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Abstract 

Background  Osteomyelitis in children may produce severe sequelae. However, the frequency and distribution of 
such complications by type of osteomyelitis (chronic or acute) is not well described.

Methods  We searched the HealthFacts® database (containing medical information on 68 million individual patients 
in the United States) with 238 International Classification of Diseases (ICD) version 10 codes for acute osteomyelitis 
and chronic osteomyelitis appearing in 2015. Outcomes were recorded for each subject, including development of 
limb length discrepancies, pathologic fractures, mortality, and need for multiple surgeries or prolonged orthopedic 
care (one to two years following diagnosis). Gender, age and season of diagnosis were also assessed. Chi-square tests 
were used to compare differences between categorical variables, and t-tests between continuous variables.

Results  Eight hundred sixty-nine subjects were included (57.4% male). Children with chronic osteomyelitis were 
older than those with acute osteomyelitis (median 9.5 years vs 12.0, respectively, p = .0004). Diagnoses were more 
common in winter (p = .0003). Four subjects died while hospitalized during the study period (two with acute osteo-
myelitis, two with chronic osteomyelitis). Limb length discrepancies were rare and similarly distributed between 
infection types (≤ 1.3% of subjects, p = .83). Subjects with chronic osteomyeltis were more likely to require long-
term orthopedic follow-up (14.0% vs. 4.8% for acute osteomyelitis, p < .0001), suffer from pathologic fractures (1.5% 
vs < 1.0%, p = .003) and to require multiple surgeries (46.0% vs. 29.3%, p = .04).

Conclusions  Though infrequent, serious outcomes from osteomyelitis are more common with chronic osteomyelitis 
than acute osteomyelitis.
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Background
Osteomyelitis in children may be associated with poor 
outcomes and severe sequelae [1, 2]. Complications such 
as limb length discrepancies and pathologic fractures 
may occur, as well as persistent difficulties with weight 

bearing and limited range of motion of affected extremi-
ties [3]. Improved awareness of the frequency and types 
of sequelae associated with each presentation of osteo-
myelitis would help clinicians provide prognostic guid-
ance and focus future research efforts towards the most 
relevant areas. Despite this need, scant information exists 
as to the frequency and types of adverse clinical outcomes 
associated with pediatric osteomyelitis. Existing data is 
primarily limited to small, single site reports or system-
atic reviews of the literature. To our knowledge, no large, 
multi-center studies have addressed these issues. Several 
recently published, large studies have utilized hospitali-
zation-based databases, which, though providing useful 
information on hospitalization trends over time, did not 
include clinical outcomes, such as limb length discrep-
ancies, frequency of readmission, pathologic fractures 
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or need for long-term surgical follow-up [4, 5]. Large 
systematic reviews of the literature have been published 
as well [6], but are prone to publication biases, with the 
potential to overestimate severe sequelae and adverse 
outcomes.

To address these limitations, we utilized the Health-
Facts® medical database to analyze cases of pediatric 
osteomyelitis over a one-year period. The use of such a 
database allows for analysis of a larger number of cases 
than would be possible with a single site study, and 
should be more representative of a variety of outcomes 
(both typical and extreme) than a systematic review of 
published cases. In addition, the retrospective nature 
of the data provides an opportunity to assess rare, long-
term outcomes from the infections (e.g. limb-length dis-
crepancies) that would be very difficult to capture in large 
numbers with a prospective study design, and uses both 
inpatient and outpatient follow-up data.

We hypothesized that chronic osteomyelitis would be 
associated with significantly longer durations of hospital 
stay and higher frequencies of limb length discrepancies 
and pathologic fractures than acute osteomyelitis.

Methods
Acute osteomyelitis and chronic osteomyelitis were 
identified using 238 unique International Classification 
of Diseases (ICD) version 10 diagnosis codes in Health-
Facts® claims data for the year 2015. Chronic recurrent 
multifocal osteomyelitis cases were excluded. Health-
Facts® is a healthcare claims database that is constructed 
using data from a broad network of hospitals, clinics, 
and other facilities in the United States. This database 
includes data on over 68 million unique patients and 478 
million encounters, including Medicaid and uninsured 
patients. Data in HealthFacts® is extracted directly from 
the electronic medical record from hospitals in which the 
Cerner corporation has a data use agreement. Encoun-
ters may include pharmacy, clinical and microbiology, 
admission and billing information from affiliated patient 
care locations. All admissions, laboratory orders and 
specimens are date and time stamped, providing a tem-
poral relationship between treatment patterns and clini-
cal information.

Children under the age of 18  years diagnosed with 
acute osteomyelitis or chronic osteomyelitis in 2015 were 
eligible for analysis. Each subject was assigned a unique 
subject identification number, and was counted only once 
(e.g. subsequent encounters may have contributed to out-
comes, such as readmissions, but were not considered 
separate cases). Those diagnosed with subacute osteo-
myelitis were considered to have chronic osteomyelitis, 
and those with both septic arthritis and acute osteomy-
elitis were considered to have acute osteomyelitis for the 

purposes of the analysis. Season of diagnosis was quanti-
fied using the date of first visit for an osteomyelitis in the 
HealthFacts® dataset as follows: winter, December 21st 
through March 20th, 2015; spring, March 21st through 
June 20th, 2015; summer, June 21st through September 
20th, 2015; and fall, September 21st through December 
20th, 2015. Pathogens isolated and antimicrobial suscep-
tibility results were identified using the HealthFacts® 
microbiology and microbiology susceptibility datasets, 
respectively. Site of pathogen isolation was identified 
from descriptions in the microbiology dataset. Given the 
inability of HealthFacts® to accurately differentiate sterile 
cultures from cultures which were not sent (both may be 
reported as an absence of microbiological data), calcula-
tion of a denominator and hence a percentage of cases 
attributable to a given pathogen could not be performed.

All complications and sequelae were assessed in the 
two years following the initial diagnosis. Limb length 
discrepancies were identified using 22 different ICD-10 
diagnosis codes. Long-term orthopedic follow-up was 
defined as the need for orthopedic follow-up between 
one and two years following the initial diagnosis. Surger-
ies related to the osteomyelitis diagnosis were quantified 
by the assessment of Healthcare Common Procedure 
Coding System (HCPCS) procedures codes. Such sur-
geries could be related to acute care (e.g. drainage of an 
abscess) or follow-up care (e.g. placement or removal 
of an orthopedic implant). Fractures coded as ‘patho-
logic fractures’ following the diagnosis of infection 
were assessed, as were readmissions for complications 
related to the initial diagnosis. Placement of a peripher-
ally inserted central catheter (PICC) was determined 
through query of 15 different Current Procedural Termi-
nology (CPT) codes. Information on the specific bone(s) 
involved was not reliably available given the large number 
of poorly descriptive ICD-10 codes utilized for the locali-
zation of many subjects’ site of infection in the database 
(e.g. lower leg, foot, etc.). As the HealthFacts® database 
is not based upon insurance status (and hence does not 
assess a fixed population of a known number, as would 
be the case with a Medicare database, e.g.), we were una-
ble to calculate incidence or prevalence data, given the 
absence of a known denominator.

Descriptive statistics, including means and quartiles, 
were calculated according to type of osteomyelitis. Dif-
ferences for categorical variables were determined using 
the chi-square statistic, and t-tests for mean differences 
or Wilcoxon rank sum tests/two-sample median test for 
median differences (for non-normally distributed varia-
bles) in distributions by osteomyelitis type and for assess-
ment of age differences. A two-tailed p-value of < 0.05 was 
considered statistically significant. All statistical analyses 
were conducted using Statistical Analysis Systems (SAS) 
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software (v. 9.4, Cary, N.C) or STATA (v. 12.1, College 
Station, TX). The University of New Mexico Institutional 
Review Board determined this study was exempt.

Results
Of 2,433 patients under the age of 18 years with an osteo-
articular infection in the database during the year ana-
lyzed, 525 could not be categorized by a specific type of 
osteoarticular infection (acute osteomyelitis, chronic 
osteomyelitis or septic arthritis) due to coding irregu-
larities from the dataset and were excluded. After exclud-
ing 1,039 children with septic arthritis alone, we were 
left with 869 children with osteomyelitis available for 
analysis.

Acute osteomyelitis was the most common presenta-
tion, representing 60.5% of all cases (Table 1; 33 subjects 
were diagnosed with subacute osteomyelitis). Chronic 
co-morbidities were present in 92 subjects (10.6%), with 
hematologic and oncologic disorders (30 subjects), pres-
sure ulcers (22 subjects) and diabetes (13 subjects) most 
commonly reported.

Boys were more commonly affected for both types 
of osteomyelitis (499 boys, 57.4% vs. 370 girls, 42.6%), 
though this did not reach statistical significance. Chil-
dren with chronic osteomyelitis were older than those 
with acute osteomyelitis (median 9.5 years vs. 12.0 years, 
respectively, p = 0.0004). Ethnic distribution differed by 
diagnosis, with chronic osteomyelitis being more com-
mon in Caucasian subjects and less common in African 
American children. Subjects with chronic osteomyelitis 
were also significantly more likely to require long-term 
orthopedic follow-up than those with acute osteomy-
elitis (14.0% vs 4.8%, p < 0.0001). Diagnoses were more 
common in the winter for all conditions (314 cases, vs. 
198 cases in the fall, 188 cases in the spring and 169 
cases in the summer, p = 0.0003), and more likely to be 
encountered in the Midwestern and Southern regions 
of the country than the Northeast or Western regions 
(p = 0.03).

Staphylococcus aureus was the most common organ-
ism isolated (Table 1). Of the 223 organisms reported on 
culture, 69.1% were S. aureus, with 35.1% of these being 
methicillin resistant S. aureus (MRSA). Of note, only 51 
organisms (22.9% of all organisms in the study) were iso-
lated on cultures from children with chronic osteomyeli-
tis. Of all cultures with growth of a suspected pathogen, 
isolation of the organism on blood culture was more 
common in acute osteomyelitis than chronic osteomy-
elitis, while isolation of the organism on wound or tissue 
cultures was more common in chronic osteomyelitis than 
acute osteomyelitis, though this did not reach statistical 
significance.

Death was rare, and affected only four hospitalized 
subjects during the study period (two subjects with acute 
and chronic osteomyelitis each). Forty-seven subjects 
required intensive care.

Limb length discrepancies were also rarely encoun-
tered, and were not differentially distributed between 
types of osteomyelitis (1.3% of subjects with acute 
osteomyelitis, 1.2% of those with chronic osteomyelitis, 
p = 0.83 (Table  2)). Subjects with chronic osteomyelitis 
were more likely to require multiple surgeries (46.0%) 
than children with acute osteomyelitis (29.3%, p = 0.04). 
The need for readmission was not significantly different 
between infection types (5.8% for chronic osteomyelitis 
vs 6.7% for acute osteomyelitis, p = 0.31). Pathologic frac-
tures were significantly more common in children with 
chronic osteomyelitis (p = 0.003), though were a rare 
occurrence, and present only in eight subjects (involving 
the femur in three cases, the tibia and humerus in two 
cases each and one unspecified bone). Pathologic frac-
tures varied by race (p = 0.002), with a higher frequency 
in Caucasians than all other races combined, though 
comparisons of other clinical outcomes by race were not 
significant. Only 3 subjects required surgical amputation 
and only 2 required skin grafting. Clinical complications 
did not vary by insurance status.

Discussion
To our knowledge, our study is one of the largest reports 
of pediatric osteomyelitis compiled, and the largest 
including assessments of clinical outcomes, seasonality 
and chronic osteomyelitis. Okubo provided a descrip-
tion of 3,730 hospitalizations for acute osteomyelitis 
[4]. However, the unit of analysis for this study was the 
hospitalization, and individual patient-level data was not 
available. In addition, these studies did not assess com-
plications and sequelae nor microbiological outcomes, 
nor did they include children with chronic osteomyeli-
tis. Dartnell described a literature review of over 12,000 
cases of osteoarticular infections in children [6]. How-
ever, this focused on the epidemiology, clinical presenta-
tion and microbiology of these conditions, with limited 
information on follow-up data and outcomes. In addi-
tion, these were published reports (and not inclusive of 
all cases in a clinical dataset, as in our study), and hence 
at high risk for publication bias, particularly as relates to 
unusual clinical outcomes.

Though infrequent, we found a higher burden of 
severe sequelae in subjects with chronic osteomyelitis, a 
patient population which is understudied. Children with 
chronic osteomyelitis were significantly more likely to 
experience pathologic fractures than children with acute 
osteomyelitis, and more likely to require multiple surger-
ies than those with acute osteomyelitis. Children with 
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Table 1  Clinical Characteristics of 869 Children with Osteomyelitis (Acute and Chronic)

Variable Acute Chronic p-value

n % n %

526 60.5 343 39.5

Gender

  Female 213 40.5 157 45.8

  Male 313 59.5 186 54.2 .12

Race

  African American 119 22.6 64 18.7

  Asian 12 2.3 4 1.2

  Asian/Pacific Islander 1 0.2 2 0.6

  Biracial 8 1.5 4 1.2

  Caucasian 324 61.6 233 67.9

  Hispanic 18 3.4 4 1.2

  Native American 4 0.8 10 2.9

  Other 28 5.3 15 4.4

  Unknown 12 2.4 7 2.1 .04

Age

  Median(IQR) 9.5 (4.0–13.0) 12.0 7.0–15.0 0.0004

Required Orthopedic Follow-up > 1 Year and < 2 Years (%) 25 4.8 48 14.0  < .0001

Region

  Northeast 33 6.3 28 8.2

  Midwest 192 36.5 145 42.3

  South 266 50.6 139 40.5

  West 35 6.7 31 9.0 .03

Time of year
Of Diagnosis

  Spring 126 24.0 62 18.1

  Summer 103 19.6 66 19.2

  Fall 135 25.7 63 18.4

  Winter 162 30.8 152 44.3 .0003

Insurance Status

  Medicaid 171 32.5 113 32.9

  Private/HMO 154 29.3 108 31.5

  Govt/Military 34 6.5 17 5.0

  Self-pay 20 3.8 8 2.3

  Not stated 147 27.9 97 28.3 0.350

Pathogens Isolated*

  MSSA 51 6

  MRSA 41 13

  S. aureus NOS 33 10

  Staphylococcus spp. 29 15

  S. pyogenes 7 2

  Salmonella spp. 3 0

  Pseudomonas spp. 7 3

  Serratia spp. 1 2

Culture growth:

  Blood culture 61 48.8 7 21.2

  Bodily fluid (e.g.synovial fluid, abscess) 5 4.0 3 9.1

  Wound/tissue culture (including bone/bone marrow) 55 44.0 20 60.6

  Othera 4 3.2 3 9.1 0.238

HMO health maintenance organization, Govt, government, MSSA methicillin susceptible S. aureus, MRSA methicillin resistant S. aureus, NOS not otherwise specified
* Percentages and p-values not calculated due to lack of a reliable denominator. The HealthFacts database does not reliably differentiate between sterile cultures and 
instances where cultures may not have been collected
a ‘Other’ was a specific category in the database, with no additional information available on site of culture
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chronic osteomyelitis were also significantly more likely 
to require long-term orthopedic follow-up than chil-
dren with acute osteomyelitis, though given the chronic 
nature of the disease, this is not surprising. Interestingly, 
the frequency of limb length discrepancies did not vary 
between groups, which was contrary to our hypothesis 
of a higher frequency in children with chronic osteomy-
elitis. Median hospital stays were higher for acute osteo-
myelitis, perhaps reflective of increased stability and 
less severe systemic illness among children with chronic 
osteomyelitis permitting more rapid transition to outpa-
tient management.

Our results regarding sequelae from acute osteomyeli-
tis were largely in line with outcomes from smaller stud-
ies. Mediamolle reported that 2.8% of 71 young infants 
developed a limb length discrepancy following a bone 
or joint infection [7], while Wang found limb length 
discrepancies in one of 58 children with septic arthritis 
(1.7%) [8]. McNeil described a retrospective, single site 
assessment of 286 children with acute osteoarticular 
infections due to S. aureus, in which limb length disor-
ders were noted in 1.4% of subjects [9]. As a whole, these 
reports are similar to our finding of limb length discrep-
ancies in 1.3% of children with acute osteomyelitis. Path-
ologic fractures were seen in 2.8% in the McNeil study 
[9], slightly higher than seen with our data. Readmissions 
in 8.7% of 195 children with osteomyelitis were reported 

by Vorhies [10], though only two subjects in this report 
had chronic osteomyelitis. This is similar to our finding 
of readmissions in 6.7% in subjects with acute osteomy-
elitis. Long-term orthopedic involvement was 4.8% for 
acute osteomyelitis in our study, similar to the findings of 
Vorhies (7.9%) [10].

S. aureus  was the most commonly isolated organism, 
as previously described [6, 11]. We also documented a 
relative inability to isolate a pathogen in chronic osteo-
myelitis compared with acute osteomyelitis (only 22.9% 
of all organisms isolated in the dataset were from chil-
dren with chronic osteomyelitis). Such difficulties with 
cultivation may impact selection of appropriate antimi-
crobial agents and potentially confound diagnosis for this 
condition. Given that chronic osteomyelitis may at times 
resemble neoplasms both clinically and radiologically 
[12], increased confidence in microbiology results may 
help distinguish between these entities. Use of metagen-
omic next generation sequencing or other novel diagnos-
tic technologies may be beneficial in this setting, and is 
deserving of more study.

The male predominance in our dataset is similar to 
other reports [4, 13]. The mean age of subjects with acute 
osteomyelitis from our study is in keeping with previous 
reports as well [4, 10], though our finding that children 
with chronic osteomyelitis were older than children with 
acute osteomyelitis has not previously been reported 
from a large dataset. This may stem from the fact that the 
establishment of chronic osteomyelitis may be less reliant 
upon hematogenous spread, as is often seen in younger 
children [2].

We found that acute and chronic osteomyelitis were 
significantly more common in the winter than in other 
seasons. Interestingly, this is in contradiction to previ-
ously reported findings. Lindsay described a 2017 cohort 
of 209 children with acute osteomyelitis in which diagno-
ses were significantly more common in summer months, 
and least often encountered in the winter (34.9% vs. 
17.7%) [14]. However, Lindsays’ cohort was from a single 
study site, contained a much smaller number of subjects 
and included only children with acute osteomyelitis, and 
as such may not be as generalizable. The rationale for the 
regional differences we noted (significantly more cases 
arising from the Midwestern and Southern regions) is not 
readily apparent, and may be due to differential reporting 
and/or differential presence of HealthFacts® facilities in 
those areas.

Our study had several limitations. The database was 
limited in the specific risk factors available for analy-
sis. However, retrospective data collection facilitated 
the assessment of rare long-term outcomes (such as 
limb length discrepancy and pathologic fractures) in a 
large group of subjects, a task which would be difficult 

Table 2  Clinical Outcomes of Osteomyelitis in Children (n = 869 
defined by groups below)

Abbreviations: IQR intraquartile range, LLD leg length discrepancy, 
PICC peripherally inserted central catheter

Clinical Outcome Acute 
Osteomyelitis

Chronic 
Osteomyelitis

p-value

N (526) % N (343) %

Hospital Stay (Days)
  Median (IQR) 4.0 (2–7) 1.0 (1–5)  < .0001

Required surgery (%) 75 14.3 63 18.4 .11

Required > 1 surgery (%) 22 29.3 29 46.0 .04

Subjects with LLD 7 1.3 4 1.2 .83

Duration of IV antibiotic
Therapy prescribed (days) (N = 59) (N = 23)

  Median (IQR) 1 (1–2) 2 (1–3) .17

Route of Administration: n = 306 N = 132

  Oral 65 21.2 31 23.5

  Intravenous 59 19.3 23 17.4

  Intramuscular 26 8.5 10 7.6

  Injectable 134 43.8 59 44.7

  Topical 20 6.5 7 5.3

  Other 2 0.7 2 1.5 .92

Required PICC placement 
(%)

36 6.8 13 3.8 .06
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to achieve in a prospective study format. Individuals 
whose medical records are included in the HealthFacts® 
database may also have received care from facilities not 
included in the database, may have been lost to follow-
up, or the diagnosis may have been delayed outside of 
the two-year follow-up window we used. As a result, the 
database may underestimate healthcare that is not part of 
a single continuous episode, such as long-term follow-up. 
However, this would most likely produce underascertain-
ment of sequelae, implying a non-differential misclas-
sification of outcomes according to exposure (type of 
osteoarticular infection), and as a result, would tend to 
result in diminishment of differences between groups 
[15]. Thus, our results are likely to be underestimates of 
the true relationships with outcomes in this large health-
care claims database. Unfortunately, our dataset was lack-
ing detailed information on microbiologic and genetic 
testing (e.g. panton-valentine-leukocidin presence in 
MRSA isolates, resistance gene carriage, PCR testing for 
pathogens). The frequency of pathogen identification in 
our study was lower than in other published series, rais-
ing concerns of incomplete recording of this data and a 
subsequent reporting bias [10, 16, 17]. In addition, given 
limitations in diagnostic coding and our inability to 
review actual radiographs, we were unable to assess for 
growth plate involvement. Furthermore, longer follow-up 
time may have captured additional cases of limb length 
discrepancies. Lastly, specific details of therapy, such as 
dosing of antibiotics, compliance with and duration of 
oral therapy, etc. were unavailable, and would be better 
assessed in prospective studies.

Conclusion
Complications from osteomyelitis in children are rela-
tively rare, though appear more frequent in children with 
chronic osteomyelitis. Further study of chronic osteomy-
elitis in children is warranted.
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