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Introduction

Besides advanced ischemia, chronic osteomyelitis of the 
lower extremity is a frequent problem in patients with long-
standing diabetes mellitus and a leading cause of lower 
extremity amputations.28,50,51 Diabetic foot osteomyelitis 
(DFO) is a consequence of soft tissue infection spreading to 
underlying osseous structures.48 It occurs in about 20% to 
60% of diabetic foot ulcers.10,38 In the diabetic foot, the 
severity of systemic manifestations, the number of ulcers, 
and concomitant vascular insufficiency are influencing fac-
tors leading to major amputation, in this study defined as an 
amputation above the ankle joint.23,49,60 Only a few studies 
have generally linked diabetic foot lesions to the fore-, 
mid-, and hindfoot and analyzed their outcome in terms of 
healing time, recurrent lesions, and amputations.45,56,63 

Specifically, the attribution of chronic, nontraumatic foot 
ulcers localized in different areas to the final clinical out-
come is only reported in a few studies.14,23,39,54 Most of 
these studies included amputations in nondiabetic patients, 
performed for other reasons than DFO. In this retrospective 
cohort study, we aim to analyze the influence of the location 
of DFO on the probability of primary performed major 
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Abstract
Background: Diabetic foot osteomyelitis (DFO) often leads to amputations in the lower extremity. Data on the influence 
of the initial anatomical DFO localization on ultimate major amputation are limited.
Methods: In this retrospective analysis, 583 amputation episodes in 344 patients (78 females, 266 males) were analyzed. 
All received a form of amputation in combination with antibiotic therapy. A multivariate logistic regression analysis with 
the primary outcome “major amputation” defined as an amputation above the ankle joint was performed. The association 
of risk factors including location of DFO, coronary artery disease, peripheral artery disease, neuropathy, nephropathy, and 
Charcot neuro-osteoarthropathy was analyzed.
Results: Among 583 episodes, DFO was located in the forefoot in 512 (87.8%), in the midfoot in 43 (7.4%), and in 
the hindfoot in 28 episodes (4.8%). Overall, 53 of 63 (84.1%) major amputations were performed because of DFO in 
the setting of peripheral artery disease as primary indication. Overall, limb loss occurred in 6.1% (31/512) of forefoot, 
20.9% (9/43) of midfoot, and 46.4% (13/28) of hindfoot DFO. Among these, 22 (41.5%) were performed as the primary 
treatment, whereas 31 (58.5%) followed previously failed minor amputations. Among this latter group of secondary major 
amputations, the DFO was localized to the forefoot in 23 of 583 (3.9%), the midfoot in 4 of 583 (0.7%) and the hindfoot 
in 4 of 583 (0.7%). In multivariate logistic regression analysis, initial hindfoot localization was a significant factor (P < .05), 
whereas peripheral artery disease, smoking, and a midfoot DFO were not found to be risk factors.
Conclusion: In our retrospective series, the frequency of limb loss in DFO increased with more proximal initial foot DFO 
lesions, with almost half of patients losing their limbs with a hindfoot DFO.
Level of Evidence: Level IV, retrospective cohort study.
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amputation and the risk for conversion to secondary DFO-
related major amputation. We hypothesized that in DFO, 
only hindfoot localization is a risk factor for both primary 
and secondary major amputation.

Material and Methods

After receiving ethical approval from the local institutional 
review board, we performed a retrospective study of all dia-
betic foot patients referred to our hospital for the operative 
treatment of DFO from January 2000 to August 2020. All 
patients presented with an underlying diabetic foot ulcer. If 
osteomyelitis was suspected because of a positive probe-to-
bone test and/or the presence of clinical symptoms, conven-
tional radiographs (cortical erosions or destruction without 
prior surgery or trauma) and magnetic resonance imaging 
(MRI; bone marrow suppression on T1-weighted images, 
bone marrow edema in a fluid-sensitive MR sequence) 
were performed.24,25,29 In case of MRI contraindications, 
bone scintigraphy or 18F-fluorodeoxyglucose positron 
emission tomographic / computed tomographic scans were 
used instead. Intraoperative biopsy of the affected bone was 
further used to confirm the diagnosis and to acquire a micro-
biologic profile. Histology of the bone probes, however, 
was not mandatory and only performed in case of unclear 
diagnosis.

The amputations were performed in case of a clinical 
emergency, systemic spread of infection, or after a failed 
conservative therapy with antibiotics and local wound treat-
ment. Experienced surgeons selected the amputation level 
based on clinical criteria; mostly on the extent of the 
infected bone in MRI scans, as well as the current severity 
of peripheral artery disease (PAD). The diagnosis of PAD 
was made by referral angiologists using angiologic standard 
methods, and the severity of PAD was based on the classifi-
cation of Fontaine.18

For this study, we defined all amputations above the 
ankle joint (Syme level) as “major amputations.”6,14,37 All 
major amputations in this study were transtibial amputa-
tions. Amputations in the foot, including “internal partial 
foot amputations” (IPFA) defined as a simple resection of 
the infected bone with preservation of the surrounding 
healthy soft tissue and more distal bone, were considered to 
be minor amputations.46 A major amputation was performed 
in patients where the peripheral circulation could not be 
optimized (judgment of the referral angiologist) and would 
therefore not allow for adequate healing of a more distal 
amputation level and, in the setting of compromised soft tis-
sue (remaining soft tissue would not allow to create a bear-
able more distal stump), or in case with widespread 
osteomyelitis and fulminant, life-threatening sepsis. 
Antibiotic therapy was directed by an in-house infectiologist 
based on the current IWGDF (International Working Group 
of the Diabetic Foot) guidelines.30 The administration route 

and the length of treatment were chosen according to (1) the 
severity of residual soft tissue infection, (2) residual osteo-
myelitis, and (3) in case of septic patients, presence of posi-
tive blood cultures to prevent development of endocarditis.

For each episode, defined as the occurrence of diabetic 
foot osteomyelitis at a particular anatomical location that 
demonstrated healed operative wounds and absence of clin-
ical signs of reinfection within 12 months after the index 
amputation, we assessed the following variables: sex, body 
mass index, diabetes type and duration, cardiac artery dis-
ease (history of myocardial infarction, angina pectoris, con-
gestive heart failure), nephropathy (glomerular filtration 
rate < 45 mL/min, patients requiring dialysis and/or history 
of kidney transplantation), polyneuropathy, and the history 
of smoking and alcohol abuse. Polyneuropathy was diag-
nosed using the 5.07 Semmes-Weinstein monofilament test 
and vibration test. If diagnosis of polyneuropathy was 
unclear, a referral to a neurologist was made. We also 
assessed laboratory results such as glycosylated hemoglo-
bin on admission, inflammatory markers, and glomerular 
filtration rate. Furthermore, amputation levels and the type 
and duration of systemic antibiotic therapy based on the 
microbiological culture from the intraoperative bone probes 
were analyzed. Off-loading by casts or customized shoe 
orthosis alleviated any pressure areas to prevent further 
future foot lesions. Patients were seen on an outpatient 
basis every 1-2 weeks until complete wound healing was 
achieved. Afterwards, patients were seen regularly every  
3 months.

Outcomes

Our primary endpoint was the occurrence of ultimate DFO-
related major amputation in regard to the initial anatomical 
localization of DFO. Phalanges and metatarsals were con-
sidered as forefoot, the distal row of the tarsus as midfoot, 
and the talus and calcaneus as hindfoot. The secondary 
objectives were different variables associated with an ulti-
mate DFO-related major amputation.

Statistical Analysis

We compared the differences between the localizations 
using a Student t test for mean values and the standard 
deviation (SD) for the continuous variables. For the com-
parison of categorical data, we used the Pearson chi-square 
test. The possible influence of different patient character-
istics, demographic data, and clinical parameters on the 
incidence of major amputation were evaluated with a uni-
variate and multivariate logistic regression analysis. We 
used IBM SPSS software (version 26; IBM, Armonk, NY) 
and Stata (version 13.1; StataCorp LP, College Station, 
TX) and considered P values <.05 (2-tailed) as statisti-
cally significant.
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Results

General Results
We included 583 DFO episodes in 344 patients (78 females, 
266 males; mean age 66.5 years). A total of 512 of 583 DFO 
episodes (87.8%) were located in the forefoot, 43 of 583 
episodes (7.4%) in the midfoot, and 28 of 583 (4.8%) in the 
hindfoot (Table 1). The mean follow-up time was 3.6 years 
(SD: 3.52; range 0-18) after the last performed surgery. The 
average HbA1c was 7.9 ± 1.6 (P = .915) and 8.0 (SD 1.8) 
(P = .915) in patients with and without MA, respectively. 
The mean body mass index did not differ significantly 
between the 2 groups (29.9 vs 30.3, P = .456). Other 
patients' demographics are listed in Table 2. When compar-
ing episodes treated with a major amputation to those with 
minor amputations, a bypass or percutaneous transluminal 
angiography was performed in 65.2% vs 48.4% of forefoot, 
100% vs 38.2% of midfoot, or 50% vs 60% of hindfoot 
DFO. These differences were not significant. The mean 
interval between percutaneous transluminal angiography 
and surgery was 15 months (SD 29.5), 5.8 months (SD 
12.8), and 9.2 months (SD 15.1) for fore-, mid-, and hind-
foot DFOs, respectively. DFO in the setting of Charcot 
neuro-osteoarthropathy (CN) was significantly more preva-
lent in midfoot amputations (27/38, 71.1%) than in hindfoot 
amputations (6/19, 31.6%), direct major amputations (6/22, 
27.3%), or forefoot amputations (44/504, 8.7%). In 27.3% 
of all direct major amputations, CN was present, whereas 1 
of 23 (4.4%) forefoot, 1 of 4 (25.0%) midfoot, and 2 of 4 
(50.0%) hindfoot DFO episodes were affected in secondary 

major amputations. Details of antibiotic therapy are given 
in Table 2. The most common bacterial species identified by 
intraoperative cultures from bone biopsies in patients with 
both minor and major amputations were Staphylococcus 
aureus, followed by coagulase-negative staphylococci and 
Staphylococcus epidermidis in patients with major amputa-
tions and Enterococcus faecalis and Pseudomonas aerugi-
nosa in patients without major amputations (Table 3).

Major Amputations

All major amputations performed were transtibial ampu-
tations. In 22 of 583 (3.8%) cases, a new episode was 
directly treated with a primary major amputation. In 8 
(1.4%), 5 (0.9%) and 9 (1.5%) of these 583 cases, osteo-
myelitis was located in the fore-, mid- and hindfoot, 
respectively. Thus, primary major amputations due to 
DFO were most often performed in the hindfoot (9/28, 
32.1%), followed by the midfoot (5/43, 11.6%) and fore-
foot (8/512, 1.6%). Secondary major amputations (31/53, 
58.5%) were most often required in the setting of hind-
foot DFO (21.1%), followed by midfoot (10.5%) and 
forefoot (4.6%) DFO (Table 1). Overall, we performed a 
major amputation in 63 cases, of which 53 (84.1%) were 
due to DFO as the main indication. Among these (53/583), 
limb loss occurred in 6.1% (31/512) in the forefoot, in 
20.9% (9/43) in the midfoot, and in 46.4% (13/28) in the 
hindfoot. In the remaining 10 of 63 cases (15.9%), indica-
tions for major amputation other than DFO were acute 
embolic occlusion (1/10), mechanical problems due to 

Table 1. Influence of Initial Amputation Location on Following DFO-Related Major Amputations.

Level of Initial Amputation With MA Without MA

Proportion MA of 
Amputation Level,

%

Proportion of 
all DFO-Related 

MA, %

Forefoot  
 Toes 8 262 3 15.1
 Sesamoid 0 10 0 0
 Ray 10 164 5.8 18.8
 Total TM 5 45 10 9.4
 Overall 23 481 4.6 43.3
Midfoot  
 Lisfranc/Chopart 4 6 40 7.6
 Internal resection 0 28 0 0
 Overall 4 34 10.5 7.6
Hindfoot  
 Partial calcanectomy 1 9 10 1.9
 Syme/Pirogoff 1 3 25 1.9
 Internal resection 2 3 40 3.8
 Overall 4 15 21.1 7.6
Primary MA 22 — 100 41.5
Total 53 530 — 100

Abbreviations: DFO, diabetic foot osteomyelitis; IPFA, internal partial foot amputation; MA, major amputation; TM, transmetatarsal.
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deranged biomechanics after minor amputations and CN 
(1/10), chronic ulceration after minor amputation (1/10), 
and critical ischemia leading to severe infected skin 
necrosis (7/10). Men (42/53, 79.3%) were affected more 
commonly by major amputations than females. Twenty of 
53 (37.7%) transtibial amputations occurred after com-
plete wound healing was achieved. Twenty-one of 53 
(39.6%) experienced wound healing problems after trans-
tibial amputation, with 12 of 21 (57.1%) requiring local 
revision surgery of the stump. Overall, only 1 of 53 of the 
transtibial amputation later required an above-knee ampu-
tation due to extensive damage to soft tissue, infected 
stump, and advanced PAD. The overall mortality rate 
after major amputation was 28.3% (15/53) after a mean 
time of 38 months (SD 28). No significant difference (P 
= .073) regarding time to death following MA between 
patients with (43 months, SD 24 months) and without (28 

months, SD 31) critical ischemia (defined as Fontaine 
stages 3 and 4)44 was observed.

Conversion to Secondary DFO-Related Major 
Amputations

In 31 of 583 (4.3%) cases, the primary minor amputation 
failed, leading to a conversion to a secondary DFO-related 
major amputation. Among this group, the prior DFO was 
localized in the forefoot in 23 of 512 (4.5%), the midfoot in 
4 of 38 (10.5%), and the hindfoot in 4 of 19 cases (21.1%), 
respectively (Table 1). The mean time to conversion for all 
amputation levels was 9.3 months (SD 14.0). It was 42 
months (SD 48.0) in the forefoot, 4 months (SD 1.0) in the 
midfoot, and 4.9 months (SD 4.7) in the hindfoot. Indications 
for conversion to secondary DFO-related MA are summa-
rized in Table 4.

Table 2. Episode-Specific Characteristics Between Groups Treated Without and With Major Amputation.

Variable Episodes Without MA Episodes With MA P Value

Age, mean (SD) 67 (11.6) 66 (11.6) .707
Sex, n (%) >.999
 Female 115 (21.7) 11 (20.8)
 Male 415 (78.3) 42 (79.2)
BMI, mean (SD) 29.9 (5.9) 30.3 (7.3) .456
DM, n (%) .273
 Type I 68 (12.8) 9 (17.0)  
 Type II 458 (86.4) 43 (81.1)  
 Other 4 (0.8) 1 (1.9)  
Duration of DM, y, mean (SD) 19.1 (12.0) 21.4 (12.8) .236
Peripheral neuropathy, n (%) 486 (91.7) 49 (92.5) >.999
Renal pathology, n (%) 120 (22.6) 14 (26.4) .499
Coronary artery disease, n (%) 211 (39.8) 30 (56.6) .018a

Peripheral artery disease (PAD), n (%) 355 (67.0) 47 (88.7) .001a

History of smoking, n (%) 304 (57.6) 40 (75.5) .011a

 Persistent smoking (% of smoker) 111 (36.2) 15 (37.5) .863
Alcohol abuse, n (%) 123 (23.3) 19 (35.8) .043a

Contralateral MA, n (%) 17 (3.2) 5 (9.4) .023a

HbA1c, %, mean (SD) 8.0 (1.8) 7.9 (1.6) .915
Ipsilateral CN, n (%) 73 (13.8) 10 (18.9) .305
GFR (mL/min/1.73 m2), mean (SD) 64 (25) 61 (28) .637
Preoperative antibiotic therapy, n (%) 373 (70.4) 44 (83.0) .056
Duration of preoperative antibiotic therapy, d, mean (SD) 20 (31) 22 (30) .991
Postoperative antibiotic therapy, n (%) 527 (99.4) 51 (96.2) .068
Duration of postoperative antibiotic therapy, d, mean (SD) 32 (32) 29 (41) .015a

Postoperative IV antibiotic therapy, n (%) 357 (69.3) 42 (79.2) .156
Duration of postoperative IV antibiotic therapy, d, mean (SD) 11 (17) 9 (7) .596
Mortality, n (%) 152 (28.7) 15 (28.3) >.999
Interval amputation to death, mo, mean (SD) 55 (46.3) 38 (28.0) .264
Total episodes 530 53  

Abbreviations: BMI, body mass index; CN, Charcot neuro-osteoarthropathy; DM, diabetes mellitus; GFR, glomerular filtration rate; IV, intravenous; 
MA, major amputation.
aSignificant results.
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Risk factors for DFO-related major amputations. In multivari-
ate analysis, a hindfoot DFO location remained signifi-
cantly associated with major amputations whereas no other 
factors (eg, PAD, coronary artery disease, smoking, CN, 
alcohol abuse, and prior contralateral major amputation) 
were identified as associated with major amputations 
(Tables 5 and 6).

Influence of antibiotic therapy. Five variables of antibiotic 
therapy were tested for being additional risk factors for 
DFO-related major amputations: Preoperative antibiotic 
therapy, duration of preoperative antibiotic therapy, overall 
length of postoperative antibiotic therapy, intravenous post-
operative antibiotic therapy, and length of intravenous post-
operative antibiotic therapy. All variables were insignificant 
in the univariate analysis for both DFO-related major ampu-
tations and secondary DFO-related major amputations 
(Tables 5 and 6).

Discussion

Although the diagnosis of DFO can be challenging, its ideal 
treatment remains controversial, even though several guide-
lines exist.1,5,30 According to our retrospective study, hind-
foot DFO carries a fivefold risk for DFO-related major 
amputation compared with forefoot DFO.

Faglia et al14 found a significant association between 
hindfoot location of DFO and major amputation in a 
series of 350 patients. The data of our study confirmed 
this result in a 1.7-fold larger episode sample group. 
There are several differences between both studies that 
are important to note. Contrary to Faglia et al, we 
included patients with CN to test CN as an additional 
potential risk factor for major amputation. Further, we 
introduced preoperative antibiotic therapy as well as 
duration and administration route of postoperative anti-
biotic therapy in the statistical analysis. Our statistical 
model differed as we tested the 3 anatomical regions 

Table 3. Occurence of Most Common Isolated Microorganisms in All DFO Episodes (n=583).

Isolated Organism
With MA,

n (%)
Without MA,

n (%) P Value

No microorganism 49 (9.3) 6 (11.3) ns
No culture 2 (0.4) 13 (24.5) ns
No documentation 78 (14.7) 5 (9.4) ns
Enterobacter cloacae 22 (4.2) 3 (5.7) ns
Escherichia coli 12 (2.3) 4 (7.5) .025
Enterococcus faecalis 37 (7.0) 7 (13.2) ns
Coagulase-negative staphylococci 69 (13.0) 4 (7.5) ns
Staphylococcus epidermidis 65 (12.3) 3 (5.7) ns
Staphylococcus epidermidis (multidrug resistant) 26 (4.9) 2 (3.8) ns
Staphylococcus aureus 133 (25.1) 8 (15.1) ns
Pseudomonas aeruginosa 39 (7.4) 5 (9.4) ns
Stenotrophomonas maltophilia 2 (0.4) 2 (3.8) .004
Enterococcus avium 1 (0.2) 1 (1.9) .044
Peptostreptococcus magnus 1 (0.2) 2 (3.8) .01

Abbreviations: DFO, diabetic foot osteomyelitis; MA, major amputation; ns, nonsignificant.

Table 4. Operative Indications for the Secondary Major Amputations (n=31).

Reason for DFO-Related MA Number of Cases Percentage

Progression of DFO (ascending infection) 2 6.5
Progression of DFO with severe PAD 6 19.3
Soft tissue damage due to deformity of foot 3 9.7
Soft tissue damage with severe PAD 5 16
Hindfoot DFO and sepsis 4 12.9
Hindfoot DFO and soft tissue damage 2 6.5
Chronic ulceration and severe PAD 2 6.5
Necrosis of amputation stump 7 22.6
Total 31 100

Abbreviations: DFO, diabetic foot osteomyelitis; MA, major amputation; PAD, peripheral artery disease.
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Table 5. Uni- and Multivariate Analysis of All DFO-Related Major Amputations (n=53).

Univariate Multivariate

 OR (P Value) 95% CI OR (P Value) 95% CI

Midfoot 2.5 (ns) 0.8-7.5 2.7 (.084) 0.9-8.5
Hindfoot 5.6 (.004) 1.7-18.1 5.4 (.006) 1.6-18.0
Peripheral artery disease 3.9 (.002) 1.6-9.2 2.4 (.089) 0.9-6.5
Smoking 2.3 (.013) 1.2-4.3 2.1 (.090) 0.9-5.1
Alcohol abuse 1.8 (.045) 1.0-3.3 1.3 (0.522) 0.6-3.0
Renal disease 1.2 (ns) 0.6-2.3 – –
Coronary artery disease 2.0 (.020) 1.1-3.5 1.0 (.954) 0.4-2.2
CN 1.5 (ns) 0.7-3.0 0.6 (.452) 0.2-2.2
BMI 1.0 (ns) 0.9-1.1 –  
HbA1c 1.0 (ns) 0.8-1.2 –  
GFR 1.0 (ns) 0.9-1.0 –  
Preoperative antibiotic therapy 2.1 (ns) 0.9-4.3 –  
Duration of preoperative antibiotic therapy 1.0 (ns) 0.9-1.0 –  
Duration of postoperative antibiotic therapy 1.0 (ns) 0.9-1.0 –  
Postoperative IV antibiotic therapy 1.7 (ns) 0.8-3.4 –  
Duration of postoperative IV antibiotic therapy 1.0 (ns) 0.9-1.0 –  
Prior contralateral minor amputation 1.5 (ns) 0.8-2.7 0.9 (.903) 0.4-2.1
Prior contralateral major amputation 3.8 (.016) 1.3-11.1 2.4 (.221) 0.6-9.8

Abbreviations: BMI, body mass index; CN, Charcot neuro-osteoarthropathy; DFO, diabetic foot osteomyelitis; GFR, glomerular infiltration rate; IV, 
intravenous; ns, not significant; OR, odds ratio.

Table 6. Uni- and Multivariate Analysis of Secondary DFO-Related Major Amputations (n=31).

Univariate Multivariate

 OR (P Value) 95% CI OR (P Value) 95% CI

Midfoot 2.5 (ns) 0.8-7.5 2.7 (.084) 0.9-8.5
Hindfoot 5.6 (.004) 1.7-18.1 5.4 (.006) 1.6-18.0
Peripheral artery disease 2.6 (.058) 1.0-6.8 2.4 (.089) 0.9-6.5
Smoking 2.5 (.035) 1.1-6.0 2.1 (.090) 0.9-5.1
Alcohol abuse 1.6 (ns) 0.7-3.4 1.3 (.522) 0.6-3.0
Renal disease 1.9 (ns) 0.9-4.0 –  
Coronary artery disease 1.4 (ns) 0.7-3.0 1.0 (.954) 0.4-2.2
CN 0.9 (ns) 0.3-2.7 0.6 (.452) 0.2-2.2
BMI 1.0 (ns) 0.9-1.1 –  
HbA1c 1.1 (ns) 0.9-1.6 –  
GFR 1.0 (ns) 0.9-1.0 –  
Preoperative antibiotic therapy 1.8 (ns) 0.7-4.4 –  
Duration of preoperative antibiotic therapy 1.0 (ns) 0.9-1.0 –  
Duration of postoperative antibiotic 

therapy
1.0 (ns) 0.9-1.0 –  

Postoperative IV antibiotic therapy 1.5 (ns) 0.6-3.6 –  
Duration of postoperative IV antibiotic 

therapy
1.0 (ns) 0.9-1.0 –  

Prior contralateral minor amputation 1.1 (ns) 0.5-2.4 1.0 (.903) 0.4-2.1
Prior contralateral major amputation 3.4 (.071) 0.9-12.8 2.4 (.221) 0.6-9.8

Abbreviations: BMI, body mass index; CN, Charcot neuro-osteoarthropathy; DFO, diabetic foot osteomyelitis; GFR, glomerular infiltration rate; IV, 
intravenous; ns, not significant; OR, odds ratio.
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against each other whereas Faglia et al did not introduce 
the midfoot area as a separate variable in their analysis. 
Finally, we performed separate analyses for overall and 
secondary major amputations.

Overall, the major amputation rates for hind- and mid-
foot DFOs were 46% and 21%, in contrast to only 6% for 
forefoot DFO. Similarly to Faglia et al’s findings, Cevera 
et al11 postulated that limb salvage is 2-3 times less likely 
with heel ulcers. Additionally, further options for operative 
resection in hindfoot DFO are limited, and therefore major 
amputation may be the only remaining treatment option.32 
From a biomechanical standpoint, 2 aspects contribute to 
those limited options. Weightbearing must be absorbed by a 
single bony surface that can be limited by loss of bone stock 
or deformity (eg, hindfoot CN).42 Further, the heel pad can 
be compromised by PAD, soft tissue infection, or loss.40 
Both aspects can be compromised in the feet of patients 
with diabetes. One study found 50% below-knee amputa-
tion rate after total calcanectomy due to calcaneal osteomy-
elitis. However, patients without diabetes were also included 
in this study.59 After performing well initially, in the long 
term, higher mortality and reamputation rates have been 
reported in partial and total calcanectomies when compared 
with transtibial amputations.9 Specifically, 16.7% of partial 
calcanectomies resulted in a later transtibial amputation.52 
This might raise the question if a direct major amputation is 
justified in the setting of hind- and midfoot DFO in selected 
patients, reducing the need for repeated operative interven-
tions, hospitalization length, in-hospital postoperative com-
plications, and convalescence.21,55 In contrast, others favor 
an attempt to salvage the limb even in spite of higher failure 
rates because major amputation is known to be associated 
with higher energy expenditure and in some cases reduced 
ambulatory status.4,33,53

We observed more conversions from Lisfranc and 
Chopart amputations to major amputations than Syme or 
Spitzy-Pirogoff amputations. The explanation is likely bio-
mechanical. In contrast to Syme or Pirogoff amputations, 
both Lisfranc and Chopart amputations result in an over-
pull of the Achilles tendon and are therefore prone to ulcer 
development if the surgeon foregoes an Achilles tendon–
lengthening procedure.40 Additionally, in Lisfranc amputa-
tions, lack of preservation of the base of the fifth metatarsal 
or proximal reinsertion of the Peroneus brevis tendon can 
result in equinovarus deformities.27 Chopart amputations 
need additional reinsertion of the tibialis anterior and the 
peroneal tendons to prevent equinovarus.3 However, in dia-
betic foot infections, some surgeons refrain from perform-
ing tendon balancing to prevent further infection spread in 
healthy bone and rely on the prosthetic device to prevent 
ulcer development.15,20 Although advantages of Chopart 
amputations include a functional stump, limb length pres-
ervation and the ability of autonomous walking, chal-
lenges with fitting of the prosthesis, difficulty balancing 

biomechanical forces, as well as wound healing problems 
are well described.8,15,26 In contrast, patients with diabetes 
with Syme amputation benefit from the ability to directly 
bear weight, normal lever during the push-off phase, and 
improved proprioception and stability during gait.43 In the 
long term, patients achieved improved levels of functional 
independence and required less rehabilitation than patients 
who underwent a transtibial amputation.17 In our study, 
25% of Syme amputations later required a major amputa-
tion, which is in the range described in the previous litera-
ture (14.7%-38.5%).7,17,19

Although most of our major amputations were due to 
DFO located in the forefoot, this occurred in 6% of forefoot 
DFO cases. Moon et al observed that 4.7% of forefoot 
ulcers in the setting of diabetes mellitus underwent later 
major amputation. Risk factors such as male gender, ele-
vated HbA1c, increased magnesium and platelet levels were 
associated in univariate analysis with major amputation.35 
In contrast, Yeager et al showed a higher percentage (18.5%) 
of patients with forefoot foot lesions requiring later major 
amputation in the follow-up period. They noted that the 
most important factor for major amputation after failed 
forefoot minor amputation was an unsuccessful revascular-
ization.63 We attribute the far lower percentage in our study 
to improvement in vascularization techniques, as well as 
standardized aftercare with off-loading orthopaedic insoles 
or shoes and frequent follow-up appointments every 3 
months over the clinical course, which were continued even 
in absence of skin lesions.

In contrast to the above listed findings, some studies 
have not shown any correlation between ulcer site or loca-
tion of DFO on amputation rate.23,39 However, one study 
only analyzed the overall amputation rate and did not dif-
ferentiate between minor and major amputations.39

Regarding diabetic feet, CN is of particular interest as it 
has been reported to be a risk factor for major amputa-
tion.13,36 CN was most prevalent in midfoot DFO, capable 
of causing major destruction and foot deformation, result-
ing in pressure areas that facilitate skin lesions and wound 
healing problems. In multivariate analysis, CN was not 
identified as an independent risk factor for primary or sec-
ondary major amputation; however, the prevalence of CN in 
our cohort was less than 20%. We also attribute some of our 
success with this population to rigorous CN aftercare proto-
col with appointments every 3-6 months even in the setting 
of an Eichenholtz stage 3 CN and treatment with orthopae-
dic shoes made by experienced orthopaedic shoemakers. 
Nevertheless, presence of CN must be considered as it can 
affect the contralateral foot, which may later require contra-
lateral amputation (16.9% overall, 2.3% major amputation) 
as well.58

We were unable to detect an influence of preoperative 
antibiotic therapy and its duration, the overall duration  
of postoperative antibiotic therapy, and intravenous 
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postoperative antibiotic therapy and its duration on major 
amputations. Similar to our findings, both administration 
route and duration of antibiotics have been investigated 
as potential risk factors for therapy failure in diabetic foot 
infections in general, failing to demonstrate any influ-
ence.22 Duration and administration route of antibiotic 
therapy in DFO remain a much-debated topic with uncer-
tainty regarding the need of intravenous administration 
and optimal length of antibiotic therapy even in the most 
recent IWGDF guidelines.30

Other patient factors that have been associated with 
DFO-related major amputation include end-stage renal dis-
ease, hypertension, coronary artery disease, PAD, and cere-
brovascular disease as well as the duration of diabetes, the 
occurrence of multiple ulcers, and deep ulcers reaching the 
bone.14,16,23,31,33,49,61 Further, pulmonary and bleeding dis-
orders, increased HbA1c, smoking, elevated inflammatory 
markers such as C-reactive protein, erythrocyte sedimenta-
tion rate, and white blood cells have been described (sum-
marized in Table 7).2,31,33,34,64 Our data did not identify any 
additional independent risk factors in addition to the hind-
foot location. It is a general problem that the diabetic foot 
population is heterogenous so that generalization of par-
ticular findings on the diabetic foot is difficult, and most 
studies have not had sufficient size to perform multivariate 
analyses.31,47,57

Mortality rates of 29.4% to 52% have been reported after 
transtibial amputations.13,61 In our study, we noticed a mor-
tality rate of 28.3% after major amputation, which may be 

related to advanced treatment modalities of patients’ 
comorbidities.

This study has limitations. First, only patients with oper-
ative treatment of DFO were included in the evaluation. 
Therefore, a conclusion on the efficacy of antibiotic treat-
ment alone cannot be drawn with the here presented results. 
Second, our study follows a retrospective design, and there-
fore transferability to clinical practice might be partially 
limited. Third, we lacked data on patients’ nutritional status. 
Prior studies have demonstrated that lower albumin levels—
as a marker for nutritional status—are associated with treat-
ment failure or limb loss.12,41,43,62 Additionally, DFO may 
occur simultaneously to gangrene, soft tissue infection, or 
sepsis. Furthermore, because of the small sample size in 
some subgroups, the power to detect other associations was 
limited. Lastly, in a retrospective study design, we cannot 
control for the overall therapeutic and preventive compli-
ance of the patient, which is a general problem in the entire 
field of science investigating outcomes in patients with 
long-standing diabetes mellitus.

Conclusion

The frequency of limb loss in DFO increases the more prox-
imal the initial DFO lesion occurs in the foot, with almost 
half of patients losing their limbs suffering from hindfoot 
DFO. Only hindfoot DFO was found to be an independent 
risk factor for DFO-related major amputation both initially 
and after initial partial foot amputation care.

Table 7. Proportion of DFO Later Requiring a Major Amputation (MA) and the Associated Risk Factors Compared With the Results 
of Our Study.

Location
Proportion of MA in 

Literature (%) Risk Factors for MA
Proportion of MA in  

Our Study (%)

Forefoot Overall
 Moon et al35: 4.7%
 Yeager et al63:18.5%
Transmetatarsal
 Pinzur et al41:14.1%
 Younger et al64: 35.3%

Male gender, elevated HbA1c, increased magnesium and platelet levels
Unsuccessful revascularization

Low albumin levels, low lymphocyte count, low ischemic index
HbA1c

Overall: 4.6%

Ray: 5.0%
TM: 10.0%

Midfoot Overall:
 Moon et al36: 8.9%
Chopart-amputation:
 Brodell et al8: 44%
 Faglia et al15: 28%

Charcot foot, cardiac disorder, deep ulcers

PAD
No significant RF

Overall: 10.5%

Hindfoot Overall:
 Moon et al34: 11.1%
Calcanectomy:
 Waibel et al59: 50%
Syme-amputation
 Finkler et al17: 12.1%
 Frykberg et al19: 38.5%

Pulmonary disorder, ESR, TIBC levels

PAD, dialysis, smoking, alcohol abuse

No significant RF
No significant RF

Overall: 21.1%
Partial Calcanectomy: 10%
Syme/Pirogoff: 25%

Abbreviations: DFO, diabetic foot osteomyelitis; ESR, erythrocyte sedimentation rate; MA, major amputation; PAD, peripheral artery disease; RF, risk 
factors; TIBC, total iron-binding capacity; TM, transmetatarsal.



Winkler et al 965

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article. ICMJE forms for all authors are available online.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

ORCID iDs

Elin Winkler, MD,  https://orcid.org/0000-0003-2755-8576
Madlaina Schöni, MD,  https://orcid.org/0000-0002-3688 
-2223
Nicola Krähenbühl, MD,  https://orcid.org/0000-0003-0526 
-3515
Felix W. A. Waibel, MD,  https://orcid.org/0000-0003-3991 
-8743

References

 1. Aragón-Sánchez J,  Lipsky BA. Modern management of dia-
betic foot osteomyelitis. The when, how and why of conserva-
tive approaches. Exp Rev Anti Infect Ther. 2018;16(1):35–50. 
doi:10.1080/14787210.2018.1417037

 2. Aziz Z, Keng Lin W, Nather A,  Yiong Huak C. Predictive 
factors for lower extremity amputations in diabetic foot infec-
tions. Diabet Foot Ankle. 2011;2(1):7463. doi:10.3402/dfa.
v2i0.7463

 3. Baima J, Trovato M, Hopkins M,  DeLateur B. Achieving 
functional ambulation in a patient with Chopart amputation. 
AmJ Phys Med Rehabil. 2008;87(6):510–513. doi:10.1097/
PHM.0b013e318174eb75

 4. Baravarian B, Menendez MM, Weinheimer DJ, Lowery C, 
Kosanovich R,  Vidt L. Subtotal calcanectomy for the treat-
ment of large heel ulceration and calcaneal osteomyelitis in 
the diabetic patient. J Foot Ankle Surg. 1999;38(3):194–202. 
doi:10.1016/S1067-2516(99)80052-0

 5. Boulton A, Armstrong D, Hardman M, et al. Diagnosis and 
Management of Diabetic Foot Infections. American Diabetes 
Association; 2020. doi:10.2337/db2020-01

 6. Bowker JH. Partial foot and Syme amputations: an overview. 
Clin Prosthetics Orthot. 1987;12(1):10–13.

 7. Braaksma R, Dijkstra PU,  Geertzen JHB. Syme amputation: 
a systematic review. Foot Ankle Int. 2018;39(3):284–291. 
doi:10.1177/1071100717745313

 8. Brodell JD, Ayers BC, Baumhauer JF, et al. Chopart amputa-
tion: questioning the clinical efficacy of a long-standing sur-
gical option for diabetic foot infection. J Am Acad Orthop 
Surg. 2020;28(16):684–691.

 9. Brown ML, Tang W, Patel A,  Baumhauer JF. Partial foot 
amputation in patients with diabetic foot ulcers. Foot Ankle 
Int. 2012;33(9):707–716.

 10. Butalia S, Palda VA, Sargeant RJ, Detsky AS,  Mourad O. 
Does this patient with diabetes have osteomyelitis of the 
lower extremity? JAMA. 2008;299(7):806-813.

 11. Cevera JJ, Bolton LL,  Kerstein MD. Options for patients with 
diabetes with chronic heel ulcers. J Diabetes Complications. 
1997;11(6):358–366. doi:10.1016/S1056-8727(96)00125-0

 12. Dickhaut SC, DeLee JC,  Page CP. Nutritional status: impor-
tance in predicting wound-healing after amputation. J Bone 
Joint Surg Am. 1984;66(1):71–75.

 13. Evans KK, Attinger CE, Al-Attar A, et al. The importance 
of limb preservation in the diabetic population. J Diabetes 
Complications. 2011;25(4):227–231. doi:10.1016/j.jdia-
comp.2011.02.001

 14. Faglia E, Clerici G, Caminiti M, Curci V, Somalvico F.  
Influence of osteomyelitis location in the foot of diabetic 
patients with transtibial amputation. Foot Ankle Int. 2013; 
34(2):222–227. doi:10.1177/1071100712467436

 15. Faglia E, Clerici G, Frykberg R, et al. Outcomes of Chopart 
amputation in a tertiary referral diabetic foot clinic: data from 
a consecutive series of 83 hospitalized patients. J Foot Ankle 
Surg. 2016;55(2):230–234. doi:10.1053/j.jfas.2015.09.004

 16. Ferreira L, Carvalho A,  Carvalho R. Short-term predic-
tors of amputation in patients with diabetic foot ulcers. 
Diabetes Metab Syndr Clin Res Rev. 2018;12(6):875–879. 
doi:10.1016/j.dsx.2018.05.007

 17. Finkler ES, Marchwiany DA, Schiff AP,  Pinzur MS. Long-
term outcomes following Syme’s amputation. Foot Ankle Int. 
2017;38(7):732–735. doi:10.1177/1071100717702462

 18. Fontaine R, Kim M,  Kieny. Surgical treatment of peripheral 
circulation disorders. Article in German. Helv Chir Acta. 
1954;21(5–6):499–533.

 19. Frykberg RG, Abraham S, Tierney E,  Hall J. Syme amputation 
for limb salvage: early experience with 26 cases. J Foot Ankle 
Surg. 2007;46(2):93–100. doi:10.1053/j.jfas.2006.11.005

 20. Frykberg RG, Wittmayer B,  Zgonis T. Surgical management 
of diabetic foot infections and osteomyelitis. Clin Podiatr Med 
Surg. 2007;24(3):469–482. doi:10.1016/j.cpm.2007.04.001

 21. Ganesh SP, Pietrobon R, Cecílio WAC, Pan D, Lightdale N,  
Nunley JA. The impact of diabetes on patient outcomes after 
ankle fracture. J Bone Joint Surg Am. 2005;87(8):1712–1718. 
doi:10.2106/JBJS.D.02625

 22. Gariani K, Lebowitz D, von Dach E, Kressmann B, Lipsky 
BA,  Uçkay I. Remission in diabetic foot infections: duration 
of antibiotic therapy and other possible associated factors. 
Diabetes Obes Metab. 2019;21(2):244–251. doi:10.1111/
dom.13507

 23. Gershater MA, Löndahl M, Nyberg P, et al. Complexity of 
factors related to outcome of neuropathic and neuroischaemic/
ischaemic diabetic foot ulcers: a cohort study. Diabetologia. 
2009;52(3):398–407. doi:10.1007/s00125-008-1226-2

 24. Glaudemans AWJM, Uçkay I,  Lipsky BA. Challenges 
in diagnosing infection in the diabetic foot. Diabet Med. 
2015;32(6):748–759. doi:10.1111/dme.12750

 25. Grayson ML, Levin E, Gibbons GW, Balogh K,  Karchmer 
AW. Probing to bone in infected pedal ulcers: a clinical 
sign of underlying osteomyelitis in diabetic patients. JAMA. 
1995;273(9):721–723. doi:10.1001/jama.1995.035203300 
51036

 26. Green CJ, Bibbo C, McArdle A,  Knight C. A functional 
chopart’s amputation with tendon transfers. J Foot Ankle 
Surg. 2021;60(1):213–217. doi:10.1053/j.jfas.2020.08.019

 27. Greene CJ,  Bibbo C. The Lisfranc amputation: a more reliable 
level of amputation with proper intraoperative tendon balanc-
ing. J Foot Ankle Surg. 2017;56(4):824–826. doi:10.1053/j.
jfas.2017.01.054

https://orcid.org/0000-0003-2755-8576
https://orcid.org/0000-0002-3688-2223
https://orcid.org/0000-0002-3688-2223
https://orcid.org/0000-0003-0526-3515
https://orcid.org/0000-0003-0526-3515
https://orcid.org/0000-0003-3991-8743
https://orcid.org/0000-0003-3991-8743


966 Foot & Ankle International 43(7)

 28. Häller TV, Kaiser P, Kaiser D, Berli MC, Uçkay I,  Waibel 
FWA. Outcome of ray resection as definitive treatment in 
forefoot infection or ischemia: a cohort study. J Foot Ankle 
Surg. 2020;59(1):27–30. doi:10.1053/j.jfas.2019.06.003

 29. Jang YH, Park S, Park YU, Kwack KS, Jeon SW,  Lee 
HY. Multivariate analyses of MRI findings for predicting 
osteomyelitis of the foot in diabetic patients. Acta Radiol. 
2020;61(9):1205–1212. doi:10.1177/0284185119897351

 30. Lipsky BA, Senneville É, Abbas ZG, et al. Guidelines on 
the diagnosis and treatment of foot infection in persons with 
diabetes (IWGDF 2019 update). Diabetes Metab Res Rev. 
2020;36(Suppl 1):e3280. doi:10.1002/dmrr.3280

 31. Lu Q, Wang J, Wei X, Wang G,  Xu Y. Risk factors for major 
amputation in diabetic foot ulcer patients. Diabetes Metab 
Syndr Obes Targets Ther. 2021;14:2019–2027. doi:10.2147/
DMSO.S307815

 32. Miller W, Berg C, Wilson ML, Heard S, Knepper B,  Young 
H. Risk factors for below-the-knee amputation in diabetic 
foot osteomyelitis after minor amputation. J Am Podiatr Med 
Assoc. 2019;109(2):91–97. doi:10.7547/16-143

 33. Miyajima S, Shirai A, Yamamoto S, Okada N,  Matsushita T. 
Risk factors for major limb amputations in diabetic foot gan-
grene patients. Diabetes Res Clin Pract. 2006;71(3):272–279. 
doi:10.1016/j.diabres.2005.07.005

 34. Moon KC, Kim KB, Han SK, Jeong SH,  Dhong ES. Risk 
factors for major amputation on hindfoot ulcers in hospi-
talized diabetic patients. Adv Wound Care. 2019;8(5):177. 
doi:10.1089/WOUND.2018.0814

 35. Moon KC, Kim SB, Han SK, Jeong SH,  Dhong ES. Risk fac-
tors for major amputation in hospitalized diabetic patients with 
forefoot ulcers. Diabetes Res Clin Pract. 2019;158:107905. 
doi:10.1016/j.diabres.2019.107905

 36. Moon KC, Son JW, Han SK,  Kim JY. Risk factors for major 
amputation for midfoot ulcers in hospitalized patients with 
diabetes: a retrospective study. J Wound Ostomy Cont Nurs. 
2021;48(2):163–168. doi:10.1097/WON.0000000000000735

 37. Nather A,  Wong KL. Distal amputations for the diabetic foot. 
Diabet Foot Ankle. 2013;4. doi:10.3402/dfa.v4i0.21288

 38. Ndosi M, Wright-Hughes A, Brown S, et al. Prognosis of the 
infected diabetic foot ulcer: a 12-month prospective obser-
vational study. Diabet Med. 2018;35(1):78–88. doi:10.1111/
dme.13537

 39. Oyibo SO, Jude EB, Tarawneh I, et al. The effects of ulcer 
size and site, patient’s age, sex and type and duration of dia-
betes on the outcome of diabetic foot ulcers. Diabet Med. 
2001;18(2):133–138. doi:10.1046/j.1464-5491.2001.00422.x

 40. Philbin TM, Berlet GC,  Lee TH. Lower-extremity amputa-
tions in association with diabetes mellitus. Foot Ankle Clin. 
2006;11(4):791–804. doi:10.1016/j.fcl.2006.06.012

 41. Pinzur M, Kaminsky M, Sage R, Cronin R,  Osterman 
H. Amputations at the middle level of the foot. A retro-
spective and prospective review. J Bone Joint Surg Am. 
1986;68(7):1061–1064. doi:10.2106/00004623-198668070-
00013

 42. Pinzur MS. Syme’s ankle disarticulation. Foot Ankle Clin. 
2010;15(3):487–494. doi:10.1016/j.fcl.2010.04.001

 43. Pinzur MS, Stuck RM, Sage R, Hunt N,  Rabinovich Z. Syme 
ankle disarticulation in patients with diabetes. J Bone Joint 

Surg Am. 2003;85(9):1667–1672. doi:10.2106/00004623-
200309000-00003

 44. Rutherford RB, Baker JD, Ernst C, et al. Recommended 
standards for reports dealing with lower extremity isch-
emia: revised version. J Vasc Surg. 1997;26(3):517–538. 
doi:10.1016/S0741-5214(97)70045-4

 45. Schade VL, Roukis TS,  Yan JL. Factors associated with 
successful Chopart amputation in patients with diabetes: a 
systematic review. Foot Ankle Spec. 2010;3(5):278–284. 
doi:10.1177/1938640010379635

 46. Schöni M, Waibel FWA, Bauer D, Götschi T, Böni T,  Berli 
MC. Long-term results after internal partial forefoot amputa-
tion (resection): a retrospective analysis. Arch Orthop Trauma 
Surg. 2021;141(4):543–554. doi:10.1007/s00402-020-03441-3

 47. Sen P, Demirdal T,  Emir B. Meta-analysis of risk factors for 
amputation in diabetic foot infections. Diabetes Metab Res 
Rev. 2019;35(7):e3165. doi:10.1002/dmrr.3165

 48. Shank CF,  Feibel JB. Osteomyelitis in the diabetic foot: 
diagnosis and management. Foot Ankle Clin. 2006;11(4): 
775–789. doi:10.1016/j.fcl.2006.06.008

 49. Shin JY, Roh SG, Sharaf B,  Lee NH. Risk of major limb 
amputation in diabetic foot ulcer and accompanying disease: a 
meta-analysis. J Plast Reconstr Aesthetic Surg. 2017;70(12): 
1681–1688. doi:10.1016/j.bjps.2017.07.015

 50. Siitonen OI, Niskanen LK, Laakso M, Siitonen JT,  Pyorala 
K. Lower-extremity amputations in diabetic and nondiabetic 
patients: a population-based study in eastern Finland. Diabetes 
Care. 1993;16(1):16–20. doi:10.2337/diacare.16.1.16

 51. Singh N, Armstrong DG,  Lipsky BA. Preventing foot ulcers 
in patients with diabetes. J Am Med Assoc. 2005;293(2): 
217–228. doi:10.1001/jama.293.2.217

 52. Smith DG, Stuck RM, Ketner L, Sage RM,  Pinzur MS. 
Partial calcanectomy for the treatment of large ulcerations of 
the heel and calcaneal osteomyelitis. An amputation of the 
back of the foot. J Bone Joint Surg Am. 1992;74(4):571–576. 
doi:10.2106/00004623-199274040-00013

 53. Stone PA, Back MR, Armstrong PA, et al. Midfoot ampu-
tations expand limb salvage rates for diabetic foot infec-
tions. In: Annals of Vascular Surgery. Springer New York; 
2005:805–811.doi:10.1007/s10016-005-7973-3

 54. Taylor SM, Johnson BL, Samies NL, et al. Contemporary man-
agement of diabetic neuropathic foot ulceration: a study of 917 
consecutively treated limbs. J Am Coll Surg. 2011;212(4):532–
545. doi:10.1016/j.jamcollsurg.2010.12.027

 55. Thomas SRYW, Perkins JMT, Magee TR,  Galland RB. 
Transmetatarsal amputation: an 8-year experience. Ann R 
Coll Surg Engl. 2001;83(3):164–166.

 56. Treiman GS, Oderich GSC, Ashrafi A,  Schneider PA. 
Management of ischemic heel ulceration and gangrene: an 
evaluation of factors associated with successful healing. J 
Vasc Surg. 2000;31(6):1110–1118. doi:10.1067/mva.2000 
.106493

 57. Uçkay I, Aragón-Sánchez J, Lew D,  Lipsky BA. Diabetic 
foot infections: what have we learned in the last 30 years? Int 
J Infect Dis. 2015;40:81–91. doi:10.1016/j.ijid.2015.09.023

 58. Waibel FWA, Berli MC, Gratwohl V, et al. Midterm fate of 
the contralateral foot in charcot arthropathy. Foot Ankle Int. 
2020;41(10):1181–1189. doi:10.1177/1071100720937654



Winkler et al 967

 59. Waibel FWA, Klammer A, Götschi T, Uçkay I, Böni T,  
Berli MC. Outcome after surgical treatment of calcaneal osteo-
myelitis. Foot Ankle Int. 2019;40(5):562–567. doi:10.1177 
/1071100718822978

 60. Wang N, Yang B, Wang G, et al. A meta-analysis of the 
relationship between foot local characteristics and major 
lower extremity amputation in diabetic foot patients. J Cell 
Biochem. 2019;120(6):9091–9096. doi:10.1002/jcb.28183

 61. Wukich DK, Ahn J, Raspovic KM, Gottschalk FA, La Fontaine 
J,  Lavery LA. Comparison of transtibial amputations in diabetic 
patients with and without end-stage renal disease. Foot Ankle 
Int. 2017;38(4):388–396. doi:10.1177/1071100716688073

 62. Wukich DK, Hobizal KB,  Brooks MM. Severity of dia-
betic foot infection and rate of limb salvage. Foot Ankle Int. 
2013;34(3):351–358. doi:10.1177/1071100712467980

 63. Yeager RA, Moneta GL, Edwards JM, et al. Predictors of 
outcome of forefoot surgery for ulceration and gangrene. 
In: American Journal of Surgery. Elsevier; 1998:388–390. 
doi:10.1016/S0002-9610(98)00045-2

 64. Younger AS, Awwad MA, Kalla TP, De Vries G,  Vancouver 
C. Risk factors for failure of transmetatarsal amputa-
tion in diabetic patients: a cohort study. Foot Ankle Int. 
2009;30(12):1177–1182. doi:10.3113/FAI.2009.1177


