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Abstract
Background: Optimal duration of antibiotic therapy for childhood bone and joint infection (BJI) remains controversial, 
despite recent literature in support of shorter courses and early oral switch. We have reviewed the literature to 
summarize current evidence for reduced duration of antibiotic therapy with particular attention to regional variation in 
pathogen type and treatment success.

Methods: Systematic review was undertaken of studies examining acute pediatric bone and joint infection over the 
period January 1980-December 2022 for children aged up to 18 years. Cohort studies, systematic reviews, randomized 
controlled trials, and prospective studies were analyzed for data on treatment success rates and duration of therapy.

Results: A total of 34 studies met inclusion criteria reporting treatment duration for 8337 cases of acute BJI. There 
were five prospective studies, 21 cohort studies, six randomized controlled trials, and three systematic reviews. The 
shortest duration of therapy tested prospectively was 10 days of combined IV and oral treatment. In the populations 
examined by this systematic review, there were no increased failure rates as a consequence of shorter therapy. Neonates 
and children with comorbid or complicated illness were routinely excluded from higher-level studies.

Conclusions: There is moderate evidence for shortened duration of therapy with early switch to oral antibiotics in 
select patients. Studies reporting good success for reduced therapy included healthy patients with uncomplicated 
disease. Regional disease variation and study protocol heterogeneity limit widespread adoption of short-course 
treatment. Additionally, the experience of BJI is diverse. Although the majority of children respond well to treatment, 
there is a subset who demonstrate acute or chronically complicated disease. Further research is needed to define patient 
and disease factors that contribute to treatment failure.
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Introduction
Childhood bone and joint infection (BJI) compromises 
a spectrum of disease from acute septic arthritis (SA) 
and acute hematogenous osteomyelitis (AHO) to 
disseminated osteoarticular infection.1,2 Worldwide, 
the most common pathogen-causing disease is 
Staphylococcus aureus, which has been isolated in 
60-90% of culture-positive cases.3 More recently 
clinicians have witnessed the emergence of Kingella 
kingae, effectively replacing Haemophilus influenzae 
type b (Hib) in the vaccinated population.4 Pathogen 
type, disease prevalence, and outcomes vary strongly 
across global cohorts. Certain populations, such 
as Māori, Polynesian, and Aboriginal Australian 
children, continue to experience inequitable burden of 
disease.5

Empiric treatment in the 1980s comprised of prolonged 
inpatient intravenous (IV) antibiotic therapy and 
immobilization for 6 weeks.6 Despite the emergence 
of novel pathogens and increasing bacterial virulence, 
the duration of therapy has actually shortened without 
demonstrating higher treatment failure rates. Treatment 
regimens in those >3 months of age are being 
prospectively and retrospectively assessed to provide 
support for shorter therapy with early conversion to oral 
antibiotics.7 Potentially, this would significantly reduce 
the strain of disease on healthcare systems and families. 
However, to promote application of short-duration 

antibiotic therapy, there needs to be a reliable and 
generalizable body of evidence.

Systematic review of antibiotic duration was 
comprehensively undertaken by Howard-Jones et al. in 
2013 with a smaller summary of evidence from Huang 
et al. in 2019.8,9 Huang’s analysis is thorough but includes 
assessment of treatment protocols for adult patients. 
Krzysztofiak et al. published an Italian consensus for 
AHO management in children based on systematic review; 
this comprised of a large number of studies (n=53) but 
included editorials, guidelines, and case series with <20 
patients or subacute cases.10 This was useful in providing 
a broad guideline for treatment based on expert panel 
review; however, it lacks quality assessment for individual 
publications. Our research presents the most rigorous 
analysis of evidence up until the end of 2022, with sole 
focus on duration of therapy and treatment success 
worldwide. In the current study, we aim to answer the 
following question: Is shortened duration of intravenous 
and oral antibiotic therapy associated with higher 
treatment failure rates in children with AHO and/or SA?

Methods
Search Strategy
The review process was conducted according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines. The goal of this 

Level of Evidence: Systematic review Level III

Key Concepts
•	 In the populations examined in this systematic review, there was no evidence of increased failure rates as a 

consequence of shorter therapy.

•	 It may be reasonable to recommend short course of IV therapy with early transition to oral medication in those >3 
months of age without signs of complicated disease.

•	 Clinicians need to be aware of regional disease variation and patient factors associated with treatment failure.

•	 Pathogen and genetic variability likely contribute to the success of treatment in childhood BJI.

http://www.jposna.org
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search was to find publications that directly address the 
duration of antibiotics following diagnosis of childhood 
acute BJI.

The databases used were MEDLINE (Medical Literature 
Analysis and Retrieval System Online), CINAHL 
(Cumulative Index to Nursing and Allied Health 
Literature, Ipswich, Massachusetts), and Cochrane 
Library up to December 31, 2022, with date restriction 
to 1980. The search was conducted on January 31, 2023. 
Google Scholar search engine was also used to avoid 
missing unpublished or recently released contemporary 
works. The keywords for search were p(a)ediatric, 
‘osteomyelitis,’ ‘septic arthritis,’ ‘antibiotics,’ ‘surgery,’ 
‘bone and joint infection,’ and ‘drainage.’ Papers were 
excluded if they included patients >18 years, examined 
fewer than 20 cases, or considered only a single anatomic 
site. Papers focussed on chronic AHO, surgical site 
infection, tuberculous, reactive arthritis, or Lyme disease 
were also excluded.

Data Extraction
From each study, we extracted year of publication, ages 
and diagnosis of the study cohort, primary bacterial 
pathogen, geographical region, length of oral and 
intravenous therapy, failure rate, duration of follow-up, 
and primary findings reported by the authors.

Age was not reliably recorded in all studies; where 
an explicit age could be extracted, this is listed in 
Tables 1-4. However, many cohort studies only report 
a ‘paediatric’ study or simply describe inclusion as 
‘children and infants.’

Treatment failure was defined in this review as failure 
of first-line therapy with decision for delayed surgical 
intervention, secondary surgery, prolonged antibiotics 
>12 weeks, or chronic infection. Antibiotic selection has 
been noted in a brief study description but was not the 
focus of this review.

Quality Assessment
All publications were assigned a level of evidence 
according to the Journal of Bone and Joint Surgery.11 

Conclusions have been summarized with strength of 
recommendations according to the GRADE working 
group.12

Results
Study Selection
A total of 1794 citations were screened for eligibility 
(Figure 1). Papers not specifically reporting on antibiotic 
duration were excluded (n=1536). Two hundred and three 
papers met inclusion and exclusion criteria for initial 
review. Examination of publication abstracts and/or full 
texts led to exclusion of 53 papers and the addition of 38 
research items identified in references. The final count of 
publications eligible for review was 188. Two reviewers 
(SH and HC) independently assessed each publication for 
inclusion.

Literature review identified 35 papers meeting inclusion/
exclusion criteria that address the duration of antibiotics 
following diagnosis of SA and/or OM. Of these papers, 
there were six randomized controlled trials (RCTs),13-18 
21 observational studies,5-7,19-36 five prospective/
quality improvement studies,37-41 and three systematic 
reviews.8,10,42 We have outlined the treatment success 
rates from each study in Tables 1-3. Systematic reviews 
are reported in Table 4. Some studies used in systematic 
reviews were excluded due to publication year prior 
to 1980 or sample size less than 20 participants.43-45 
Two further systematic reviews were examined but not 
analyzed due to either inclusion of adult patients or 
primary focus on type of antimicrobial therapy rather 
than duration.9,42

Failure Rates
Treatment failure was less than 5% across all 
retrospective cohort studies with several notable 
exceptions. These were usually secondary to 
heterogenous definition of treatment failure. For 
example, the prospective study by Yi et al. had a 
treatment failure rate of 9%, but this included any 
‘antibiotic change, new onset swelling, erythema, or 
pain at the original site of AHO/SA within 1 month of 
completing the initial antibiotic course….’ In contrast, 

http://www.jposna.org
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other publications defined failure more strictly, for 
example, as chronic disease or re-operation within 3 
months of treatment initiation.26 Notably, the studies with 
shortest duration of antibiotic therapy did not exhibit 
higher treatment failure rates.31,32

Amongst RCTs and prospective trials, the treatment 
success rates were high, ranging from 77-100%.14-16 
The shortest duration of treatment in RCT was 30 days 
combined IV + oral for either AHO or SA, with no 
treatment failure rate documented at 12 months.14

Pathogen Type and Region
The most common pathogen across all regions was 
S. aureus. Three studies reported either K. kingae or 
H. influenzae as the dominant pathogen in toddlers.19,20,41 
These studies did not report lower treatment failure. 
Notably, the prospective RCTs performed by Peltola 
et al. were conducted in populations with up to 89% 
methicillin-sensitive strains of S. aureus.16 Chase 
McNeil’s 2017 paper comments on prolonged inpatient 
admissions in the setting of MRSA.29 There is currently 
insufficient evidence to promote short-course therapy in 

Records identified from
Medline (56), CINAHL (1617),
Cochrane (27), Google
Scholar (94)

(n = 1794)

Records removed before
screening:

Duplicate records removed
(n = 35 )
Records removed for other
reasons (n = 20)

Records screened
(n = 1739 )

Records excluded
(n = 1536)

Reports sought for retrieval
(n = 203)

Added from References
(n=38)
Removed after preliminary
abstract screen (n=53)

Reports assessed for eligibility
(n = 188) Reports not eligible (n=153)

Studies included in review
(n = 35)

Identification of studies via databases and registers

Id
en

ti
fi

ca
ti

o
n

S
cr

ee
n

in
g

In
cl

u
d

ed

Figure 1. PRISMA flowchart for identification of studies.
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the context of highly virulent pathogens or with severe 
and complicated illness.

Quality of Studies
Randomized controlled trials were assessed by the GRADE 
working group as moderate quality (Table 1, Appendix 
Table 5). Blinding was not a feature of any of these studies; 
a few exhibited recruitment periods >5 years.14-16

Table 2 references the quality of observational studies 
with regard to follow-up, treatment failure rate, and level 
of evidence. Within this group, a published treatment 
failure rate could be derived from 19/21 papers. Duration 
of follow-up was stated in 16/21 studies with only two 
reporting follow-up <6 months.

Treatment Algorithm
We propose that the following treatment algorithm 
(Figure 2) could be used as a guide for orthopaedic 
clinicians, based on the findings of this systematic 
review.

Discussion
In the populations examined in this systematic review, 
there were no signs of increased failure rates or 
recurrent infections as a consequence of shorter therapy. 
Short courses of IV therapy for 2-4 days followed by 
oral antibiotics for 3-4 weeks have been assessed in 
retrospective, prospective, and randomized trials within 
the Western Organisation for Economic Development 

Figure 2. A potential treatment guide considering duration of antibiotic therapy in childhood bone and joint 
infection.
*Gold standard diagnostic criteria: AHO on Magnetic Resonance Imaging, Septic arthritis with organism 
growth on joint aspirate or intraoperative culture, or cell count from aspirate >/=50,000 WCC. *CRP resolution 
by 50% at day 4/5 following treatment initiation.57
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(OECD).8,15,39,42,51 This compromises the largest study 
to date assessing evidence for shortened antibiotic 
duration, including more than 8000 cases of childhood 
BJI. Importantly, based on the available evidence, early 
transition to oral therapy could be encouraged in matched 
populations. Children discharged on oral therapy, provided 
they meet specific criteria for clinical improvement, did not 
have worse outcomes than those who previously underwent 
up to 6 weeks of IV therapy in the community.3,52,53

Evolution of Treatment
Prior to 1980, only intravenous antibiotics were utilized 
in the treatment of acute BJI. Early observational studies 
in the 1980s began to explore the viability of transition to 
oral antibiotics while maintaining a relatively long total 
duration of therapy. In 1982 Cole et al. identified the 
possibility of shorter courses of IV therapy in OM, less 
than 1 week, with a transition to oral therapy and limb 
immobilization for a total of 6 weeks.6 The concept of 
transition to orals was extended to include both SA and 
OM by Nelson et al., who retrospectively examined 75 
children receiving a median of 5 days (range 2-21 days) 
of IV cefamandole or cefuroxime followed by a median 
of 21 days oral antibiotics (range 3-84 days). Success rate 
was 98%.19

Moving toward a more efficient hospital experience, the 
largest cohort study from this period analyzed records for 
274 children who were given antibiotic therapy ‘shorter 
than usually recommended.’20 For septic arthritis, 
therapies between 15-23 days did not result in recurrence 
over the 10-year study period. Osteomyelitis recurrence 
rate was around 4% after 17-24 days of treatment.

Further observational studies in the early to mid-1990s 
did not investigate a total treatment time of less than 
6 weeks.21,22 The work of the Finnish Study Group 
represented the first prospective RCT for both therapy 
type and duration in specifically S. aureus OM.18 
Comprising 50 patients, two study arms were randomized 
to 4 days of either cephradine or clindamycin IV, and 
a full treatment duration of 3-4 weeks. With 12 month 
follow-up there were no reports of adverse outcomes. 

This led to the proposition that hospital treatment for 
OAI in children could be greatly simplified.

A multicenter research group from Finland conducted 
several prospective trials looking at duration of 
antibiotics between 2009-2012.15,48,49 Notably, only 
culture-positive cases of SA or AHO were considered 
eligible for inclusion in these trials. The combined 
publications did not show significantly worsened 
outcomes when oral therapy was shortened to 10 (SA) 
or 20 (OM) days after 2-4 days of IV therapy. Hospital 
stay in pediatric BJI was shortened from a median of 13 
to 9 days as more efficient protocols were established in 
these centers. Other RCTs and prospective studies from 
this period supported shortening treatment to less than a 
month for both SA and OM.17,29,38

Recently, one of the shortest durations of antibiotics 
trialed by an institution was at Montpellier University 
Hospital; 176 children received a short course antibiotic 
protocol where total combined treatment duration was 15 
days. In this cohort, there were no treatment failures and 
secondary surgical revision rate was 7%.32

Outpatient Intravenous Therapy
Innovation within healthcare services has increased 
the availability of outpatient intravenous antibiotics 
via peripherally inserted central catheters (PICC). Two 
retrospective cohort studies of 1969 children (Zaoutis 
et al. 2009) and 2060 children (Keren et al. 2015) 
captured the introduction of prolonged outpatient IV 
therapy.25,26 Zaoutis et al. reviewed only cases of OM, 
comparing patients who received prolonged IV therapy 
(n=1021) and similar duration outpatient oral therapy 
(n=948). There was no association between treatment 
mode and failure or recurrence. Similarly, Keren et al. 
did not identify a difference between groups with regard 
to treatment failure. However, both studies comment on 
the higher readmission rate associated with PICCs and 
the potential disruption to patients caused by blockage 
or PICC-related complications. Some studies advised 
caution with short IV antibiotic courses in patients who 
have severe vertebral osteomyelitis or MRSA identified; 
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it is probable that these factors increase risk of treatment 
failure.9,29

While outpatient IV therapy via PICC initially appeared 
to reduce morbidity, high re-admission rates for 
PICC-related complications have left this unattractive 
to clinicians.26,27,36 Early switch to oral antibiotics 
has the potential to significantly simplify treatment 
protocols and reduce PICC-related re-admissions.54 
However, the potential for non-compliance with oral 
antibiotic treatment is higher and perhaps not captured 
in prospective studies where dosage and administration 
are closely monitored. Difficulties with compliance may 
be exacerbated in regions experiencing socioeconomic 
deprivation with reduced access to healthcare and 
inadequate family support.

Early Switch to Oral Antibiotics
Subsequent to 2015, several studies commented on 
the relationship between CRP (C-reactive protein) 
normalization and the ability to shorten antibiotic 
treatment. Chou et al. reviewed a small number of 
children (n=37) with AHO or SA retrospectively and 
noted a 97% treatment success rate if CRP declined by 
50% at the time of transition from IV to oral antibiotics.28 
Defining these criteria for transition further, Quick 
et al. suggested early change to oral antibiotics if five 
criteria were met: (1) a confirmed diagnosis, (2) clinical 
improvement, (3) afebrile for 48 hours, (4) minimum 
72 hours of IV antibiotics, and (5) 50% reduction in 
presenting CRP.47

Limitations
Quality of evidence is an important limitation of this 
systematic review. At most, the randomized controlled 
trials presented here can be categorized as moderate 
grade of evidence, due to issues with blinding, 
limited follow-up, and prolonged recruitment.15,16 
Heterogenous inclusion criteria further limit summary 
recommendations for childhood BJI. Most studies 
presented in this review exclude infants <3 months of 
age, have strict criteria for ‘previously healthy children,’ 
and produce data from OECD regions.15-17,51 Pathogen 

and genetic variability likely contribute to the success 
of treatment in childhood BJI.57 It is not recommended 
that treatment protocols be utilized outside the region of 
development without robust external validation.56

In order to make strong recommendations for shortened 
IV therapy and early oral transition, the definition of 
‘uncomplicated’ BJI needs to be refined. This would 
enable a more reliable application of shortened therapy 
for children who will have a predictable outcome 
following infection. Within cohorts with AHO or SA, 
there remain children who experience severe disease, 
require extended antibiotic therapy, and undergo multiple 
surgeries.57 Genetic factors, socioeconomic factors, and 
pathogen virulence are all postulated to influence disease 
outcome. Finding patient and disease factors to identify 
the at-risk child will help to streamline care and shorten 
duration of treatment in the majority.

Conclusions
In conclusion, there is now an increasing body of 
evidence in support of shorter courses of IV and 
oral therapy for childhood BJI. Historic assumptions 
about the requirement for prolonged inpatient or even 
outpatient intravenous therapy are being challenged 
to simplify treatment protocols. It may be reasonable 
to recommend short course of IV therapy with early 
transition to oral medication in those >3 months of age 
without signs of complicated disease.
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Appendix

Table 5. Quality Assessment for Randomized Controlled Trials Concerning Antibiotic Duration

Year of 
publication

Primary 
author

No 
patient 
blinding

No 
clinician 
blinding

No 
assessor 
blinding

Sample 
size 
<30

Loss 
to FU 
>20%

Prolonged 
recruitment 
>5 years

Outcomes 
not well 
described

GRADE 
of 
evidence

1982 SL Kaplan13 NR NR NR ✔ ✔ / / Moderate

1997 H Peltola18 NR NR NR / ✔ / / Moderate

2002 FM Jaberi17 ✔ ✔ NR ✔ / ✔ / Moderate

2009 H Peltola15 ✔ ✔ NR / / ✔ / Moderate

2010 H Peltola16 ✔ ✔ NR / / ✔ / Moderate

2012 H Peltola14 ✔ ✔ NR / / ✔ / Moderate

NR (Not Reported); FU (Follow-Up).
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