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Abstract 
Aim: Effective treatment of diabetic foot osteomyelitis can 
reduce the risk of major amputations. Our primary aim was 
to compare the yield in cultures from the proximal and distal 
segments of bone excised intraoperatively and the impact 
on antibiotic choice and duration.  
Methods: Patients with a confirmed diagnosis of osteomyeli-
tis on bone culture results, where both proximal and distal 
bone segment samples had been collected, were retrospec-
tively reviewed. Microbiological data were examined to 
identify true pathogens and studied against antimicrobial 
choice and duration of prescribing.       
Results: A total of 47 forefoot amputation cases were stud-
ied. In 89% of cases, definite or likely pathogens were iso-
lated from the deep tissues cultured. Definite pathogens 
(Staphylococcus aureus, Group B streptococcus, Group G 
streptococcus and Streptococcus anginosus) were identified 
in 32% of cases; in 73% of these, definite pathogens were 
grown in both the proximal and distal bone segments.     
Conclusion: Sampling of remnant bone culture can help in 
reducing the duration of antibiotic treatment in patients 
(27% of cases in our series) as it is challenging to correctly es-
timate intraoperatively whether clear surgical margins have 
been adequately achieved when resecting infected bone.    
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Introduction 
The increase in the prevalence of diabetes mellitus and its associ-
ated complications has become a major public health issue world-
wide.1 Diabetic foot osteomyelitis (DFO) is a well-recognised 
complication of diabetes; it is found in 50−60% of patients hospi-
talised for a diabetic foot infection and is a risk factor for lower limb 
loss.2,3 The bone infection often involves the forefoot and develops 
by contiguous spread from overlying soft tissue. Many cases of DFO 
are polymicrobial, with Staphylococcus aureus being the most     
commonly isolated pathogen.2,3 DFO is generally diagnosed by 
combinations of clinical features, serum inflammatory markers and 
imaging. The gold standard for laboratory diagnosis includes mi-
crobiological and histological examinations; the latter is, however, 
carried out infrequently in practice.3,4     

The optimal management of DFO is still a matter of debate 
and there is no universally accepted strategy. The International 
Working Group for Diabetic Foot (IWGDF) guidelines on foot          
infections recommends surgical intervention in cases of DFO        
accompanied by spreading soft tissue infection, progressive bone 
destruction on X-ray or bone protruding through the ulcer. They 
recommend 6 weeks of antibiotic therapy for patients who do 
not undergo resection of infected bone and no more than 1 week 
of antibiotic treatment if all infected bone is resected.3 This is not 
universally adopted, with other studies favouring at least 6 weeks 
of treatment even in cases where bone has been excised, because 
it is unclear if all the infected bone has been removed.5,6 

Limited data are available regarding the role of microbiolog-
ical cultures in managing DFO. Previous studies recommend an-
tibiotic treatment directed by culture results and it is accepted 
that empirical treatment will often be required before cultures 
are available or if there is no yield in culture. Recommendations 
from major guidelines on diabetic foot infection and the experi-
ence of expert clinicians suggest that a patient with proximal 
margin bone infection should be further treated with a pro-
longed course of antibiotic therapy.2,3 Evidence supporting the 
idea that culture from proximal (remnant) bone specimens is of 
any clinical benefit has to date been restricted only to small stud-
ies.4,7,8 The best method of obtaining remnant bone samples at 
the time of amputation is unclear, but usually involves taking a 
small piece of bone from the remnant bone after the wound has 
been cleaned with saline and using sterile instruments. Typically, 
the surgeon estimates the margin between infected and uninfected 
bone and excises back until he/she thinks they have reached the 
healthy bone. A fine balance is, however, needed between ensuring 
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that enough bone is resected to achieve clear margins and preserv-
ing the stability of the foot as well as enough soft tissue remains 
available for optimum wound healing. 

The primary aim of this study was therefore to retrospectively 
compare the culture results from the proximal and distal segments 
of bone excised intraoperatively as part of the management of DFO 
and their impact on antibiotic choice and duration.    
        
Methods 
All patients attending the diabetic foot service at our University 
Hospital between 1 January 2013 and 31 December 2018 with 
a radiological confirmation of diagnosis of osteomyelitis were 
retrospectively selected from the hospital electronic patient hos-
pital records. A database was assembled that included informa-
tion on each patient’s age, gender, date of operation, operation 
site, the date when the bone segment samples were received in 
the microbiology laboratory, microorganisms isolated and antibi-
otics prescribed. Only patients who had both infected bone and 
remnant bone samples submitted for culture were included.  

The bone fragment samples were collected aseptically intra-
operatively in the operating theatre and were then transported 
to the laboratory and processed for Gram stain, culture and       
antibiotic sensitivity. The microbial isolates identified were then 
categorised into definite pathogens, likely pathogens and un-
likely pathogens based on published literature and generally       
accepted understanding of the pathogenicity of microorganisms 
in skin, soft tissue and bone infections.2 The choice and duration 
of antibiotics prescribed were then compared with the hospital 
prescribing guidelines and microbiologists’ recommendations.  

 
Results 
During the study period, a total of 47 patients were included. 
83% of the patients were male with a mean age of 64 years 
(range 43–94 years). Nineteen (40.4%) patients had diagnosed 
peripheral vascular disease requiring intervention, which was an-
gioplasty/stent in 18 (38.3%) patients and a lower limb bypass 
in one patient. The median HbA1c was 67.5 mmol/mol (range 
36–110). Thirty-four patients underwent the procedure as an 
emergency admission. All patients received preoperative antibi-
otic therapy leading up to the operation. Antibiotics were con-
tinued until bone culture results were available. All patients 
underwent review by physiotherapists and podiatrists for 
footwear to allow offloading.  

The pathogens isolated were then classified into definite 
pathogens, likely pathogens and unlikely pathogens based on 
advice from the consultant microbiologist. Classifying these 
pathogens showed 32% had grown definite pathogens (in 73% 
of these, definite pathogens were grown in both the proximal 
and distal bone segments), 58% grew likely pathogens, 4% 
grew unlikely pathogens and in 6% of cases the culture results 
were negative (Table 1).  

The most commonly isolated pathogens from proximal and 
distal bone segments are shown in Table 2. Mixed anaerobes 
and Enterococcus faecalis were the most isolated organisms 
from infected tissues. 11% of the cases had a major amputation 

within 12 months of surgery; in 80% of these cases, surgery was 
conducted within 2 weeks for sepsis and poor wound healing. 
In 75% of this series, beta-haemolytic Group B streptococci and 
Group G streptococci were isolated and, in the remaining 25%, 
organisms which were unlikely to be pathogenic were isolated. 
In all cases, remnant bone was positive for infection and 80% 
of the cases grew probable and/or definite pathogens from both 
bone segments. In patients who grew definite pathogens, 27% 
of the cases had a below the knee amputation within a mean 
of 10 days while, in patients who grew likely pathogens, 8% of 
the cases had a below the knee amputation within a mean of 
11 months.  
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Table 1 Classification of pathogens cultured from bone samples  
 
Pathogen classification       Organisms cultured 
 
Definite pathogens  

 

 
 

Likely pathogens 

 

Unlikely pathogens  

Gram positive cocci: Staphylococcus  
aureus, beta-haemolytic streptococci 
(such as Group B streptococcus, Group G 
streptococcus), Streptococcus anginosus  
 
Gram negative rods (E. coli, Pseudomonas 
aeruginosa, Proteus spp, etc), anaerobes  
 
Enterococci, Coagulase negative  
staphylococci 

Table 2 Pathogens isolated from bone cultures   
 
Isolated pathogen Bone specimen site (n=47) 
 

Gram 
positive 
cocci  
 
 
 
 
 
Gram 
negative 
rods 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Entero-
cocci 

Coagulase negative  
staphylococci  
Staphylococcus aureus  
Group B streptococcus  
Group G streptococcus 
Streptococcus anginosus  
 
Proteus mirabilis 
Escherichia coli 
Morganella morganii 
Pseudomonas aeruginosa 
Citrobacter freundii 
Proteus spp. 
Citrobacter koseri 
Providencia rettgeri 
Klebsiella pneumoniae 
Proteus vulgaris 
Klebsiella oxytoca 
Mixed anaerobes (not  
speciated) 
Peptostreptococci 
Bacteroides fragilis 
 
Enterococcus faecalis 
Enterococcus spp. 
Vancomycin-resistant  
Enterococcus 
Enterococcus avium 

Proximal (remnant)  
bone sample  
 
9 (19.1) 
 
5 (10.6) 
4 (8.5) 
3 (6.4) 
3 (6.4) 
 
8 (17) 
6 (12.8) 
5 (10.6) 
3 (6.4) 
2 (4.3) 
2 (4.3) 
2 (4.3) 
1 (2.1) 
1 (2.1) 
1 (2.1) 
1 (2.1) 
5 (10.6) 
 
1 (2.1) 
0 
 
9 (19.1) 
1 (2.1) 
1 (2.1) 
 
0 

Distal bone  
sample  
 
10 (21.3) 
 
6 (12.8) 
4 (8.5) 
0 
2 (4.3) 
 
8 (17) 
6 (12.8) 
6 (12.8) 
4 (8.5) 
3 (6.4) 
2 (4.3) 
1 (2.1) 
2 (4.3) 
1 (2.1) 
0 
0 
10 (21.3) 
 
1 (2.1) 
1 (2.1) 
 
10 (21.3) 
2 (4.3) 
0 
 
1 (2.1) 

Values shown are n (%)
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Antibiotics were prescribed for a mean of 25 days (range     
11–49 days).  
 
Discussion 
DFO can present the clinician with significant therapeutic chal-
lenges. Both medical and surgical approaches can be undertaken 
in the management of DFO, but currently there is no evidence of 
differences in the effectiveness of various treatment strategies. 
There is also no strong evidence to inform decisions on the optimal 
duration of antibiotic therapy.9 The recent IWGDF guideline recom-
mends obtaining a specimen of bone tissue at the time of surgery 
for analysis by culture and histopathology.2 In patients who do not 
undergo complete resection of infected bone the antibiotic therapy 
should be continued for 6 weeks but, in patients in whom all in-
fected bone has been resected, antibiotic treatment should not be 
needed for more than 1 week. However, as we have shown in our 
study, at least 73% of cases will still need prolonged antibiotics. 
The National Institute for Health and Care Excellence recommends 
offering patients antibiotic treatment (usually 6 weeks) according 
to local protocols.10 None of these guidelines specifically addressed 
the question of interest in the current study – that is, whether there 
is any benefit in determining if, after surgical resection of apparently 
infected bone, the clinically uninfected bone is culture positive. The 
answer to this question would help the clinician in deciding the du-
ration of antibiotic therapy. Some data suggest that, if there is a 
‘clear margin’ (ie, uninfected bone by culture at the site of resec-
tion), antibiotic therapy can be safely reduced from several weeks 
to just days; the rate of clinical cure is also significantly higher than 
when the margin is culture positive,10 which is similar to our results.  

In this study we provide evidence that surgical resection of 
the infected bone is not always enough to achieve complete 
cure. This high rate of positive culture results demonstrates the 
challenge in macroscopically evaluating surgical margins. How-
ever, there was no established protocol regarding the need to 
collect a proximal bone specimen and the majority of the sam-
ples came from patients being looked after by one of the authors 
(AT), hence the small numbers, and highlights the variability in 
practice from those involved in managing these patients. Culture 
results are also dependent on the sampling method. A positive 
culture may suggest that not all infected bone has been resected 
and hence a prolonged course of antibiotics may be needed.  

Some results may be falsely positive because of contamina-
tion during the biopsy despite precautions taken to avoid this, 
whilst others may also be false negative because of preoperative 
antibiotics. 

Other studies report increased sensitivity of DNA sequencing 
compared with conventional microbiological culture techniques.11 
Our study, however, does add to the current literature as there is a 
paucity of data on the importance of the role of obtaining micro-
biological cultures from the remnant bone in managing DFO.  

This study shows that it is challenging to always achieve clear 
surgical margins, thus it is important to collect samples of the 
remnant bone to help in making a decision regarding the dura-
tion of the course of antibiotics. Histopathology may also provide 
corroborative evidence to help manage DFO, but not much is 

known and further research is needed on the significance and 
implications on clinical management and of the culture positivity 
of remnant bone. Protocols should be developed to make this a 
routine practice so all vascular and diabetic foot teams can im-
plement a policy of bone sampling during forefoot amputations 
in these patients. 
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Key messages

• In forefoot amputation, 89% of patients had definite or 
likely pathogens isolated from the deep tissues cultured 

• In 73% of these, definite pathogens were grown in 
both the proximal and distal bone segments 

• Sampling of the remnant bone culture can help reduce 
the duration of antibiotic treatment in up to 27% of 
patients  
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