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Abstract | Although osteomyelitis occurs in approximately 10−20% of patients with diabetes-related foot 
ulcers, no widely accepted guideline is available for its treatment. In particular, little consensus exists on 
the place of surgery. A number of experts claim that early surgical excision of all infected or necrotic bone is 
essential. Others suggest that surgery should not be performed routinely, but instead only in patients who do 
not respond to antibiotic treatment or in case of particular clinical indications. Unfortunately, no studies have 
directly compared the two approaches. Over 500 cases of conservative (that is, nonsurgical) management with 
resolution rates of 60−80% have been described previously. Most patients in these series, however, received 
prolonged courses of broad-spectrum antibiotics, which increase the risk of diarrhea caused by Clostridium 
difficile or the emergence of multidrug-resistant organisms. By contrast, relatively few series of primarily 
surgical management have been published, with widely differing outcomes, and some of them also reported 
high recurrence rates. Further research is required to establish the relative importance of each approach, but 
the available data clearly indicate that a combined assessment and treatment by surgeons and physicians 
together is essential for many patients. 
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Introduction
osteomyelitis complicates approximately 10−20% of 
foot ulcers in individuals with diabetes mellitus attend-
ing specialist clinics,1,2 although a frequency of as high as 
68% has been reported in one study.3 this complication 
greatly increases the risk of a lower-extremity amputa-
tion.4,5 unfortunately, there is no generally agreed proto-
col for the treatment of diabetes-related osteomyelitis 
of the foot, making the management of this relatively 
common complication more difficult and contro versial 
than that of most other diabetes-related conditions. 
the international working Group on the Diabetic Foot 
(iwGDF) appointed an expert advisory group to under-
take a systematic review of the subject and this has pub-
lished preliminary guidelines.6 the aim of the present 
review, is to discuss the available data on surgical versus 
primarily nonsurgical management of osteomyelitis as a 
complication of the diabetic foot.

Pathophysiology
in the majority of cases, osteomyelitis in the diabetic 
foot results from the contiguous spread of infection from 
the adjacent soft tissue to the bone, usually as a compli-
cation of a diabetic foot ulcer. the affected bones are, 
therefore, in those areas where ulcers are most common, 
namely the digits, the metatarsal heads and the cal-
caneus. as pathogens spread contiguously from the  
ulcers, they are similar to those that are isolated from 
complicat ed soft-tissue infections, and Staphylococcus 

strains (especially Staphylococcus aureus7,8) are most fre-
quent. also similar to soft-tissue infections, the infec-
tion is often polymicrobial if the foot ulcer is chronic 
and/or the foot is ischemic.7

Management choices
Despite the fact that two guidelines have been published 
on the management of diabetes-related osteomyelitis of 
the foot,9,10 the currently used approaches are greatly 
variable, probably because of the lack of convincing 
data to inform clinical practice, as found by the iwGDF 
review.6 Controversies exist about a number of manage-
ment issues, such as the choice of antibiotics, the route 
and duration of their administration and, particularly, 
on the role of surgery. 

surgical excision of bone was obviously manda-
tory in the pre-antibiotic era, but even with the more 
recent development of preparations with potent anti-
 staphylococcal activity and good tissue penetration, 
many experts continue to maintain that surgical exci-
sion of all infected bone is usually necessary in cases of 
chronic bone infection, such as that complicating dia-
betic foot ulcers.11 indeed, some authors have even more 
polarized views than those mentioned above, as demon-
strated by the paper of Henke and colleagues12 with the 
following title: “osteomyelitis of the foot and toe in 
adults is a surgical disease: conservative management 
worsens lower extremity salvage”. this study included 
224 patients (80% of whom had diabetes mel litus) 
with osteomyelitis that affected a toe, who presented 
to a single center over 7 years and who were followed 
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up for at least 1 month, and reported an overall inci-
dence of major amputation of 25%. on the other hand, 
the iwGDF advisory group concluded that there is no 
evidence that surgical debridement of infected bone is 
routinely necessary.6 For these reasons many clinicians 
believe that surgery should only be performed if anti-
biotic therapy is ineffective or if there are particular 
clinical indications.

The primarily nonsurgical (conservative) approach
evidence from over 500 reported cases in the literature 
provide evidence that a conservative, primarily non-
surgical approach may be effective. in these cases, the  
patients were initially treated with antibiotics, and  
the mean rate of eradication of infection was over 60%.13 
a later, single-center study from Canada14 also reported 
the effectiveness of this approach, with apparent cure or 
remission of osteomyelitis in 80% of patients. all data 
on non surgical management derive, however, from 
uncontrol led observational series, with inconsistent cri-
teria used for the diagnosis of bone infection. moreover, 
the data were also inevitably affected by case selection, 
as patients in whom early surgery was required owing 
to the severity of the disease were excluded.

in our own series, in nottingham, uK, we exam-
ined the outcome of 147 consecutive patients with 
osteo myelitis of the foot who were diagnosed between 
1 January 2000 and 31 December 2004. the management 
policy was to use antibiotics alone whenever possible, 
but surgically remove the infected tissue if necessary.15 
in this series, antimicrobial therapy alone arrested the 
infection in 80% of patients who had no initial surgery, 
although this group represented only 63% of the total 
unselected series. overall, the rate of minor amputations 
was 23% and that of major amputations was 8.8%.

one of the problems of adopting a primarily non-
surgical treatment approach is the need for a prolonged 
antimicrobial treatment. For those patients in the 
nottingham series who received outpatient treatment 
mainly with empirical oral broad-spectrum anti biotics 
(82%), the median length of treatment was 61 days. 
other studies have reported even more prolonged 
courses of antibiotic treatment. in another very recent 
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series in the uK, over 50% of patients received antibiotic 
treatment for 6 months or longer,16 and the Canadian 
study (mentioned above) reported a mean treatment 
duration of 40 weeks.14

use of prolonged courses of broad-spectrum anti-
biotics in this way undoubtedly increases the risk of their 
adverse effects (including the development of diarrhea 
caused by Clostridium difficile) and the emergence of 
antibiotic-resistant bacteria, such as methicillin- resistant 
Staphylococcus aureus (mrsa), which is increas-
ingly common in diabetic foot clinics in the uK.17,18 
unfortunately, few data are available to help clinicians 
decide which antibiotic regimen might be superior for 
the management of osteomyelitis of the diabetic foot, 
how it should be administered, or how long the treatment 
should last.13,19 antibiotics with activity predominantly 
against Gram-positive bacteria (such as Staphylococcus 
and Streptococcus strains)20 and broad-spectrum anti-
biotics with increased activity against Gram-negative and 
obligate anaerobic bacteria21 seem to be equally effec-
tive, although these observations derive from trials that 
included patients with diabetic foot infections in general 
and only a proportion of these patients had osteomyelitis. 
no studies have compared different treatment durations 
or different administration routes (intravenous versus 
oral) of the same antibiotic.6

Surgical treatment
surprisingly few studies support the often quoted view 
that surgery is imperative in the management of osteo-
myelitis of the diabetic foot. the iwGDF review found 
only three small series of cases managed surgically and 
none that directly compared primarily surgical and pri-
marily nonsurgical management. a retrospective analy-
sis of 112 patients who were admitted to a single center 
for management of diabetes-related infection of the foot 
(of whom only 65 had osteomyelitis) found that those 
who had surgery within the first few days after admis-
sion were considerably less likely to have had a major 
amputation at follow-up (10 of 77 patients) compared 
with those whose surgery was delayed by 3 days or more 
(24 of 87 patients).22 However, few details are included in 
the paper on the baseline characteristics of the patients 
and on the particular reasons of delaying surgery.

another study looked at 32 patients with diabetic 
forefoot osteomyelitis who had limited debridement of 
the infected area (ulcerectomy plus limited debridement 
of the underlying phalanx or metatarsal) with an even-
tual healing rate of 78%.23 However, the mean duration 
of antibiotic therapy in this series was 111 days. Henke 
and colleagues12 described a relatively large retro spective 
series of 224 patients with osteomyelitis, and divided 
the patients into those who had early surgical inter-
vention and those in whom surgery was delayed (of note,  
the authors provided few details on case selection). the 
investigators found that those who had delayed surgery 
had an increased risk of eventual major amputation com-
pared with those who had immediate minor amputation 
of the affected area. the overall major amputation rate of  
the cohort was, however, very high (25%). without more 
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detail, the explanation for this high rate of limb loss—
both in those whose surgery was delayed and those in 
whom it was not—is unclear.

aragón-sánchez and coworkers24 examined 185 
sequential cases of patients with diabetes-related osteo-
myelitis of the foot who were treated in a single center. 
Following the intravenous administration of broad-
 spectrum antibiotics, limited conservative surgery, 
defined as surgery that does not include amputation 
of any part of the foot, but in which infected bone was 
removed, was performed on the majority of participants, 
whereas 71 patients had initial minor amputations and 
three patients had major amputations. although the 
infection recurred in some patients in the minor ampu-
tation and conservative surgery groups, the overall major 
amputation rate was only 8.1%, which is very similar to 
that observed in the nottingham series of primarily 
nonsurgical management. the minor amputation rate in  
this series was much higher, however, than in the 
nottingham series (48% versus 23%, respectively) 
and we do not know how many of these patients had 
po stoperative antibiotic treatment, and for how long.

a consistent feature of the published series of surgi-
cal management is the substantial number of patients 
in whom the infection recurred despite apparent 
debride ment of the infected bone (independent of the 
type of surgery), and the high rate of further surgical 
inter vention. in the above mentioned study by aragón-
sánchez and colleagues,24 the recurrence rate was 18%, 
but rates as high as 40−60% were reported in other post-
operative studies. of note, not all participants of these 
studies had diabetes mellitus and not all were under-
going surgery for osteomyelitis.25,26 a possible explana-
tion for the relatively high rate of recurrence comes from 
a small study27 that examined the histology of bone 
speci mens taken at the osteotomy site at the time of 
minor amputation of the diabetic foot. in approximately 
60% of cases, histological evidence of osteomyelitis was 
found at the osteotomy site and about a third of these 
patients required further surgical intervention com-
pared with only 15% of those with normal bone tissue 
at the site of osteotomy. the difficulty of clinically dis-
tinguishing infected from noninfected bone at the time 
of operation might, therefore, be explained by the fact 
that the surgical series with the lowest postoperative risk 
of amputation have included antibiotics either before 
or after surgery. we do not know, however, whether 
the combination of surgery and antibiotics might limit  
the duration of antibiotic therapy and thus the risk of 
antibiotic-associated adverse effects or of the emergence 
of multidrug- resistant organisms.

The role of bone biopsy
in general, the diagnosis of diabetes-related osteo-
myelitis of the foot is based primarily on clinical symp-
toms, signs and with supportive imaging (usually plain 
X-rays). typically, the foot is well perfused, and the 
infected part (usually the forefoot or a toe) is dull red, 
diffusely swollen and warm, and might be discharging 
pus or fragments of bone. systemic signs, such as fever 

and malaise, are unusual in patients with foot infections, 
including those with osteomyelitis.

the occurrence of such signs usually suggests exten-
sive tissue necrosis and the involvement of anaerobic 
bacteria.28 the confirmation of the diagnosis with stan-
dard diagnostic tests is, however, difficult and has been 
extensively reviewed elsewhere.19,29,30 Conventional radio-
graphy has poor sensitivity in early osteo myelitis,31 and 
the changes seen on the X-ray of patients with neuro-
pathy might be indistinguishable from those of Charcot 
osteoarthropathy.32 radionucleotide bone scanning 
has a sensitivity between 50−86%13 but its speci ficity is 
poor (around 50%).33 mri is currently considered to 
have the best diagnostic performance for the confirma-
tion of a diagnosis of osteomyelitis, with reported sensi-
tivities of 90−100%.33 even with this technique, however, 
it can be difficult to distinguish osteo myelitis from 
other causes of bone marrow edema, including acute 
Charcot osteoarthropathy.13,19

For the above reasons, international guidelines cur-
rently recommend both histological and microbiological 
analysis of a bone specimen obtained either percuta-
neously or during surgery as the gold standard method 
for the confirmation of the diagnosis of osteomyelitis.9,10 
Percutaneous samples can be obtained with fluoroscopic 
or Ct-guidance or, if necessary, by means of a bone-
biopsy needle. this procedure can often be performed 
with little or no anesthesia (in patients with neuro pathy) 
and is generally considered safe.34 the advantages of 
taking a specimen of bone are that the diagnosis can be 
confirmed histologically and potentially valuable infor-
mation can be obtained about the orga nisms that are 
involved in the bone infection. the latter advantage is 
particularly important considering that little corre lation 
exists between organisms obtained from soft tissue 
samples and those that are isolated from the adjacent 
infected bone.35 However, if samples are taken through 
the base of the ulcer, clinicians might be misled by the iso-
lation of organisms that were merely colonizing the ulcer 
bed. alternatively, a bone biopsy might yield false negative 
results, either because of patchy infectious involvement or 
because of previous suppressive anti biotic therapy.

nevertheless, the identification of organisms in samples 
of infected bone could ensure that an appro priate regimen, 
with a targeted—but restricted— spectrum of activity is 

Box 1 | Treatment approaches for osteomyelitis of the foot in diabetes mellitus 

Primarily nonsurgical approach

evidence from over 750 cases with apparent remission in over 60% of cases ■

Potential for long duration of treatment with antibiotics ■

Potential for the emergence of resistant organisms ■

Patient choice and circumstances ■

Primarily surgical approach

Few definitive studies ■

Possible high recurrence rate ■

Difficulty in discriminating infected from noninfected bone at surgery ■

Patient choice and circumstances ■
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selected and used for the minimum possible duration, 
thus reducing the above mentioned problems associated 
with the prolonged use of broad-spectrum anti biotics. 
although this diagnostic test is recommended by most 
guidelines, it is not currently in general clinical use. 
a French study has suggested that when bone biopsy and 
bone culture are used in this way, the number of patients 
free of infection without surgery at a mean of 12 months 
after discontinuing antibiotics is approximately 30% 
higher than that achieved without using bone samples.34 
although this study illustrates the potential value of bone 
culture, it was not randomized, which means that other 
confounding factors, such as the choice of particular anti-
biotic regimens, might have contributed to the observed 
difference. moreover, the control group did not do as well 
as that in other published series14–16 and the effect size was 
surprisingly large.

Despite the recommendations of the available 
guide  lines, bone biopsy is rarely practised routinely. 
establishing its role in the diagnosis and management of 
diabetes-related osteomyelitis of the foot in future research 
will considerably enhance our understanding of how to 
manage these patients in an effective and cost- effective 
manner, and will be imperative in designing future 
prospec tive studies of the diagnosis and the management 
of osteomyelitis, whether surgical or nonsurgical.

Conclusions
two major approaches exist for the treatment of 
di abetes-related osteomyelitis of the foot. the first is a  

primarily nonsurgical treatment that might be associ-
ated with adverse effects of prolonged courses of 
broad-spectrum antibiotics. the second relies on early 
surgery that is potentially associated with high recur-
rence rates and repeat surgery (Box 1). well-designed, 
controlled trials are needed to establish the superiority 
of either approach. nevertheless, the most recent data 
clearly show that the lowest major amputation rates are 
reported in those centers that treat their patients with 
a combined approach: either initial antibiotic treat-
ment followed by later surgical intervention if needed 
or initial conservative surgery with postoperative anti-
biotic treatment. thus, as in all areas of the manage-
ment of the diabetic foot, a multi disciplinary approach 
seems to be imperative, and should involve the input of 
surgeons, physicians and specialists of infectious dis-
eases and microbiology, with the final decision being 
based on many factors relating to both the infection and 
the general health, circumstances and opinion of the 
patient. the “Putting Feet First” document published 
by Diabetes uK and nHs Diabetes36 emphasizes the 
importance of such multidisciplinary care.
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