotics before 
bone culture (61.8%) [38]. In the current study, the median and 
mean (±SD) days of antibiotic exposure prior to bone culture was 
3.0, 4.5 ± 5.3 days; and 8.5% of patients received no antibiotics 
before biopsy, 31.3% received antibiotics for fewer than 3 days, 
62.2% received antibiotics fewer than 7  days, 72.4% received 
antibiotics fewer than 14 days, and 4.4% received 14 days or more 
of antibiotics before biopsy.

The training of the treating physicians may have also bi-
ased treatments. This study was performed at a single center, 
so cultural and cognitive bias of the surgeons and physicians 
who participated in the study may have influenced clinical 
and surgical decisions [39]. The diabetic limb-salvage service 
was directed by surgeons. All of the surgeons were podiatrists, 
and like many subspecialties, the culture of their training and 
the “rules of thumb” they were taught bias their treatments. It 
might be reasonable to assume that surgeons would advocate 
for surgery more often than an internist. On the other hand, 
the selection and duration of antibiotic therapy were directed by 
emergency room physicians, internists, and infectious diseases 
specialists who may have considerable variability in their 
training, exposure, and interest in DFIs. This could help explain 
the longer periods of antibiotic treatments than expected, even 
in patients with STIs.

Conclusions

We have proposed a modification of the current IDSA Diabetic 
Foot Infection Classification where group 1 is no infection, 
group 2 is mild STI, group 3 is moderate or severe STI, and 
group 4 is moderate or severe bone infection (Table 3). The ra-
tionale for a classification system is to plan for therapy, predict 
clinic outcomes, and predict resource utilization. The current 
IDSA DFI guideline has different treatment recommendations 
for patients with STI and OM; however, the treatment 
recommendations are not reflected in the design of the current 
DFI classification. The results of this study and other published 
reports identify dramatically different clinical outcomes and in-
fection recurrence rates in diabetic patients with OM. We did not 
find a strong rationale to have separate categories for moderate 
and severe infections within either STI or bone infections. The 
treatment and clinical outcomes were very similar in patients 
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with moderate and severe STI and in moderate and severe bone 
infections when these groups were analyzed separately.
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