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Meta-Analysis: Outcomes of Surgical and Medical
Management of Diabetic Foot Osteomyelitis
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'Surgical Service, Podiatry Section, Veterans Affairs North Texas Health Care System, Dallas, Texas, USA, 2Department of Orthopaedic Surgery, University of Texas Southwestern Medical Center,
Dallas, Texas, USA, *Medical Service, Infectious Disease Section, Veterans Affairs North Texas Health Care System, Dallas, Texas, USA, *Department of Infectious Disease, University of Texas
Southwestern Medical Center, Dallas, Texas, USA, ®Infectious Disease and Microbiology, School of Medicine, Western Sydney University, Campbelltown, Australia, %South West Sydney Limb
Preservation and Wound Research Academic Unit, South Western Sydney Local Health District, Sydney, Australia, ’Department of Radiology, University of Texas Southwestern Medical Center,
Dallas, Texas, USA, and ®Department of Plastic Surgery, University of Texas Southwestern Medical Center, Dallas, Texas, USA

Background. The aim of this study was to evaluate clinical outcomes in the published literature on medical and surgical
management of diabetic foot osteomyelitis (DFO).

Methods. A PubMed and Google Scholar search of articles relating to DFO was performed over the dates of January 1931 to
January 2020. Articles that involved Charcot arthropathy, case reports, small case series, review articles, commentaries, nonhuman
studies, and non-English articles were excluded. The Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool was
used to rate the bias of each study. A meta-analysis was performed using random-effects and inverse variance methods. The
search yielded 1192 articles. After review and the removal of articles that did not meet inclusion criteria, 28 articles remained.
Eighteen articles were related to the medical management of DFO and 13 articles were related to surgical management. Three
articles looked at a combination of medical and surgical management and were included in both groups. Heterogeneity was
evaluated using Cochran Q, I, 7%, and 1.

Results. The average success rate was 68.2% (range, 17.0%-97.3%) for medical treatment and 85.7% (range, 65.0%-98.8%) for
surgical and medical treatment. There were significant inconsistencies in accounting for peripheral arterial disease and peripheral
neuropathy. There was significant heterogeneity in outcomes between studies. However, there was a high rate of successful

treatment and a wide range between patients with medical treatment and combined surgical and medical treatment.

Conclusions.

Additional properly designed prospective studies with gold-standard references for diagnosing osteomyelitis are

needed to help determine whether medical management of DFO can be successful without surgical intervention.

Keywords.

antibiotics; diabetes; diabetic foot infection; osteomyelitis; surgical treatment.

The management of diabetic foot osteomyelitis (DFO) is clin-
ically challenging. Current treatment recommendations for
DFO are often poorly supported by clinical evidence. The op-
erational definitions to define DFO and its outcomes are in-
consistent and often rely on surrogate markers, such as
wound healing or ulcer recurrence that do not have a clear,
direct relationship with residual bone infection [1-30].
Many of the recommendations made by the Infectious
Diseases Society of America (IDSA) and International
Working Group on the Diabetic Foot (IWGDF) are based
on low levels of graded evidence [31-35].

Historically, surgeons have been trained to believe that a sur-
gical approach was needed to excise or amputate the nidus of
infection to cure osteomyelitis (OM) [36]. Other physicians
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have favored a nonsurgical approach (ie, medical management)
to OM. To further complicate the issue, many DFO patients
have multiple comorbidities such as peripheral neuropathy, pe-
ripheral vascular disease, structural foot deformity, residual
Charcot arthropathy, hyperglycemia, chronic kidney disease,
anemia, chronic tobacco use, or poor nutrition that impair im-
munity and wound healing [37-40]. The rate of remission of
DFO after treatment varies widely and reinfection and rehospi-
talization rates are high [1, 41-45]. Evaluating the outcomes of
DFO is complicated by several factors including inconsistencies
in diagnostic criteria, accounting for comorbidities such as pe-
ripheral arterial disease (PAD) that might affect healing, and
definitions of treatment success. The IDSA suggests that the
most definitive way to diagnose DFO is by the combined find-
ings on bone culture and histology [31], whereas the IWGDF
stated that “diagnosing osteomyelitis in the diabetic foot may
be difficult, partly because of a lack of a universally accepted def-
inition or criterion standard, and partly related to low levels of
inter-test agreement among commonly used diagnostic tests”
[33]. The aim of this meta-analysis is to evaluate the quality
of the evidence for surgical versus medical management of
DFO.
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METHODS

Search Strategy

A PubMed search was performed using the input “diabetes,
foot, infection, osteomyelitis” as keywords for medical treat-
ment of OM until January 2020. All these articles were reviewed
by 2 authors (D. H. T. and L. A. L.). We included articles that
were related to DFO. We excluded articles involving Charcot
arthropathy, case reports, small case series, review articles,
commentaries, nonhuman studies, and articles not in
English. All articles were summarized by 1 author (D. H. T.).
The final data were reviewed and finalized by 2 authors
(D.H.T.and L. A. L.).

Medical management of OM was defined as the treatment of
infected bone that did not involve surgical resection or ampu-
tation of the bone. Patients could undergo incision and drain-
age, bone biopsy, and other soft tissue procedures. Surgical
treatments included surgical resection or amputation of infect-
ed bones.

Data Extraction and Quality Assessment

Quality analysis of the included articles was performed using
the Quality Assessment of Diagnostic Accuracy Studies
(QUADAS-2) tool to evaluate the level of bias present in each
study [46]. QUADAS-2 rated each study bias as “low,”
“high,” or “unknown” risk. Any discrepancies among the au-
thors on the QUADAS-2 rating were resolved using a modified
Delphi method and a consensus was obtained. Interrater agree-
ment was determined using the « test.

Outcomes of Interest

Each article was reviewed for the study design, antibiotic dura-
tion, number of subjects with DFO, criteria for DFO, follow-up
duration of DFO, defined criteria for treatment success, adverse
events, percentage of treatment success, peripheral perfusion or
the presence of PAD, peripheral neuropathy, and glycated he-
moglobin (Tables 1 and 2).

Statistical Analysis

A pooled weighted analysis (x*) was performed of the data us-
ing the Meta-Essentials Excel package program [47, 48]. All
data were combined, and a weighted effect of the results was
created in addition to determining the weight of each study us-
ing an inverse variance method with a random-effects model.
The effect and odds ratios were measured for each group.
The effect size was represented on a forest plot with a 95% con-
fidence interval (CI). I? was used to determine the magnitude of
heterogeneity whereas Cochran Q and Pq were used to deter-
mine the presence of heterogeneity [47-49]. Furthermore, 1°
and 1 were calculated, where t* reflects the variance of the
true effect size. Both 1> and T represent true heterogeneity
(50, 51].

The literature search identified a total of 1192 articles.
Eighty-four articles were related to the medical management
of DFO, and 1108 articles were related to the surgical manage-
ment of DFO. After an initial screening of all study abstracts, 31
studies met inclusion: 18 for medical treatment and 13 for sur-
gical management (Figure 1). Three articles documented both
medical and surgical management of DFO and were included
in each category for full review.

RESULTS

Medical Treatment
We identified 18 articles that met the inclusion criteria for the
medical treatment of DFO [2-18, 24]. Fifthteen articles were ret-
rospective studies, and 3 articles were prospective studies
(Table 1). The average success of medical treatment of DFO was
68.2% and ranged from 17% to 97.3%. The duration of antibiotic
therapy ranged from 4 to 36 weeks. The follow-up period of DFO
ranged from 3 months to 60 months, with a median of 15 months.
In the medical treatment group, 12 articles evaluated the
presence of PAD, which was most commonly defined as a non-
palpable pedal pulse. Six studies defined PAD as the absence of
1 pedal artery pulse, and 3 articles required the absence of both
dorsal pedis and posterior tibialis arteries to be considered
PAD. Two studies measured transcutaneous oxygen pressure
(TcPO,). Only 1 study reported ankle-brachial index (ABI),
and 1 reported toe systolic pressure. Three articles reported
PAD but did not explain their criteria for the diagnosis. Only
6 articles reported the presence of peripheral sensory neuropa-
thy, which was defined as the inability to feel 1 testing site on
the foot with Semmes-Weinstein monofilament or reduced or
absent pinprick sensation. Five articles recorded glycated he-
moglobin. The majority of the articles did not indicate whether
the patients had end-stage renal disease that required dialysis.

Surgical Treatment

We identified 13 articles that met the inclusion criteria for the
surgical treatment of DFO [1, 19-30]. Eleven articles were ret-
rospective studies, and 2 were prospective studies (Table 2).
The average success of surgical and medical treatment of
DFO was 85.7% and ranged from 65.0% to 98.8%. The median
follow-up period was 19.5 months and ranged from 4.6 to 26
months. The duration of antibiotic therapy ranges from 10
days to 33 weeks.

In the surgical groups, 9 articles reported measurement for
PAD. Three studies defined PAD as the absence of 1 or more
pedal pulses, ABI <0.90, or TcPO, as <30 mm Hg. Gauland de-
fined PAD as the absence of 1 palpable pedal pulse, ABI <0.7,
and TcPO, <40 mm Hg [20]. In contrast, Akkurt et al [19] de-
fined PAD as a monophasic or biphasic waveform using a
handheld doppler, and Niazi et al [22] and Beieler et al [23] stat-
ed that they evaluated their patients for PAD but did not define
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1192 articles yielded
from search

84 articles related to
medical management

66 articles removed due
to exclusion criteria

18 medical management
articles for review

1108 articles related to
surgical management

1095 articles removed
due to exlusion criteria

13 surgical management
articles for review

3 aricles involving both medical
and surgical management were
included in both groups

Figure 1. Result of search analysis. Thirty-one articles qualified for review after exclusion criteria were applied.

he PAD criteria. Only 3 studies evaluated peripheral sensory
neuropathy, and all 3 used different operational criteria. Only
4 studies reported glycated hemoglobin (Table 2).

Analysis
Heterogeneity was evaluated using Cochran Q, I, 7%, and 1t
(Tables 3 and 4). The Q value for medical management of
DFO was 125.6 and for surgical management, it was 130.2,
both with a P < .001. This indicated heterogeneity existed in
the study. I’ measures the percentage of variation across studies
that is due to heterogeneity rather than chance. The I value for
the medical management of DFO was 86.5%, and 90.8% for sur-
gical management. The high percentage indicated that the pop-
ulations studied were not the same and publication bias could
not accurately be calculated. T was used to evaluate the disper-
sion of true effect sizes. 1> and 1 for medical management were
1.04 and 1.02, and for surgical management were 0.97 and 0.98.
The forest plots (Figures 2 and 3) depict the representation of
the ClIs, effect size, and study weight of all the studies for the
medical and surgical management of DFO. The numerical
data of the graphs and the odds ratios are displayed in

Tables 5 and 6. The vertical line in Figure 2 represented no effect
and the study was considered to have no significant findings
when its CI crossed. In Figure 2, only 1 study was on the left
of the vertical line, indicating that there was a negative correla-
tion between medical treatment and outcomes [2]. Two studies
had CIs crossing the vertical line, suggesting that their findings
were not significant [8, 30]. The studies on the right side of the
vertical line show a positive correlation between the successful
outcome of OM with medical management. The CI of the over-
all combined weight of the study on line 19 (Figure 2) did not
cross the vertical line, thus indicating a significant result.
However, because of the high I? value, we cannot rely on the
combined CI, but on the prediction interval (PI) instead, which
gives us the estimated range of where 95% of future studies will
fall. The PI range was 0.52-53.08, and crossed the vertical line,
indicating that future studies’ findings may not be significant
and that the outcome may not be favorable.

In Figure 3, all of the studies were on the right side of the vertical
line, representing effect size 1.00. Thus, there was a positive corre-
lation between all studies of surgical management of OM. In fact,
none of the studies’ CI crossed the vertical line, so all studies were
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Table 3. Heterogeneity of Medical Management of Osteomyelitis

Test Result
Cochran Q 125.58
Pa 0.000
I 86.46%
72 (odds ratio) 1.04

1 (odds ratio) 1.02

Abbreviations: Pg, Q Pvalue; 1, tau.

Table 4. Heterogeneity of Surgical Management of Osteomyelitis

Test Result
Cochran Q 130.20
Pa 0.000
P 90.78%
72 (odds ratio) 0.97
7 (odds ratio) 0.98

Abbreviations: Pq, Q Pvalue; 1, tau.

considered to have significant findings. As with medical manage-
ment, due to the high I* value, we could not rely on the CI. The
combined weight of all the studies yielded a PI (3.7-460.9) that
was on the right side of the vertical line and did not cross it.

DISCUSSION

This is the first meta-analysis to the authors’ knowledge that
evaluate the medical and surgical management of DFO. The

results of this meta-analysis demonstrate a relatively wide range
of operational definitions for the diagnosis of OM, various cri-
teria to define treatment success, and varying dosing and dura-
tion of antibiotic therapies.

This meta-analysis highlights several important limitations
in the DFO study design. Perhaps the most important of these
is how the initial diagnosis of DFO was determined and how
successful treatment or treatment failure was defined [52].
The gold standard to diagnose OM according to the IDSA
guidelines is a bone biopsy, but this was often not used to define
OM in these studies. Only 10 studies used bone histological or
culture data to diagnose OM [31, 33-35]. The criteria to diag-
nose DFO often used clinical signs and basic imaging. The ma-
jority only report plain radiographs, which are not sensitive to
diagnose OM [53].

Defining the disease state is integral to diagnosis as well as as-
signing treatment success or failure. Most of the studies in this
review did not use a clean bone biopsy to define DFO treatment
success or any measurement of bone metabolism/activity.
Instead, many used surrogate markers such as wound healing
as the primary outcome measure to define the successful treat-
ment of OM. There is very little evidence to support a strong as-
sociation between poor wound healing and the presence of OM.
Wound healing is a complex, multifactorial process. Thus, using
healing to define success in the treatment of OM is sophomoric
[54-57]. There are many established risk factors for poor wound
healing that are not associated with OM such as PAD, poor glu-
cose control, and poor off-loading. There are no studies that we
could identify that report that OM is a risk factor for not healing.
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Figure 2. Forest plot of medical management of osteomyelitis.
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Figure 3. Forest plot of surgical management of osteomyelitis.

The results of this meta-analysis suggest that both medical
and surgical treatment have a high rate of success.
Historically, surgeons have been taught that the only way to
successfully treat a bone infection was to surgically remove
all of the infected bone [36]. However, there is a growing
body of work that demonstrates success with the medical treat-
ment of OM [3-5, 11]. It is likely that patients selected for

Table 5. 0dds Ratios and Study Weight of Medical Management of
Osteomyelitis

# Reference OR (95% CI) Weight
1 Mauler et al [2] 0.04 (.01-.25) 4.02%
2 Lesens et al [24)° 93.84 (25.06-351.37) 4.99%
3 Tone et al [3] 3.45 (1.36-8.77) 5.87%
4 Larzo-Martinez et al [11]° 14.44 (3.45-60.39) 4.79%
5 Acharya et al [12] 4.09 (2.44-6.88) 6.66%
6 Mutluoglu et al [10] 1296 (74.36-22586.51) 2.39%
7 Valabhiji et al [15] 9.47 (3.87-23.18) 5.95%
8 Jeffcoate et al [18] 1.97 (1.16-3.36) 6.64%
9 Senneville et al [13] 3.16 (1.38-7.23) 6.09%
10 Embil et al [17] 16.70 (8.74-31.94) 6.44%
11 Tice et al [4] 4.99 (3.37-7.37) 6.85%
12 Yadlapalli et al [6] 14.69 (5.93-36.44) 5.92%
13 Senneville et al [5] 10.56 (2.03-54.84) 4.37%
14 Pittet et al [9] 2.66 (1.18-6.03) 6.11%
15 Ha Van et al [30]? 1.72 (.86-3.42) 6.37%
16 Venkatesan et al [16] 11.56 (2.71-49.38) 4.75%
17 Peterson et al [7] 831 (1.14-9.56) 5.60%
18 Bamberger et al [8] 1.27 (.58-2.78) 6.18%

Combined effect 5.25 (2.26-12.17) 100%

medical treatment had less severe infections because people
with deep abscess and OM probably required surgery to re-
move devitalized or infected soft tissue and bone, and people
with chronic OM without soft tissue abscess or tissue necrosis
may not require surgery. Therefore, a comparison of these
treatments from the existing literature may not be possible.
One of the major benefits of medical therapy is that it maintains
the biomechanical function of the foot. Amputation of all or
part of the foot is usually associated with creating alterations
to foot architecture and compensatory deformities that in-
crease the risk of reulceration and infection [58, 59].

Table 6. 0dds Ratios and Study Weight of Surgical Management of
Osteomyelitis

Study No. Reference OR (95% CI) Weight
1 Niazi et al [22] 81 (26.59-246.79) 7.80%
2 Akkurt et al [19] 110.26  (13.38-908.60) 4.77%
3 Lesens et al [24]° 15.47 (6.89-34.72) 8.90%
4 Larzo-Martinez et al [11]2 4.59 (1.24-16.96) 7.20%
5 Beieler et al [23] 245.44  (46.15-1305.44) 5.91%
6 Gauland [20] 39.06 (23.01-66.31) 9.76%
7 Kowalski et al [28] 3.41 (1.96-5.93) 9.70%
8 Aragon-Sanchez et al [26] 841.00 (163.33-4330.31) 5.98%
9 Aragon-Sanchez et al [1]  6400.00 (385.18-106339.01) 3.25%
10 Aragon-Sanchez et al [25] 220.03  (67.83-713.68) 7.57%
11 Aragon-Sanchez et al [29]  19.72 (11.63-33.44) 9.77%
12 Henke et al [27] 16 (15.52-16.49) 10.54%
I8 Ha Van et al [30]° 12.02 (5.29-27.28) 8.86%

Combined effect 41.19 (13.47-125.90) 100%

Abbreviations: Cl, confidence interval; OR, odds ratio.

Indicated study evaluated both medical and surgical management of osteomyelitis.

Abbreviations: Cl, confidence interval; OR, odds ratio.

Indicated study evaluated both medical and surgical management of osteomyelitis.
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Based on the 28 studies we evaluated, the majority of the
studies (18 of 28 studies [64.3%]) did not report the glycated
hemoglobin level [2-8, 12, 13, 16-20, 24, 27, 29, 30].
Furthermore, most of the studies excluded patients with
PAD, which plays a crucial role in wound healing and the suc-
cess of both medical and surgical management of OM. PAD is a
very important aspect to determine the success of wound heal-
ing, infection, and reoccurrence. If a patient has significant
PAD, then their perfusion to the foot may be inadequate to
heal a wound. Furthermore, decreased perfusion negatively af-
fects antibiotics’ efficacy. If there is no blood flow to the infec-
tion site, then the effectiveness of the antibiotic is dramatically
reduced. This is especially important if wound healing is used
as a criterion to define success [6, 8-11, 20, 22, 25, 26, 29,
43]. The duration and route of antibiotic therapy varied dra-
matically from study to study.

There are several limitations to this meta-analysis. Most of
the studies were retrospective. There were only 5 prospective
studies on this topic (3 medical management and 2 surgical
management). There was probably considerable cultural bias
in how patients were treated based on the background and ed-
ucation of the attending physician and if the treating physician
was a surgeon or internist. Moreover, there was a wide variety
of different treatments provided across studies. For example,
the route of administration and type of antibiotics were vari-
able, and the duration ranged from 10 days to 33 weeks.

Unfortunately, there is no reference standard across the var-
ious studies on medical versus surgical management of DFO. All
28 studies evaluated had different reference standards for diag-
nosing OM, successful treatment outcome, PAD, and neuropa-
thy measurement. This made it difficult to compare reported
results to one another. Additional properly designed prospec-
tive studies with gold-standard references for diagnosing OM
are needed to help determine whether medical management
of DFO can be successful without surgical intervention.
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