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Abstract

Background: Diabetic foot osteomyelitis (DFO) poses significant challenges due to its
high morbidity and recurring nature. Current treatments involve prolonged antibiotics
and often surgical intervention; however, the optimal route of antibiotic administration is
unknown. This study evaluated the effect of route of antibiotic administration on treatment
failure among patients with diabetic foot osteomyelitis. Methods: The authors conducted a
retrospective cohort study among patients with unresected diabetic foot osteomyelitis. A
propensity score was used to match the treatment exposure groups. The primary outcome
was treatment failure, defined as either (1) treatment with additional antibiotic course or
(2) additional surgical debridement/amputation at the original site of infection within 1
year of initial treatment. Secondary outcomes included the impacts of hemoglobin A1c,
peripheral arterial disease, obesity, and infection severity on treatment failure. Results:
Among 152 patients meeting criteria, 49 matched pairs were analyzed. Treatment failure
rates did not significantly differ between oral and intravenous groups (OR 0.98, 95%
CI 0.30–3.19, p > 0.9). A time-to-event analysis similarly found no significant outcome
disparities between groups (p = 0.3). Conclusions: The study results support the previously
published literature that demonstrates comparable treatment outcomes between routes of
antibiotic administration when treating diabetic foot osteomyelitis.
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1. Introduction
Diabetic foot osteomyelitis (DFO) is a leading cause of morbidity in patients living with

diabetes [1–3]. The annual incidence of foot ulceration is around 2% in people living with
diabetes, with an estimated 18 million diabetic foot ulcers occurring globally in 2016 [4–6].
Over half of diabetic foot ulcers become infected and, of these, 20% are further complicated
by osteomyelitis [7,8]. Osteomyelitis significantly increases the odds of foot ulcer recurrence
and lower extremity amputation [2,9].

Treatment with several weeks of antibiotics, often in combination with surgical de-
bridement or amputation, is the standard of care for the management of diabetic foot
osteomyelitis [10]. However, even with appropriate treatment, failure rates of 20–60% are
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commonplace, highlighting the high-risk nature of this disease [2,11–19]. Furthermore, the
optimal route of antibiotic administration (oral versus intravenous) is unknown.

Increasingly, oral antibiotics are used to treat invasive infections that were historically
treated with intravenous antibiotic regimens [20]. In 2019, a large, prospective, randomized
trial comparing oral antibiotics to intravenous antibiotics in the treatment of osteomyelitis
demonstrated oral antibiotics were not inferior to intravenous antibiotic regimens [21].
While this was a pivotal finding, generalizing this outcome to a diabetic population is
difficult. Host-specific factors, including neuropathy, peripheral artery disease, glycemic
control, and complex microbiology, may create a toxic combination limiting healing. Several
small and/or retrospective studies have demonstrated similar outcomes when using oral
antibiotics to treat diabetic foot osteomyelitis, especially with antibiotics that have high bony
penetration [11,22–28]. However, there is a paucity of data demonstrating the head-to-head
efficacy of oral versus intravenous antibiotics in the treatment of DFO.

To further inform potential antibiotic regimens used when treating DFO, this study
sought to compare treatment failure within one year among patients with DFO who were
treated with either oral or intravenous antibiotic regimens.

2. Methods
2.1. Study Design and Patient Population

This retrospective cohort study included patients at the University of Vermont Health
Network (UVMHN), a 6-hospital health system serving a mixed rural and urban population
in Vermont, and areas of upstate New York and New Hampshire, across a 5-year period
from 1 January 2017 to 31 December 2022. This study period was chosen based on the
number of eligible patients included within it to compare favorably with the prior literature,
as well as data availability within the electronic medical record. Patient records were
sourced from the UVMHN electronic health record. The International Classification of
Diseases and Related Health Problems, Tenth Revision (ICD-10) codes consistent with
diabetes mellitus, osteomyelitis and foot ulcers were used to identify all patient encounters
related to diabetic foot osteomyelitis within the study period. This study was approved
by the UVMHN Institutional Review Board. Patients aged ≥18 years old were included
if they had diabetes and had a foot ulcer with unresected osteomyelitis. We excluded
patients who (1) had definitive amputation with complete resection of infected bone,
(2) had implanted hardware at the site of infection, (3) had concurrent bloodstream infection,
(4) had a recent infection at the current site of infection requiring >14 days of antibiotics
within the prior 6 months, (5) were unable to take oral antibiotics, (6) were lost to follow
up/unable to complete antibiotic course, or (7) were treated with mixed antibiotic therapy,
defined as not receiving either oral or IV antibiotics for more than 2/3 of their antibiotic
treatment duration.

Patients were distributed into two groups based on antibiotic exposure. Patients were
assigned to the oral antibiotic group if greater than two-thirds of their antibiotic course
consisted of oral antibiotics, and patients were assigned to the intravenous antibiotic group
if greater than two-thirds of their antibiotic course consisted of intravenous antibiotics.

2.2. Data Collection

A standardized data collection form was created in REDCap, and this was used to
extract data from the electronic health record for identified patients. Data was extracted
retrospectively and included patient demographics, co-morbidities, immunosuppression,
diabetes and surgical management, microbiology, and antibiotic regimens. Specifically,
microbiology from bone cultures at the site of infection was collected.
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2.3. Outcomes

The primary outcome for both groups was treatment failure, defined as either (1) treat-
ment with additional antibiotic course beyond 6 weeks or (2) additional surgical debride-
ment/amputation at the original site of infection within 1 year of initial treatment course.
Secondary outcomes included the impacts of hemoglobin A1c, peripheral arterial disease,
obesity, and infection severity on treatment failure. Infection severity was defined by the
Infectious Disease Society of America (IDSA)/International Working Group on the Diabetic
Foot (IWGDF) classification scheme [10].

2.4. Statistical Analysis

All statistical analyses were performed using R Studio Version 2024.04.0 (R: A Lan-
guage and Environment for Statistical Computing, Vienna, Austria). To account for treat-
ment decision bias and confounding influenced by clinical characteristics (i.e., tendency for
sicker or medically complex patients to receive IV antibiotics), we pre-specified variables
that we anticipated might differ between the two treatment groups. A propensity score was
generated, and patients in each treatment group were then matched using a 1-to-1, nearest
neighbor approach with the MatchIt package in R. Patients were matched on age, body
mass index, hemoglobin A1c, Charlson Comorbidity Score, and IDSA severity index. Fisher
exact and Wilcoxon rank-sum tests were used to compare categorical variables and the
distribution of continuous variables between the oral and intravenous groups, respectively.
Additionally, a time-to-event analysis was conducted with a multivariate Cox proportional
hazard model along with Kaplan–Meier method, with outcomes censored at one year. The
threshold for statistical significance was p < 0.05 for all analyses. We used a multivariable
logistic regression model to examine the associations between our predictors (antibiotic
course, BMI, Hemoglobin A1c, ischemic grade, and IDSA severity) and treatment failure.
Results are reported as odds ratios (ORs) with 95% confidence intervals (CIs). Statistical
significance was defined as a two-sided p value < 0.05.

3. Results
A total of 152 patients (103 treated with IV antibiotics, and 49 treated with PO antibi-

otics) met study criteria and were included in the initial propensity score-matching process
(Figure 1). Propensity score matching resulted in 49 matched pairs for the primary analysis
(n = 98).

Patient characteristics are presented in Table 1. A majority of the patients were
male, and the median age was 65 years. The median hemoglobin A1c levels amongst
the intravenous and oral groups were 8.4% and 7.8% (p = 0.5), respectively. Over 80%
of the patients received initial surgical source control with either partial amputation or
debridement. Staphylococcus aureus (n = 38) was the most commonly isolated pathogen,
followed by Enterobacterales (n = 26), Group B beta hemolytic streptococcus (n = 24),
Enterococci (n = 22), Pseudomonas aeruginosa (n = 13), and Group A streptococcus (n = 3).
Twelve patients were treated empirically, without microbiological data.

Patients treated with IV courses received vancomycin (n = 18), ceftriaxone (n = 13),
daptomycin (n = 9), cefepime (n = 9), and/or cefazolin (n = 8). The oral antibiotic group
received amoxicillin/clavulanate (n = 30), a fluroquinolone (n = 20), metronidazole (n = 16),
and/or trimethoprim/sulfamethoxazole (n = 5). A full list of antibiotic treatment courses
is available in Supplement Table S1. On average, patients were treated with 42 days of
antibiotics. The oral antibiotic group received an average of 3 days of IV antibiotics prior to
switching to oral antibiotics.
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Figure 1. Flow diagram of patient selection. Abbreviations: PO, per oral; IV, intravenous. Mixed
antibiotics include patients who did not receive an antibiotic course consisting of ≥2/3 oral or
IV antibiotics.

Overall, we did not observe a statistically significant difference in treatment failure
rates between the oral and intravenous treatment groups (OR 0.98, 95% CI 0.30–3.19, p > 0.9)
(Table 2). Furthermore, the impacts of BMI, hemoglobin A1c, IDSA/IWGDF severity index,
and ischemic grade did not significantly affect treatment failure rates.

p = 0.3 

Figure 2. Kaplan–Meier curve, Time to treatment failure. Oral therapy is shown in blue, and IV
therapy is shown in red. Standard deviation is shown in blue and red shadow.
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Table 1. Baseline characteristics among propensity-matched cohort. Abbreviations: PO, per oral; IV,
intravenous; BMI, body mass index.

Characteristic IV, n = 49 1 PO, n = 49 1 p-Value 2

Age, y 65 (53–71) 65 (56–75) 0.40

Male Sex 32 (65%) 39 (80%)

BMI (kg/m2) 31 (28–37) 31 (27–37) 0.70

Charlson Comorbidity Index 5 (4–7) 5 (3–7) >0.90

Hemoglobin A1c 8.4 (6.7–9) 7.8 (6.9–8.9) 0.50

Diabetes Medications 0.80

Oral Medication Only 12 (24%) 15 (31%)

Insulin Only 22 (45%) 21 (43%)

Both Insulin and Oral Medications 10 (20%) 10 (20%)

None 5 (10%) 3 (6%)

Debridement or Partial Amputation 42 (86%) 39 (80%) 0.40

Ischemic Grade 0.40

0 13 (52%) 11 (39%)

1 9 (36%) 8 (29%)

2 2 (8.0%) 5 (18%)

3 1 (4.0%) 4 (14%)

IDSA Severity 0.50

1 or 2 0 (0%) 0 (0%)

3 40 (82%) 39 (80%)

4 9 (18%) 10 (20%)

Microbiology

Methicillin-susceptible Staphylococcus aureus 12 (24%) 12 (24%) >0.90

Methicillin-resistant Staphylococcus aureus 10 (20%) 4 (8.2%) 0.08

Group B beta hemolytic streptococcus 16 (33%) 9 (18%) 0.10

Streptococcus pyogenes 3 (6.1%) 0 (0%) 0.2

Enterococcus species 6 (12%) 16 (33%) 0.015

Enterobacterales 10 (20%) 16 (33%) 0.2

Pseudomonas species 4 (8.2%) 9 (18%) 0.14

No culture data 5 (10%) 7 (14%) 0.5
1 Median [IQR], n (%); 2 Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test.

Additionally, a time-to-event analysis did not show a significant difference in outcomes
between groups. While patients treated with intravenous antibiotics experienced shorter
time to treatment failure, this was not a statistically significant result (p = 0.3) (Figure 2).
Additional factors, such as BMI, hemoglobin A1c, IDSA/IWGDF severity index, surgical
source control, or ischemic index, failed to reach statistical significance (Figure 3).
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Table 2. Multivariate analysis of treatment failure. Abbreviations: PO, per oral; IV, intravenous; BMI,
body mass index; IDSA, Infectious Disease Society of America.

Characteristic OR 1 95% CI 1 p-Value

Antibiotic Course

IV Reference

PO 0.98 0.30, 3.20 >0.90

BMI 0.98 0.89, 1.07 0.70

Hemoglobin A1c 0.77 0.50, 1.15 0.20

Ischemic Grade 1.09 0.58, 2.04 0.80

IDSA Severity 0.76 0.37, 1.53 0.40
1 OR = odds ratio, CI = confidence interval.

Figure 3. Forest plot, multivariate time to treatment failure analysis.

4. Discussion
To the best of our knowledge, this is the largest propensity-matched retrospective

study to date that directly compares treatment outcomes based on the route of antibiotic
exposure in patients with diabetic foot osteomyelitis. Furthermore, we included patients
with peripheral artery disease, and those who did and did not have initial source control
with either debridement or partial amputation, which has been poorly assessed in the past.
Overall, we observed similar rates of treatment failure between the oral and intravenous
antibiotic groups.

Oral antibiotics are increasingly used to treat diabetic foot osteomyelitis [29]. However,
there are no prospective, randomized trials that directly compare the route of antibiotic
administration when treating diabetic foot osteomyelitis. The landmark OVIVA trial
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concluded that oral antibiotic therapy was not inferior to intravenous antibiotic therapy
when used in the first 6 weeks for complex orthopedic infections; however, with only
19.5% of the cohort consisting of patients with diabetes, this result is difficult to generalize
to a diabetic population [21]. Several small, single-center retrospective cohort studies
have sought to further inform treatment decisions in diabetic foot osteomyelitis. Gill et al.
(n = 65) demonstrated similar incidences of treatment failure regardless of route of antibiotic
administration in patients who underwent a partial amputation [11]. They found that a
severe IDSA/IWGDF infection classification on presentation correlated with treatment
failure, in contrast to our findings, where IDSA/IWGDF severity was not correlated with
treatment failure. A recent retrospective study by Kipp et al. (n = 128) found similar rates
of treatment failure among patients treated with oral or intravenous antibiotics, specifically
in patients who underwent partial amputation and who did not have peripheral artery
disease [28]. However, each of these analyses were conducted with unmatched treatment
groups, increasing the unintended chances for treatment bias. Our current study, by
involving a broad cohort of propensity-matched patients, including those with peripheral
artery disease and those who did and did not undergo debridement/partial amputation,
adds to the emerging picture of similar outcomes between these two treatment modalities.

Consistent with the results from Gill et al. and Kipp et al., patients in our study who
were treated with an intravenous antibiotic course experienced higher numerical (but not
statistically significant) incidence of treatment failure (41% versus 33%, p ≥ 0.9) [11,28].
This is likely accounted for by unidentified treatment bias, despite propensity matching,
highlighting the limitations of the retrospective nature of this study. Additionally, similar
incidences of treatment failure after various antibiotic regimens were seen in several
prospective, randomized controlled trials [14–16] that included patients with diabetic foot
osteomyelitis and retrospective studies [12,19].

The most common oral antibiotic regimens used in our study were amoxicillin/clavulanate
and a fluoroquinolone, used either alone or in combination. Each of these regimens are
known to have suitable bone penetration [30], which, additionally, are well demonstrated
treatment options in diabetic foot osteomyelitis [19,22,23]. It is worth pointing out that, in
the OVIVA trial [21], there was a trend towards worse outcomes in patients treated with
oral penicillin compared to IV therapy. However, in our study, oral amoxicillin/clavulanate
had comparable outcomes to IV therapy, strengthening its role in DFO treatment. Oral
antibiotic therapy has the added benefit of potentially reducing hospital length of stay and
adverse events related to central line use [21,31].

Our study has several limitations. This study’s single-center retrospective design
means treatment groups are not controlled, introducing confounding variables, all of
which are not able to be controlled by a propensity score. Our definition of diabetic
foot osteomyelitis was based on the treating physician’s diagnosis, so there could be
bias based on which diagnostic modality was used to make the diagnosis, for which we
cannot account. The lack of association between ischemia grade and IDSA severity level
suggests the present study may be underpowered. The study sample size was limited
in number due to the single-center nature of the study. This was further reduced by the
inclusion criteria. Taken together, these factors reduce the statistical power or our study,
increasing the chances for type II error. We excluded patients who were unable to complete
a full course of either oral or IV antibiotic therapy, which limits insight into outcomes for
these patients. Our study period included the early portion of the COVID-19 pandemic,
which may have influenced treatment choice, but for which we cannot account the specific
impact. However, despite these limitations, our results are consistent with, and add to, the
previously published literature.
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Overall, our study adds to the previously published literature in demonstrating
that the route of antibiotic administration alone does not determine treatment failure
when treating diabetic foot osteomyelitis. This is possibly driven by a toxic combination
of peripheral artery disease, peripheral neuropathy, wound care, and microbiology, in
addition to antibiotic treatment. Further prospective, randomized studies are needed to
help inform antibiotic administration when treating diabetic foot osteomyelitis, especially
as oral antibiotics are increasingly used in this realm. Additionally, more comparative data,
focusing on which specific oral antibiotics or combinations are most efficacious in DFO,
would be a welcome addition to the literature.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/japma116040047/s1, Table S1: Antibiotics used to treat diabetic
foot osteomyelitis.
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