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Abstract
Background: Pediatric musculoskeletal infections (MSKIs) are complicated to manage, and inconsistent approaches 
to care within an institution can negatively affect patient recovery. The aim of this systematic review is to assess the 
impact of implementing institutional clinical care guidelines (CCGs) on treatment outcomes in pediatric MSKIs.

Methods: The authors carried out a systematic review of medical literature using the databases Embase and Medline. 
Ten comparative studies assessing quantitative treatment outcomes of pediatric patients with MSKIs before and after 
implementation of a CCG were included. Studies in adult populations and those lacking comparative analysis were 
excluded.

Results: Implementing CCGs led to improvements in patient care and clinical outcomes. Outcomes assessed across 
papers varied. Implementation of CCGs for the management of pediatric patients with MSKIs was shown to shorten 
patients’ length of stay, duration of IV and/or oral antibiotic therapy, and duration of clinical symptoms associated 
with MSKIs. There was also evidence of reduced financial costs, which was determined by cost-effective analysis in 
one study. Additionally, improved access to magnetic resonance imaging and better coordination between disciplines 
was discussed in some studies to benefit patients’ outcomes by providing an earlier diagnosis and the ability to image 
concerns throughout treatment.

Conclusions: CCGs for pediatric patients with MSKIs improve outcomes by decreasing length of stay and inpatient 
costs, promoting earlier transition from IV to oral antibiotics, decreasing central line use, encouraging coordination 
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Introduction
Musculoskeletal infections (MSKIs) in pediatric 
populations, such as osteomyelitis, septic arthritis, and 
pyomyositis, are challenging to treat due to evolving 
epidemiology and pathological complexity. Disagreement 
on the most effective method to diagnose and treat 
MSKIs within an institution can lead to variation in care 
practice, which negatively impacts patient outcomes.1,2 
A clinical care guideline (CCG) (also referred to as a 
clinical care protocol, clinical practice guideline, care 
process model, or clinical algorithm) is a standardization 
of treatment within an institution, which can reduce 
practice variability and improve patient outcomes.3

While several institutions have utilized CCGs for the 
treatment of pediatric MSKIs, there is lacking evidence 
comparing treatment outcomes before and after CCG 
implementation across multiple institutions.4,5 There 
is little suggestion as to which treatment outcomes 
are most commonly or most significantly impacted by 
the utilization of CCGs across different studies and 
institutions.

Through this systematic review, we hope to identify 
treatment outcomes that are significantly impacted—
either positively or adversely—by the implementation 
of a CCG for management of MSKIs in a pediatric 

patient population. This review will also shine a light 
on components of CCGs that are of interest, opening up 
avenues for future research on this topic. We hypothesize 
that CCGs will allow for faster identification of patients 
with MSKI, leading to improvement in treatment 
outcomes such as length of stay and readmission rates.

Materials and Methods
Search Strategy
A search of medical literature regarding CCGs on MSKIs 
was carried out with the consultation of a librarian at BC 
Children’s Hospital Research Institute. First, a limited 
literature search was conducted to identify keywords 
used in papers of interest to construct a search strategy. 
A search filter developed at the University of Alberta 
was incorporated into the search to assist in limiting the 
results to studies on pediatric populations.6 This search 
strategy was then applied to two databases, Ovid Medline 
and Ovid Embase, on April 25, 2022, with subject 
headings consisting of keywords, relevant variants, and 
MeSH (Medical Subject Headings). The terms included: 
osteomyelitis, transient synovitis, clinical care guideline, 
care pathway, etc. (see supplemental information for full 
search). The search results were imported to Covidence 
(Covidence systematic review software, Veritas Health 

between disciplines, and prioritizing earlier access to MRI and surgery. Further research across existing literature 
regarding the impact of early access to MRI is of interest for the future.

Level of Evidence: II

Key Concepts
•	 Use of clinical care pathways to manage pediatric musculoskeletal infections improves patient outcomes.

•	 Limiting unnecessary use of intravenous antibiotics in pediatric musculoskeletal infections decreases length of stay 
in hospital and central venous catheter use.

•	 Clinical care pathways to manage pediatric musculoskeletal infections help decrease length of stay in hospital and 
overall hospital costs.

•	 Implementing clinical care pathways to manage pediatric musculoskeletal infections can encourage earlier access to 
MRI.
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Innovation, Melbourne, Australia, www.covidence.org), 
duplicates were removed, and titles and abstracts were 
assessed independently against the eligibility criteria by 
two reviewers (S.P. and J.H.). A third reviewer (A.S.) 
was consulted if consensus regarding eligibility could 
not be reached. Full texts of the selected articles were 
then reviewed independently by the initial two reviewers. 
Studies that met eligibility criteria were included and 
then subject to data extraction. The Cochrane Tool to 
Assess Risk of Bias in Cohort Studies was used to assess 
the risk of bias of the included papers (Tool to Assess 
Risk of Bias in Cohort Studies. Cochrane Methods Bias, 
Centre for Evidence-Based Medicine Odense, Odense, 
Denmark. www.methods.cochrane.org). This protocol 
was registered with the International Prospective Register 
of Systematic Reviews (PROSPERO) on May 10, 2022, 
with registration number CRD42022323261.

Primary Outcomes Examined Across Studies
Primary outcomes varied across the studies. The focuses 
(examined before and after guideline implementation) 
included, but were not limited to, length of stay in the 
hospital, cost of care, duration and type of antibiotic 
treatment, timing of switch to oral antibiotics, and 
identification of the source pathogen. Each study defined 
statistical significance at p=0.05.

Results
Literature Search
The search strategy yielded 1064 studies after duplicates 
were removed (Figure 1). Studies were included if they 
examined a pediatric population from 0 to 17 years of 
age, compared treatment outcomes of patient populations 
before and after the implementation of a CCG for 
management of MSKIs, and contained quantitative 
analysis of the effects of the intervention. Conference 
proceedings or studies without a published full text were 
excluded. Eighteen studies were included for full-text 
review, and 10 of these were included for data extraction 
and analysis. The risk of bias was judged to be low for 
seven papers, and unclear for three papers (Table 1). All 
included studies were categorized as prognostic level II, 
and all were categorized as retrospective cohort studies. 

Kocher et al. examined a retrospective control group and 
prospective intervention group.12 All studies were located 
in the United States8-16 with the exception of Brehin 
et al., which was located in France.7 Patients included 
across all studies were under age 18.

General Clinical Care Guidelines Followed for MSKIs
The general steps taken in cases of suspected MSKIs 
included laboratory evaluation, pathogen identification, 
imaging, antibiotic therapy, and surgical interventions 
(Table 1). The predominant protocols followed in the 
included studies that improved patient outcomes included 
identifying the causative pathogen, faster transition from 
IV antibiotic administration to oral, conducting MRI 
earlier in the CCG, and limiting vancomycin use.

Type of Conditions Included in the CCG
The types of conditions encompassed in the CCGs 
included osteomyelitis, osteoarthritis, acute septic 
arthritis, spondylodiscitis, pyomyositis, and muscular 

Figure 1. Flowchart illustrating the process of screening for 
inclusion in the review.
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abscess. Not all 10 studies included all conditions, 
but rather each study contained a variation of the 
conditions listed. Individual studies differed in 
their criteria regarding specific exclusions from 
participation, with some being more restrictive than 
others. Immunocompromised patients, co-existing 
disease, chronic infections, postoperative infections, and 
patients who already received primary care at a separate 
institution were frequently listed under grounds for 
exclusion (Table 1).

Parameters Measured in Each Study
Each study compared different outcome metrics impacted 
by the implementation of a CCG for MSKI patients 
(Table 2). Only parameters significant to care and clinical 
outcomes of CCGs are listed.

Length of Stay and Readmission
All studies included length of stay (LOS) as a measured 
outcome, and nine (90%) documented readmission rates. 
After CCG implementation, five studies (50%) showed a 
statistically significant decrease in LOS, and two (20%) 
showed statistically significant decrease in readmission 
rates. The change in mean or median length of stay 
across the studies ranged from a 0.4-day increase to a 
5-day decrease,7-13,15,16 with only Quick et al. reporting 
an increase in LOS (p = 0.165).14 Griswold et al. and 
Spruiell et al. each found an approximately 50% decrease 
in readmission rate.10,16 Additionally, Griswold et al. 
reported a significant decrease in unplanned repeat 
surgeries, from 85% to 60% (p = 0.0099).10

Length of Fever
The studies conducted by DeVine et al. and Spruiell 
et al. found a significant decrease in length of fever, 
both from 63 hours to 39 hours (p = 0.04 and p = 0.012, 
respectively).9,16

IV Antibiotic Therapy Via Central Venous 
Catheterization and Oral Antibiotic Therapy and Use
Six papers studied the intervention’s impact on the 
duration of IV antibiotic therapy, four of those studies 
discussed the duration of oral antibiotic therapy, and 

two of them discussed the total duration of antibiotic 
therapy (including both IV and oral antibiotic therapy 
combined). Of the six studies that discussed IV antibiotic 
therapy, five of them found a significant decrease in the 
duration of IV antibiotic therapy, with pre-CCG values 
ranging from 7 to 22 days and post-CCG values ranging 
from 3 to 6 days. Copley et al. found that the duration of 
oral antibiotic therapy increased from 27.7 to 43.7 days 
(p = 0.0004),8 and Quick et al. saw an increase from 14 
to 21 days (p < 0.001).14 On average, the total duration of 
antibiotic therapy did not change; Brehin et al. reported 
a decrease of 45 to 32 days (p < 0.001),7 Copley et al. 
saw an increase from 41.9 to 54.9 days (p = 0.04),8 while 
Spruiell et al. found no significant difference from 46 to 
44 days after the implementation of CCGs (p = 0.5638).16 
Additionally, Patel et al. measured the median time to 
first administering antibiotics and found a significant 
decrease from 9.5 to 4.9 hours (p = 0.0005).13

Five papers recorded the rate of CVC use before and 
after CCG implementation, and each found a significant 
decrease. In the cases of Devine et al., Hester et al., and 
Spruiell et al., CVC utilization rates in the pre-CCG 
group were approximately 50% and decreased to 17% or 
lower in the post-CCG group (p < 0.0001).9,11,16 Brehin 
et al. saw a decrease from 70% to 9% (p = 0.003),7 and 
Quick et al. from 91% to 44% (p < 0.001).14

MRI/Imaging
Four of the papers looked at the role of MRI in MSKI 
diagnosis and treatment protocols and measured related 
outcomes before and after intervention. Copley et al. found 
that the average time from admission to MRI was reduced 
from 2.47 days to 1.04 days (p = 0.0002) and the number 
of MRIs per child increased from 1.01 to 1.33 (p = 0.04).8 
Griswold et al. showed that the frequency of preoperative 
MRI increased from 20% to 66% (p < 0.0001).10 
Quick et al. showed that the proportion of MRIs done 
within 24 hours of admission increased from 67% to 
83% (p = 0.077).14 Brehin et al. found that after CCG 
implementation, fewer bone scintigraphies were done 
(p < 0.001), and more MRIs were performed (p = 0.005).7 
Overall, the evidence suggests that CCGs allow for earlier 
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access to MRI, increase the rate of repeat MRI, and 
encourage using MRI over other imaging modalities.

Hospital Costs
Two studies examined hospital costs as a primary 
outcome.11,15 Hester et al. found a significant decrease in 
hospital costs from US$66,400 to US$53,300 (p = 0.009) 
after implementation of a CCG,11 and Robinette et al. 
showed a decrease from US$45,718 to US$32,895 
but did not provide probability values.15 Hester et al. 
measured eight categories (professional fees, radiology, 
supply, pharmacy, other, laboratory, surgery, room and 
board) that contribute to inpatient charges, and it was 
noted that room and board markedly reduced the overall 
cost of patient stay. Robinette et al. were able to reduce 
hospital costs by conducting a cost-effective analysis. 
They examined the costs that resulted from different 
combinations of diagnostic interventions to determine the 
most cost-effective approach.15

Source Pathogen Identification Through Bacterial/
Tissue Culture
Eight out of ten papers identified source pathogens. Five 
papers found methicillin-sensitive Staphylococcus aureus 
(MSSA) and methicillin-resistant Staphylococcus aureus 
(MRSA) to be common bacterial strains. Five papers 
found Kingella kingae (K. kingae), and three found 
Streptococcus pyogenes (S. pyogenes) to be common 
bacterial strains. Robinette et al. identified Bartonella 
henselae (B. henselae),15 and Spruiell et al. identified 
Streptococcus pneumoniae (S. pneumoniae) as source 
pathogens.16 Brehin et al. and Spruiell et al. noted that 
pathogen identification leads to a decrease in the overall 
length of stay with no additional morbidity.7,16 Quick 
et al. found that bacterial identification allowed for 
targeted antibiotic therapy but were unable to detect a 
significant reduction in the length of stay or readmission 
rate after the implementation of the guideline.14

Discussion
The implementation of CCGs improves access to 
care and clinical outcomes for pediatric MSKIs. This 
systematic review utilized data from studies found A
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through Ovid Embase and Ovid Medline. No other 
databases were searched as the resources resulting from 
the searches on these two databases comprehensively 
covered the topic being reviewed.

Length of stay is an important outcome and indicates the 
efficiency of hospital management. Shorter LOSs are 
associated with a lower risk of nosocomial infection and 
more efficient use of hospital resources.17 Reducing the 
length of stay not only alleviates the financial burden on 
patients but also facilitates quicker turnover of hospital 
beds. This, in turn, increases the hospital’s profit margin 
while minimizing medical expenses of treating pediatric 
MSKI for the patient and their family as demonstrated by 
the analysis of Hester et al. and Robinette et al.11,15

Consistently, we found that decreasing the duration of IV 
antibiotics with CCG decreases the need for CVCs, which 
further decreases the LOS, patient morbidity, and cost 

of care. Kocher et al. developed a CCG in 1995 which 
recommended an earlier switch to oral antibiotics.12 
They found that quicker transitions to oral antibiotics 
were associated with shorter hospital stays, lower costs, 
and ease of management for the patients and families. 
Additionally, they noted that there was no increase in the 
rates of complications such as readmission, reinfection, 
recurrent drainage, or limitation of motion. Quick et al. 
and Spruiell et al. also cite evidence for benefits of 
earlier transition to oral antibiotics and implemented their 
CCG accordingly.14,16 The use of CVCs was specifically 
discouraged. A study by Keren et al. (2015) found 
that antibiotic therapy by CVC was not advantageous 
compared to oral delivery, because CVC use has a 
higher risk of severe complications, such as bloodstream 
infection, thromboembolism, and line breakage, and 
may lead to higher readmission rates.18 Similarly, the 
CCG implemented at Children’s Hospital Colorado in 

Table 2. A list of the Parameters Measured in Response to a CCG in Each Included Study

Author and Year Outcome Metrics Measured in the Study
Bréhin et al. 20207 Bacteria identified, duration of IV antibiotic therapy, duration of total antibiotic therapy, length 

of stay, rate of additional surgery, frequency of MRI, relapses, and treatment failures
Copley et al. 20138 Bacteria identified, duration of IV antibiotic therapy, duration of oral antibiotic therapy, 

duration of total antibiotic therapy, length of stay readmission rate, time to MRI, conduction of 
MRI, and types of antibiotics used

Devine et al. 20209 Bacteria identified, duration of IV antibiotic therapy, length of stay, length of fever, readmission 
rates, vancomycin use, time to antibiotics, and CVC utilization rates

Griswold et al. 202010 Length of stay, readmission rate, number of repeat surgeries, identification of adjacent 
infections, frequency of pre-operative MRI, and number of operative sites

Hester et al. 202111 Bacteria identified, CVC utilization rates, vancomycin use, and hospital costs
Kocher et al. 200312 Duration of IV antibiotic therapy, length of stay, symptom duration, time to surgery, 

readmission rates, duration of symptoms, additional surgeries, and time to oral antibiotics
Patel et al. 201913 Length of stay, time to MRI, readmissions, time to antibiotics.
Quick et al. 201814 Bacteria identified, duration of IV antibiotic therapy, duration of oral antibiotic therapy, length 

of stay, readmission rate, PICC utilization, and proportion of MRI done in 24 hours
Robinette et al. 201915 Bacteria identified, length of stay, hospital costs
Spruiell et al. 201716 Bacteria identified, duration of IV antibiotic therapy, duration of oral antibiotic therapy, length 

of stay, length of fever, time to normal CRP levels, number of surgeries, time to antibiotics, 
CVC use
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2012 as described by Spruiell et al., also calls for CVCs 
to be avoided.16 Efforts are underway to minimize the 
use of vancomycin in the treatment of MSKIs. The CCG 
developed by Hester et al. at two Midwestern United 
States hospitals in 2016 also encouraged limiting use of 
CVCs and empirical vancomycin in an effort to reduce 
variation in providers’ approaches to antibiotic therapy.11 
They tried to decrease empirical vancomycin by limiting 
its use to individuals that have allergies to cephalosporins, 
but they did not report a significant change.11

MRI plays an important role in the diagnosis and 
treatment of MSKIs, and implementing CCGs can provide 
earlier access to MRI by establishing times dedicated 
to imaging MSKIs. Griswold et al. found a significant 
decrease in repeat surgeries by implementing a CCG 
which called for all patients with suspected osteoarticular 
infection to undergo preoperative MRI.10 To achieve 
this, an MRI time slot was reserved for MSKI patients 
immediately prior to their scheduled OR time. Surgeons 
and radiographers would review the results of the MRI 
and decide whether surgical intervention was required. If 
so, a surgical plan could be composed, and the optimal 
operation could be done immediately after the MRI. 
Similarly, the design of the CCG implemented by Copley 
et al. was to reserve a daily MRI and OR time slot early in 
the morning for MSKI patients.8 This routine of dedicated 
time slots proved to be more practical than requesting 
immediate MRI and ensured that patients would not 
wait longer than the time until the next day’s MRI time 
slot. Additionally, patients could avoid having multiple 
sedations since the same sedation is used for both MRI 
and OR. The improved efficiency in access to MRI in 
the early stage of hospitalization leads to sooner surgical 
intervention and shorter lengths of stay.2 The same 
practice was found in the CCGs implemented by Hester 
et al. and Quick et al.11,14 Future research on the impacts 
of early MRI use for MSKI patients may demonstrate to 
be significant in patient and clinical outcomes.

A limitation of this study is that all included papers 
followed the format of comparing cohorts from different 
time periods (before and after guideline implementation, 

and several years after implementation in DeVine et. al), 
leading to an inherent bias due to potential confounding 
factors across time periods. This study is also limited by 
its heterogenous study batch, seeing that the cohorts of 
each paper in this study, although similar, were defined 
by unique inclusion and exclusion criteria. Since the data 
included in this systematic review are extracted from 
existing studies, the quality of this paper is limited to the 
biases and quality of the original articles. This systematic 
review did not carry out meta-analyses due to the 
heterogeneity of the data, as it is a quantitative approach 
that combines and analyzes numerical data from multiple 
studies. Instead, this paper focused on qualitative analyses 
of the extracted data, examining and interpreting both 
numerical and non-numerical data. Future improvements 
and contribution to the research question at hand could be 
strengthened by more prospective data and further analysis.

An optimal clinical care guideline will vary depending 
on an institution’s resources, but several important 
variables were noted in this review that should be 
strongly considered for inclusion. Initial diagnostic 
evaluation of a previously healthy pediatric patient with 
signs and symptoms suggestive of an acute MSKI should 
include a CBC with differential, CRP (+/- ESR), blood 
cultures, and plain film X-ray of the affected area. A 
patient with concerning signs of sepsis should then be 
started immediately on broad spectrum IV antibiotic 
coverage, with a consideration to minimize vancomycin 
use when possible. Both orthopaedics and general 
pediatrics consults are appropriate, and consultation 
with the infectious disease team is recommended. An 
MRI should be obtained as soon as possible, ideally 
within 24 hours of presentation. This imaging would 
then be used to help determine whether the patient 
requires operative intervention, and in cases where 
surgery is required, would help ensure the infection 
is appropriately addressed to avoid unexpected return 
to the OR. Coordinating anaesthesia, radiology, and 
surgical teams to conduct an MRI immediately before 
a scheduled surgery would further optimize outcomes. 
This would help to limit the number of sedatives used in 
pediatric MSKI patients, as they could be immediately 
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transferred from the MRI to the operation room under 
the same anaesthesia (if surgery is deemed necessary). 
There are risks associated with sedating young patients 
multiple times within a short period; therefore, achieving 
this coordination would be beneficial. Antibiotics 
should be tailored to identified organisms in blood and/
or infectious site cultures. Ongoing evaluation includes 
a measurement of CRP +/- CBC every 48 hours. Step-
down to oral antibiotics and avoidance of CVC use 
should be priorities, with step-down criteria based on 
clinical improvement, resolution of fever, and improved 
CRP. Ideally, a CCG for MSKI should be made as a 
collaborative effort between the services involved, 
including orthopaedics, general pediatrics, radiology, 
emergency medicine, and infectious diseases. Although 
a coordinated effort can be time-consuming, this review 
shows that a thoughtful, institution-appropriate CCG for 
MSKI has the potential to decrease LOS and readmission 
rates, limit CVC use, and lower hospital costs.
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Additional Links
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and Complications of Musculoskeletal Infections in 
Adolescents: A Result of Delay in Diagnosis?

•	 2015 POSNA Annual Meeting ePoster: Is it Worth the 
Effort? The Outcomes of a Multidisciplinary Clinical 
Care Guideline for Acute Pediatric Musculoskeletal 
Infections

•	 POSNAcademy: Musculoskeletal Infection Hijacking 
the Acute Phase Response
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