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Abstract. Introduction: Chronic osteomyelitis (COM) is a serious musculoskeletal infection that affects a pa-
tient’s quality of life and long-term survival. In this study, we assessed overall, regional, and patient-level char-
acteristics of bacterial COM in a large, multicenter database in the United States. Methods: We used ICD-10
codes to identify incident bacterial COM in the TriNetX database between 1 January 2016 and 31 Decem-
ber 2022. We calculated COM incidence per 1000 adult patients with the associated 95 % confidence intervals.
We used the Cochran–Armitage test to assess incidence trends across the study period. Results: A total of 93 324
adult patients were identified. Overall, a steady COM incidence was observed over time, with some indication of
lower rates starting in 2020. The incidence was about 2-fold higher in males than females. As expected, lower-
extremity COM was most common overall and among males. Although lower-extremity COM and vertebral
COM had comparable incidence among females, vertebral COM became slightly more common than lower-
extremity COM among females during the study period. Conclusions: To our knowledge, this study provides
the largest available, multicenter estimate of COM incidence in the United States. Although the incidence of
COM was generally steady over time, a slight reduction was noted during the pandemic (2020 and later). This
finding may reflect important differences in ascertainment or competing risks during that period.

1 Introduction

Chronic osteomyelitis (COM) is a serious infection that im-
pacts a patient’s functional status, quality of life, and long-
term survival (Akiyama et al., 2013; Lang et al., 2023).
COM diagnoses often rely on a combination of clinical, ra-
diological, microbiological, and histopathological features;
this diagnostic evaluation and subsequent treatment for COM
can be complicated and costly. In the United States, a 12-
month average cost for osteomyelitis (OM) with a segmental
bone defect has been estimated at USD 156 818 (95 % CI:
USD 112 970–217 685) (Norris et al., 2021). This estimate
was based on index surgery costs, perioperative costs (includ-

ing costs associated with bleeding; infectious complications,
such as pneumonia; cardiovascular and renal complications;
other complications; length of hospital stay; operating room
time; and total index hospital costs), and post-operative costs
during a 12-month window after surgery (Norris et al., 2021),
using the Premier Healthcare and MarketScan databases.

Despite the substantial impacts of COM on patient out-
comes and entire health systems, the overall incidence of
COM in the United States is not well defined, with many
prior studies emphasizing acute or general forms of OM.
Previously, population-based OM incidence was reported
among residents in Olmsted County, Minnesota, between
1969 and 2009 (Kremers et al., 2015). The study found an

Published by Copernicus Publications on behalf of EBJIS and MSIS.



378 R. Aljadani et al.: Incidence of chronic osteomyelitis in the USA between 2016 and 2022

overall age- and sex-adjusted OM incidence rate of 21.8 per
100 000 person-years (Kremers et al., 2015). Even though
this was the first study to provide an insight into OM inci-
dence at a population level, the results provide limited con-
text about (1) the impact of diagnostic quality over time (ex-
tending back to 1969) on OM incidence; (2) the distinction,
if any, between acute and chronic OM; and (3) the relation-
ship of competing or contributing risks – such as diabetes and
fractures – over time in this population.

Due to the lack of an established OM registry or another
comprehensive data source to assess national OM incidence,
other studies have emphasized OM-related national hospi-
tal admission rates for adults and children, usually for spe-
cific anatomic sites (Henke et al., 2005; Shaikh et al., 2021;
Schmidt et al., 2023; Issa et al., 2018). Vertebral-OM-related
national hospital admissions were estimated at 5.4 admis-
sions per 100 000 patients in 2013 (Henke et al., 2005), while
foot- and toe-OM-related hospital admissions were estimated
at 9 admissions per 10 000 patients per year (Issa et al.,
2018). However, because these estimates identified OM in
inpatient settings, the results may underestimate OM diag-
nosed or treated exclusively in outpatient settings and may,
thus, underestimate OM incidence overall.

There is a need to better characterize the epidemiology of
COM across centers over time. In this study, we computed
bacterial COM incidence rates in a large, multicenter dataset
for each year between 1 January 2016 and 31 December 2022
and identified patterns in COM incidence stratified by geo-
graphic and patient-level characteristics.

2 Methods

2.1 Data source and study population

We used the TriNetX network database, a real-world data
source based in the United States, which consists of
anonymized electronic medical record data from a network
of approximately 80 healthcare organizations (TriNetX,
2024). The majority of the network’s healthcare organiza-
tions are adult acute-care hospitals with many locations and
large academic medical institutions with both inpatient and
outpatient services (TriNetX, 2024). The study population
included all adult patients (≥ 18 years) recorded in the mul-
ticenter TriNetX network research database between 1 Jan-
uary 2016 and 31 December 2022.

2.2 COM case definition, identification, and
classification

A bacterial COM case was defined as any of the following
ICD-10 codes recorded between 1 January 2016 and 31 De-
cember 2022: M86.3-86.6 and M46.2 (Table S1 in the Sup-
plement). To reduce duplication of patients for whom ICD-
10 codes may have been recorded multiple times (e.g., across
healthcare encounters during treatment or upon relapse or re-

currence), only the first documented ICD-10 code for each
patient within the study period was used. We excluded codes
specific to fungal and mycobacterial COM, as the diag-
nosis and treatment of these infections differ significantly
from most common causes of bacterial COM. ICD-10 codes
were used, whenever possible, to further classify cases based
on COM anatomic sites, including upper-extremity, lower-
extremity, vertebral column, and other (skull, ribs, sternum,
and unspecified site) sites.

2.3 Covariates

Additional covariates included from the TriNetX database
were age, sex, race/ethnicity, marital status, hospital region,
and the following chronic conditions (using ICD-10 codes
as outlined in Table S2): diabetes, hypertension, cardiovas-
cular disease, chronic liver disease, chronic kidney disease,
chronic lung disease, cerebrovascular disease, and chronic
neurological condition. All covariates were assessed at base-
line, i.e., at the time of the COM diagnosis. Chronic condi-
tions could be present at or any time prior to the time of the
COM diagnosis.

2.4 Data analysis

Baseline categorical characteristics were summarized as fre-
quencies and percentages. To estimate the overall incidence
of COM in the multicenter TriNetX database, we calculated
the incidence of overall COM, anatomic-site-specific COM,
and hospital-region-specific COM per 1000 adult patients
recorded in the database (COM cases/population at risk) for
each year from 2016 through 2022. Age- and sex-specific
incidence of overall COM and anatomic-site-specific COM
were also computed. We calculated the 95 % confidence in-
tervals (CIs) for all estimates. Additionally, treating the year
of diagnosis as an ordinal variable, we used the Cochran–
Armitage test for trend to investigate potential trends in over-
all and stratum-specific COM incidence across the study pe-
riod. We used a prespecified p-value threshold of 0.05 for
statistical testing. This analysis was done using SAS version
9.4 (SAS Institute Inc., 2013).

3 Results

We identified a total of 93 324 adult patients with COM doc-
umented in the TriNetX database between 1 January 2016
and 31 December 2022 from approximately 80 healthcare
organizations. The majority of affected patients were male
(64.16 %). Lower-extremity COM was the most common
anatomic site (44.87 %). Demographic and clinical charac-
teristics for patients with COM are shown for each year of
the study in Table 1; overall age and sex distributions in the
TriNetX database are shown in Table S3.
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Figure 1. Overall and sex-specific incidence of chronic osteomyeli-
tis (COM) per 1000 adult patients recorded in the multicenter
TriNetX database (2016–2022).

Figure 2. Age-specific COM incidence per 1000 adult patients
recorded in the multicenter TriNetX database (2016–2022).

3.1 COM incidence in the TriNetX database

Overall, we observed a steady COM incidence rate over
time (0.44–0.72 per 1000 patients recorded in the TriNetX
database), with some indication of lower rates between 2020
and 2022 (Table S4 and Fig. 1). Males had a higher COM
incidence compared to females (0.71–1.14 vs. 0.28–0.46 per
1000 patients). We also found steady COM trends across age
groups. Patients aged 50 to 59 had a minor, non-significant
reduction in the trend starting in 2019 (p = 0.62), while pa-
tients aged 70 or older appeared to have slightly increasing
incidence over time (Table S4 and Fig. 2).

3.2 Region-specific COM incidence

COM incidence differed by region, and regional COM in-
cidence varied over the study period. The Southern United
States had the highest COM incidence (0.51–0.85 per 1000
adult patients), whereas the Midwestern United States had
the lowest COM incidence (0.49–0.64 per 1000 adult pa-
tients) (Table 2). All regions experienced a reduction in in-
cidence between 2019 and 2020.

3.3 Anatomic-site-specific COM incidence

COM trends also differed by anatomic site. Lower-extremity
COM had the highest incidence (0.19–0.34 per 1000 adult
patients), followed by vertebral COM (0.16–0.24 per 1000
adult patients) (Table 2). While vertebral COM incidence re-
mained stable during the initial onset of the COVID-19 pan-
demic (between 2019 and 2020), we observed a slightly de-
creasing trend of lower-extremity COM and upper-extremity
COM incidence during that time (Table 2).

In general, males and patients aged 50–59 and 60–69 years
had a higher incidence of all types of anatomical-site-specific
COM (Tables S5 and S6), and males had a higher inci-
dence of lower-extremity COM compared to other subtypes
(Table S5). In female patients, vertebral COM and lower-
extremity COM had comparable incidence, although verte-
bral COM appeared to become slightly more common than
lower-extremity COM among females starting in 2020 (Ta-
ble S5). Likewise, in patients aged 50–59 and 60–69 years,
site-specific COM trends were generally steady over time,
except for slight decreases observed starting in 2020 (Ta-
ble S6). In contrast, patients aged 80+ had a slightly increas-
ing trend in lower-extremity and vertebral COM between
2016 and 2022 (Table S6).

4 Discussion

Our evaluation of COM incidence trends in the TriNetX
database between 2016 and 2022 revealed a slight decline
in overall COM incidence starting in 2020. While there are
no published reports that compare COM diagnosis trends
before and during the COVID-19 pandemic, many existing
studies assess the change in a major COM risk factor (i.e.,
trauma) during the pandemic (Sutherland et al., 2020; Pat-
wary and Khattak, 2023; Yasin et al., 2021a; Hughes et al.,
2023; Yasin et al., 2021b; Vandoros, 2022). Investigations
from Tennessee, California, Florida, New York, and Mas-
sachusetts showed 15 %–49 % reductions in road traffic dur-
ing the pandemic (2020) compared to a pre-pandemic period
(Patwary and Khattak, 2023; Sutherland et al., 2020; Hughes
et al., 2023). Meanwhile, a moderate negative correlation in
vehicle collisions and vehicle injuries (r ∼−0.5) between
2019 and 2020 was observed in Florida, New York, and Mas-
sachusetts (Sutherland et al., 2020). Globally, reports from
different countries, including China, the United Kingdom,
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Spain, the United Arab Emirates, and Greece, showed simi-
lar reductions in road traffic and trauma treatment during the
pandemic (Yasin et al., 2021a, b; Vandoros, 2022). This re-
duction in vehicle collisions and crashes may be expected to
reduce the overall risk for trauma-associated COM.

Similarly, competing events, such as death during the
COVID-19 pandemic, might have affected the observed rates
during this period, especially as COVID-19 mortality was
strongly associated with diabetes, a major risk factor for
COM (Lv et al., 2022; Yao et al., 2023), especially COM
involving the lower extremities. An assessment of diabetes-
related deaths between 2006 and 2021 found a 30 % increase
in mortality during the pandemic (Lv et al., 2022). In an-
other investigation examining death data between 2018 and
2022, similar findings were reported, with a 47.6 % increase
in deaths observed where diabetes was one of multiple con-
tributing causes (Yao et al., 2023).

Furthermore, the decline in overall COM incidence be-
tween 2019 and 2022 may be attributed to delays in COM
diagnosis, which might have been caused or exacerbated by
healthcare system overload. In a survey conducted in June
2020, 40.9 % of respondents reported delaying or avoiding
healthcare for either emergency or routine care (Czeisler et
al., 2020). In another assessment, a 10 % decline in United
States emergency room visits for diabetes-related emergen-
cies between March and May 2020 was reported (Lange et
al., 2020). Globally, French and Canadian population-based
analyses showed reductions in diabetic foot ulcer hospitaliza-
tion, OM, and revascularization procedures during the pan-
demic compared to the pre-pandemic period (Mariet et al.,
2021; de Mestral et al., 2022).

Our study’s findings are generally consistent with prior re-
search, including the demonstration of higher rates of COM
among males compared to females and increasing rates of
COM with age (Kremers et al., 2015; Walter et al., 2021).
However, prior data showed a higher COM incidence among
patients aged 80 years or older (Kremers et al., 2015), while
our data demonstrated higher COM incidence rates among
patients aged 50 to 69 years old for whom occupational or
motor vehicle trauma and diabetes-related foot ulcers may
be more common. This is supported by an analysis of the
United States Diabetes Surveillance System Database (US-
DSSD), which showed an increasing trend of diabetes diag-
nosis between 2000 and 2022, with the highest reported trend
among patients aged 65 or older (Nwachukwu et al., 2023).

We observed a higher incidence of COM in the southern
region of the United States. To our knowledge, this study is
the first to investigate regional COM trends in the United
States, so it is unknown if this finding is consistent with
previously examined OM data. However, regional distribu-
tions of COM-related risk factors strongly support this result
(Nwachukwu et al., 2023). In the USDSSD study described
above, the southern region had the highest reported diabetes
diagnosis trend (Nwachukwu et al., 2023); this could explain
the difference between our findings and the prior examina-
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tion of OM in a county in the Midwestern United States
(Kremers et al., 2015). Additionally, in an analysis of the
National Hospital Ambulatory Medical Care Survey of non-
federal, general, and short-stay hospitals between 2017 and
2018, the southern region had the highest rates of motor-
vehicle-accident-related emergency department visits (13.6
visits per 1000 persons) (Davis and Cairns, 2021), a differ-
ence which could contribute to trauma-related COM.

In our site-specific COM incidence assessment, lower-
extremity COM had the highest incidence both overall and
among males over time, while among females, vertebral
and lower-extremity COM had comparable incidence with
a possible shift toward vertebral COM beginning in 2020.
Anatomic-site-specific COM incidence trends have not been
previously established, although our findings align well with
prior limited evidence. Our findings are consistent with a
German investigation of lower-extremity OM burden be-
tween 2008 and 2018 (Walter et al., 2021). Different rates
in lower-extremity trauma or diabetes may have contributed
to the observed differences in site-specific COM incidence
between males and females. Although we are unable to con-
clusively distinguish between subtypes of lower-extremity
COM (e.g., long bone vs. foot), we expect this category to
include a large number of cases of foot COM among pa-
tients with diabetes, and national diabetes statistics show
a higher prevalence of diabetes among men compared to
women (CDC, 2024). Meanwhile, an analysis of the Nation-
wide Inpatient Sample database showed a comparable inci-
dence of vertebral OM admissions between males and fe-
males (Issa et al., 2018); this is in contrast to our findings,
which demonstrated a higher incidence of vertebral COM
among males than females. Furthermore, the stable incidence
of vertebral COM among females throughout the pandemic
might imply a minor increase in incidence, assuming that the
pandemic had an equivalent impact on diagnosis rates of all
COM subtypes in males and females.

There are some potential limitations to our study. First,
COM incidence trends calculated from an electronic medical
record database may not be representative of the general pop-
ulation. Incidence rates calculated within the TriNetX net-
work, which is primarily composed of acute-care hospitals
with multiple locations and large academic medical centers,
may overestimate the incidence compared to other regional
and community hospitals. This difference may be offset, at
least in part, by the use of codes specific to COM in this
study, which may underestimate COM in some cases (e.g.,
silent or undiagnosed COM or misclassification of COM as
acute or unspecified OM). Furthermore, this study exam-
ines incidence trends within clinically and epidemiologically
relevant strata (e.g., sex) over time. In the absence of an-
other population-based OM dataset, our large, multicenter,
and multi-region analysis provides an important stepping-
stone toward understanding national COM trends; however,
further research is needed.

Second, we acknowledge that ICD-10 codes are less re-
liable for identifying COM cases compared to direct chart
review or prospective studies, where more precise micro-
biological or histopathological findings may be recorded
(Panteli and Giannoudis, 2016), and provide a less detailed
characterization of other diagnostic features (e.g., distinc-
tions between anatomic sites, such as long-bone COM in the
lower extremities compared to foot COM; direct correlation
with previous fractures or hardware placements at the same
anatomic site; or consistently available information about mi-
crobiological causes). Direct comparison of ICD-10 codes
against detailed patient records or diagnostic reasoning for
individual cases was not feasible because of the anonymized
nature of the data source. However, an analysis of TennCare
Medicaid program data previously demonstrated that ICD
codes have reasonable reliability for identifying OM (Wiese
et al., 2018). Furthermore, we cannot directly assess changes
in ICD coding practices over time, although we restricted
our analysis to 2016–2022 to circumvent the impact of the
healthcare coding system transition from ICD-9 to ICD-10
prior to 2016. While some conditions may have similar clas-
sifications in ICD-9 and ICD-10, this is not the case for OM.
For example, unlike ICD-9, ICD-10 includes a code for ver-
tebral OM.

Finally, we note that we deliberately included chronic re-
current multifocal osteomyelitis (CRMO), a rare autoim-
mune disease that mostly affects children and adolescents
(Zhao et al., 2021) in our analysis. CRMO is exceptionally
rare in adults (Yılmaz and İncesoy, 2024) and is a diagno-
sis of exclusion that requires ruling out an infectious cause,
which is clinically difficult to achieve because pathogen iden-
tification is often difficult, even in bacterial COM (García
Del Pozo et al., 2018a; Lew and Waldvogel, 2004). Thus, in
ICD-10 coding data for adult patients, CRMO cannot be re-
liably distinguished from bacterial COM. Although CRMO
accounts for about 4 % of all COM cases included in our inci-
dence calculations, this decision could lead to minor overes-
timations in some rates. Despite these weaknesses, this study
addresses a crucial question about COM and fills a signifi-
cant knowledge gap about COM epidemiology and clinical
care needs in the United States.

5 Conclusions

COM incidence in the TriNetX database was generally
steady over the 2016–2022 period, with a possible slight re-
duction during the COVID-19 pandemic (after 2019). This
study offers a unique snapshot of how the pandemic may
have affected COM trends in the United States, particularly
in terms of underlying risk factors, delays in diagnosis, and
competing events. In addition, our results demonstrate the
importance of vertebral COM, along with lower-extremity
COM, in health systems and orthopedic infectious disease
care in the United States.
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