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n INTRODUCTION

Infections of the foot in persons with diabetes 
are an increasingly common problem that is of-

ten associated with substantial morbidity, includ-
ing lower extremity amputation [1]. While these 
diabetic foot infections (DFI) can affect any ana-
tomic site, the calcaneus is involved in only 7-8% 
[2]. In those patients with Charcot arthropathy, 
27% of cases complicated by osteomyelitis occur 
in the calcaneus [3]. Clinical experience suggests 
that calcaneal osteomyelitis (CO) may be most 
likely to occur in immobile patients (with poste-
rior heel ulcerations and decubitus) who have a 
major gait disorder and are elderly [4]. It is likely 
that there are other differences between diabetic 
patients with calcaneal osteomyelitis compared 
to non-calcaneal DFI. In addition, the surgical 

approach to calcaneal osteomyelitis may be more 
challenging than for forefoot infection, as the 
calcaneus is subject to axial loading during heel 
strike and transfers load to the midfoot during 
the push-off process [5]. Furthermore, pressure 
off-loading may be more difficult for CO than 
other anatomic areas, and arterial perfusion is 
provided only by the peroneal and posterior tibi-
al arteries [6]. Thus, it is not surprising that even 
with optimized management, secondary amputa-
tions after initial calcanectomy are required in up 
to 67% of the cases, including major amputations 
in half the cases [7-14]. 

In light of the fact that calcaneal osteomyelitis is 
relatively uncommon, and clinicians may be un-
familiar with the specific features important in 
properly caring for this infection, we reviewed 
our extensive experience with musculoskeletal 
infection. We herein provide a narrative mini-re-
view of our single-center experience and compare 
our data to that gleaned from a literature review 
on the epidemiology, diagnosis, treatment modal-
ities, pitfalls and outcomes of CO compared to 
non-calcaneal DFI.
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Diabetic foot infection (DFI), a multi-facetted disease 
requiring a multidisciplinary approach for successful 
treatment, mostly affects the forefoot. Calcaneal os-
teomyelitis (CO) is an uncommon presentation of DFI 
with a somewhat different epidemiology, clinical fea-
tures, and approach to management. These patients, 
compared to those with non-calcaneal DFI, more often 
require special surgical techniques and off-loading ap-
proaches. In this narrative review targeted to non-sur-
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gical clinicians, we explore how CO differs from oth-
er types of DFI affecting other anatomical locations. 
Based on our review of the literature and personal ex-
perience, we also highlight important issues regarding 
the management of CO osteomyelitis, including the 
need for specialized surgical approaches.
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n METHODS

We used the data from a 2018 paper, which con-
tains the largest known published single-center 
database on DFI that contained data on clinical 
follow-up of at least two years after the inclusion 
of the last patients (Table 1) [15]. The authors, an 

international team of orthopedic surgeons, infec-
tious diseases physicians, a radiologist, a study 
nurse and a diabetologist with experience in DFI 
and related research, reviewed the medical re-
cords to find and compare data from cases of dia-
betic CO and non-calcaneal DFI. We then complet-
ed this comparison with a Cox regression analysis 

Table 1 - Comparison of patients presenting with diabetic calcaneal infection with those presenting with non-cal-
caneal diabetic foot infections.

n = 721
Diabetic calcaneal infection

p value*
Non-calcaneal diabetic foot infection

n = 59 n = 662

Female sex 15 (24%) 0.52 205 (28%)

Age (median) 65 years 0.14 69 years

Transcutaneous oxygen level foot (median) 36 mm Hg 0.06 30 mm Hg

Past history of stroke 2 (4%) 0.29 46 (7%)

Ischemic cardiopathy 20 (34%) 0.77 237 (36%)

Retinopathy 30 (51%) 0.06 253 (38%)

Glycosylated serum hemoglobulin level (median) 7.5% 0.98 7.4%

Diabetes type 1 11 (19%) 0.03 49 (4%)

Duration of diabetes (median) 21 years 0.01 15 years

Insulin therapy 43 (73%) 0.28 437 (66%)

Additional (non-diabetic) immune suppression* 3 (5%) 0.52 23 (4%)

Bacteremic infection 0 (0%) 0.01 68 (10%)

Polymicrobial infection 33 (53%) 0.09 308 (42%)

- Mostly due to S. aureus 27 (44%) 0.96 316 (43%)

- Mostly due to streptococci 8 (13%) 0.51 118 (16%)

  Enterococcal involvement 10 (16%) 0.18 77 (11%)

- Mostly Gram-negatives 35 (56%) 0.01 242 (33%)

  Mostly due to P. aeruginosa 12 (20%) 0.01 37 (6%)

Presence of a soft tissue abscess 20 (34%) 0.29 182 (28%)

Number of surgical interventions (median) 1 0.34 1 

- (Partial) amputation 20 (32%) 0.01 418 (57%)

Negative-pressure vacuum therapy throughout 20 (34%) 0.01 76 (11%)

Duration of antibiotic treatment (median) 33 days 0.09 30 days

> 21 days of total antibiotics 43 (69%) 0.54 477 (65%)

Duration of intravenous treatment (median) 5 days 0.64 5 days

Clinical revascularization 181 (29%) 0.92 53 (30%)

Length of hospital stay (median) 25 days 0.89 28 days

Overall treatment failure 19 (32%) 0.16 159 (24%)

Significant p values ≤ .05 (two-tailed) are displayed in bold and italic. Pearson-χ2 and Wilcoxon-ranksum-tests, as appropriate.
* Immune-suppression beyond that of diabetes mellitus = active cancer, dialysis, cirrhosis CHILD C, untreated HIV disease and immunosuppressive 
drugs > equivalent of 15 mg prednisolone.
S. aureus = Staphylococcus aureus; P. aeruginosa = Pseudomonas aeruginosa.
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adjusting for the outcome “treatment failure” to 
determine the role of a calcaneal osteitis involve-
ment in the overall remission in DFIs (Table 2). In 
a second step, we performed a narrative scientific 
literature search using: 
1) the following English MeSH terms: “heel”, 

“calcaneus”, “diabetes”, “infection” and/or 
“osteomyelitis”; and, 

2) the corresponding words in German, French, 
Finnish, and Turkish languages. From our 
search of PubMed, Google (Scholar) and any 
additional references from the retrieved arti-
cles, we appraised 82 papers. 

From these we excluded 45 papers for the follow-
ing because they: were reviews without their own 
cases (n=12); had insufficient data (n=15); includ-
ed uninfected calcaneal ulcers (n=4); had redun-
dant data (n=4); and, were missing information 
regarding the patients’ diabetes status (n=10). 
Thus, we summarized 37 papers in Table 3, from 
which we synthetized our review.

n SYNTHESIS OF THE REVIEW

Pathogenesis
Based on the available literature, the main rea-
sons for development of CO after open frac-
tures and surgical site infections after calcaneal 
surgery in the diabetic foot are the presence of 
a chronic ischemic pressure ulcer or a neglect-

ed decubitus in a bedridden patient [2, 4, 12, 16, 
18]. The presence of diabetic neuropathy signif-
icantly enhances the risk of these complications 
[19, 20]. Indeed, the loss of protective sensation, 
dryness of the skin with subsequent callus for-
mation and reduction of the size of the heel fat 
pad each add to the risk of an unrecognized ele-
vated plantar peak pressure on the heel [21-23]. 
The absence of bacteremia in CO cases (Table 1) 
underlines its local (rather than hematogenous) 
origin by contiguous spread from a soft tissue 
infection, often with a persistently draining si-
nus tract. In contrast, structural deformations or 
non-adapted footwear are not underlying causes 
of CO, as they often are in cases of toe DFIs, in-
cluding toe osteomyelitis [24]. Iatrogenic inocu-
lations of organisms during steroid injections for 
plantar fasciitis are a rare cause of CO. In both 
the literature and in our database analysis, we 
do not know how many heel ulcers were initi-
ated by significant trauma. Thus, most calcaneal 
ulcers are not related to a remarkable origin that 
the patients could recall.

Epidemiological associations and pathogens associated 
with diabetic calcaneal osteomyelitis 
There is a paucity of studies investigating the ep-
idemiological and specific risks factors associated 
with CO in persons with diabetes. Based on data 
from our cohort in Geneva University Hospitals, 

Table 2 - Regression analysis with outcome “treatment failure” comparing diabetic patients with calcaneal osteo-
myelitis versus diabetic patients with non-calcaneal foot infections (hazard ratios with 95% confidence intervals). 
Adapted from Reference 15.

Univariate results Multivariate results

Female sex 1.0, 1.0-1.0 0.8, 0.4-1.3

Age > 60 years 1.1, 0-6-1.9 n.d.

Transcutaneous oxygen level foot (continuous variable) 1.0, 1.0-1.0 1.0, 1.0-1.0

Bacteraemia 0.5, 0.2-1.1 n.d.

Number of past episodes of diabetic foot infection 1.0, 0.9-1.1 0.9, 0.8-1.1

Past duration of diabetes mellitus (continuous variable) 1.0, 1.0-1.0 n.d.

Calcaneal osteomyelitis 1.4, 0.9-2.3 1.3, 0.6-2.8

Number of surgeries 0.9, 0.8-1.1 0.9, 0.7-1.2

Use of vacuum-assistance 1.1, 1.0-1.1 n.d.

Duration of total antibiotics (continuous variable) 1.0, 1.0-1.0 1.1, 0.6-1.5

Duration of parenteral antibiotics (continuous variable) 1.0, 1.0-1.0 n.d.

Revascularisation 1.0, 0.7-1.4 n.d.

Significant results are displayed in bold and italic. n.d. = not done
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Table 3 - Summary of the published literature on patients with diabetic calcaneal osteomyelitis.

First author Year
No. of 

patients
No, with 
diabetes

Pathogens in bone

Total 
antibiotic 
duration 
(days)

Remission 
in %

Minimal 
follow-up 
(month)

Crandall [9] 1981 31 18 Proteus, E. coli, Enterococci n.a. 45.1 120

Wang [2] 1992 52 0 P. aeruginosa, MSSA, S. pyogenes n.a. 100 111

Smith [67] 1992 12 7 n.a. n.a. 71 12

Baumhauer [8] 1998 8 6 n.a. n.a. 100 27.3

Laughlin [29] 1999 47 21 MSSA, MRSE, Streptococci 36 52 n.a.

Baravarian [26] 1999 12 12 MSSA, P. aeruginosa, B. fragilis 42 83 13

Bollinger [58] 2002 22 9 n.a. n.a. 81.1 27

Chen [27] 2005 11 11 MSSA, S. epidermidis 35 100 6

Flieger [76] 2006 70 n.a. MSSA, S. epidermidis, S. capitis, Streptococci 47 n.a. 76.8

Kurvin [77] 2009 23 21 MSSA n.a. n.a. n.a.

Ignatiadis [73] 2011 6 5 n.a. n.a. 100 18

Goudie [66] 2012 21 21 n.a. n.a. 57 24

Ghods [78] 2012 3 0 E. coli, Streptococci, MSSA, S. epidermidis n.a. 33 19

Wronka [18] 2012 1 1 MSSA n.a. 100 n.a.

Bibbo [31] 2012 1 1 S. epidermidis 56 100 12

Van Riet [11] 2012 24 7 n.a. n.a. 87.5 37

Walsh [13] 2013 10 7 MRSA, MSSA, P. aeruginosa n.a. 90 n.a.

Shojaiefard [20] 2013 12 12 n.a. 42 89 12

Faglia [14] 2013 17 17 MSSA, MRSA, Streptococci, P. aeruginosa 35 65 n.a.

Boffeli [79] 2013 3 3 n.a. n.a. 100 9

Schachinger [80] 2014 79 0 MSSA, E. coli, S. pyogenes, F. magna n.a. n.a. n.a.

Aragon-Sanchez [81] 2014 52 52 n.a. n.a. n.a. n.a.

Iwakura [82] 2014 1 1 P. mirabilis 19 100 18

Oliver [69] 2015 42 35 n.a. n.a. 71 41

Lin [89] 2015 1 1 MSSA 28 100 12

Jiang [32] 2015 394 69 MSSA, P. aeruginosa, E. coli, P. mirabilis 36 77.74 12

Lesens [24] 2015 74 65 MRSA, MSSA, P. aeruginosa 56 80 21

Babamahmoodi 
[83]

2015 1 1 Aspergillus ochraceus 130 100 n.a.

Grecian [84] 2015 8 8 n.a. n.a. 50 6

Memis [85] 2016 1 1 n.a. 56 100 n.a.

Evran [86] 2016 4 4 A. baumannii, K. pneumoniae 60 n.a. n.a.

Drampalos [28] 2016 12 12 MSSA, E. coli, P. aeruginosa 66 100 4

Allen [87] 2016 1 1 n.a. 0 100 12

Dalla Paola [19] 2016 18 18 Enterococci, P. aeruginosa, MSSA 28 100 6

Akkurt [88] 2017 23 23 MSSA, P. aeruginosa, K. pneumoniae,  
E. coli

n.a. 78 3

Mikami [30] 2018 1 1 MSSA, Bacteroides 21 100 24

Waibel [12] 2019 50 36 MSSA, Enterococci, E. cloacae 42 50 6

MSSA = Methicillin-sensitive S. aureus; MRSA = Methicillin-resistant S. aureus.
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CO patients do not differ from those with other 
types of DFI in sex distribution, age, percentage 
on insulin therapy, past glycemic control, history 
of stroke, need for lower extremity revasculariza-
tion, or myocardial infections. They do, howev-
er, have a history of a longer duration of diabetes 
and are more often diagnosed with diabetes mel-
litus type 1 and probably with retinopathy (Table 
1). CO is also more often a polymicrobial infec-
tion (Table 1) compared to the forefoot DFO [1, 
19, 24, 25]. Although the most common pathogens 
isolated from patients with CO are Staphylococcus 
aureus, S. epidermidis, Proteus mirabilis, and Entero-
coccus, they are statistically and significantly more 
likely to have infections with Gram-negative bac-
teria such as Bacteroides, Pseudomonas aeruginosa or 
Escherichia coli [1, 9, 13, 19, 26-32] (Table 1). These 
microbiological findings may be related to the 
frequent presence of chronically macerated skin, 
rather than a dry pressure ulcer typically seen in 
forefoot DFUs. Laughlin et al. found an average 
of 4.2 pathogens among CO cases (soft tissue and 
bone), while Walsh et al. reported an average of 
4.4 pathogens [13, 29]. 

Clinical and microbiological diagnosis
DFI classification systems such as the Wagner, 
PEDIS or the University of Texas classification 
are useful for categorizing the severity of DFI 
and may help in their management and predic-
tion of treatment outcomes [33, 34]. The localiza-
tion of a DFI (e.g., plantar versus dorsal or heel) 
is important in determining the type of pressure 
off-loading required. The presence of visible 
or palpable (via the probe-to-bone test) bone is 
highly suggestive, but not definitive proof, of 
osteomyelitis [24]. The best way to confirm the 
presence of diabetic foot osteomyelitis (DFO), as 
well as to get information on the causative path-
ogens and their antibiotic susceptibility remains 
obtaining a bone specimen by biopsy or from 
intraoperative specimens [35]. Bone cultures can 
be falsely-negative related to sampling errors or 
recent treatment with antibiotics. Similarly, they 
can be falsely-positive due to specimen contam-
ination. Performing histopathological examina-
tion of a bone specimen can be useful in patients 
on antibiotic therapy; however, they can also be 
falsely negative due to sampling error or false-
ly-positive when the patient has a non-infectious 
inflammatory disorder [35]. 

Imaging diagnosis
There are a variety of imaging tests for assessing 
bone infections. We found no specific approach-
es that are different for managing CO compared 
with non-calcaneal DFI. For both DFI and CO, 
plain radiography is usually the first (and often 
only) imaging method, as it is widely accessible, 
relatively inexpensive and can be interpreted by 
most clinicians. Unfortunately, plain X-rays are 
often normal in the early stages (first few weeks) 
of diabetic foot osteomyelitis, including CO [36]. 
One meta-analysis in patients with DFI found a 
pooled sensitivity of 0.54 and specificity of 0.68 
[37]. Characteristic findings of osteomyelitis in 
plain radiographs includes focal bony lysis or cor-
tical loss, periostal reaction or elevation, formation 
of new bone and regional osteopenia or trabecular 
pattern [35, 38-40]. Soft tissue swelling may be an 
early sign for osteomyelitis but is not specific [41]. 
Radiological signs that are largely pathognomonic 
include the presence a sequestrum, involucrum or 
cloaca [42]. Despite its shortcomings, plain radi-
ography remains the first-line imaging technique 
even in clinically clear CO, as it can help to ex-
clude other clinical entities (such as fractures) and 
to assess the progression of disease [42].
Among advanced imaging techniques, computed 
tomography (CT) can help resolve anatomically 
complex situations that remain unclear by plain 
radiography. It is often indicated in the planning 
of surgery, e.g. for seeking sequestrations, bone 
destruction, cloacae or to assess the thickness of 
an involucrum [41]. In addition, using intrave-
nous contrast administration can help detect soft 
tissue abscesses, and CT-guidance allows for per-
cutaneous biopsies to obtain material for microbi-
ology [43]. One major disadvantage of CT is that 
it is associated with a relatively higher radiation 
exposure than other imaging tests. Compared to 
magnetic resonance imaging (MRI), its resolution 
and demonstration of cortical changes are superi-
or, whereas its assessment of soft tissue is inferi-
or, and it cannot reliably demonstrate bone mar-
row edema [42]. In the future, the dual-energy 
CT might compensate some current deficiencies, 
especially for patients with a contraindication to 
MRI, as it would display bone marrow edema 
[44, 45]. MRI is particularly helpful in detecting 
bone marrow edema, which is the earliest sign of 
acute CO, being detected as early as 1 to 2 days 
after onset of infection [42, 46]. Typical findings 
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of osteomyelitis on MRI, which may be visible af-
ter as little as two days, are loss of focal signal in-
tensity on T1-weighted images, high focal signal 
on T2-weighted images, and high bone marrow 
signal in short tau inversion recovery (STIR) se-
quences [35,47,48]. The MRI has a high sensitivity 
(93%) and high specificity (79%) for diagnosis of 
osteomyelitis of the foot [49, 50]. While there are 
several nuclear medicine techniques available, 
most are inferior to MRI in CO, with radio-la-
belled white blood cells being the most accurate 
[49,51]. While some authorities suggest that in CO 
it is important to use imaging methods to deter-
mine the amount of bone to resect, there are no 
recommendations on the best approach for this is-
sue. Our recommendation for this determination 
is to use the extent of loss of focal signal intensity 
on T1-weighted MR images, as it best reflects the 
amount of osteomyelitic bone. While there is evi-
dence, that MRI is more precise than radiographs 
in detecting the extent of osteomyelitis in the fore-
foot, there is no literature available for CO [52]. 
We think that routine radiologic follow-up is not 
necessary when the surgeon is confident that all 
infected bone has been resected, and a favorable 
course of therapy is likely. However, repeat imag-
ing is appropriate if CO recurrence is suspected 
or if the surgical wound has not healed within 
three months. Clinicians should bear in mind that 
in the early phase after surgical therapy reactive 
edema may compromise the validity of a repeat 
MRI. Therefore, the clinical presentation and the 
laboratory course are most important in deciding 
for revision surgery.

Antibiotic therapy
The administration of systemic antimicrobial 
agents to patients with bone infection is para-
mount to preventing infection progression and 
to allow normal wound healing [24,35]. Unless 
there is total amputation of the infected limb (e.g., 
a below-the-knee amputation), it is difficult to 
assess whether or not all infected bone has been 
removed. This is especially true in the case of a 
partial calcanectomy for CO, likely even more 
so than after surgical resection for diabetic toe or 
metatarsal osteomyelitis. 
One way to assess if all infected bone has been 
removed is to take samples from the residual cal-
caneal bone after surgical debridement. Howev-
er, this procedure has several drawbacks. Firstly, 

the area of resection is usually relatively broad in 
CO, so that taking a sample from one part does 
not guarantee there is not residual osteomyelitis 
even one centimeter away. Secondly, the surgical 
procedure may contain repetitive debridements, 
which can cause pathogen transfer onto a pre-
viously sterile sample. Obtaining a histologic 
examination, in addition to a microbiologic one, 
may therefore be necessary. If histology shows 
signs of osteomyelitis at the resection border, it 
is reasonable to assume there is residual bone 
infection. Pathogen growth in a bone sample, 
however, could merely represent specimen con-
tamination. Samples of the marginal bone left af-
ter surgical resection should generally be taken 
if the surgeon deliberately leaves a suspicious 
area of bone because of biomechanical consider-
ations. 
Generally speaking, the principles of antibiotic 
therapy for CO do not differ from those for oth-
er DFI localizations. The size and volume of the 
calcaneal bone does not require a longer dura-
tion of treatment or the administration of specific 
(supposedly bone-penetrating) antibiotic therapy 
or therapy by the parenteral route. Indeed, the re-
sults of our single-center found that the outcomes 
of the treatment of CO cases are similar to those of 
other DFI localizations, despite an identical medi-
an number of surgical debridements (1 vs. 1 inter-
vention) and median duration of total (33 vs. 30 
days) and parenteral (5 vs. 5 days) antibiotic ther-
apy (Table 1). As shown in Table 2, which shows 
the role of CO in the overall treatment failure for 
DFI, it does not demonstrate that CO was related 
to a worse outcome. 
Theoretically, initial antibiotic therapy could be 
administered intravenously, as many clinicians 
prefer to do, because of the large calcaneus size, 
but this is not evidence-based. An argument for 
just oral antibiotic therapy at or soon after the 
start of treatment is the near-absence of bacter-
emic infection in CO [15, 24]. 

Another issue of concern is whether or not to se-
lect broad-spectrum empiric antibiotic therapy 
to preemptively cover against Gram-negative or-
ganisms (especially P. aeruginosa), as these may be 
isolated more often than in other DFIs in macerat-
ed CO, at least in Western countries (Europe and 
North America [24, 29]). In the interest of antibiot-
ic stewardship, we advocate against this approach 
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for non-severe CO cases (without systemic inflam-
mation), as it is likely that waiting for culture re-
sults would be safe [24]. Regarding route of an-
tibiotic therapy, patients who are systemically ill 
will likely benefits from parenteral therapy, which 
achieves faster and higher serum antibiotic levels 
[35]. However, oral antibiotic therapy, either after 
a few days of parenteral treatment or initially for 
non-severe infections, generally has similar clini-
cal efficacy, fewer complications or lower financial 
expensive than parenteral therapy [24, 35].
The theoretical advantages of local (topical or 
implanted) antibiotic therapies for osteomyeli-
tis have been discussed for decades [28, 53]. The 
relatively abundant calcaneus bone stock would 
invite this approach, which has been described 
as the Silo technique (single-stage debridement 
with absorbable gentamicin-loaded sulphate/hy-
droxyapatite biocomposite [28]). However, and in 
contrast to most long bone chronic osteomyelitis 
cases in human adults, the bone in CO often be-
comes porous and disintegrates upon relatively 
minimal force. Moreover, we have found no evi-
dence that combined local and systemic antibiotic 
therapy is superior to a systemic alone in DFIs, 
including CO. Implanting calcium sulfate loaded 
with antibiotics has the potential drawbacks of 
suboptimal bone formation and the occurrence 
of pathologic fractures [54-56]. In their review 
of local antibiotic delivery for DFI, Markakis et 
al. concluded that “the role of topical antibiotic 
agents in treating DFI is limited and outside of 
routine practice” [25]. The duration of antibiotic 
treatment is largely dependent on the extent of 
surgical resection of the bone and local soft tis-
sue infection. In moderate infections, one to two 
weeks of antibiotic therapy is usually sufficient, 
if all infected bone has been removed [35]. De-
termining if all osteomyelitis has been resected 
depends in the first case upon the clinical assess-
ment of the treating surgeon. This may need to be 
more definitively established by repeated MRIs or 
bone biopsy for culture if the clinical course sug-
gests residual osteomyelitis. When residual in-
fected bone is suspected or proven, we agree with 
recommendations of up to six weeks of antibiotic 
therapy [24, 35, 57]. Of course, clinicians should 
make efforts for all patients with DFI, including 
CO, to assess for (and correct if necessary) severe 
peripheral arterial disease, optimize wound care 
and glycemic control.

Pressure off-loading and adequate footwear
Off-loading pressure on the affected site until 
the (surgical) wound has healed and ensuring 
the patient is provided and routinely uses prop-
er footwear are paramount in both the treatment 
and prevention of CO [11, 19, 35, 58-61]. Howev-
er, the type of temporary device is more difficult 
to choose for calcaneal than for forefoot DFI, giv-
en the high-pressure bearing requirement of the 
hindfoot. Most expert advocate for total contact 
casting (TCC, Figure 1) and walkers; with target-
ed ulcer off-loading as the best options to off-load 
the wound area. There seems no difference in ef-
fectiveness between the two devices when used 
in an irremovable way [60, 62]. The location of the 
wound cavity is determined by a footprint mark-
ing the wound [63]. Based on the available litera-
ture, non-removable devices are more effective in 
healing of (infected) neuropathic calcaneal ulcers 
than removable devices, because they better en-
sure the device is used [62, 64]. Concerns about 
potential adverse effects of non-removable devic-
es, such as secondary ulceration on the affected 
and non-affected foot, and inconvenience caused 
by inability to observe and wash the covered site, 
are not supported in the literature. In two me-
ta-analyses there were no differences in adverse 
effects between these two types of application [61, 
62, 64]. 
In the author`s practice, costs of a TCC average 

Figure 1 - Total contact cast.
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about $300 US and that of an off-loading walk-
er about $5000 US. Both devices are theoretically 
easily accessible: a TCC can be made within 30 
minutes when a cast facility is available, while 
walkers come off the shelf and are available in dif-
ferent sizes. Only the foot bed has to be adapted 
according to the off-loading needs. Because of the 
substantially higher costs and the different sizes 
required, storing a sufficient variety of walkers 
is difficult, making TCCs are more practical and 
economical. 
We recommend that appropriate professionals see 
the patient to review both the status of the wound 
and the effectiveness of the off-loading device at 
least weekly. If a specialized wound care nurse 
is available and the clinical course is favorable, a 
physician`s presence is only necessary every sec-
ond to third week. In our experience, TTCs can 
break, especially when used inappropriately or 
fitted to a heavy patient. Usually, the lifespan of 
a TCC in our experience is six to eight weeks. At 
each visit, the physician or wound care nurse who 
evaluates the patient should hold the TCC and try 
to squeeze the hindfoot area; when there is gross 
displacement a new TCC is required. Properly 
used, we have found that walkers rarely break.
It is important for both health care providers and 
patients understand that treating CO requires 
continuous pressure off-loading, even during the 
sleep and rest periods. Using a simple pillow is 
less effective for this purpose than commercially 

available heel protectors (Figure 2) [65]. Two stud-
ies have reported on the advantages of heel pro-
tectors in calcaneal ulcer healing [26, 66]. In these 
studies, in which patients were placed in an an-
kle-foot orthotic heel protector foam after under-
going partial calcanectomy (PC), or in an immo-
bilizing boot with a plastic curved heel relief, pri-
mary healing was noted within one month in over 
90% of patients [26, 66]. Once the CO has healed, 
off-loading should be continued as a secondary 
prevention, especially when severe neuropathy is 
present. For this purpose, custom-made orthope-
dic footwear works fine, as do insoles with a soft 
heel cup, or solid ankle-foot ortheses [8, 11, 12, 26, 
58, 67, 68]. In case of ulceration regular profes-
sional wound care is essential. Available evidence 
suggests that local treatment with antiseptics or 
topical antibiotics, or hyperbaric oxygen therapy 
is generally not indicated [24]. 

Surgical management
The ultimate surgical goal in diabetic CO is to pre-
serve limb and foot function as long as possible. 
CO can lead to bone fracture or expansion of infec-
tion to adjacent bone and articulations, with fur-
ther destruction. The development of bacteremia 
or sepsis is uncommon, as the infection usually es-
capes through the calcaneal sinus tract. Infection 
can usually be eradicated by PC or total calcanec-
tomy (TC), or if necessary a below-knee amputa-
tion (BKA) [8, 9, 11, 12, 58]. The average amount 

Figure 2 - Heel protector. Plantar view (closing straps left open to facilitate heel view) and lateral view.
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of resected calcaneus by PC can vary between 13% 
and 74% [69]. When there is concomitant forefoot 
or midfoot osteomyelitis, Syme or Spitzy-Pirogoff 
amputations may be appropriate. While the for-
mer has the advantage of an end-weight-bearing 
stump, the latter is only a reasonable option when 
the CO occurs only in the processus anterior calcanei 
[70]. Both amputation techniques require that the 
patient has an open posterior tibial artery. When 
patency of the latter is not restorable, a transtibial 
amputation is indicated. In our experience, Syme 
amputations have two major problems. Firstly, 
the contact area is small and therefore, patients 
(especially with neuropathy) are prone to pres-
sure ulcers. Secondly, the soft tissues need to be 
fixed to the distal tibia, otherwise medial (which 
we find occurs most often) or lateral soft tissue 
dislocation may occur. In order to achieve fixa-
tion, either the cartilage of the distal tibial has to 
be removed so that the cancellous bone and the 
soft tissues adhere, or the soft tissues must be 
fixated transosseously. Both techniques lead to 
exposure of previously uninfected bone, with the 
possibility of causing secondary osteomyelitis. A 
Spitzy-Pirogoff amputation includes a tibio-cal-
caneal arthrodesis, which would have to be per-
formed by external fixation as internal fixation in 
case of osteomyelitis is inappropriate. The defin-
itive decision on the type of surgery depends on 
the extent of the CO (as determined by the extent 
of loss of signal in MRI T1), the adequacy of arte-
rial perfusion (especially regarding the posterior 
tibial artery), the amount of soft tissue loss, and 
the patient’s preference [1, 9, 58, 67]. 
When there are no restrictions in the choice of 
surgical type, we recommend performing PC. 
This procedure allows the patient to be fitted with 
an orthopedic shoe when the surgical wound has 
healed, allowing nearly normal weight-bearing 
and the ability to walk without the severe com-
promise of energy expenditure that comes with a 
below knee amputation [71]. Patients undergoing 
TC usually need a prosthesis that is nearly the 
height of prosthesis required after below knee 
amputation. Further, an arthrodesis between the 
anterior border of the tibia, the talus and the mid-
foot may be necessary, as cranial dislocation of the 
foot often occurs after TC. 
PC incurs the risk of tear-off fractures of the tu-
ber calcanei, due to the tension of the Achilles ten-
don. In our experience, if more than 50% of the 

cranio-caudal diameter of the calcaneal tuberosity 
or most of the plantar cortical bone has to be re-
sected, most patients will suffer from tear-off frac-
tures. While the specific amount of cortical bone 
loss that leads to tear-off fractures has yet to be 
described, we usually perform Achilles tendon 
tenotomy in PC procedures. Further, we recom-
mend Achilles tendon tenotomy if the tendon lies 
within the ulcer area. In this case, tenotomy will 
facilitate primary wound closure, which is gener-
ally the goal after PC or TC. There are no special 
suture techniques for calcaneal procedures that 
differ from those used for other areas of the foot. 
The most important consideration is ensuring a 
tension free wound closure, which, again, often 
requires doing an Achilles tendon tenotomy. 
In the case of a PC with exposed cancellous bone, 
granulation tissue may be stimulated by use of a 
negative-pressure wound vacuum system, if pri-
mary wound closure is not possible. In case of TC, 
use of negative pressure therapy is also possible, 
but in our experience growth of granulation tis-
sue usually takes longer as there is no cancellous 
bone exposed. The surgical wound should heal 
within three months; if not, suspect residual os-
teomyelitis or relapse of osteomyelitis.

We recommend performing transtibial amputa-
tion only in cases of concomitant mid- and fore-
foot ulcers that are refractory to established DFU 
treatment protocols, or in patients with Charcot 
arthropathy who have a rocker bottom or fore-
foot deformity that is prone to develop an ulcer. 
The presence of Charcot arthropathy itself is not 
always an indication for transtibial amputation 
in case of diabetic CO, as flattening of the medial 
foot arch leads to an elevated ground contact area 
of the foot and therefore facilitates local offload-
ing of the heel.

Performing a PC or a TC is generally not demand-
ing; it usually takes about 60-90 minutes and can 
be performed by one orthopedic surgeon assisted 
by a resident surgeon. The surgeons must bear in 
mind that these surgical procedures are meant to 
save the limb. The multitude of considerations 
that have to be made ultimately before choosing 
the type of surgery should lead to referral to an 
orthopedic surgeon who is experienced in the 
treatment of DFI and DFU as well as in perform-
ing transtibial amputations. 
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Lower extremity amputations are reconstructive 
surgeries that are technically demanding. Com-
mon mistakes in performing transtibial amputa-
tions are: cutting the fibula too long, thereby lead-
ing to lateral pressure ulcers; failing to round the 
distal anterior part of the tibia leading to anterior 
pressure ulcers; or, neglecting to shorten the sural, 
the peroneal or even the tibial nerves, leading to 
painful neuroma. This latter complication can 
prevent using a prosthetic device and therefore 
to an inability to walk. As tertiary care providers 
specializing in the field of diabetic foot complica-
tions, we frequently see patients suffering from 
one or more of the errors noted above. 

We have summarized the literature on the fre-
quency and performance of the three different 
resection surgeries described above in Table 4. 
As noted, a partial calcanectomy was performed 
in 81% (217/268), total calcanectomy in 8.6% 
(23/268) and below knee amputation (BKA) in 
10% (28/268). However, these surgeries are no 
panacea. Limb loss (by subsequent BKA) after 
partial or total calcanectomy for CO is frequent, 

ranging in reported series from 0-67%, with an 
average failure rate of roughly 20% (Table 4). 
Crandall et al. revealed a secondary amputation 
risk of nearly 67% in diabetic CO cases, but all of 
the surgical procedures had been performed by 
orthopedic residents, rather than experience sur-
geons [9]. The retrospective review by Schade et 
al. on the outcomes of the three techniques (PC, 
TC, and BKA) found a fivefold greater amputa-
tion risk for diabetic CO compared to non-dia-
betic CO [10]. Minor revisions risks were 57% in 
PCs, 100% in TCs, and 28% in BKAs. Secondary 
amputations (mostly BKA) occurred in 29% of the 
PCs, in 50% of the TCs, and in 6% of the BKAs. 
Even TC as a surgical option did not diminish the 
failure risk [12].

When cutting bone, surgeons must not ignore 
properly caring for the soft tissues. Usually, we 
deal with soft tissue loss in one of three ways: 1) 
healing by secondary intention, with or without 
adding a negative-pressure vacuum-system; 2) 
developing a flap to cover the defect [4, 8, 58, 27, 
72, 73]; or, 3) removing additional bone to manage 

Table 4 - Outcome according to the surgical strategy from published articles with at least five cases of diabetic 
foot calcaneus osteomyelitis.

First author
No, diabetic patients 

with calcaneal 
osteomyelitis

Initial type of surgery Secondary 
amputation after 

PC / TC (%)
Partial calcanectomy 

(PC)
Total calcanectomy 

(TC)
Below Knee 
Amputation

Crandall [9] 18 10 8 0 12 (66.7%)

Smith [67] 7 7 0 0 1 (14.3%)

Baumhauer [8] 6 6 0 0 1 (16.7%)

Laughlin [29] 21 7 0 8 0 (0%)

Baravarian [26] 12 12 0 0 0 (0%)

Chen [54] 11 11 0 0 0 (0%)

Goudie [66] 21 21 0 0 4 (19%)

Walsh [13] 7 0 7 0 2 (28.6%)

Shojaiefard [20] 18 18 0 0 0 (0%)

Faglia [14] 23 17 0 6 6 (35.3%)

Oliver [69] 35 35 0 0 12 (34.3%)

Drampalos [28] 12 12 0 0 0 (0%)

Dalla Paola [19] 18 18 0 0 0%

Akkurt [88] 23 23 0 0 1 (4.4%)

Waibel [12] 36 20 2 14 9 (40.9%)

Total 268 227 23 28 48 (18%)
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tension free wound closure [29, 31]. As primary 
wound closure is preferable, removing addition-
al bone is usually the first choice. When bone 
removal would compromise the residual contact 
area of the heel or enhance the risk of tear-off frac-
tures, the second choice would usually be healing 
by secondary intention, usually with use of a VAC 
system. We consider using soft tissue flaps only in 
cases of severe soft-tissue loss. There seems to be 
no significant differences between pedicle muscle 
flaps and free flaps in the diabetic population [74]. 

An additional treatment the clinician should con-
sider is passive physiotherapy to prevent equinus 
deformity, especially when Achilles tendon ten-
otomy has not been performed. Partial forefoot 
accentuated weight-bearing using an offload-
ing device is permitted as soon as the wound 
has stopped oozing drainage. Once the surgical 
wound has healing, transition into orthopedic 
footwear, an adapted insole or a solid ankle-foot 
orthosis is indicated to prevent ulcer recurrence. 
Overall costs in the management of CO are often 
very high, but we failed to find specific data on 
this issue in the literature.

n CONCLUSION

CO in the adult diabetic patient is a serious, po-
tentially limb-treating condition that occurs in a 
small minority (7-8%) of DFI patients, mostly re-
lated to an overlying pressure ulcer. Other epide-
miological differences of CO from DFI of other lo-
calizations are the rarity of associated bacteremia 
and the tendency to more often being associated 
with polymicrobial and Gram-negative infections 
in patients with long-standing diabetes mellitus. 
Therapeutically, the initial steps should be a com-
bined multidisciplinary approach involving par-
tial or total calcanectomy combined with targeted 
systemic antibiotic therapy of six weeks duration, 
eventually followed by secondary skin closures 
with flaps. Despite extensive therapeutic inter-
ventions, the risk of short-term therapeutic failure 
is about 20-30%. Adequate, individualized, and 
long-term pressure off-loading plays a crucial role 
in successful treatment. Clinicians cannot expect 
to see CO entirely resolve without them ensuring 
the reversal of the original underlying reason(s) 
leading to the infection. As even patients whose 
infection responds well in the short term may 

have late failure or recurrent infection, clinicians 
must provide and encourage the use of all possi-
ble preventive measures, including patient edu-
cation, providing individually adapted footwear, 
and ensuring routine diabetic foot care [75, 90]. 
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