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ABSTRACT
Introduction  Osteomyelitis is associated with significant 
morbidity, including amputation. There are limited data 
on long-term amputation rates following an osteomyelitis 
diagnosis. We sought to determine the incidence of 
amputation in patients with osteomyelitis over 2 years.
Research design and methods  Observational cohort 
study of 1186 inpatients with osteomyelitis between 2004 
and 2015 and stratified by osteomyelitis location status 
to evaluate the impact on amputation, mortality rates, 
readmission data, and inpatient days.
Results  Persons with diabetes had 3.65 times greater 
probability of lower extremity amputation (p<0.001), 
readmission (p<0.001), and longer inpatient stay 
(p<0.001) and had higher 2-year mortality (relative risk 
(RR) 1.23, p=0.0027), adjusting for risk factors. Male 
gender (RR 1.57, p<0.001), black race (RR 1.41, p<0.05), 
former smoking status (RR 1.38, p<0.01), myocardial 
infarction (RR 1.72, p<0.001), congestive heart failure 
(RR 1.56, p<0.001), peripheral vascular disease (RR 2.25, 
p<0.001) and renal disease (RR 1.756, p<0.001) were 
independently associated with amputation. Male gender 
(RR 1.39, p<0.01), black race (RR 1.27, p<0.05), diabetes 
(RR 2.77, p<0.001) and peripheral vascular disease (RR 
1.59, p<0.001) had increased risk of lower, not upper, 
extremity amputation.
Conclusions  Patients with osteomyelitis have higher 
rates of amputation and hospitalization. Clinicians must 
incorporate demographic and comorbid risk factors to 
protect against amputation.

INTRODUCTION
Osteomyelitis is a highly morbid condition 
commonly associated with diabetes mellitus 
(DM).1 2 Osteomyelitis is difficult to erad-
icate, expensive to treat, and has a signifi-
cant social burden, consuming millions of 
dollars in healthcare resources regardless of 
whether an amputation is required.3–7 The 
treatment of osteomyelitis is complex and 
requires close coordination among multidis-
ciplinary teams that comprised individuals 
from surgery, infectious diseases, endocri-
nology, podiatry, among others.1 Patients who 
develop osteomyelitis have additional medical 

comorbidities which complicate their care. 
Given the increasing incidence and preva-
lence of both osteomyelitis and DM across 
the world,5 8–12 many physicians are likely to 
encounter patients with bone infections.

It is imperative for providers to gauge how 
osteomyelitis outcomes are complicated 
by a patient’s comorbid status. Yet, there is 
currently little understanding of the impact 
of a patient’s comorbidity burden on the inci-
dence of non-traumatic amputation (here-
after referred to as ‘amputation’) following 
an osteomyelitis diagnosis. Current evidence-
based guidelines on osteomyelitis manage-
ment do not address the relationship between 
comorbidity burden and risk of amputation.1 
Several studies have examined the risk factors 
for initial occurrence of osteomyelitis.13 14 For 
instance, osteomyelitis is now commonly 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Persons with osteomyelitis are at risk of extremity 
amputation and the risk is amplified by a diagnosis 
of diabetes.

WHAT THIS STUDY ADDS
	⇒ Patient race, gender, and select comorbid conditions 
at the time of osteomyelitis diagnosis are inde-
pendently associated with amputation.

	⇒ These findings indicate an association between in-
creasing comorbidity burden and long-term lower 
extremity amputation rates.

	⇒ Both type 1 diabetes mellitus and type 2 diabetes 
mellitus were associated with a significantly higher 
amputation risk in both our bivariable and regres-
sion analyses.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The ability to predict long-term outcomes follow-
ing a diagnosis of osteomyelitis makes the clinical 
implications of these findings highly relevant and 
should inform clinical-patient discussions to set ex-
pectations in this population.
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associated with diabetic foot ulcer infection.1 However, 
there has not been a comprehensive evaluation of the 
risk factors for outcomes (eg, chronic osteomyelitis, ampu-
tation, or disability). We aimed to provide such an evalua-
tion specifically for the outcome of amputation.

The objective of our investigation was to provide a 
comprehensive risk assessment, for patients with and 
without DM, of the comorbidities and risk factors associ-
ated with a long-term amputation risk following an initial 
diagnosis of osteomyelitis. We hypothesized an increasing 
number of comorbidities at the time of diagnosis were 
associated with an increased incidence of amputation in 
patients with osteomyelitis.

RESEARCH METHODS AND DESIGN
Data source
We performed a cohort study of all adult patients who 
had diagnosis codes for acute extremity osteomyelitis 
(online supplemental table 1) associated with admission 
at a large Michigan academic center between 2004 and 
2015. We chose to use a single-institution dataset instead 
of national datasets. Available national datasets lack suffi-
cient long-term follow-up or followed only on a demo-
graphically limited subset of the population (eg, Medicare 
patients greater than 65 years old). Furthermore, use of 
a single-center database enabled us to manually verify all 
diagnoses and demographics, thereby ensuring greater 
accuracy.

We queried the University of Michigan (UM) Data 
Warehouse, which stores patient demographics and 
International Classification of Diseases, Ninth Revi-
sion and Tenth Revision Clinical Modification (ICD-9/
ICD-10-CM) billing codes. Following manual curation 
to confirm accuracy of demographic, comorbid and 
outcome variables, the data were deidentified.

Cohort selection
We queried the UM Data Warehouse using ICD-9/ICD-
10-CM diagnosis codes to identify any adult patients with 
a new diagnosis of osteomyelitis during an inpatient stay 
between 2004 and 2015. Additionally, we evaluated any 
adult patients who were diagnosed with osteomyelitis in 
the outpatient setting (ie, clinical encounters) for initial 
exposure comparison. Our query excluded any patients 
with pre-existing osteomyelitis, as well as those with fewer 
than 2 years of follow-up after osteomyelitis diagnosis and 
those with traumatic amputation. A total of 1281 patients 
met automated inclusion and exclusion criteria. Initial 
diagnoses, comorbidities and outcomes of these patients 
were then manually verified by TPKB and AMH through 
chart review using the Electronic Medical Record Search 
Engine.15 Due to the complex process of osteomyelitis 
diagnosis,1 we excluded patients whose osteomyelitis 
could not be definitely verified from imaging and/or 
pathology reports. Ninety-five patients were excluded 
during this verification for a final sample size of 1186. 
This suggests a specificity of 92.6% when determining 

osteomyelitis status based on ICD-9-CM and ICD-10-CM 
codes using advanced data mining tools. This represents 
a level of specificity in the higher end of that achieved in 
previous studies.16 17

Outcomes
The primary exposure was any diagnosis of type 1 DM 
(T1DM) or T2DM prior to acute osteomyelitis diagnosis 
(online supplemental table 2). The primary outcome 
was incidence of extremity amputation within 2 years 
of extremity osteomyelitis diagnosis. We chose a 2-year 
follow-up to balance losses to follow-up, longitudinal 
nature of outcomes and ability to attribute amputation to 
initial osteomyelitis diagnosis. Select comorbidities from 
the Charlson Comorbidity Index (CCI) were chosen as 
confounders. The CCI is a repeatedly validated measure 
of patient morbidity and mortality.18–21 We excluded three 
CCI comorbidities that we decided were non-germane 
to osteomyelitis outcomes (cerebrovascular accident, 
dementia, and HIV/AIDS). Peripheral vascular disease 
(PVD) status was assessed by Ankle-Brachial Index (ABI) 
including absolute pressures (in mm Hg) on the affected 
limb. Patients with palpable pulses and/or an ABI between 
0.9 and 1.3 demonstrated no evidence of PVD, and those 
with an ABI<0.9 were demonstrative of the presence of 
PVD.22 Anatomical location(s) of initial osteomyelitis 
diagnosis was a further covariable. Demographic variables 
constituted the remaining confounders. Specifically, age, 
sex, race, body mass index (BMI) and smoking history 
were abstracted. Outcomes included 2-year incidence of 
amputation, 30-day and 2-year mortality, initial length of 
stay, as well as total number of all-cause readmissions and 
total inpatient days during the 2-year follow-up period.

Statistical analysis
All statistical analyses were performed in STATA V.15 
(College Station, Texas). In cohorts of patients with osteo-
myelitis with and without DM, we described the study 
sample using median, range, mean, SD, frequencies, and 
percentages of sociodemographic characteristics, comor-
bidities, and outcomes. Differences in sociodemographic 
characteristics, comorbidities and outcomes were deter-
mined using t-test and χ2 test.

We performed a relative risk (RR) regression using 
the modified Poisson approach to test the bivariate asso-
ciation of each independent variable with mortality and 
amputation, and report the RR of mortality and ampu-
tation with the presence of each risk factor.23 We then 
performed two separate multivariable RR regressions23 
to determine the differential risk of mortality and ampu-
tation in patients with and without DM, controlling for 
sociodemographic characteristics and comorbid condi-
tions. We used pairwise comparison of marginal effects 
to determine if the outcomes were significantly different 
based on the type of DM diagnosis. The area under 
the receiver operating characteristic curve was used to 
measure the discriminating power of the variables in the 
logistic regression models.
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A negative binomial regression tested the bivariate 
association of each individual independent variable with 
total number of inpatient days and total number of read-
missions. We performed two separate multivariable nega-
tive binomial regressions to determine the differences in 
the total number of inpatient days and total number of 
readmissions, again controlling for sociodemographic 
characteristics and comorbid conditions. We used pair-
wise comparison of marginal effects to determine if the 
outcomes were significantly different, depending on the 
type of DM diagnosis. An a priori alpha level was set at 5% 
for all statistical significance testing.

RESULTS
Study population
A total of 2029 patients were diagnosed with osteomyelitis 
during the study period. A total of 843 and 1186 patients 
were diagnosed with acute osteomyelitis in the outpatient 
setting and inpatient setting, respectively. Seventy-eight 
patients in the outpatient cohort were not adults and were 
excluded, resulting in a total cohort of 743 individuals. 
When compared with the inpatient cohort of patients 
with osteomyelitis exposure, patients in the outpatient 
setting were younger (51.9 vs 56.6 years, p<0.05) and 
were less frequently reported to be of African American 
race (9.1% vs 14.6%, p<0.05). Patient demographics and 
comorbid status such as sex, BMI, chronic kidney disease, 
coronary artery disease, DM (% type 1), liver disease, 
cancer history, congestive heart failure (CHF), history 
of myocardial infraction, and PVD did not differ signifi-
cantly between settings.

The inpatient cohort was used to assess longitudinal 
outcomes given comparable demographic and comorbid 
status with outpatients with osteomyelitis. Six hundred 
and ten patients with DM and 576 patients without DM 
who met inclusion and exclusion criteria were identi-
fied. The DM cohort was older than the non-DM cohort, 
and more likely to be African American, obese and has a 
history of smoking (table 1). Furthermore, patients with 
DM were more likely to have some of comorbidities that 
were measured. Patients with DM were significantly more 
likely to have osteomyelitis of the midfoot and hindfoot 
(10.8% vs 3.6%, p<0.0001) and also of the anatomic 
forefoot (50.5% vs 11.8%, p<0.0001). Patients without 
DM were more likely to have osteomyelitis of the skull 
(6.6% vs 1.0%, p<0.0001), vertebrae (19.3% vs 11.1%, 
p=0.0001), hip and pelvis (17.5% vs 5.4%, p<0.0001), and 
sacrum (13.0% vs 5.6%, p<0.0001).

Amputation outcomes
Two-year incidence of amputation was nearly fourfold 
higher for the DM cohort (43.1% vs 12.3%, RR 3.50, 95% 
CI 2.76 to 4.43, p<0.001). Incidence of lower extremity 
(LE) amputation was 41.8% vs 11.5% (RR 3.65, 95% CI 
2.85 to 4.66, p<0.001), while there was no difference in 
upper extremity amputation (2.6% vs 1.2%, p>0.05). In 
terms of DM influencing location-dependent incidence 

of amputation, patients with DM were at higher risk with 
initial diagnosis location of the sacrum (14.7% vs 1.3%, 
RR 11.03, 95% CI 1.34 to 90.83, p=0.0046), fingers (RR 
2.06, 95% CI 1.07 to 3.97, p=0.0366) and tibia/fibula 
(RR 3.98, 95% CI 1.90 to 8.36, p=0.0002) (online supple-
mental table 3).

Depending on comorbidity burden, incidence of LE 
amputation was as low as 7.2% in patients without DM 
without any comorbidities. It was 36.1% in patients with 
DM and no comorbidities and as high as 75.0% in patients 
with a burden of DM, CHF and PVD (figure 1). These 
findings indicate an association between increasing 
comorbidity burden and long-term LE amputation rates.

Bivariable analysis
T1DM (RR 4.31, 95% CI 3.15 to 5.91) and T2DM (RR 3.54, 
95% CI 2.76 to 4.55) were independently associated with 
increased risk of LE amputation (both p<0.001). Among 
baseline characteristics, male gender (RR 1.57, 95% CI 
1.26 to 1.95, p<0.001), African American race (RR 1.41, 
95% CI 1.07 to 1.86, p<0.05), increasing BMI (RR 1.02, 
95% CI 1.01 to 1.03, p<0.01) and former smoking status 
(RR 1.38, 95% CI 1.12 to 1.70, p<0.01) were associated 
with increased risk of amputation. Among comorbidities, 
history of myocardial infarction (MI; RR 1.72, 95% CI 
1.38 to 2.15), CHF (RR 1.56, 95% CI 1.26 to 1.93), PVD 
(RR 2.25, 95% CI 1.84 to 2.75), renal disease (RR 1.76, 
95% CI 1.46 to 2.11) and prior LE amputation (RR 2.41, 
95% CI 2.02 to 2.87) were associated with increased risk 
(all p<0.001). Rheumatic disease (RR 0.47, 95% CI 0.25 to 
0.91) and any malignancy (RR 0.63, 95% CI 0.42 to 0.94), 
both p<0.05, as well as hemiparaplegia (RR 0.33, 95% CI 
0.18 to 0.60, p<0.001) were associated with decreased risk 
of LE amputation (table 2).

Multivariable regression model
In our multivariable model for LE amputation, T2DM 
(RR 2.77, 95% CI 1.97 to 3.90) had a greater RR than 
T1DM (RR 2.60, 95% CI 1.97 to 3.45, both p<0.001). 
Among demographics, male gender (RR 1.39, 95% CI 
1.13 to 1.71, p<0.01) and African American race (RR 
1.27, 95% CI 1.04 to 1.56, p<0.05) remained statistically 
significant for increased incidence of LE amputation 
(table 3). For comorbidities, PVD (RR 1.59, 95% CI 1.29 
to 1.96, p<0.001) and past LE amputation (RR 1.64, 95% 
CI 1.36 to 1.97, p<0.001) were associated with increased 
LE amputation risk, while hemiparaplegia (RR 0.51, 95% 
CI 0.28 to 0.93, p<0.05) was associated with lower risk 
(table 3). Several demographics and comorbidities were 
therefore associated with LE amputation in both the 
bivariable and multivariable models.

Mortality
Bivariable analysis
There was no difference in 30-day mortality between 
cohorts. Crude 2-year mortality in the DM group was 
higher than the non-DM cohort (22.3% vs 15.4%, RR 1.23, 
95% CI 1.08 to 1.39, p<0.01). T2DM was independently 
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Table 1  Sociodemographic and comorbid status of inpatient cohort

Sociodemographics
No diabetes
(n=576)

Diabetes
(n=610)

Total
(n=1186)

Age (mean±SD) 53.1±18.2 59.9±13

Gender

 � Male 351 60.9% 398 65.2% 749 (63.1)

 � Female 225 39.1% 212 34.8% 437 (36.9)

Race

 � White 490 85.1% 487 79.8% 977 (82.3)

 � African American 71 12.3% 102 16.7% 173 (14.6)

 � Other 15 2.6% 21 3.4% 36 (3.0)

BMI (mean±SD) 26.6±6.78 31.1±8.35

Smoking history

 � Never smoker 249 43.2% 218 35.7% 467 (39.4)

 � Former smoker 185 32.1% 295 48.4% 480 (40.5)

 � Current smoker 142 24.7% 97 15.9% 239 (20.1)

Type 1 diabetes N/A 83 13.6%

Specific comorbidities

 � Myocardial infarction 25 4.3% 107 17.5% 132 (11.1)

 � Congestive heart failure 42 7.3% 135 22.1% 177 (14.9)

 � Peripheral vascular disease 30 5.2% 76 12.5% 106 (8.9)

 � COPD 74 12.8% 105 17.2% 179 (15.1)

 � Rheumatic disease 40 6.9% 21 3.4% 61 (5.1)

 � Liver disease 24 4.2% 20 3.3% 44 (3.7)

 � Hemiparaplegia 86 14.9% 20 3.3% 106 (8.9)

 � Renal disease 59 10.2% 236 38.7% 295 (24.9)

 � Any malignancy 57 9.9% 38 6.2% 95 (8.0)

 � Prior upper extremity amputation 9 1.6% 12 2.0% 21 (1.8)

 � Prior lower extremity amputation 48 8.3% 149 24.4% 197 (16.6)

Number of comorbidities

 � No major comorbidities 221 38.4% 119 19.5% 340 (28.7)

 � 1 comorbidity 220 38.2% 189 31.0% 409 (34.5)

 � 2 comorbidities 81 14.1% 157 25.7% 238 (20.0)

 � 3 or more comorbidities 54 9.4% 145 23.8% 199 (16.8)

Initial osteomyelitis location

 � Non-extremity* 343 59.5% 167 27.4% 510 (43)

 �   Skull 38 6.6% 6 1.0% 44 (3.7)

 �   Vertebrae 111 19.3% 68 11.1% 179 (15.1)

 �   Hip/pelvis 101 17.5% 33 5.4% 134 (11.3)

 �   Sacrum 75 13.0% 34 5.6% 109 (9.2)

 � Any upper extremity* 39 6.8% 24 3.9% 63 (5.3)

 �   Shoulder 2 0.3% 2 0.3% 4 (0.3)

 �   Humerus 4 0.7% 2 0.3% 6 (0.5)

 �   Elbow 10 1.7% 3 0.5% 13 (1.0)

 �   Radius/ulna 4 0.7% 0 0.0% 4 (0.3)

 �   Hand/wrist 4 0.7% 7 1.1% 11 (0.9)

 �   Finger(s) 18 3.1% 10 1.6% 28 (2.4)

Continued
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associated with increased risk of death (RR 1.47, 95% CI 
1.15 to 1.89, p<0.01), whereas T1DM was not (RR 1.25, 
95% CI 0.77 to 2.02, p>0.05).

Age (RR 1.03, 95% CI 1.02 to 1.04, p<0.001) and 
African American race (RR 1.42, 95% CI 1.02 to 1.98, 
p<0.05) were associated with increased 2-year mortality. 
Other race (neither Caucasian nor African American) 
decreased the mortality risk (RR 0.68, 95% CI 0.52 
to 0.89, p<0.01). Lower BMI (RR 0.98, 95% CI 0.96 to 
0.99, p<0.05) also contributed to a decreased mortality 
risk. Among comorbidities, CHF (RR 1.51, 95% CI 1.14 
to 1.99, p<0.01), chronic obstructive pulmonary disease 
(COPD) (RR 1.45, 95% CI 1.09 to 1.92, p<0.05), liver 
disease (RR 2.12, 95% CI 1.43 to 3.14, p<0.001), renal 
disease (RR 1.80, 95% CI 1.42 to 2.28, p<0.001) and any 
malignancy (RR 2.55, 95% CI 1.98 to 3.29, p<0.001) were 
all associated with increased 2-year mortality (table  2). 
Among specific diagnostic locations for initial osteo-
myelitis diagnosis, only osteomyelitis of the forefoot 
was independently associated with increased mortality 
(RR 1.27, 95% CI 1.05 to 1.53, p<0.05). There was no 

association between LE amputation and mortality (RR 
1.09, 95% CI 0.85 to 1.42, p>0.05).

Multivariable regression model
On multivariable analysis, neither T1DM nor T2DM 
remained significantly associated with increased mortality 
(table 3). Age (RR 1.03, 95% CI 1.02 to 1.04, p<0.001), 
other race (RR 0.68, 95% CI 0.52 to 0.89, p<0.01), and 
BMI (RR 0.97, 95% CI 0.95 to 0.99, p<0.01) positively 
associated with mortality, as did COPD (RR 1.48, 95% 
CI 1.11 to 1.97, p<0.01), liver disease (RR 2.05, 95% CI 
1.35 to 3.11, p<0.001), renal disease (RR 1.42, 95% CI 
1.09 to 1.84, p<0.01) and any malignancy (RR 1.81, 95% 
CI 1.31 to 2.52, p<0.001) (table 3). In both multivariable 
regression models, there was not a significant association 
between LE amputation and 2-year mortality.

Number of readmissions and inpatient days
Patients with DM had significantly more all-cause 
hospital readmissions (mean 2.7 vs 1.8, median 2.0 vs 1.0, 
p<0.0001) and a higher number of total inpatient days 

Sociodemographics
No diabetes
(n=576)

Diabetes
(n=610)

Total
(n=1186)

 � Any lower extremity* 205 35.6% 431 70.7% 636 (53.6)

 �   Femur 40 6.9% 17 2.8% 57 (4.8)

 �   Knee 12 2.1% 11 1.8% 23 (1.9)

 �   Tibia/fibula 51 8.9% 16 2.6% 67 (5.6)

 �   Ankle 16 2.8% 18 3.0% 34 (2.9)

 �   Midfoot and hindfoot 21 3.6% 66 10.8% 87 (7.3)

 �   Forefoot 68 11.8% 308 50.5% 376 (31.7)

*findings are significant
BMI, body mass index; COPD, chronic obstructive pulmonary disease.

Table 1  Continued

Figure 1  Incidence of lower extremity (LE) amputation based on cumulative comorbidity burden. CHF, congestive heart 
failure; DM, diabetes mellitus; PVD, peripheral vascular disease.
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(mean 20.7 vs 13.3, median 8.0 vs 5.0, p<0.0001) within 
2 years of diagnosis.

Bivariable model
There was a positive association between total number 
of readmissions within the 2-year follow-up period and 
T1DM (RR 1.58, 95% CI 1.21 to 2.07) and T2DM (RR 
1.44, 95% CI 1.25 to 1.66, both p<0.001). African Amer-
ican race was associated with increased number of read-
missions (RR 1.38, 95% CI 1.14 to 1.67), whereas other 
race was associated with a decreased number (RR 0.75, 
95% CI 0.63 to 0.90, both p<0.01). Among comorbidities, 
renal disease (RR 1.33, 95% CI 1.14 to 1.56, p<0.001) as 
well as MI (RR 1.25, 95% CI 1.01 to 1.56), CHF (RR 1.26, 
95% CI 1.05 to 1.53) and past LE amputation (RR 1.22, 
95% CI 1.02 to 1.47, all p<0.05) were all associated with 
increased total number of readmissions.

Both T1DM (RR 1.56, 95% CI 1.05 to 2.31, p<0.05) and 
T2DM (RR 1.55, 95% CI 1.27 to 1.90, p<0.001) were also 
associated with increased total number of inpatient days 
during follow-up. Among demographic and comorbidity 
variables, only renal disease (RR 1.37, 95% CI 1.09 to 
1.71, p<0.01) and any malignancy (RR 0.67, 95% CI 0.48 
to 0.93, p<0.05) significantly associated with total inpa-
tient days.

Multivariable regression model
T1DM (RR 1.29, 95% CI 1.11 to 1.51, p<0.01) and T2DM 
(RR 1.33, 95% CI 1.02 to 1.74, p<0.05) both continued 
to have a significant effect on total number of readmis-
sions; no other comorbidities did. Age (RR 0.99, 95% 
CI 0.990 to 0.998, p<0.01), African American race (RR 
1.27, 95% CI 1.07 to 1.51, p<0.01) and other race (RR 
0.83, 95% CI 0.70 to 0.97, p<0.05) were additional factors 
which affected the total number of readmission events in 
the regression model. Only malignancy had a significant 
effect on total inpatient days within 2 years of diagnosis 
(RR 0.76, 95% CI 0.58 to 0.99, p<0.05). Thus, DM led to 
increased hospital readmissions but not total number of 
inpatient days.

DISCUSSION
Osteomyelitis remains a diagnostic and therapeutic chal-
lenge and consensus guidelines to guide therapy are 
lacking. We included those patients diagnosed with osteo-
myelitis as inpatients. The inpatient diagnosis of acute 
osteomyelitis occurred 160% more frequently than as an 
outpatient (1186 vs 743) in our study period. Besides an 
older age with initial exposure (51.9 vs 56.6 years, p<0.05) 
and a higher proportion of individuals who identify as 
African American (14.6% vs 9.1%, p<0.05), the inpatient 
cohort with osteomyelitis exposure was similar to those 
patients with osteomyelitis exposure in the outpatient 
setting (p>0.05). Because we choose to analyze outcomes 
of inpatients with osteomyelitis, our sample selection may 
be biased towards sicker patients with greater likelihood 
of amputation and mortality than the general popula-
tion. However, our research approach mimicked real-life 

practice in that most patients who suffer amputation are 
initially diagnosed in the inpatient setting. It is strength-
ened by analyzing a group of patients with similar demo-
graphics and comorbid status as those diagnosed in lower 
acuity settings.

In this cohort study of 1186 patients, T1DM, T2DM and 
certain other comorbidities increased a patient’s risk of 
LE amputation. On bivariable analysis, we demonstrated 
common comorbidities such as prior MI, CHF, PVD and 
renal disease were associated with increased incidence of 
LE amputation in patients with LE osteomyelitis. Comor-
bidity burden had a significantly greater influence on inci-
dence of amputation than previously demonstrated.24–26 
As described above, incidence of LE amputation can 
be as high as 75% in certain populations (figure  1). 
In addition, we find substantial 2-year incidence of LE 
amputation in otherwise healthy patients (7.2%). To our 
knowledge, this is the first investigation to comprehen-
sively quantify and compare risk of LE amputation across 
a variety of comorbid and demographic covariables with 
high longitudinal follow-up.

In fact, our study provides the most comprehensive 
evidence, to date, that DM is an important independent 
marker for amputation risk. Both T1DM and T2DM were 
associated with a significantly higher amputation risk in 
both our bivariable and regression analyses. Our regres-
sion model also reaffirms the importance of PVD as a risk 
factor for amputation.24 27

Additionally, African Americans were disproportion-
ately diagnosed with osteomyelitis, regardless of setting, 
and had a higher proportion of DM. It is well established 
African American populations have less access to glucose-
lowering treatments and receive disproportionately 
higher rates of amputation28 29 and may partly explain 
why inpatient African Americans have a higher risk (RR 
1.41, p<0.05) of amputation when diagnosed with osteo-
myelitis in our cohort. Admittedly, further research is 
needed as this was not within the scope of our current 
research.

There are at least two notable challenges which remain 
in the osteomyelitis population. We currently lack an 
ability to predict long-term outcomes when an initial 
diagnosis (of osteomyelitis) is made. Poor prediction of 
outcome is based on a multitude of issues. The first issue 
is the sensitivity and specificity of probe-to-bone (PTB) 
testing, as well as plain radiographs for the diagnosis of 
osteomyelitis.1 30 31 These are readily available tools used 
to assess osseous structures. While PTB testing has a 
reported sensitivity and specificity of ~90% in the inpa-
tient setting, its sensitivity drops significantly, particularly 
in the outpatient setting,32 because of associated changes 
in disease prevalence. Similarly, radiographic sensi-
tivity may be lower due to delayed evidence of cortical 
changes.33 As a result, there are limited data to automati-
cally warrant more expensive (advanced) imaging in this 
patient population. The second challenge which exists is 
the lack of clinical data to guide clinicians in determining 
which demographic and comorbid factors are associated 
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with the greatest risk of amputation. Our study attempts 
to minimize this gap. Additionally, a related issue is the 
significant variation in treatment protocols. However, we 
argue that the ability to tailor treatment based on consis-
tent risk profiles will provide the opportunity for greater 
standardization and lead to more uniform standard care 
practices for individuals with osteomyelitis.

We believe that the large number of comorbidities 
associated with amputation on bivariable analysis also 
bears further consideration, because these diseases often 
appear in combinations that may be synergistic or dele-
terious. These data were consistent with previous studies’ 
single-variable associations with risk of LE amputation 
(eg, DM, age >60),34–36 while finding several new finding 
associations (eg, MI, CHF). We expect that lack of statis-
tical significance for variables such as MI and CHF on 
regression is largely a function of the size of our single-
institution dataset. Neither type of DM carried a higher 
mortality risk in our regression model, whereas increased 
risk was seen with other variables that are commonly 
linked with mortality, such as age, malignancy, COPD and 
liver disease. Given the CIs (table 3), the lack of increased 
mortality with DM may again be due to small sample size. 
We posit that the effect of amputation itself on mortality 
remains inconclusive, as the effect of decreased function-
ality on mortality may take longer than 2-year timeframe 
of our study follow-up to manifest.

The ability to predict long-term outcomes following 
a diagnosis of osteomyelitis makes the clinical implica-
tions of these findings highly relevant. When evaluating 
patients with equivocal radiographs who are found to 
meet a certain threshold for risk of LE amputation based 
on phenotypic characteristics, clinicians will be justi-
fied to escalate to advanced modalities such as MRI or 
bone biopsy.37 Additionally, there is significant benefit 
in the application of our findings to inform therapeutic 
intervention. For example, if a patient has a high risk of 
amputation (eg, 75% with the not uncommon clinical 
picture of DM, PVD and CHF), physicians may use this 
information to recommend more aggressive debride-
ment or discuss amputation as a definitive treatment 
option. Further, it can help develop a clinical calculator 
to predict long-term LE amputation probability at the 
time of osteomyelitis diagnosis. In that context, it would 
be particularly appropriate to compare our findings 
to a national-level cohort. However, the use of a larger 
dataset must be weighed against concerns about accuracy 
of diagnosis codes, as well as the availability of long-term 
follow-up. These two concerns were strongly considered 
in our rationale to select a single-center cohort for the 
purposes of this observational study.

Our study is not without limitation. First, our study did 
not account for morbidity of LE osteomyelitis other than 
amputation. Prior reports have demonstrated patients 
with (chronic) osteomyelitis experience worse quality 
of life and greater activity restrictions versus those with 
long bone fracture non-union requiring amputation (ie, 
traumatic amputation).7 38 By addressing the most drastic 

outcomes of osteomyelitis—amputation and mortality—
we did not account for other significant morbidity that 
may be important in clinical decision-making (eg, chronic 
pain or non-ambulatory status). Our findings highlight 
the need to prospectively examine the complex morbidity 
of osteomyelitis, especially as it is related to disability and 
health-related quality of life measures. Furthermore, we 
excluded patients followed for fewer than 2 years, which 
may have underestimated the incidence of amputation. 
For instance, patients who had an amputation within 
6 months of diagnosis and then had their last follow-up at 
18 months would have been excluded. However, during 
the same period we have strong evidence demonstrating 
the impact of collaborative multidisciplinary teams to 
manage extremity osteomyelitis, particularly LE osteomy-
elitis, which resulted in a reduced count and proportion 
of amputations at our institution,32 33 and thus minimizes 
this concern. Finally, the limitations typical of single-
center observational studies, such as inability to deter-
mine causation, institution-specific measurement biases 
and patient selection bias at an academic tertiary care 
center, apply to our study. We manually abstracted the 
covariables of all included patients to minimize these 
limitations, but reviews were non-blinded.

In conclusion, increased risk of LE amputation is quan-
tifiably associated with both T1DM and T2DM, as well as 
multiple demographic factors and comorbidities found in 
the CCI. There is a very high incidence of LE amputation 
in patients with DM, PVD and CHF, whom clinicians may 
commonly encounter in their practice. These findings 
indicate the need for further research of the long-term 
sequelae of osteomyelitis. Clinical risk tools to enable 
providers to better assess likelihood of amputation based 
on patient risk profile to inform clinical decision-making 
are urgently needed.
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