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Another factor that appears to impair response to antibiotic therapy in DFI is the presence of biofilm. These 
slime-enclosed aggregates of sessile bacteria adhering to surfaces are present in many chronic infections, and 
the majority of DFIs, and demonstrate great resistance to most antibacterial agents as well as to host defences 
(210,211). Eradicating bacteria in a biofilm usually requires physical removal, often combined with high doses 
of an antimicrobial agent found to be more active against these organisms. These include topical agents such 
as hypochlorous acid (212), cadexomer iodine (213) and systemic agents such as fluoroquinolones, rifamp(ci)in, 
daptomycin, or fosfomycin (214,215).

Duration of therapy. 
The optimal durations of antibiotic therapy for diabetic foot infections involving skin and soft tissue or bone are 
unknown. Based on data from available studies, for mild to moderate skin and soft tissue infections 1 to 2 weeks 
is usually effective (9,131,173), while for more serious skin and soft tissue infections 3 weeks is usually sufficient 
(9,173,197,198,216,217). Antibiotic therapy can generally be discontinued when signs and symptoms of infection 
have resolved, even if the wound has not healed—as the antibiotics are employed to treat infection, not to heal 
wounds. More extended treatment may be needed for immunocompromised patients, for wounds that are poorly 
perfused, deep, large or necrotic, or for osteomyelitis (vide infra), but this decision should be accompanied by 
clinical re-evaluations to support the treatment strategy. In the occasional instances in which prolonged paren-
teral therapy is needed, outpatient therapy should be considered (218). The necessary duration of therapy may 
be shortened by adequate debridement, resection or amputation of infected tissue. Some patients who cannot 
(or refuse to) undergo surgical resection, or who have an implanted foreign body at the infection site, may require 
prolonged or intermittent suppressive antibiotic therapy. 

Wound care 

Recommendation 23:
Do not select a specific type of dressing for a diabetic foot infection with the aim of preventing an infection, or 
improving its outcome (Strong; High)

Rationale 23:
For treating DFIs, antibiotics (and often surgery) are necessary, but not sufficient to overcome inadequate vascu-
lar supply, poor glycaemic control, persistent wound trauma or improper wound care (219,220). Most DFUs need 
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to be carefully cleaned and debrided to remove devitalized tissue that may impede wound healing and foster 
infection. No prospective studies have evaluated the optimal frequency or type of debridement for diabetic foot 
ulcers, but post hoc evaluations of clinical studies in non-infected DFUs suggest that more frequent 
debridement is associated with a higher healing rate (221,222). Systematic reviews of various wound 
dressings and topical antimicrobials have found no evidence that any specific type of therapy is better than 
others (223,224). For example, simple gauze dressings have performed as well for healing DFUs as silver 
dressings, hydrogels, alginates, and foam dressings. In general, DFUs with heavy exudate need a dressing that 
absorbs moisture, while dry wounds need topical treatments that add moisture. Dressings should optimally be 
changed at least daily, both to apply a clean wound covering and to allow careful examination of the wound for 
infection. Applying a total contact cast makes it difficult for the clinician and patient to visualise the wound for 
evaluation of response to treatment between changes, and is generally not appropriate for infected wounds. 
For further discussion of wound care the reader is referred to the IWGDF guidance document on wound care.

Treating osteomyelitis

Recommendation 24:
For diabetic foot osteomyelitis we recommend 6 weeks of antibiotic therapy for patients who do not undergo 
resection of infected bone and no more than a week of antibiotic therapy if all infected bone is resected. (Strong; 
Moderate)

Rationale 24:
While many cases of DFO require, or benefit from, surgical debridement or resection of bone, some can be 
treated successfully by medical therapy alone. Several published retrospective series have shown that DFO can 
be arrested (or even apparently cured) with antibiotic therapy in the absence of surgical intervention in about 
two-thirds of cases (111,119,225-229). In these reports, clinicians have generally employed the higher recom-
mended daily doses of antibiotics given for at least two (and usually 3–6) months. Unfortunately, available studies 
do not provide information to inform which types of DFO cases may be successfully treated without surgery 
(111,119,225-229). In some cases, limited surgery (resection of infected and necrotic bone without amputation) 
combined with antibiotic therapy may be most appropriate (157,230-233). A retrospective study from four 
centres in France and Spain compared outcomes of patients with bone culture-proven S. aureus DFO who were 
treated by either “medical” (just antibiotic therapy, other than soft tissue debridement at the bedside) or 
“surgical” (operative treatment combined with prolonged antibiotic therapy) (234). Outcomes were similar for the 
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two groups (favourable in 80% in the surgical group and 87% in the medical group), but significant differences 
between patients in the medical group compared to the surgical group were that they were less frequently 
hospitalized (49% versus 94%), had a shorter length of hospital stay (17 versus 12 days), had a slightly longer 
course of antibiotic therapy (11 versus 10 weeks) and more treatment related side effects (33% versus 9%). 

Recently the first published prospective, randomized trial was published that compared the outcomes of the 
treatment of DFO in patients who received exclusively antibiotic therapy (for up to 90 days) versus those who 
underwent limited resection of the osteomyelitic bone (accompanied by ~10 days of antibiotic therapy) (235). 
The primary end point was foot wound healing, which occurred in 18 antibiotic-treated patients compared with 
19 predominantly surgically treated patients (75% versus 86.3% healing rates, respectively, p=0.33). There was 
no significant difference in median time to healing (6-7 weeks), the need for surgery (first or repeat procedure, 
including minor amputations), reulceration (up to 12 weeks after healing) or treatment related complications. 
This study suggests that the short-term results of therapy with either antibiotics alone or predominantly surgical 
treatment (with some antibiotic therapy) are similar in patients who have neuropathic forefoot ulcers complicated 
by osteomyelitis, but without ischemia or necrotizing soft tissue infections. Noteworthy aspects of this trial were 
that the number of enrolled patients was relatively small, only about a third of the patients they evaluated for the 
study were eligible for inclusion and the duration of follow-up was rather short (236). Table 7 summarises factors 
potentially favouring selecting either primarily antibiotic or surgical treatment for diabetic foot osteomyelitis.

The IWGDF produced a full systematic review of, and guidelines for, the treatment of DFO in 2008 (52), and 
updated the review for all types of DFI in 2012 and 2015 (9,173). Recently a non-systematic review provided 
guidance on selecting systemic antibiotic therapy for chronic osteomyelitis (237). Among the important factors to 
consider when treating osteomyelitis are the following: the anatomic site of infection, the local vascular supply, 
the extent of both soft tissue and bone destruction, the presence of any systemic signs of infection and the 
patient’s preferences for treatment. The choice of an antimicrobial agent for treating osteomyelitis should 
optimally be based on the results of a bone culture, especially because of the need for long-duration therapy 
(49,119). If empiric therapy is necessary, the regimen should usually cover S. aureus as it is the most common 
pathogen, but the patient’s history or culture results may suggest a need for broader coverage. Some antibiotics 
may not penetrate well into infected bone, but the unreliability of measuring bone levels limits the value of 
published data on this issue. Furthermore, the association between high bone levels of an antibiotic and 
improved outcome has not yet been studied. Although treatment of osteomyelitis has traditionally been 
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parenteral (at least initially) and prolonged (at least 4 weeks), these recommendations are not based on strong 
data. Many patients can probably be switched to oral therapy after about a week of parenteral treatment to 
complete their treatment course. Any oral antibiotics selected should have good bioavailability [e.g. 
fluoroquinolones, rifampi(ci)n (always combined with another agent), clindamycin, linezolid, fusidic acid or 
trimethoprim–sulfamethoxazole]. If all of the infected bone is surgically removed a shorter course of antibiotic 
therapy (i.e. 2–14 days) may be sufficient, depending on the status of the soft tissues (9). 
Extending post-debridement antibiotic therapy beyond six weeks, or giving IV treatment longer than one week, 
does not appear to increase the remission rate. A recent randomised controlled trial that compared 6 versus 12 
weeks of antibiotic therapy for non-surgically treated DFO in 40 patients found no significant difference in the 
remission rate (60% versus 70%), but significantly fewer adverse effects with the shorter treatment (238,239). 

For some patients with apparently incurable infection, long-term suppressive therapy, or intermittent short 
courses of treatment for recrudescent symptoms, may be the most appropriate approach. When there are 
clinical signs of persistent or recurrent infection the clinician should strongly consider a percutaneous bone 
biopsy for culture to determine if there is persistent infection or any changes in the pathogens or their antibiotic 
susceptibilities. Antibiotic impregnated beads (192), sponges (188), cement or orthopaedic implants have been 
used successfully to treat DFO in a few small studies (193).
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Table 7. �Factors potentially favouring selecting either primarily antibiotic or surgical resection for diabetic foot 
osteomyelitis

   Medical
   
   • Patient is too medically unstable for surgery
   • Poor postoperative mechanics of foot is likely (e.g., with mid- or hind-foot infection)
   • No other surgical procedures on foot are needed
   • Infection is confined to small, forefoot lesion
   • No adequately skilled surgeon is available
   • Surgery costs are prohibitive for the patient
   • Patient has a strong preference to avoid surgery

   Surgical

   • Foot infection is associated with substantial bone necrosis or exposed joint
   • Foot appears to be functionally nonsalvageable
   • Patient is already nonambulatory
   • Patient is at particularly high risk for antibiotic-related problems
   • nfecting pathogen is resistant to available antibiotics
   • Limb has uncorrectable ischemia (precluding systemic antibiotic delivery)
   • Patient has a strong preference for surgical treatment

Note: Modified from Lipsky, 2014, Diabetes Care (236).
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Adjunctive therapies 

Recommendation 25:
We suggest not using any adjunctive treatments for diabetic foot infection [Weak; Low]

Rationale 25:
Several studies have reported the results of additional approaches (beyond antibiotics and surgery) to help re-
solve infection, accelerate wound healing or improve host response. These include negative pressure wound 
therapy (NPWT), systemic hyperbaric oxygen therapy (HBOT), granulocyte colony stimulating factors (G-CSF) 
and larval (maggot) therapy (9,240). While NPWT is often used for infected cardiothoracic, traumatic and 
orthopaedic wounds, we know of no studies that have specifically investigated the role of NPWT to treat infected 
diabetic foot wounds. A randomized controlled study of patients with chronic diabetic foot wounds after partial 
amputation reported a nonsignificantly higher rate of infection in those treated with NPWT than in the controls 
(16.8% versus 9.4%) (241). One retrospective cohort study reported a higher proportion of healed or surgically 
closed wounds and shorter periods of hospitalisation in infected diabetic patients treated with NPWT with 
simultaneous irrigation with an antiseptic solution (182). One controlled trial of treatment of diabetic foot wounds 
included a group of 130 patients randomized after surgical debridement of an infected open minor amputation 
to either NPWT or a semi-occlusive silver dressing (242). The authors reported that the NPWT group had a 
significantly “more rapid development of granulation tissue covering exposed bone” and “better and more rapid 
control of infections” and reduced time to complete close of the wound. We find it difficult to interpret these 
endpoints and await further prospective trials of this therapy for infected wounds.

Several randomized clinical trials evaluated HBOT for treating DFUs and some have shown an increased 
likelihood or faster rates of wound healing and fewer major amputations (243-246). Most of these studies 
included Wagner 3 ulcers, which can include patients with osteomyelitis, but none presented any subanalyses of 
patients with infected DFUs or specifically reported on infection related outcome measures. To date, there are no 
data to support using HBOT to treat either soft tissue infection or osteomyelitis.

A meta-analysis of five studies with a total of 167 patients with DFIs found that therapy with various types of 
investigational G-CSF treatments was associated with significantly fewer surgeries and amputations and shorter 
hospital stays, but did not increase the likelihood of resolving infection, healing wounds or shortening the 
duration of systemic antibiotic therapy (9,247,248). Maggot debridement, or larval biotherapy, has been shown 
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to have antibacterial effects (249). A recent systematic review of its value for chronic wounds, including DFUs, 
reported that in one study there was a significantly longer antibiotic-free time period in patients who received 
maggot therapy than in those who did not, but in two studies the proportion of antibiotic use was similar for 
those who did and did not receive maggot therapy (250,251).

Outcome of treatment 
With appropriate treatment the signs and symptoms of mild DFIs almost always resolve without need for ampu-
tation. When infection involves deep soft tissue structures or bone, the outcome is often less favourable; many 
require surgical debridement, bone resection or partial amputations. With extensive infection, or in medical 
centres with limited expertise or resources, lower extremity amputation rates may reach 50–60% (9,252). For 
hospitalized patients, poor outcomes (mostly amputations) occur in almost half, even in expert centres (126). 
A recent study from the US found that of 57 hospitalized DFI patients who were discharged to an outpatient 
parenteral antibiotic therapy program, 93% were considered a treatment success on discharge, but only 64% 
had resolution of the DFI at 6 months follow-up (39). Not surprisingly, treatment success was significantly higher 
with moderate compared to severe infections (79% vs 21%, p=0.04). Regrettably, in this small, retrospective 
study, adherence to the IDSA diabetic foot infection guidelines was suboptimal, and did not correlate with clinical 
outcome. Another recent US study found that of 234 patients with a DFI hospitalised in three different types of 
university-affiliated centres, only 17% of wounds healed and the amputation rate was 42% (253). Independent 
risk factors for amputation were the presence of gangrene or osteomyelitis and a wound area of >5 cm2. 

In the hands of an experienced surgeon, most amputations can be foot sparing (i.e., below the malleoli), and 
long-term control of infection is achieved in over 80% of cases (114). The presence of limb or foot ischemia has 
an important adverse effect on the outcome, synergising with infection to worsen the prognosis (254). 
Unfortunately, having had one foot infection is associated with an increased likelihood of another; foot infection 
recurs in 20% to 30% of diabetic patients, especially those with underlying osteomyelitis (255). 
It is difficult to know when osteomyelitis is cured, but clinical experience suggests that evidence of remission 
includes a drop in the erythrocyte sedimentation rate (and to a lesser extent, the C-reactive protein level), 
reconstitution of destroyed bone on plain radiograph and healing of any overlying soft tissue wound. While not 
recommended for this purpose, a negative nuclear medicine scan makes active ongoing infection unlikely. A 
negative culture of the bone margin left after operative resection of infected bone is associated with a lower 
incidence of recrudescence of infection than if the bone margin is culture-positive.(256) Because DFO 
recurrences are common, it is best to consider apparent treatment success a “remission” for at least a year, 
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before calling it a cure. Factors that predict healing include the absence of any exposed bone, palpable pedal 
pulses, blood pressure in the toe of >45 mmHg or in the ankle of >80 mmHg, peripheral white blood cell count 
of <12 000/mm3 and a lower extremity transcutaneous oxygen tension of  >40 mmHg (13,257). There is no 
convincing evidence that clinical outcome is related to the specific infecting organism, even multidrug resistant 
(e.g., MRSA) strains (127), including in cases involving bone (258). Because of the risk of reinfection, it is crucial 
to educate patients who have a DFI about prevention techniques and the need for prompt consultation for any 
future foot problems. 

Issues of particular importance in developing (low-income) countries 

Recommendation 26:
When treating a diabetic foot infection, assess for use of traditional remedies, previous antibiotic use and 
consider local bacterial pathogens and their susceptibility profile. [Strong; Low]

Rationale 26:
These guidelines must, of course, be adapted to the local circumstances in which a healthcare provider sees 
patients. Many aspects of the management of DFIs may differ in developing (or low income), compared with 
more developed (higher income), countries. In resource constrained regions infections are often a consequence 
of wounds caused by the diabetic person wearing footwear that is not sufficiently protective (e.g., sandals) or 
poorly fitting, or wearing none at all. Poor hygiene may be associated with risk of rat bites (259) and increases 
the risk of ulcer infection and may enable larval infestation (myiasis) (260). Persons with foot wounds may delay 
seeing a healthcare provider because they lack health-related education, nearby healthcare services or financial 
resources (261). During this period of delay the person may attempt to treat the infection with various traditional 
remedies, including plants or other locally accepted treatments (262-264), seek treatment from a faith or herbal 
healer, or have to be referred from primary to district to regional health centres (265). In a recent questionnaire 
study of patients with a DFI in the West Indies, 382 who had sought medical attention soon after detecting the 
infection were compared to 313 who voluntarily chose to delay medical therapy in favour of home remedies 
(266). The home remedy group had significantly worse outcomes for duration of hospitalization (16.3 versus 
8.5 days) and number of (and need for operative) debridements. They also had a non-significant trend toward 
more major amputations (9.3% versus 5.2%) and an estimated increase cost for their treatment of $10,821 (US). 
Furthermore, in developing countries people can often buy antibiotics without a prescription; thus, they may have 
treated themselves, occasionally with the advice of a local pharmacist or other trusted but non-licensed persons, 
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before presenting to a physician. This unsupervised treatment, sometimes with generic drugs of questionable 
quality, expired medications or at inadequate doses, is likely to result in infections caused by more antibiotic-
resistant organisms (262,267). 

Healthcare providers in developing or low-income countries may also face a lack of access to a microbiology 
laboratory, so cannot determine the identity and antibiotic susceptibility of foot pathogens infecting an 
individual patient, or of current isolates and susceptibilities in the community. Recent studies have demonstrated 
substantial variations in the causative pathogens of DFIs in different regions of the world (268). In contrast to 
Western countries, studies from Asia and Africa have reported that aerobic gram-negative organisms (especially 
P. aeruginosa) are more common. Similarly, many clinicians will not have access to even basic (not to mention 
more sophisticated) imaging equipment or to specialist consultants with adequate knowledge of foot anatomy 
and the available conservative management methods for treating DFIs. Even when a patient sees a physician and 
receives an antibiotic prescription, indigent patients may be unable to afford the full course of therapy, or may be 
prescribed inexpensive but potentially more toxic or less effective agents. 

Adverse social situations for many patients in these regions may also impair proper treatment. Home or work 
circumstances may make it difficult for them to stay off the affected foot, or to afford or be able to purchase or 
use an off-loading device. Furthermore, they may have travelled a long distance to see a physician and cannot 
easily return for follow-up visits. Understandably, patients and providers in low-income countries do not want 
“second-class,” or “best we can afford,” medical care. Improving management of DFIs in developing countries 
will likely require a combination of education (for patients, pharmacists and healthcare providers) and funding 
(for diagnostic, therapeutic and preventative services) (263,269,270). 
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Key Controversies

1. ��How should we monitor treatment and determine when infection has resolved? 
This is an important unmet need as it serves as one means to limit unnecessarily prolonged antibiotic therapy.

2. ��What is the optimal duration of antimicrobial treatment for osteomyelitis? 
Since bone infection is more difficult to cure than just soft tissue involvement, and the duration of antibiotic 
therapy is more prolonged for osteomyelitis than soft tissue infection, this is a key issue.

3. �How should we adapt approaches to DFI management in low-income countries?
The rise in incidence of DFIs in some of these countries is steep and with their constrained resources, finding 
optimal approaches, without recommending “second-class” care, is crucial to improve outcomes.

4. �When, and which, imaging studies should we order for a patient with a DFI?
Imaging studies can be expensive and time-consuming and awaiting their results may delay appropriate  
therapy. Especially with the advent of new technologies, evaluating their cost-effectiveness to optimise use 
would improve management.

5. �When should we select primarily medical versus surgical treatment for osteomyelitis?
This has been a controversial and simmering issue for some time, addressed by several retrospective studies 
but to date only one prospective one. An additional large,well-designed prospective study could largely answer 
the question.

6. �Is there a definition and practical clinical use for the concept of wound “bacterial bioburden”?
This term is widely used in the wound healing community (and by industry) but has no agreed upon definition. 
Deciding if it has value and standardising the definition could help industry develop useful products and  
clinicians know which to employ.

7. �What is the value and proper interpretation of molecular (genotypic) microbiological testing for DFI?
The era of molecular microbiology is inexorably approaching, but it is crucial for clinicians to understand when 
to order and how to interpret the results of these tests in deciding on antibiotic therapy.
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