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Abstract

This study sought to evaluate the effectiveness of the inflammatory markers, erythro-
cyte sedimentation rate (ESR) and C-reactive protein (CRP), in monitoring treatment
of osteomyelitis in the diabetic foot. We screened 150 charts of patients admitted to
our hospital with diabetic foot osteomyelitis (DFO), confirmed by positive results of
bone culture and/or histopathology. We included patients who had an initial ESR/CRP
within 72 hours of admission and two reported follow-up values. We dichotomised
patients based on the outcomes wound healing, re-infection, recurrent ulceration,
re-hospitalisation, additional surgery, re-amputation and death, all within 12 months,
and analysed the trajectories of the markers over time. Our primary outcome, DFO
remission, was defined as wound healing within 12 months of follow-up without
re-infection. We included 122 subjects; 65 patients (53⋅3%) had a combination of pos-
itive culture and histopathology. Factors associated with DFO remission (n = 46) were
a lower white blood count (WBC) at admission (P = 0⋅006) and a higher glomerular
filtration rate (GFR, P = 0⋅049). Factors associated with healing were a lower WBC
(P = 0⋅004), a higher GFR (P = 0⋅01), longer wound duration before admission
(P = 0⋅01), location of the ulcer on the great toe (P = 0⋅01) and higher glycated
haemoglobin (P = 0⋅03). Logistic regression analysis demonstrated no associations
between DFO remission and other variables collected. Trajectories of the inflammatory
markers showed an association between stagnating values of ESR and CRP and poor
clinical outcomes. In this study population, the trajectories of both ESR and CRP
during 12 months follow-up suggest a predictive role of both inflammatory markers
when monitoring treatment of DFO.

Introduction

Diabetes mellitus is the most prevalent metabolic disease in the
world with 350 million affected individuals in 2012 (1) and a
projected prevalence of 439 million by 2030 (2). People with
diabetes are at increased risk of ulcer development and subse-
quent soft tissue infections, especially in their lower extremities
(3,4). Approximately 20% of the patients with diabetic foot
infections develop osteomyelitis (DFO) (5). The occurrence of
osteomyelitis further complicates the treatment course of these
patients, with prolonged antibiotic therapy; surgical interven-
tions, including amputations (6); and therapy-related adverse
events, including kidney injury and the development of bacte-
rial resistance.

Key Messages

• one hundred and twenty-two patients with biopsy-proven
diabetic foot osteomyelitis were included in this retro-
spective study

• ESR and CRP values were retrieved and summarised up
to 1 year and associated with clinical outcomes

• summarised values of both inflammatory markers were
not associated with our primary outcome, osteomyelitis
remission

• an association was found between stagnating ESR/CRP
trajectories and poor clinical outcomes
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Presently, the combination of bone culture and pathology
is considered the most accurate method to diagnose DFO
(7). However, bone biopsies are not routinely done in clini-
cal practice, and less-invasive diagnostics such as imaging tests
and inflammatory markers are being studied extensively (8,9).
Based on limited available data, the erythrocyte sedimentation
rate (ESR) appears to be the best biomarker to diagnose patients
with osteomyelitis (10). Elevated levels of other inflammatory
markers such as C-reactive protein (CRP) and procalcitonin
appear to be less informative (10,11). The latter markers might
be used in the acute phase of the disease but revert to normal
typically within a week of treatment. The ESR may be use-
ful in monitoring response to therapy as it tends to normalise
more slowly (12). However, this hypothesis still needs to be
confirmed in larger studies with a biopsy-proven diagnosis of
DFO. In this retrospective study, we aimed to evaluate and com-
pare the roles of the inflammatory markers ESR and CRP in
monitoring the remission of DFO.

Materials and methods

We screened 150 medical records of patients admitted to our
tertiary hospital with DFO between 1 January 2010 and 31
December 2014. We only included subjects with DFO, defined
as positive bacterial cultures or histological changes consistent
with osteomyelitis in a bone biopsy. Other inclusion criteria
were a confirmed diagnosis of diabetes mellitus, age between
18 and 89 years, a completed follow-up period of 12 months,
an initial baseline ESR and/or CRP measured within 72 hours
of admission before any surgical intervention and at least
two values of the inflammatory markers measured during a
follow-up. We collected data regarding demographics, a brief
medical and social history, wound characteristics, results of
laboratory tests, imaging and treatment information such as
type of antibiotics used, and surgical procedures. We typically
treated patients empirically with a combination of vancomycin
and piperacillin/tazobactam. We switched from empirical
antibiotic therapy to a targeted therapy based on the sensitivity
results of the bone cultures.

We recorded the details of the initial admission and evaluated
patient charts for clinical outcomes over a follow-up period of
12 months. We recorded the following outcomes: (i) wound
healing, defined as full epithelialisation, (ii) recurrent infection
at the same site as the index wound, (iii) recurrent ulcers at the
same site as the index wound, (iv) additional hospitalisations
related to the index wound, (v) additional surgical procedures
for the index wound, (vi) additional amputations for the index
wound and (vii) death. We defined our primary outcome, DFO
remission, as wound healing during follow-up without recurrent
infection at the same site as the index wound. We evaluated
the values of the inflammatory biomarkers from the medical
charts, analysed by the hospital biochemistry laboratory. We
specifically retrieved and summarised all weekly values of ESR
and CRP for a period of 6 weeks after initial diagnosis and all
the subsequent available monthly values up to 1 year.

Statistical analysis

All data were described using means (standard deviations)
or proportions. The relationship of the various covariates and

Table 1 Diagnosis of diabetic foot osteomyelitis (N = 122)

Route of obtained bone sample
Percutaneous 22 (18⋅0)
Intraoperative specimen 100 (82⋅0)

Confirmation of diagnosis
Positive culture 22 (18⋅0)
Positive histopathology 35 (28⋅7)
Positive culture and histopathology 65 (53⋅3)

Numbers in brackets are percentages.

the categorical outcomes listed above was assessed using
t-test/ANOVA or Fisher’s exact test/𝜒2 test, as appropriate. All
factors with a P-value less than or equal to 0⋅2 on a bivari-
ate analysis for association with a given outcome were then
included in a multivariate logistic regression analysis of that
outcome. The trajectory of each patient’s ESR and CRP was
plotted. We specifically plotted the baseline ESR (N = 121) and
CRP (N = 120), available one week values (N = 18, N = 19),
two week values (N = 11, N = 19), mean of 3–6 weeks (N =
74, N = 77), mean of 8–12 weeks (N = 76, N = 79), mean
of 16–20 weeks (N = 59, N = 64), mean of 24–26 weeks (N
= 66, N = 64) and mean of 40–52 weeks (N = 44, N = 44),
with the gaps in weeks occurring as no data was available for
those weeks. We grouped patients into those who did and those
who did not reach the endpoint for remission, wound healing,
reinfection, recurrent ulceration, re-hospitalisation, additional
surgery, re-amputation and death and evaluated associations
with biomarkers. We then looked at the mean marker level of
patients within an outcome group for each time frame.

Results

After screening the 150 identified admissions of DFO, we
excluded two patients based on the absence of an ESR or CRP
within 72 hours of admission. Twenty-six more subjects were
excluded because of lack of follow-up values of the biomark-
ers. A total of 122 patients met our inclusion criteria. The
bone sample that confirmed the diagnosis was obtained during
surgery in 100 out of 122 patients (82⋅0%, Table 1). Available
culture results were collected from 96 patients (78⋅7%) and
available pathology results from 117 patients (95⋅9%). More
than half of the enrolled patients had a combination of posi-
tive culture results and histopathology criteria consistent with
DFO (Table 1). Ninety-two patients (75⋅4%) started with the
empirical treatment of vancomycin and piperacillin/tazobactam
at admission. Only six patients (4⋅9%) received medical treat-
ment alone for their DFO. After admission, the initial surgery
consisted of irrigation and debridement (n = 54), irrigation and
debridement with bone resection (n = 6), toe amputations (n =
29), ray amputations (n = 19) and midfoot amputations (n = 8).
There were no associations between the markers at baseline and
the initial treatment variables.

Table 2 presents a comparison of the patient characteristics
at initial admission between those with DFO remission during
the 12-month follow-up (n = 46, 37⋅7%) and those whose
ulcer did not heal or developed a new infection (n = 76,
62⋅3%). Factors significantly associated with DFO remission
(P < 0⋅05) were a lower mean white blood count (WBC) at
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Table 2 Characteristics of enrolled patients at admission

Total DFO Remission* No remission
N = 122 Yes (N = 46) No (N = 76) P value

Mean age (years) 53⋅3 ± 10⋅7 53⋅9 ± 10⋅3 53⋅0 ± 11⋅0 0⋅65
Sex: male 95 (77⋅9) 37 (80⋅4) 58 (76⋅3) 0⋅59
Race

Caucasian 38 (31⋅1) 10 (21⋅7) 28 (36⋅8) 0⋅07
African American 26 (21⋅3) 14 (30⋅4) 12 (15⋅8)
Asian 3 (2⋅5) 0 (0) 3 (3⋅9)
Hispanic 55 (45⋅1) 22 (47⋅8) 33 (43⋅4)

Diabetes mellitus type 2 115 (94⋅3) 44 (95⋅7) 71 (93⋅4) 0⋅61
Mean BMI 31⋅9 ± 8⋅7 32⋅1 ± 10⋅0 31⋅8 ± 7⋅9 0⋅84
History of foot ulcer 77 (63⋅1) 29 (63⋅0) 48 (63⋅2) 0⋅99
History of LE amputation 42 (34⋅4) 14 (30⋅4) 28 (36⋅8) 0⋅47
History of PAD 80 (65⋅6) 28 (60⋅9) 52 (68⋅4) 0⋅40
Mean ABI 1⋅1 ± 8⋅7 1⋅1 ± 0⋅1 1⋅1 ± 0⋅2 0⋅48
History of Neuropathy 113 (92⋅6) 42 (91⋅3) 71 (93⋅4) 0⋅67
History of Retinopathy 47 (38⋅5) 20 (43⋅5) 27 (35⋅5) 0⋅38
History of Renal Disease 51 (41⋅8) 15 (32⋅6) 36 (47⋅4) 0⋅11

Stage 2† 7 (4⋅9) 3 (6⋅5) 4 (5⋅3)
Stage 3 26 (21⋅3) 9 (19⋅6) 17 (22⋅4)
Stage 4 5 (4⋅1) 1 (2⋅2) 4 (5⋅3)
Stage 5 13 (10⋅7) 2 (4⋅3) 11 (14⋅5)

Mean HbA1c, %, (mmol/mol) 9⋅2(77) ± 2⋅3 9⋅6(81) ± 2⋅4 8⋅9(74) ± 2⋅2 0⋅11
Mean Albumin (g/dl) 3⋅3 ± 0⋅6 3⋅4 ± 0⋅5 3⋅3 ± 0⋅6 0⋅44
Mean Prealbumin (mg/dl) 15⋅1 ± 6⋅7 17⋅1 ± 6⋅6 14⋅3 ± 6⋅6 0⋅15
Mean WBC (×109/l) 11⋅6 ± 4⋅6 10⋅1 ± 3⋅7 12⋅4 ± 4⋅8 0⋅006
Mean GFR (ml/min/1⋅73 m2) 50⋅9 ± 16⋅7 54⋅8 ± 12⋅7 48⋅6 ± 18⋅5 0⋅049
Mean Hb (g/dl) 11⋅4 ± 3⋅4 12⋅1 ± 4⋅8 11⋅0 ± 2⋅1 0⋅08
Mean ESR (mm/hour) 86⋅2 ± 34⋅2 83⋅1 ± 32⋅6 88⋅01 ± 35⋅2 0⋅44
Mean CRP (mg/dl) 12⋅3 ± 17⋅9 12⋅5 ± 22⋅2 12⋅2 ± 14⋅8 0⋅94
Mean depth of wound (mm) 7⋅8 ± 6⋅9 6⋅2 ± 3⋅7 8⋅6 ± 8⋅0 0⋅40
Positive PTBT 56 (45⋅9) 17 (37⋅0) 39 (51⋅3) 0⋅20
Results X-ray at admission

No osteomyelitis 20 (16⋅4) 8 (17⋅4) 12 (15⋅8) 0⋅06
Osteomyelitis 51 (41⋅8) 25 (54⋅3) 26 (34⋅2)
Indeterminate 50 (41⋅0) 13 (28⋅3) 37 (48⋅7)

Mean wound duration before admission, in days 72 ± 204 103 ± 298 53 ± 114 0⋅19
Ulcer location

Small toes 48 (39⋅3) 18 (39⋅1) 30 (39⋅5) 0⋅22
Great toe 27 (22⋅1) 14 (30⋅4) 13 (17⋅1)
Metatarsals 34 (27⋅9) 12 (26⋅1) 22 (28⋅9)
Midfoot/dorsum 4 (3⋅3) 0 (0) 4 (5⋅3)
Heel 9 (7⋅4) 2 (4⋅3) 7 (9⋅2)

Antibiotics before admission 40 (32⋅8) 14 (30⋅4) 26 (34⋅2) 0⋅67

Numbers in brackets are percentages. Numbers ± are standard deviations. ABI, ankle brachial index; BMI, body mass index; DFO, diabetic foot
osteomyelitis; ESR, erythrocyte sedimentation rate; GFR, glomerular filtration rate; Hb, hemoglobin; HbA1c, glycated hemoglobin WBC, white blood
count; LE, lower extremity; PAD, peripheral arterial disease; CRP, C-reactive protein; PTBT, probe to bone test.
*Defined as healed ulcer within 12 months follow up and no re-infection.
†Classification of chronic kidney disease by the National Kidney Foundation.

admission (10⋅1 × 109/l versus 12⋅4 × 109/l, P = 0⋅006) and
a higher mean glomerular filtration rate (GFR) at admission
(54⋅8 ml/min/1⋅73 m2 versus 48⋅6 ml/min/1⋅73 m2, P = 0⋅049).
Factors significantly associated with healing (n = 54, 44⋅3%)
were: a lower WBC (P = 0⋅004), a higher GFR (P = 0⋅01),
longer mean wound duration before admission (P = 0⋅01), an
ulcer located on the great toe (P = 0⋅03) and a higher mean
HbA1c at admission (P = 0⋅03). ESR and CRP at baseline were
not associated with DFO remission (P = 0⋅44 and P = 0⋅94,
respectively) or with healing (P = 0⋅61 and P = 0⋅99, respec-
tively). Logistic regression analysis showed no independent

factors associated with DFO remission. However, two inde-
pendent factors were associated with healing; X-ray changes
consistent with osteomyelitis at admission [odds ratio (OR)
0⋅21, 95% confidence interval (CI) 0⋅05–0⋅99, P = 0⋅048] and
having an ulcer on the great toe (OR 0⋅15, 95% CI 0⋅03–0⋅78,
P = 0⋅024).

The other outcomes of interest – re-infection (n= 31), recur-
rent ulceration (n = 68), re-hospitalization (n = 40), addi-
tional surgery (n = 58), re-amputation (n = 44) and death (n
= 2) – were not significantly associated with the inflammatory
markers at admission. However, when looking more closely
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Figure 1 Trajectories of average erythrocyte sedimentation rate within the outcome groups DFO remission, healing, re-infection, re-amputation and
re-hospitalisation over 12 months of follow-up. (A) Average ESR within outcome group DFO remission, (B) average ESR within outcome group healing,
(C) average ESR within outcome group reinfection, (D) average ESR within outcome group re-amputation and (E) average ESR within outcome group
re-hospitalization. DFO, diabetic foot osteomyelitis; ESR, erythrocyte sedimentation rate.

at the trajectories of the average ESR for several of our out-
comes of interest during the 12-month follow-up, as shown in
Figure 1, higher values are associated with poor treatment out-
comes. While the mean ESR of the 46 patients who had remis-
sion of DFO declined within 6 weeks of therapy and stayed
below 63⋅6 mm/hour during the rest of the year, the mean ESR
of the group that did not heal or developed a new infection sta-
bilised between 66⋅8 and 76⋅2 mm/hour and tended to normalise
more slowly (Figure 1A). The same association is noticeable in

the patients who healed (n= 54, Figure 1B). A reversed associa-
tion is noticeable in the patients who developed a new infection
during follow-up (n = 31, Figure 1C), the patients who needed
an additional amputation (n = 44, Figure 1D) and, to a lesser
extent, in the patients who were hospitalised after the initial
admission (n = 40, Figure 1E).

As shown in Figure 2A, the mean CRP of the patients who
had remission of DFO dropped significantly within the first 2
weeks of therapy, while the mean value of the non-remission
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Figure 2 Tajectories of average C-reactive protein (CRP) within the outcome groups diabetic foot osteomyelitis (DFO) remission, healing and
re-amputation over 12 months of follow-up. (A) Average CRP within outcome group DFO remission, (B) average CRP within outcome group healing
(C) average CRP within outcome group re-amputation.

group tended to fluctuate during the year. The same trend
is noticeable in the patients who healed (Figure 2B). The
mean CRP of the patients who needed additional amputa-
tion during follow-up is higher (9⋅56 mg/dl) than in the
patients who did not need additional amputations (4⋅33mg/dl,
Figure 2C).

Discussion

The presence of infected bone in patients with diabetic foot
ulcers has major clinical implications and affects treatment out-
comes in a negative way. First, it increases the risk of surgi-
cal procedures and lower extremity amputations (3). Second,
patients with DFO have longer hospitalisations and longer treat-
ment courses compared to patients with soft tissue infections,
which contributes to the high economic burden associated with
diabetic foot ulcers (6,13). Third, treatment complications like
antibiotic resistance, kidney injury and catheter-related adverse
events limit therapy options for these patients and worsen the
prognosis for cure (14).

Despite these potentially devastating consequences, most
treatment choices are based on experience and recommenda-
tions rather than on high-quality evidence. There are no specific
guidelines on tests or approaches to recognise DFO remission
or when medical treatment can be stopped. A major difficulty is

how to determine resolution of osteomyelitis and, subsequently,
success of treatment. Some studies have addressed this issue
using clinical assessments (15) and imaging modalities (16,17),
but conclusive data regarding this controversy remain scarce.

Thirty-eight percent of our patients achieved healing of
ulcers within 1 year without recurrent signs of infection at the
same site. Several studies have reported remission rates of DFO
using surrogate outcomes similar to our study. Senneville et al.
(18), using healing and the absence of any sign of infection
at the initial or contiguous site 1 year after the end of antibi-
otic treatment, reported a 64% remission rate. However, the
patients in this study were treated non-surgically, and the over-
all fitness of the study population was much better than ours.
Another study from the same group (15), using persistent heal-
ing, absence of recurrent infection and no need for surgical bone
resection or amputation at the end of 12 months after comple-
tion of antibiotics, reported a similar remission rate of 65%. One
of the few papers that evaluated surgically treated DFO (19)
found a favorable outcome, defined as healing without signs
of infection 6 months after completion of antibiotic therapy
with a stable or improved bone X-ray, of 80%. Compared to
these studies, our remission rate was quite low. This might be
caused by the discrepancies between studies in the definition
of remission, the predefined follow-up period and, primarily,
by the differences in the patient populations. Patients included
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in the present study had many comorbidities (Table 2), includ-
ing peripheral arterial disease, a poor glycemic control, severely
infected, deep ulcers, a very long wound duration before admis-
sion (mean 72 days) and many reports of non-compliance with
standard of care as compared to the atient populations of the
other studies mentioned above. We did not have any exclusion
criteria for the enrolled patients.

We identified two factors associated with our primary out-
come, DFO remission, a lower WBC and a higher GFR at
admission. Both of these findings are not surprising as a higher
WBC is usually a sign of severe infection, and a lower GFR
is correlated with renal disease and poor clinical outcomes
(20,21). In addition to these factors, we found three factors
associated with healing only: a longer wound duration before
admission, an ulcer located on the great toe and a higher HbA1c
at admission. A longer wound duration before admission might
have resulted in a shorter healing time after admission (within
12 months of follow-up). The association between healing and
a location of the ulcer on the great toe was not an expected result
nor has it been identified in our previous work (3,22). One of
the explanations for this finding might be a more aggressive
treatment approach for patients with osteomyelitis at this loca-
tion by resecting all infected bone. However, no associations
were found between more aggressive treatment characteristics
at the initial admission and healing during 12 months follow up.
The higher mean HbA1c value in the healing group is also an
unexpected result and might point in the direction of a better
glucose control after identifying the high value at admission.
In the multivariate analysis, only the ulcer location and X-ray
changes consistent with DFO were significantly associated with
healing. Because the non-healed group had a relatively short
wound duration before admission (46± 111 days), the changes
on the X-rays might have lagged behind the disease process,
which explains the high number of indeterminate results (n =
28, 41⋅2%).

The most important limitation of our study design is the
selection of surrogate clinical outcomes (wound healing and
no re-infection) to measure DFO remission. The exact time
point of remission of the bone infection remains unclear, and
the selected long-term clinical outcomes might have been
affected by other patient-related variables not mentioned in
this study, such as compliance, off loading, microvascular
status, neuropathy and nutritional status. In addition, as this is
a retrospective study, the time points of the ESR and CRP mea-
surements were not predefined and were different for individual
patients. Although the trajectories of the inflammatory markers
within the predefined outcome groups visualise the differences
between patients over time, they cannot be used as prediction
models. However, the observations in the trajectories are worthy
of note because they underline the utility of both markers during
follow-up to monitor treatment outcomes in patients with DFO.

The results of our study suggest a predictive role for both
ESR and CRP when monitoring the success of therapy in
DFO. Of note, however, is that the success of therapy in our
study is based on clinical outcomes only during a follow-up
of 12 months. Although this preliminary data is promising and
deserves further exploration, a prospective study with consis-
tent time points for ESR and CRP and a more rigorous outcome

definition for DFO, is needed to evaluate the value of these
biomarkes to monitor osteomyelitis treatment.
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