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QUESTION 1: Are pediatric patients on oral or intravenous steroids at an increased risk of 
developing septic arthritis?

RECOMMENDATION: Unknown. There is no defi nitive link between the use of oral or intravenous steroids and development of septic arthritis 
in pediatric patients.

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 86%, Disagree: 5%, Abstain: 9% (Super Majority, Strong Consensus)

RATIONALE

Septic arthritis is an infection of joints that spreads through systemic 
or local bacterial, viral or fungal infection. The overall prevalence of 
septic arthritis is relatively higher among children who are less than 
4 years old. The incidence of septic arthritis has been reported to 
be 10 cases per 100,000 population and as high as 20 to 70 cases per 
100,000 in patients with rheumatoid arthritis in the USA. The disease 
usually spreads through hematogenous system mainly due to intra-
venous drug use or prolonged use of a catheter and low immunity. 
The most common predisposing conditions that can develop into 
septic arthritis are rheumatoid arthritis, gout or osteoarthritis. In 
children, the hip is most commonly aff ected joint by septic arthritis 
as compared to the knee in adults accounting for 50% cases. 

Computerized research of databases (PubMed, Medline Ovid 
and Google Scholar) was used for the literature review from 1950 
to 2018. The shortage of literature could not directly link IV or 
oral steroid therapy as a risk factor for children to develop septic 
arthritis as an adverse reaction. Many randomized clinical trials 
were, however, found to be in favor of the prolonged use of IV and 
oral corticosteroid to avoid complications in pediatric patients 
suff ering from septic arthritis and no further complications were 
observed that lead to the worsening of this disease [1–3]. There is still 
a debate whether immunosuppressive drugs, such as corticosteroids 
and cytotoxic agents, increase the risk for septic arthritis [4]. The 
potential association between administration of steroids and septic 
arthritis may be explained by the fact that steroids reduce the body’s 
immunity and ability to fi ght infection [4]. One of the indirect 
causes of septic arthritis was found to be iatrogenic in 41.8% of adults, 
and the number of iatrogenic infections in Iceland increased from 
2.8 cases/year in 1990–1994 to 9.0 cases/year in 1998–2002 (p<0.01) [5]. 
These iatrogenic infections can be linked to the use of unsterile intra-
articular injections, possible use of contaminated needles or a break 
in the sterility during arthroscopic procedures [6,7]. 

The study conducted in the USA reported 32 cases of septic 
arthritis due to fungus-contaminated methylprednisolone vials [8]. 
However, these studies lacked proper evidence as these were descrip-
tive in nature. These studies also did not fulfi ll our inclusion and 

exclusion criteria as it does not show a direct relationship of septic 
arthritis with steroid therapy rather than being an iatrogenic infec-
tion. 

A case report published in 1957 reported septic arthritis as a reac-
tion to steroid therapy in a woman who was 34 years old; she had 
been receiving corticotrophin, cortisone, hydrocortisone and pred-
nisolone at various times in a year for the treatment of lupus erythe-
matosus. A similar presentation was found in a man 54 years old 
suff ering from exfoliative dermatitis and was gett ing treated with 
the same medicine. The steroid therapy resulted in septic arthritis 
of one knee and both hands including disfi gurement of his fi ngers. 
Unfortunately, this study could not hold much evidence as it had a 
weak study design and the lowest number of reported cases. It also 
included adult patients so it cannot be generalized to children [9].
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QUE STION 1: What are the essential tests that need to be done in pediatric patients with joint 
infections?

RECOMMENDATION: Essential laboratory tests include serum C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), white blood cell 
(WBC) count, blood cultures, synovial fl uid analysis and culture of tissue and/or synovial fl uid. Further molecular testing and leucocyte esterase 
(LE) testing may have a role and warrant further research. Imaging studies include ultrasound in the hip joint. Symptoms lasting over a week 
warrant investigation with plain radiography. Magnetic resonance imaging (MRI) and bone scanning may have value in confi rmation of the diag-
nosis in some patients.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 88%, Disagree: 6%, Abstain: 6% (Super Majority, Strong Consensus)

RATIONALE

Diagnostic evaluation of children with suspected joint infection or 
osteomyelitis should include CRP, WBC count and ESR [1]. CRP is 
valuable as a negative predictive tool since CRP < 1.0 mg/dL helps rule 
out the diagnosis of septic arthritis (SA) with an accuracy of 87% [2].

Synovial fl uid aspiration should be performed. Samples should 
be transported in a heparinized syringe or pediatric culture bott les 
to prevent the clott ing and enumeration of leukocytes [3]. Cell count 
and diff erential, gram stain and culture of the obtained synovial 
fl uid are important steps in diagnostic work up of pediatric patients 
with SA [4,5].

A wide range of organisms can cause SA in pediatric patients. 
Thus, culture samples should be sent for both aerobic and anaerobic 
cultures. If an infection with unusual organisms is suspected, then 
a specialized culture medium may need to be used. For example, 
SA caused by Kingella kingae may require the use of cell lysis culture 
bott les for isolation of the organism [3]. If there is clinical suspicion 
for infection by Neissena gonorrhoeae; rectal, oropharyngeal, urogen-
ital cultures and urine deoxyribonucleic acid (DNA) analysis are 
indicated [6,7].

In infants and young children, subperiosteal needle aspiration 
can be performed if point tenderness exists [3]. Although a WBC 
count > 50,000-60,000/mm³ is typically expected, a synovial fl uid 
leukocyte density of 5,000-8,000 cells/mm³ has been found in cases 
of pediatric SA [8].

Conventional radiographs of the aff ected joint should also be 
taken in pediatric patients as imaging may show signs of osteo-
myelitis [9–11]. Plain radiographs are typically normal [12]. Ultra-
sound evaluation of the aff ected joint has been reported to be 
useful in the diagnostic work-up of SA, especially of the hip [12]. 
In one study, normal hip ultrasound was found to have a negative 
predictive value of 100% for SA [13]. In some circumstances addi-
tional imaging may be needed. MRI is the cross-sectional imaging 
modality of choice in pediatric patients with more than 90% 
sensitivity for diagnosis of SA. Sub-periosteal or soft tissue collec-
tions of pus that may require surgical drainage can be bett er and 
earlier detected on the MRI images. In the sett ing of acute osteo-
myelitis, decreased signal on T1-weighted images and increased 
signal on T2-weighted images is a pertinent fi nding [3]. MRI with 
and without gadolinium contrast should be ordered to identify 
the presence of osteoarticular infection and assess the perfusion 
status of the joint [14]. 

Radionucleotide scanning is widely used to diagnose osteomy-
elitis early when plain radiographs appear normal. Technetium-99m 
(99mTc) scintigraphy is the most common used type of radionucleo-
tide imaging. Browne et al. reported that bone scans fail to detect 
about half of the cases of methicillin-resistant Staphylococcus aureus 
(MRSA) osteomyelitis [9]. Indium 111–labeled leukocyte scans are 
another option for diagnosis of osteomyelitis [15]. At present, there 
is no evidence that supports superiority of radionucleotide scanning 
over MRI.

Molecular analyses of the synovial fl uid using polymerase chain 
reaction (PCR) or next generation sequencing (NGS) may provide a 
useful adjunct to conventional culture for the identifi cation of the 
infective organisms. These assays may be eff ective in the detection of 
atypical bacteria, such as mycobacterium, anaerobic pathogens and 
facilitate pathogen identifi cation in culture-negative disease [7].

The use of serum or synovial molecular markers in the diagnosis 
of SA has been explored. Procalcitonin is an emerging biomarker 
for the diagnosis of SA with a high specifi city for detecting joint 
infections, but studies have only been conducted in adults [16–19]. 
Another biomarker that has been explored in the sett ing of pediatric 
SA is LE. LE has been in clinical use for over 30 years, mostly as a point-
of-care test for the diagnosis of urinary tract infection. The fi rst appli-
cation of this test in orthopaedic patient population was explored 
by Parvizi et al. [20]. In the latt er study, investigators reported over 
80% sensitivity and 100% specifi city with the use of LE dipstick testing 
for diagnosis of periprosthetic joint infection (PJI). A recent study 
demonstrated that LE is a valuable test for diagnosis of native SA, but 
evidence for its effi  cacy in the pediatric age group is sparse [21].

Finally, the role of interleukin-6 (IL-6), a cytokine that is released 
by fi broblasts, has also been explored in the pediatric patient popu-
lation. IL-6 is an acute-phase reactant that is thought to play a role 
in increasing CRP production by the liver [22]. IL-6 may be detected 
earlier than CRP in bone and joint infections, however, its asso-
ciated cost and limited availability in the clinical sett ing have preven-
ted it from becoming a mainstay in diagnosis of orthopaedic infec-
tions [22,23].

In conclusion, it appears that conventional serum tests, 
namely CRP and ESR, plain radiographs and synovial fl uid analysis 
are the most important tests in work-up of a pediatric patient with 
suspected SA and/or osteomyelitis. Molecular biomarkers or tech-
niques involving DNA sequencing may play a role in facilitating 
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diagnosis, as they have demonstrated superior sensitivity over 
conventional cultures. 
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QUESTION 2: Are there conditions where the erythrocyte sedimentation rate (ESR) and other 
blood tests are unreliable for diagnosis of pediatric musculoskeletal infections?

RECOMMENDATION: Yes. Serum tests including ESR, C-reactive protein (CRP) and absolute white blood cell (WBC) count might be unreliable for 
diagnosis of pediatric musculoskeletal infections in neonates, patients with rheumatological disease, post-trauma, post-surgery, patients with 
Lyme arthritis and those receiving intravenous immunoglobulin (IVIG) administration.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 88%, Disagree: 3%, Abstain: 9% (Super Majority, Strong Consensus)

RATIONALE

Various serology tests including WBC count, ESR and CRP are tradi-
tionally used to diagnose septic arthritis (SA)/osteomyelitis (OM) in 
children. Their diagnostic value is less than synovial fl uid analysis 
and cultures that usually are utilized to prove the infection. ESR and 
CRP are almost always elevated in any infl ammatory process (trauma, 
rheumatologic disease) with low specifi city for infection [1,2].

Leukocytosis is not a typical feature in children with SA [3]. It 
has been shown that studies including more SA rather than OM 
have a lower rate of leukocytosis [4]. Results of an evidence-based 
study showed that overall diagnostic accuracy of peripheral WBC 
count for SA is not acceptable regardless of selected cutoff  point [1].

The challenging age group in children is neonates and young 
infants in whom the infection is caused by organisms, such as coag-
ulase-negative Staphylococci [4]. Owing to the non-characteristic 
features of osteoarticular infection, Sankaran et al. in a prospective 
study reported that fever, poor feeding and irritability are seen in less 

than 30% of infants with SA. Beside the paucity of sign and symptoms 
in this study, neutrophil count was found to be normal in 70% [5].

CRP is more sensitive than ESR for diagnosis of infection; its 
level rising as soon as six hours after disease initiation. Diff erent 
studies have shown its usefulness in the diagnosis of SA [6,7], resolu-
tion of infection in neonates [8] and its ability to diff erentiate tran-
sient synovitis of the hip from SA [9]. Levine et al. reported that ESR 
and CRP are bett er as negative predictors for SA, particularly when 
the CRP level is less than 1mg/dL with an accuracy of less than 85% [8]. 

Lyme arthritis in children may be associated with clinical fi ndings 
similar to SA. CRP and ESR levels are reported to be increased in 64% 
to 100% of patients with Lyme arthritis, respectively [10,11]. CRP and 
ESR were not found to be useful tests to diff erentiate Lyme disease and 
SA [12]. Administration of IVIG in children can also result in increased 
levels of ESR, interfering with diagnosis of SA/OM and rendering the 
test ineff ective in monitoring response to treatment [13].
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Even though CRP and WBC counts of synovial samples are 
believed to be useful tests for diagnosis of SA and distinguishing it 
from juvenile infl ammatory arthritis (JIA), a recent report demon-
strates that these tests might not be suffi  ciently specifi c as there is 
signifi cant overlap in the value of these tests in both conditions [14].

In addition, the levels of CRP and ESR may be elevated following 
trauma and after surgical procedures [15], rendering these tests less 
useful in post-trauma and postoperative periods.
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QUESTION 3: For pediatric patients with suspected septic arthritis (SA), does the clinical criteria 
override inconclusive laboratory tests?

RECOMMENDATION: For pediatric patients with suspected SA, the clinical criteria override inconclusive laboratory tests.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 91%, Disagree: 2%, Abstain: 7% (Super Majority, Strong Consensus)

RATIONALE

It is well known that there are no standard tests that can accurately 
diagnose SA in children [1–7]. Thus, it is not uncommon to face a 
situation where the diagnosis of SA is strongly suspected, but 
laboratory tests remain inconclusive [3,4]. Among all the existing 
diagnostic tests for septic arthritis, isolation of infective organ-
isms from the synovial joint is considered as the gold standard 
for this condition [3,5,6]. However, the latt er can hardly be consid-
ered a gold standard as the probability of isolating an infective 
microorganism from the synovial fl uid of patients with SA ranges 
from 22%-82% [7]. Culture results are aff ected by numerous factors 
including antibiotic administration and the virulence of the infec-
tive organism.

To improve the yield of a culture, it is recommended that antibi-
otic treatment is initiated after joint aspiration has been performed. 
In case of negative culture, laboratory tests, clinical symptoms and 
radiological signs are important for the diagnosis of SA [1,7]. As no 
single diagnostic test for SA in children exists [8], it is recommended 
that the diagnosis of SA should rest on the opinion of experienced 
clinicians and override the laboratory tests [1,3,4]. A systematic 
review revealed that, despite the use of laboratory investigations, the 
gold standard for the diagnosis of SA is the level of clinical suspicion 

of a physician experienced in the management of pediatric patients 
with musculoskeletal infections [3,4,8]. 

Although analysis of the synovial fl uid can be useful in the diag-
nosis of SA in children, aspiration of the joint may require admin-
istration of general anesthesia and is complicated. The decision to 
perform aspiration should rest with the clinician and be determined 
based on the degree of suspicion for SA. Diagnosis of SA should rely 
on less invasive tests as much as possible [5]. 

Despite the extensive literature investigating the clinical and 
laboratory features of septic arthritis, the number of studies that 
exist on the signifi cance of clinical features and laboratory tests for 
diagnosis of SA in children is limited. 

Among the eight published studies, one is a systematic review, 
two are retrospective studies, two are review articles, one is a 
community-based epidemiological study  and two are case series 
[1–8]. Based on the evaluation of the available literature, we are 
unable to determine the most eff ective diagnostic protocol for SA 
in children. Among the reviewed studies, one proposes that not all 
children can be classifi ed as having or not having SA on the basis of 
historical, clinical, laboratory or radiologic fi ndings [8]. The latt er 
raises the need for additional tests, such as joint aspiration.
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Another study endorses the same principle recommending that 
any patient without clear-cut evidence for SA, or lack thereof, needs 
an examination of the joint fl uid for diagnosis [1]. Another study 
reported that the diagnosis is rarely established by the history and 
physical examination, and the clinician is led to rely on ancillary 
tests, specifi cally the white blood cell (WBC) count from peripheral 
blood and other serological markers for infl ammation, such as the 
erythrocyte sedimentation rate [4]. A retrospective study examined 
the incidence, etiology and clinical features of septic arthritis in chil-
dren less than 24 months and concluded that the diagnosis of SA in 
children needed to be made based on a high index of suspicion and 
could not be excluded based on lack of fever and normal laboratory 
tests [2].

Based on our understanding of the literature, and in the absence 
of an absolute test, it appears that the diagnosis of SA in children 
needs to be made using a combination of clinical fi ndings, labora-
tory tests and appropriate imaging. For patients with equivocal fi nd-
ings, clinical suspicion should override laboratory fi ndings, because 
missing SA in a child, especially when caused by a virulent organism, 
can have serious consequences. 
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QUESTION 4: Is there a role for arthrocentesis (joint puncture) of an infected joint 
in a pediatric patient?

RECOMMENDATION: Yes. Arthrocentesis of an infected joint is eff ective for decompression of the joint. However, some children need arthrotomy. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 83%, Disagree: 11%, Abstain: 6% (Super Majority, Strong Consensus)

RATIONALE

Arthrocentesis (joint puncture) is one of the most valuable proce-
dures for the diagnosis and treatment of joint diseases [1]. In children 
with septic arthritis (SA), arthrocentesis can be very useful for both 
diagnosis and as means of treatment [2,3]. It is safe and simple, but 
approaching the joint correctly, especially of the hip, is not possible 
for all physicians in emergency departments [4]. 

In a child with acutely swollen, red, painful joint and fever, 
if C-reactive protein (CRP) > 20mg/dL or erythrocyte sedimenta-
tion rate (ESR) > 20mm/h, then arthrocentesis may be indicated to 
confi rm the diagnosis [5]. Arthrocentesis is also used as the treat-
ment of SA in combination with antibiotic therapy. Ultrasound-
guided aspiration of the hip evacuates pus, reduces damage to the 
articular surfaces, diff erentiates joint sepsis from other arthritides 
and helps direct antibiotic treatment [6,7]. Furthermore, there is a 
concern about the adverse eff ect of emergent open arthrotomy in 
severely infl amed joints, and it is debatable whether early decom-
pressive arthrotomy is always useful [8–11].

In a retrospective study, hip arthrocentesis was found to avert the 
need for invasive surgery in more than 80 % of children (ranging from 
3 months to 15 years of age) in a cohort of 261 culture-positive patients 
with SA. Outcome was comparable between arthrotomy and non-
arthrotomy group. The study found that in the case of adjacent osteo-
myelitis, arthrotomy was more useful [12]. The results are supported 
by another study by Journeau et al. that reported favorable outcome 
in about 90% of the patients with hip arthrocentesis. They identifi ed 

CRP > 100 mg/L, polymorphonuclear cell > 15,000, and ESR > 25 mm/hr 
as predictive of the need for arthrotomy [13].

In a prospective randomized trial, 201 consecutive children with 
the diagnosis of SA, arthrocentesis and arthrotomy were compared, 
and the patients were followed for one year. There were no diff er-
ences regarding clinical outcome in any of the groups; hospital stay 
was lower in arthrocentesis group [8]. Smith et al. in a randomized 
control trial reported similar results for outcome of arthrotomy vs. 
arthrocentesis in 61 children with SA of the shoulder [10]. The fi ndings 
of the latt er study are also refl ected in another study by Pääkkönen 
et al. involving nine children with SA aff ecting the shoulder [14]. 

Existing evidence for knee joint is diff erent. Arthroscopic irri-
gation and decompression has been found to be successful in the 
majority of patients. The procedure can be performed through 
a single portal and without the need for a repeat procedure. In a 
retrospective study, around 40% of children older than three years 
who underwent a knee arthrocentesis required further arthrotomy 
to eradicate the infection and high initial CRP levels were identi-
fi ed as a predictor of aspiration failure [15].
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QUESTION 5:  Is there a role for percutaneous bone sampling (biopsy) for microbiological 
diagnosis of septic arthritis/osteomyelitis (OM)? If so, when should this be performed?

RECOMMENDATION: Yes. Percutaneous bone sampling (biopsy) is very safe and cost-eff ective and can be obtained from any site under the guid-
ance of fl uoroscopy or computed tomography (CT). It has a low sensitivity for microbiological diagnosis of OM that can be enhanced by the addi-
tion of histopathological examination. Literature suggests that bone sampling should be performed before initiating empirical antibiotic therapy.

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 88%, Disagree: 7%, Abstain: 5% (Super Majority, Strong Consensus)

RATIONALE

OM is described as infl ammation of the bone marrow and 
adjoining bone and is usually related with cortical and trabecular 
destruction. It can be caused by bacteria, fungi and a variety of 
other organisms [1]. Prompt identifi cation and treatment of OM 
is necessary since undiagnosed cases can result in chronic pain, 
amputation and death. Even though clinical symptoms, infl amma-
tory serological markers and imaging, such as magnetic resonance 
imaging (MRI), play an essential role in reaching a diagnosis of OM, 
the most important aspect of diagnosis relies on isolation of the 
infective organism from the infection site [2–4]. Pathogen identifi -
cation and determination of its antibiotic susceptibility are para-
mount for successful treatment with antimicrobial therapy. Blood 
cultures may also be positive in a small number of patients with 
OM, which can guide antimicrobial therapy, so defi nite diagnosis 
and suitable therapy depend on tissue samples collected through 
bone biopsy [4].

Although surgical biopsy is also an option for confi rming the 
diagnosis, percutaneous biopsy with fl uoroscopic or computed 
tomography (CT) guidance has been proven to be a more reason-
able, faster and more cost-eff ective modality with fewer compli-
cations [5,6]. The fi rst percutaneous vertebral bone biopsy was 
performed by Ball in 1934. The use of image guidance was fi rst seen 
with radiography in 1949, fl uoroscopy in 1969, CT in 1981, MRI in 
1986 and CT fl uoroscopy in 1996 [6].

Literature review from the 1990’s and early 2000’s stated the 
accuracy of a percutaneous biopsy of vertebral lesions guided with 
CT or fl uoroscopy ranged from 88% to 100% [6]. The recent and 
most comprehensive retrospective review done by Sehn and Gilula 
reported that 63 of 113 cases were positive when samples were tested 

histologically (55.7%) and only 28 of the 92 cases were positive when 
samples were investigated microbiologically (30.4%). Culture and/or 
pathology review was positive in 73 (64.6%) of the 113 cases. Pathology 
review along with culture of biopsy specimen supported a diagnosis 
of OM in 64.6% of investigated cases. However, the age of the partici-
pants ranged from 1 to 92 years [7]. This is in contrast to the study 
done in the 1990s and early 2000s [6]. 

Ballah et al. reported that there were 26 biopsies performed, 21 
out of 26 biopsies were diagnostic (81%); 2/26 (8%) were false-negative 
extracting nonlesional tissue, 2/26 (8%) were nondiagnostic and 1/26 
(4%) were technically unsuccessful. The diagnoses were as follows: 
12/26 biopsies (46%) were OM; 3/26 (11%) biopsies were Langerhans 
cell histiocytosis; 3/26 biopsies (11%) were normal bone; 2/26 (8%) 
biopsies were malignant tumors and 1/26 (4%) biopsies were osteo-
blastoma. Of 12 children with OM only 3 had a  positive culture; 9/12 
(75%) children had a negative culture. They did not report any p-value 
or confi dence interval. They concluded that percutaneous CT guided 
vertebral bone biopsy is safe in children with a high degree of diag-
nostic accuracy [8]. 

A���systematic review and meta-analysis of 7 studies (later excluded 
2 studies) indicated that image-guided percutaneous needle aspira-
tion biopsy has a high specificity (99.9%) and, therefore, is quite eff ec-
tive when positive. However, it has low sensitivity (52.2%) and can miss 
a substantial proportion of patients. Image-guided spinal biopsy 
had a diagnostic odds ratio (DOR) of 45.50 (95% confidence interval 
[CI], 13.66–151.56), a likelihood ratio of positive test (LRP) of 16.76 (95% 
CI, 5.51–50.95), a likelihood ratio of negative test (LRN) of 0.39 (95% 
CI, 0.24–0.64), a sensitivity of 52.2% (95% CI, 45.8–58.5) and a specificity 
of 99.9% (95% CI, 94.5–100). The results of this study strengthen 
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the importance of image-guided percutaneous spinal biopsy [9]. 
Wu et al. observed that out of 41 (age range 3 to 82 years) histolog-

ically positive cases of OM, 14 (34%) cases were positive at culture. The 
proportion of positive culture results in confi rmed cases of OM on 
the basis of histology was low. Patients who were on antimicrobial 
therapy in a 24 hour period of the biopsy, 24% had a positive culture, 
and the patients who were not on antibiotics had a 42% culture posi-
tivity rate. Larger prospective studies are required to investigate this 
fi nding further. They also advised or requested physicians to hold 
antibiotics for at least 24 hours before the biopsy [10]. 

Rankine et al. performed a retrospective study on 20 patients 
who had percutaneous spinal biopsies, with 8 out of 20 patients 
(40%) on antibiotics before the biopsy. An organism was isolated in 
8 out of 20 cases (40%). Out of 8 patients on antibiotics, an organism 
was isolated in only 2 cases (25%). The result of the biopsy helped 
to modify the treatment in 7 of the 20 patients (35%). They also 
suggested that spinal biopsy should be done before starting antibi-
otic and a sample should be sent for both microbiology and histo-
pathology [11]. 

Ng et al. reviewed the histopathological, cytological and micro-
biological results of patients who underwent bone and para-osseous 
biopsies between July 1977 and March 1996. The 502 biopsies were 
taken from 477 patients (age range for male patients was 5-86 years 
and for female patients was 2-86 years). Tumors were reported in 
40% of the biopsies and infection in 16%. The latt er study confi rms 
the importance of bone biopsy in confi rming diagnosis of infection 
and also detecting the presence of neoplasm, a diff erential diagnosis 
that needs to be born in mind when encountering pediatric patients 
suspected of infection. A bone biopsy can be taken from any site 
under the guidance of fl uoroscopy or CT [12]. 

In conclusion, our extensive search of the literature has revealed 
one study evaluating the role of bone biopsy in children with the 
remainder of the studies being performed in an adult population. 
Based on the available evidence, we recommend that percutaneous 
bone biopsy under fl uoroscopic or CT guidance is a reasonable, fast 
and cost-eff ective modality for diagnosis of OM and diff erentiating 
infection from neoplasm. It carries low complication rate but the 
ability of this test to isolate the infective organism in OM remains 

low. The above studies suggest that percutaneous bone biopsy shows 
high specifi city but low sensitivity in microbiological diagnosis of 
OM but the combining results of microbiological examination with 
histological evaluation of the samples enhances the sensitivity. Liter-
ature also suggests that bone biopsy should be performed before 
initiating empirical antibiotic therapy in order to increase its yield 
for isolation of the infective organism. 

REFERENCES
[1] Stedman TL, Dirckx JH, editors. Stedman’s Concise Medical Dictionary 

for the Health Professions. Ill. 4th ed. Philadelphia: Lippincott  Williams & 
Wilkins; 2001.

[2] Sammak B, Abd El Bagi M, Al Shahed M, Hamilton D, Al Nabulsi J, Youssef 
B, et al. Osteomyelitis: a review of currently used imaging techniques. Eur 
Radiol. 1999;9:894–900.

[3] Termaat MF, Raijmakers PGHM, Scholten HJ, Bakker FC, Patka P, Haarman 
HJTM. The accuracy of diagnostic imaging for the assessment of chronic 
osteomyelitis: a systematic review and meta-analysis. J Bone Joint Surg Am. 
2005;87:2464–2471. doi:10.2106/JBJS.D.02691.

[4] White LM, Schweitzer ME, Deely DM, Gannon F. Study of osteomyelitis: 
utility of combined histologic and microbiologic evaluation of percu-
taneous biopsy samples. Radiology. 1995;197:840–842. doi:10.1148/radi-
ology.197.3.7480765.

[5] Kim BJ, Lee JW, Kim SJ, Lee GY, Kang HS. Diagnostic yield of fl uoros-
copy-guided biopsy for infectious spondylitis. AJNR Am J Neuroradiol. 
2013;34:233–238. doi:10.3174/ajnr.A3120.

[6] Tehranzadeh J, Tao C, Browning CA. Percutaneous needle biopsy 
of the spine. Acta Radiol Stockh Swed. 1987 2007;48:860–868. 
doi:10.1080/02841850701459783.

[7] Sehn JK, Gilula LA. Percutaneous needle biopsy in diagnosis and identifi ca-
tion of causative organisms in cases of suspected vertebral osteomyelitis. 
Eur J Radiol. 2012;81:940–946. doi:10.1016/j.ejrad.2011.01.125.

[8] Ballah D, Nijs E, Keller MS, Zhu X, Krishnamurthy G, Cahill AM. Percu-
taneous CT-guided vertebral bone biopsy in children. Pediatr Radiol. 
2013;43:582–588. doi:10.1007/s00247-012-2542-8.

[9] Pupaibool J, Vasoo S, Erwin PJ, Murad MH, Berbari EF. The utility of image-
guided percutaneous needle aspiration biopsy for the diagnosis of sponta-
neous vertebral osteomyelitis: a systematic review and meta-analysis. Spine 
J. 2015;15:122–131. doi:10.1016/j.spinee.2014.07.003.

[10] Wu JS, Gorbachova T, Morrison WB, Haims AH. Imaging-guided bone 
biopsy for osteomyelitis: are there factors associated with positive or 
negative cultures? AJR Am J Roentgenol. 2007;188:1529–1534. doi:10.2214/
AJR.06.1286.

[11] Rankine JJ, Barron DA, Robinson P, Millner PA, Dickson RA. Therapeutic 
impact of percutaneous spinal biopsy in spinal infection. Postgrad Med J. 
2004;80:607–609. doi:10.1136/pgmj.2003.017863.

[12] Ng CS, Salisbury JR, Darby AJ, Gishen P. Radiologically guided bone biopsy: 
results of 502 biopsies. Cardiovasc Intervent Radiol. 1998;21:122–128.

•    •    •    •    •
Authors: Ali Parsa, Irene Kalbian, Karan Goswami

QUESTION 6: Is there any role for polymerase chain reaction (PCR) or molecular testing in 
pediatric musculoskeletal infection (PMSI)?

RECOMMENDATION: PCR may be a useful diagnostic adjunct with the potential to expedite a preliminary diagnosis of PMSI in comparison to the 
use of microbiological culture alone. Furthermore, PCR can enable pathogen identifi cation in cases where the organism is indolent, fastidious or 
diffi  cult to culture. However, data remains sparse and further research is needed to standardize molecular techniques, minimize contamination 
and explore emerging molecular methods that are primer-independent. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 93%, Disagree: 2%, Abstain: 5% (Super Majority, Strong Consensus)

RATIONALE

The diagnosis of musculoskeletal infection is typically based on perti-
nent clinical fi ndings, synovial fl uid analysis and a positive gram 
stain or culture confi rming the microbial identity of a pathogen [1]. 
Although culture results are used to identify the infecting organism 

and determine antimicrobial sensitivity, culture is often limited by 
sampling methodology, processing issues, early antibiotic adminis-
tration, and/or the presence of hard to culture organisms [2–4]. PCR 
and other molecular techniques have been investigated to a limited 
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degree as diagnostic tools and are showing promise for improving 
PMSI diagnosis.

Evidence for the diagnostic use of PCR in PMSI is sparse. In a 
prospective study exploring the utility of PCR, Verdier et al. enrolled 
171 pediatric patients with osteoarticular infection (OAI). From this 
cohort, 64 culture-positive specimens were identifi ed, of which 9 
cases were positive for Kingella kingae. When the 107 culture-negative 
specimens were tested with PCR, 15 additional cases of Kingella kingae 
were detected [5]. Similarly, Chometon et al. conducted a study of 131 
patients with acute pediatric OAI in a single hospital and found that 
pathogen identifi cation improved from 45% by culture alone to 66% 
with both culture and PCR testing [6]. 

Ferroni et al. performed a prospective study with 197 acute 
pediatric OAI cases in a single hospital and found that the use of 
PCR in addition to culture and histology increased bacterial diag-
nosis by 54%. 

There is additional evidence for the utility of PCR aiding diag-
nosis of musculoskeletal infection from studies examining adult 
cases. However, the reported sensitivity of PCR varies widely in the 
literature from 43.8% to 92.5% and specifi city ranges from 92.9% to 
100% [7–9]. Despite this variation, investigators consistently conclude 
that the rapid availability of the results (<1 day) make PCR an adjunc-
tive tool for guiding early treatment prior to the availability of 
culture results [7,8], especially in the sett ing of a negative culture 
[9]. It should be noted that these studies used diff erent standards to 
compare to PCR performance; Bonilla et al. and Fenollar et al. used 
culture results as their gold standard, while Fihman et al. used clini-
cian diagnostic judgment based on predetermined factors [7,9]. This 
signifi cant inconsistency renders the results diffi  cult to compare 
and interpret across studies. 

PCR has also shown promise as a valuable tool for diagnosing 
tuberculosis aff ecting the bones and joints [10–12]. Mycobacterium 
tuberculosis is a particularly diffi  cult organism to culture because 
false-negative results are relatively common. Therefore, a rapid, reli-
able diagnostic test is still needed. A study of 24 samples (21 patients) 
showed that PCR had 100% sensitivity and 87.5% specifi city for iden-
tifying tuberculous disease aff ecting the bones and joints. However, 
two false-positive results were seen in patients who had previously 
been diagnosed with tuberculosis [10]. 

An infected joint can rapidly progress into a medical emergency. 

Rapid molecular diagnostic tools could play a crucial role in iden-
tifying and treating the infection promptly [13]. PCR is a sensitive, 
rapid and widely-available molecular methodology that can detect 
microbial pathogens in clinical samples. However, in order to obtain 
reliable and consistent results it is necessary to standardize PCR 
preparation protocols and take care to avoid contamination [1,13]. 

Further research is needed to investigate the role that PCR and 
other molecular methods can play in identifying a pathogen.
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QUESTION 7: How can we diff erentiate between sickle cell crisis and septic arthritis/
osteomyelitis (OM)?

RECOMMENDATION: A combination of clinical, laboratory and imaging studies are all needed for diff erentiating between sickle cell crisis and 
infection. A positive aspiration for infection from the joint or periosteum confi rms the presence of infection while sequential ultrasounds in the 
absence of sub-periosteal fl uid collection favor sickle cell crisis. Tri-phasic bone scan in the fi rst 24 hours can diff erentiate vaso-occlusive crisis 
(VOC) from acute infection. Contrast-enhanced magnetic resonance imaging (MRI) is fairly accurate in diff erentiating infection from infarction. 

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 87%, Disagree: 0%, Abstain: 13% (Super Majority, Strong Consensus)

RATIONALE

Diff erentiating bone and joint infection from osteonecrosis (ON) in 
sickle cell disease (SCD) can be very challenging. Clinical presentation 

is an important tool in distinguishing OM from VOC in SCD: sudden, 
often severe pain; no or low-grade fever of less than 100 F (<38 c); infl am-
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matory markers only mildly elevated; and elevated HB/HCT ratio are all 
indicative of crisis and ON [1–3]. Also, pain in more than one site is more 
likely to be a crisis and not OM [4,5].

Inusa et al. [6] in a retrospective study demonstrated that mean 
initial white blood cell count was 14.9 in VOC and 17.8 in OM. They 
reported mean C-reactive protein (CRP) as the more informative test 
in diff erentiating OM from VOC–86.4 vs. 39.8. Therefore, CRP should 
be included in the risk criteria for infection in an SCD patient with 
fever [7,8]. Radiographs in early phases of OM or VOC are usually 
normal, with periosteal reaction showing up in both conditions 
within the fi rst 2 weeks [4,9].

Ultrasound scans alone can diagnose OM in SCD cases with 74% 
sensitivity and 63% specifi city [10]. Ultrasound scan within the fi rst 
six days shows periosteal elevation and/or fl uid collection in 76% of 
OM, while 91% of VOC cases show no evidence of fl uid collection. 
Repeat ultrasound is needed to confi rm the diagnosis of VOC when 
fl uid collection remains negative [6]. 

Combination of ultrasound and CRP was found to be a reli-
able, cost-eff ective measure in distinguishing OM from VOC [6]. Tri-
phasic isotope bone scans and labeled WBC scans can be helpful in 
later stages [11–14]. Sequential radionuclide bone marrow scanning 
and bone scan within the fi rst 24 hours diff erentiate bone infarction 
from acute infection [15,16].

T1-weighted MRI has low intensity in the medullary infarct 
and high intensity in T2-weighted images [4,11]. Contrast material 
enhancement on MRI may distinguish accurately between infection 
and infarction [17]. Un-enhanced bone marrow signal intensity on 
fat-saturated MRI images is not a reliable criterion for diff erentiation 
of infection from infarction according to Delgado [18].

Aspiration of pus from the subperiosteal region or joint, or posi-
tive blood culture remains the gold standard for diagnosing infec-
tion in SCD, bearing in mind that a negative blood culture does not 
rule out infection [8,19,20].
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QUESTION 1: What are the indications for surgical intervention in cases of osteomyelitis/
septic arthritis? How should treatment progress and resolution be monitored?

RECOMMENDATION: Septic arthritis is an orthopaedic emergency and needs prompt surgical treatment. Based on current evidence, there 
are no clear indications for the timing of surgical intervention in cases of osteomyelitis. The current literature does suggest monitoring disease 
progression, treatment effi  cacy and resolution by trending C-reactive protein (CRP) levels.

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 91%, Disagree: 3%, Abstain: 6% (Super Majority, Strong Consensus)

RATIONALE

The treatment of musculoskeletal infections in children has long 
been debated. Evidence has shown that it can be appropriate to 
treat this condition medically. However, surgery can play a critical 
therapeutic role for patients not responding to medical treatment 
or those presenting with massive bioburden in the joint that may 
require evacuation. 

Osteomyelitis in the pediatric population often has overlap-
ping clinical features with other diseases, making its diagnosis 
challenging [1]. Not only are the clinical presentations diverse, the 
epidemiologic aspects of the pathology also play a critical role in its 
therapy. Patient age, sex, socioeconomic status and even geograph-
ical location all point to diff erent etiologies, making treatment 
choices challenging [1,2]. Patients living in the United States can be at 
particular risk of aggressive osteomyelitis infections due to the pres-
ence of highly virulent strains of methicillin-resistant Staphylococcus 
aureus (MRSA). Ninety percent of MRSA isolates found in the U.S. are 
related to the USA300 strain which is positive for pvl and fnbB genes–
coding for the Panton-Valentine Leucocidin toxin and fi bronectin 
binding factor respectively [3]. Patients contracting strains such as 
these are at increased risk of subperiosteal abscess formation, septic 
thrombophlebitis, endocarditis and large muscle abscesses [3]. 
Another pathogen, Kingella kingae, has also recently emerged as an 
etiology of osteomyelitis and septic arthritis with a milder clinical 
presentation as well as lower infl ammatory markers and white-
blood cell (WBC) counts [4]. This further emphasizes the diversity in 
which these conditions can present.

Because of the multifaceted nature of osteomyelitis, care of 
these patients requires a coordinated, multidisciplinary approach 
in order to avoid potentially devastating complications of a missed 
osteomyelitis diagnosis [1]. As with many conditions in medicine, 
early diagnosis and treatment initiation are paramount. Unfortu-
nately, there are no gold standard tests to aid in the diagnosis of 
septic arthritis or osteomyelitis in the pediatric patient population 
[5]. Additionally, the lack of clear-cut surgical indications makes 
treatment plans complicated [1,6–9]. 

Osteomyelitis was found to be concomitant with septic arthritis 
in about 30% of cases [1,3]. Typically, bacteria seed in the metaphyseal 
region of long bones where capillaries make sharp turns resulting 
in serpentine routes of blood fl ow [1,3,5]. If the infection develops in 
the intracapsular portion of metaphyseal bone (i.e., proximal femur, 
humerus, radius or lateral distal tibia) there is a higher likelihood of 
extension into the joint space [1,3]. Joint space involvement creates 

an increase in intra-articular pressure, recruitment of leukocytes and 
subsequent release of cytokines, which can cause cartilage damage 
in as litt le as eight hours [4,10]. 

Proponents for surgical intervention have argued that the opera-
tive intervention can halt the disease progression [1,6,11].  Surgery and 
debridement of the joint can reduce the likelihood for osteonecrosis 
by enhancing the vascular supply to the bone, thereby allowing for 
improved antibiotic delivery and penetration to the site of infection 
[6]. Likewise, with osteoarticular involvement, decompressing and 
washing out the joint helps stem permanent damage by decreasing 
intra-articular pressure and reducing proteolytic enzymes resulting 
in degradation of the cartilage and sub-chondral bone [10,11]. 

Despite these valid arguments, studies have not been conducted 
that eff ectively defi ne surgical indications for osteomyelitis and 
septic arthritis. Indications for surgery in the literature are based on 
expert opinions, case series and cohort studies with none providing 
evidence-based clinical guidelines for surgical intervention in the 
case of osteomyelitis [6,7,9]. Additionally, the surgical procedures 
used for osteomyelitis are diverse, ranging from bone biopsy and 
subperiosteal abscess drainage to more involved procedures, such 
as the creation of a cortical window and extensive debridement [1]. 
Dartnell et al. conducted a systematic review of the literature and 
found very litt le evidence to support surgical intervention in pedi-
atric patients with osteomyelitis and/or septic arthritis due to a lack 
of randomized controlled trials [8]. At best, current recommenda-
tions for surgery include [1,6–8,12]:

• Failure to improve in 48-72 hours despite antibiotic 
treatment

• Presence of frank pus on aspiration of the joint
• Identifi cation of sequestered abscess

However, none of these recommendations come with quantita-
tive evidence from randomized controlled studies. 

Septic arthritis is considered an orthopaedic emergency and 
necessitates prompt treatment [13–15]. Across the current literature, 
it is well agreed that septic arthritis requires surgical removal of the 
inciting materials [5,10]. Guidelines and appropriate randomized 
trials to establish statistical evidence are still lacking. Moreover, 
numerous suggestions of the exact joint decompression technique 
exist (i.e., arthrotomy versus arthroscopy versus needle aspiration). 

El-Sayed et al. conducted a prospective controlled study to 
compare hip arthrotomy versus arthroscopy in the sett ing of septic 
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hip arthritis [13]. Open arthrotomy had been considered the gold 
standard at the time of his study. The latt er study reported no statis-
tical diff erences in clinical results (according to Bennett ’s clinical 
assessment criteria), such as prolonged post-operative joint aches, 
joint range of motion limitations or infection recurrence [13]. 
Mean hospital length of stay was shorter for the arthroscopic group 
compared to the arthrotomy group (mean of 3.8 days versus 6.4 days, 
p < 0.0001) [13]. The results of this study suggest that hip arthroscopy 
is a valid alternative to hip arthrotomy for septic arthritis of the hip 
joint. Similar fi ndings were reported by another study [5]. 

For septic arthritis of the knee, arthroscopy tends to be the 
operative choice [12,13]. Again, data is lacking to support these 
claims. Other studies have suggested that arthrotomy may be 
bett er for septic arthritis of the shoulder and the hip joint due to 
the tight space in these joints to allow entry of arthroscopic instru-
ments [10,12]. Baker et al. noted that arthroscopy can be a viable 
alternative as well in the shoulder and ankle joints [12]. Conversely, 
Peltola et al. report in their prospective randomized trial that most 
of the included patients in their study did not require any operative 
procedures beyond a diagnostic aspiration [16]. Despite the debate 
over the technique and necessity of surgical interventions, the 
literature does emphasize that early diagnosis and prompt treat-
ment are paramount when caring for suspected septic arthritis 
patients [5,8,10,13].

Other studies have att empted to streamline the diagnostic 
approach to patients with suspected septic arthritis. Kocher et al. 
established a clinical algorithm in order to aid in early diagnosis 
of pediatric septic hips [14]. Their criteria included the inability or 
refusal of the patient to bear weight, history of fever (defi ned as an 
oral temperature >38.5 °C), a serum WBC count greater than 12,000 
cells/mm3 and an erythrocyte sedimentation rate (ESR) greater than 
40 mm/hr [14]. Later studies found greater effi  cacy when incorpo-
rating CRP into this algorithm [17–19]. However, this clinical algo-
rithm has not been fully validated across all populations and further 
studies must be carried out before it can be applied universally 
[15,20]. 

Despite signifi cant heterogeneity in the literature regarding 
surgical indications and operative techniques for osteomyelitis and 
septic arthritis, there is more of a consensus on the use of CRP and 
ESR for aiding in diagnosis and monitoring treatment response 
[8,17]. CRP has been proven as an eff ective test for diagnosis and 
monitoring of response to treatment [5,8,10,16]. ESR was classically 
associated as a laboratory marker for osteomyelitis but has now 
been widely replaced by CRP [10]. The short half-life of CRP allows 
for more precise monitoring for effi  cacy of treatment. Decreasing 
CRP levels are indicative of treatment effi  cacy [8,16]. Pääkkönen et al. 
found that even with persistent pyrexia, decreasing CRP levels could 
be used to justify switching antibiotics from intravenous to oral [10]. 
They also report that they were able to safely discontinue antibiotics 
after 10 days as long as CRP levels were less than 20 mg/dL [10,16]. In 
circumstances when the CRP levels does not decline or continues to 

increase, further workup or additional interventions may be neces-
sary as this suggests a suboptimal clinical response to the current 
treatment [16].
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QUESTION 2: How radical should surgery be for osteomyelitis/septic arthritis?

RECOMMENDATION: In pediatric patients with osteomyelitis/septic arthritis who require surgical intervention, aggressive debridement and 
copious irrigation of the infected joint is required. 

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 89%, Disagree: 7%, Abstain: 4% (Super Majority, Strong Consensus)
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RATIONALE

The treatment of choice for septic arthritis in children is irrigation 
and debridement of the septic joint to clear the joint of bacteria and 
destructive enzymes and also decrease the intra-articular pressure to 
avoid articular cartilage damage and ischemia [1,2].

Septic arthritis of the hip joint has been posited as an emergent 
condition in pediatric patients often requiring open arthrotomy as 
soon as confi rmation of the disease is made with joint aspiration [1–5].

There are a few reports that show equivalent outcome for treat-
ment of hip septic arthritis when arthroscopy versus arthrotomy was 
employed [6,7]. Repeated aspirations of the hip joint under ultra-
sound guidance was shown to be eff ective in 85% of children without 
the need for an arthrotomy [4,8–11]. The indication for surgical 
treatment of septic arthritis of other joints remains controversial. 
Drainage of any large eff usion present in joints is usually advocated. 
In ankle, knee and shoulder joints, arthroscopic irrigation or aspira-
tion and lavage may be appropriate [1,3]. 

There is no consensus for the time, type and extent of surgical 
procedures in patients with osteomyelitis [1]. Surgery is recom-
mended in the presence of subperiosteal abscess, bone necrosis or 
direct invasion of the growth plate that may be seen in magnetic 
resonance imaging (MRI) images [2]. It is also indicated if a patient 
does not respond to antibiotic therapy, based on clinical examina-
tion, laboratory indices and imaging studies (particularly MRI) [1].

The decision to drain a subperiosteal collection seen on ultra-
sound cannot be based purely on the size of collection but needs 
to take into account the clinical fi ndings of the patient and the 
response to antibiotic therapy [12–14]. 

During surgical intervention often a cortical window is created 
[1,15], but the optimal treatment for sub-periosteal abscess remains 
controversial in terms of whether or not a corticotomy or intramed-
ullary drainage needs to be performed [1,16,17]. There is limited 
evidence to suggest that subperiosteal drainage alone is adequate 
management for a subperiosteal abscess [18–20].

Montgomery et al. [21] in a retrospective comparative study 
demonstrated that in patients with subperiosteal abscess, intrame-
dullary drainage signifi cantly decreased the need for repeat surgery. 
Another factor to consider when dealing with pediatric patients with 
septic arthritis is the virulence of the infective organism. In patients 
with methicillin-resistant Staphylococcus aureus (MRSA) infections, 
more aggressive surgical intervention is warranted, as these patients 
are at risk of relapse and often need repeated surgeries [15,22–24].
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QUESTION 3: Is there a role for arthroscopic washout in children with septic arthritis?

RECOMMENDATION: Yes. Arthroscopy is a useful tool in the treatment of septic arthritis in children. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 83%, Disagree: 10%, Abstain: 7% (Super Majority, Strong Consensus)
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RATIONALE

Early diagnosis of septic arthritis (SA) in the pediatric age group is 
essential in order to avoid adverse sequelae associated with delayed 
SA, such as osteonecrosis, chondrolysis, relapse or recurrent SA and 
sepsis, and is more important than the type of drainage[1–3]. 

For decades, the prevailing treatment of pediatric SA after early 
diagnosis was open arthrotomy, irrigation and debridement [2,4,5].
The optimal technique for drainage is controversial between needle 
aspiration, arthrotomy or arthroscopy. Arthroscopic drainage in 
adults with knee SA is the accepted treatment of choice, as func-
tional outcome and success of treatment is bett er using this method 
of treatment [6,7]. Arthroscopic treatment of SA in pediatric patients 
is defi ned as a successful option for septic arthritis of the hip, knee, 
ankle and shoulder in children [8,9]. 

Despite concern about traction in septic hips during the infec-
tion process, several studies have demonstrated its safety [10–13].

Kim et al. and Chung et al. reported good results of hip arthros-
copy utilization in SA [11,14,15]. In a prospective comparative study 
on hip SA, children treated arthroscopically had bett er functional 
outcomes (90% excellent vs. 70% in open arthrotomy group), signifi -
cantly shorter hospital stays and a lower rate of scarring due to the 
less invasive nature [16]. 

A recent study with a 2.5-year follow-up supported these results 
[9]. In these reports, all repeated drainage was done arthroscopically, 
and it was safe for even very young children.

In a 7-year follow-up comparative study of arthroscopic washout 
vs. open arthrotomy, Johns et al. reported reduced rates of repeat 
drainage, earlier knee range of motion and weight-bearing in the 
arthroscopic arm; however, these trends did not reach a statistically 
signifi cant diff erence [17].

In a series of 76 children with arthroscopically-treated septic 
arthritis, a combination of arthroscopic lavage and antibiotic 
therapy successfully eradicated infection in 91% patients, and open 
revision was only required in 4% of these cases [18].

In  summary, arthroscopic washout is a useful procedure for the 
treatment of pediatric septic arthritis, but the evidence is weaker 
than in the adult literature. Limited sample size and an absence of 

randomized clinical trials are evident in both knee and hip SA in the 
pediatric sett ing. Thus, there is no defi nitive evidence to support 
arthroscopic washout over open arthrotomy in children.
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QUESTION 4: Should the length of antibiotic usage be diff erent for a primary septic arthritis (SA) 
versus osteomyelitis (OM)?

RECOMMENDATION: Although there is a tendency towards prescribing a longer course of antibiotics in pediatric patients with OM compared to 
primary SA, this practice is not based on conclusive evidence. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 93%, Disagree: 2%, Abstain: 5% (Super Majority, Strong Consensus)

RATIONALE

For decades, it has been believed that a prolonged course of antibi-
otic therapy (four to six weeks) is necessary to improve long-term 
outcomes when treating OM and SA in children [1–3]. In recent 
years, the effi  cacy of prescribing a prolonged course of antibiotics 
in the treatment of SA has begun to be questioned. Recent studies, 
including clinical trials, have demonstrated that a shorter duration 
(less than one week) of antibiotic therapy, in particular intrave-

nous antibiotics, is eff ective in treating selective groups of pediatric 
patients with musculoskeletal infection while reducing length of 
stay, complications and healthcare costs [4–9].

Jagodzinski et al. demonstrated in a prospective study that 
three to fi ve days of parenteral antibiotic therapy was suffi  cient for 
treating osteoarticular infection in children [10]. However, the Infec-
tious Diseases Society of America (IDSA) currently recommends 
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a six-week course of antibiotics are administered to children with 
methicillin-resistant Staphylococcus aureus (MRSA)  infection of the 
musculoskeletal system [11].

There is also no consensus or published studies about the 
optimal transition time from intravenous to oral antibiotic therapy 
in pediatric osteoarticular infection. There is, however, agreement 
in clinical practice that a transition from parenteral to oral antibi-
otics should occur when clinical signs and serum laboratory markers 
improve [12–14].

An extensive search of the literature revealed 33 retrospective 
observational studies related to management of pediatric muscu-
loskeletal infections. The median length of antibiotic usage in these 
studies ranged from two to fi ve weeks for SA patients and three to 
eight weeks for OM patients. Many of these studies had small sample 
sizes, short follow-up duration and heterogeneous patient popula-
tions, thus precluding meaningful comparison. In studies analyzing 
both SA and OM populations, a longer duration of antibiotics was 
consistently reported for OM patients [15–17].

There have been no high-level studies examining the appro-
priate length of antibiotic treatment for pediatric patients with SA 
vs. OM. In the absence of such concrete evidence, it remains unclear 
if the length of antibiotic treatment should be diff erent for primary 
SA vs. OM. From the results of review of the available literature, it 
appears that uncomplicated cases of SA may be treated with a shorter 
duration of antibiotics than OM. This aligns with current guidelines 
from the European Society for Pediatric Infectious Diseases as well as 
the Australasian Society for Infectious Diseases, which both recom-
mend an average of two to three weeks of antibiotics in SA and three 
to four weeks of antibiotics in OM [18,19]. Australian Therapeutic 
Guidelines suggest similar durations of three weeks in SA and three 
weeks minimum in OM [20,21]. However, length of antibiotic usage 
should be evaluated individually and guided by clinical response. 
There is a paucity of data on antibiotic duration in neonates, immu-
nocompromised patients, patients with bone abscesses, those with 
chronic OM and infections caused by MRSA. The optimal length of 
therapy in these groups is yet to be defi ned. Thus, larger prospective 
randomized clinical trials of methodological rigor are required.
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QUESTION 5: Do steroids have a chondroprotective eff ect in children with septic arthritis (SA)?

RECOMMENDATION: Based on available pre-clinical and clinical studies it appears that the concurrent use of corticosteroids and antibiotics 
may have a protective role in the management of SA in the pediatric patient population.

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 58%, Disagree: 20%, Abstain: 22% (Simple Majority, NO Consensus)

RATIONALE

SA can lead to severe joint disabilities in about 30% of aff ected 
children. These disabilities include restriction of bone gro-
wth, chondral destruction, stiff ness, pathologic fracture, limb-length 

discrepancy, subluxation and chronic dislocation of the joint [1,2].
The processes leading to these sequelae are thought to be due 

more to infl ammatory responses than direct damage caused by 
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microorganisms. Rapid proliferation of bacteria within the joint 
space activates a cascade of pro-infl ammatory cytokines including, 
interleukin (IL)-1 beta, IL-6, IL-17 and tumor necrosis factor 
(TNF)-α [3]. These cytokines, in conjunction with the TNF receptor-
ligand family receptor activator of nuclear factor kappa-B ligand 
(RANKL), are believed to play a critical role in the activation and 
proliferation of osteoclasts, leading to bone resorption. Specifi -
cally, the interaction between RANKL and its receptor, RANK, has 
been shown to be required for osteoclast diff erentiation. Expression 
dysregulation of these factors in SA can lead to signifi cant osteolysis 
[4,5]. In addition, increased synovial fl uid and joint eff usion in SA can 
obstruct blood supply of the joint, leading to chondrocyte necrosis, 
even during the early hours of infection [6]. 

Glucocorticoids have an established role in suppressing the 
release of proinfl ammatory cytokines in almost all acute or chronic 
diseases [7]. They are used to control infl ammatory conditions 
aff ecting the joint, such as rheumatoid arthritis and ankylosing 
spondylitis. Corticosteroids also reduce the production of proteo-
lytic enzymes, such as elastase, collagenase and synovial matrix 
metallopeptidase-1 (MMP-1), thereby preventing the chondral degra-
dation process [7,8]. Despite the use of corticosteroids in infl amma-
tory conditions, they are avoided in patients who have infections due 
to their immunosuppressive eff ect and their potential to exacerbate 
infection. However, recent evidence suggests that the concurrent 
use of corticosteroids with antibiotics improved the care of patients 
with central nervous system infections, pneumonia, upper urinary 
tract infection and sepsis [9–12].

The chondroprotective eff ect of glucocorticoids was investi-
gated by two separate studies in 1996. Stricker et al. and Sakiniene 
et al. investigated the chondroprotective eff ect of corticosteroids 
on the course of SA [13,14]. Both studies utilized animal models to 

investigate if the administration of glucocorticoids had any infl u-
ence on the levels of circulating infl ammatory mediators. Stricker et 
al. employed the rabbit model and Sakiniene et al. utilized a mouse 
model to demonstrate that the administration of glucocorticoids 
resulted in improvement in symptoms in the animals and a signifi -
cant decrease in serum levels  of infl ammatory cytokines at two weeks.

Extensive search of the literature revealed four clinical studies 
that relate to this subject (Table 1). These studies consist of two 
double-blinded randomized control trials, one non-randomized 
clinical trial and one retrospective study [15–18]. The fi ndings of the 
studies are summarized in Table 1. All studies demonstrate improve-
ments in clinical symptoms, length of hospital stay, reduced use 
of antibiotics or faster return to normal of serum infl ammatory 
markers, such as C-reactive protein (CRP). In 2015 a meta-analysis was 
published regarding the use of corticosteroids in SA that included 
three of the aforementioned studies [19]. The fi nding of the meta-
analysis was that the use of corticosteroids combined with antibi-
otics resulted in an improvement in the outcome of management 
of SA in children. 

Despite the availability of evidence to support the use of corti-
costeroids in pediatric patients with SA, some concerns still remain. 
These concerns are:

1. The studies do not specifi cally seek adverse eff ects associ-
ated with the administration of corticosteroids.

2. Long term follow-up on patients receiving steroids is not 
available.

3. Total participant number of these studies is low.

4. Optimum dose, duration and route of prescription of corti-
costeroids is not clear yet.

TABLE 1. Summary of studies

Author (Year)
Study 
Design

Participants Treatment Protocol Results (Follow-up)

Odio et al. 
(2003) [15]

Randomised 
clinical trial

100 children 4 days of dexamethasone + AB Signifi cant decrease of joint dysfunction 
(12m)
Quicker normalization of CRP 
Earlier symptoms relief
Decreased IV antibiotics days

Harel et al. 
(2011) [16]

Randomised 
clinical trial

49 children 4 days of dexamethasone + AB Signifi cant decrease of joint dysfunction 
(12m)
Became afebrile earlier
Quicker normalization of CRP
Decreased IV antibiotics days
Decreased hospitalization

Arti et al. 
(2014) [17]

Non-randomized 
clinical trial

60 children 4 days of dexamethasone + AB Decreased hospitalization
Bett er fi nal ROM
Decreased local sign of infl ammation
Higher ESR reduction rate

Fogel et al. 
(2015) [18]

Retrospective 116 children Few days of dexamethasone 
+ AB

Rapid clinical improvement
Quicker normalization of CRP
Decreased IV antibiotics days
Decreased hospitalization
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The aforementioned concerns are important enough to justify 
the need for larger scale prospective studies with a longer follow-up 
that examine the benefi ts as well as the potential adverse eff ects of 
corticosteroids administered to pediatric patients with SA. 
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QUESTION 6: What is the optimal management of septic arthritis/osteomyelitis (SA/OM) caused 
by methicillin-resistant Staphylococcus aureus (MRSA)?

RECOMMENDATION: Patients with MRSA infection should be started on an antibiotic regimen, such as vancomycin, intravenously followed 
by linezolid, which is eff ective against this organism. Early consideration for surgical treatment and close monitoring is essential in pediatric 
patients with musculoskeletal MRSA infection to reduce the high prevalence of complications and late sequelae that are often seen.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 85%, Disagree: 11%, Abstain: 4% (Super Majority, Strong Consensus)

RATIONALE:

In past decade, the prevalence of MRSA in SA and acute OM has 
dramatically risen between 3- to 10-fold [1–3]. Compared to methi-
cillin-susceptible Staphylococcus aureus (MSSA) infections, patients 
with MRSA have more extensive areas of soft tissue destruction, 
more rapid spread of infection and experience higher mortality rates 
[2–4]. The course of treatment of these patients is also protracted with 
a longer length of hospital stay, need for surgical intervention and an 
increased risk of complications, such as persistent bacteremia, deep 
vein thrombosis, pulmonary embolus, pathologic fractures and 
other long-term sequelae [1,2,5–10].

The severity of MRSA infections may be related to virulence 
factors, such as Panton-Valentine Leukocidin (PVL) found in many 
MRSA strains [11,12]. MRSA strains may also contain specifi c virulence 
factors that are linked to increased soft tissue destruction, such as
α-hemolysin and α-type phenol-soluble modulin [3].

Pediatric patients with MRSA infections are more systematically 
unwell with higher temperatures and increased tachycardia. In addi-
tion, they present with even higher leukocytosis (or absolute neutro-

phil count), greater elevations in erythrocyte sedimentation rate 
and C-reactive protein  but lower hematocrit values [5,7,10,13].

Commencing appropriate empiric antibiotics in these patients 
is paramount to improve outcomes. Children with suspected MRSA 
SA or OM should be started on intravenous vancomycin or clinda-
mycin. Daptomycin or Linezolid are alternatives for the treatment of 
MRSA infections in children. The duration of therapy should be indi-
vidualized based on the response to treatment. A minimum course 
of three to four weeks for SA and four to six weeks of antibiotics for 
OM is recommended [4,14].

Cultures should ideally be obtained before initiating anti-
biotics in patients with musculoskeletal infection, especially if 
MRSA is suspected. Aspiration of the aff ected joint and obtaining 
blood cultures helps isolate the infective organism and should be 
part of the initial work up of these patients [14,15]. New diagnostic 
methods, such as real time polymerase chain reaction (PCR), may 
be useful in the rapid identifi cation of MRSA or other infective 
organisms [5].
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Appropriate imaging, such as magnetic resonance imaging 
(MRI), should also be part of the work up since this allows for 
localization of the infection and determination of the extent 
of disease. MRI may also help with surgical planning to ensure 
a more thorough debridement and decompression of infected 
areas [10,15,16].

Images may also reveal subperiosteal abscess formation or the 
presence of SA in the hip. The presence of such fi ndings lead to the 
need for early surgical intervention since antibiotics cannot typi-
cally penetrate large abscess cavities. Compared to MSSA infections, 
MRSA infections are more invasive and have a higher rates of abscess 
formation. Thus, they require surgical intervention more frequently 
and a higher number of repeat procedures [5].

Aggressive surgical management during the initial procedure, 
involving opening a surgical window and intramedullary irriga-
tion, is necessary to prevent the need for subsequent reoperation. 
Close monitoring of patients is critical to prevent complications and 
reduces long-term sequelae. Patients who fail to respond to antibi-
otics should undergo prompt surgical interventions. Repeat imaging 
should also be considered in patients who are not responding to 
treatment in order to determine persistent infection and assess the 
extent of bony and soft tissue involvement [6,10,11,14,16].

In summary, MRSA infections of the musculoskeletal system in 
children may have serious complications. They require early admin-
istration of antibiotics and may necessitate multiple surgical inter-
ventions. These patients often have a protracted hospital course and 
require vigilant monitoring to minimize the risk of complications.
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QUESTION 7: What is the best management for mycobacterium tuberculosis (TB) of the 
musculoskeletal system in children?

RECOMMENDATION: Mycobacterium TB periprosthetic joint infection (PJI) must be treated in collaboration with an infectious disease specialist, 
noting that the duration of treatment (minimum six months and up to two years) and the type of antimicrobials (usually a combination of four 
drugs) is determined based on the resistance profi le of the pathogen. 

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 86%, Disagree: 2%, Abstain: 12% (Super Majority, Strong Consensus)

RATIONALE

There is an agreement that anti-TB medications can eradicate most 
of the bacilli and prevent both relapse and drug resistance. The 
current recommendation for treatment length of extra-pulmonary 
TB in children is six months. However, these recommendations do 
not apply to osteoarticular infections and meningitis. Almost all 
available guidelines strongly recommend 12 months of anti-TB treat-
ment for osteoarticular TB [1–5]. 

The recommended regimen for children with suspected or 

confi rmed osteoarticular TB is a four-drug regimen consisting of 
Isoniazid (INH), Rifampin (RIF), Pyrazinamide (PZA) and Etham-
butol (EMB) for 2 months, followed by a two-drug regimen of Isoni-
azid and Rifampin (HR) for 10 months [6].

There is limited literature that describes how to treat children 
with drug-resistant TB. For mono-drug resistance to either Isoniazid  
or Rifampicin, the recommendation is for 6-9 months of a three-
drug regimen consisting of the other susceptible antibiotics from 
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the conventional four-drug regimen (Table 1) [3,7,8]. For multi-drug 
resistant (MDR) TB, all guidelines recommend a longer treatment 
period of up to 24 months with all four anti-TB drugs [3,7,9]. Evalu-
ation of the organism’s drug susceptibility profi le should also be 
conducted [3,7,9].

While some authors have reported favorable results with chem-
otherapy and non-operative splinting of the aff ected joint(s), others 
have recommended debridement of focal bony involvement and 
arthroscopic or open synovectomy to decrease the overall bioburden 
of infected material [10,11].

Arthrodesis, especially of the hip joint, may be an option in the 
event of severe destruction of the joint secondary to infection [12]. 
Orthopaedic interventions in spinal TB may occasionally be recom-
mended to prevent deformity of the spine in pediatric patients. 
These procedures may include surgical intervention, application of a 
brace or cast in addition to standard chemotherapy. Proper immobi-
lization of the growing spine in pediatric patients may help achieve 
a solid fusion without surgical procedures.

Surgical intervention is reserved for patients with formation of a 
large anterior column abscess, severe kyphotic deformity or progres-
sive spinal deformity despite chemotherapy [13,14].
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QUESTION 8: What is the role of host gene expression and severity of acute osteoarticular 
infection in children, especially methicillin-resistant Staphylococcus aureus (S. aureus), or MRSA, 
infection?

RECOMMENDATION: Unknown. The limited literature available suggests altered host gene transcription related to the balance of the body’s 
adaptive and innate immune responses may increase pediatric patients’ susceptibility to severe osteoarticular infection, particularly in cases of 
MRSA. However, much more investigation is needed to determine which genes are most useful and how they can be utilized to help physicians 
anticipate the course of infection in a given patient. 

LEVEL OF EVIDENCE: Consensus

DELEGATE VOTE: Agree: 75%, Disagree: 3%, Abstain: 22% (Super Majority, Strong Consensus)

TABLE 1. Recommendations for treatment of resistant TB in pediatrics

Initial Phase Maintenance Phase

INH-monoresistance TB RIF + PZA + EMB (2 months) RIF + PZA + EMB (4-7 months)

RIF-monoresistance TB INH+ PZA + EMB + FQN (2 months) INH + EMB + FQN (10-16 months)

             INH, Isoniazid; EMB, Ethambutol; RIF, Rifampicin; PZA, Pyrazinamide; FQN, Fluoroquinolones; TB, Tuberculosis
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RATIONALE

The severity of osteoarticular infection in otherwise healthy children 
varies greatly, even in the sett ing of infection by the same pathogen. 
Some pediatric patients experience a mild course that allows them to 
be discharged after a few days of hospital admission with antibiotic 
therapy. Other patients experience a protracted course and require 
major surgical intervention as well as intensive care management 
[1–3]. The contribution of genetic mechanisms to this wide range of 
clinical manifestations has been investigated to a limited extent. A 
similar diversity in illness severity has been observed in neoplastic 
and rheumatologic disorders, where there is evidence that ribonu-
cleic acid expression plays a role in the presentation of these condi-
tions [4–6]. Chaussabel et al. used gene expression microarrays in 
patients with seven autoimmune-related conditions and identifi ed 
transcriptional changes (“diagnostic signatures”) that could be used 
to distinguish between these respective conditions [7]. Identifying a 
parallel set of transcriptional diagnostic indicators for the severity 
of osteoarticular infection may enhance the ability of physicians to 
treat this condition.

S. aureus is one of the leading pathogens causing hospital-
acquired infection and MRSA infection is associated with over 
6,000 deaths/year in the United States [8]. In a series of 99 children 
hospitalized with S. aureus infection, investigators used microarray 
analysis to characterize the transcriptional profi les in whole blood. 
Signifi cant heterogeneity was observed in host signatures and tran-
scriptional changes were identifi ed. Furthermore, this heteroge-
neity was found to be associated with a more severe course of disease. 
Overall, patients with invasive S. aureus infection had an exaggerated 
expression of genes associated with the innate immune response 
and a diminished expression of adaptive immunity [9].

Ardura et al. conducted a study comparing gene expression in 
peripheral blood monocyte cells (PBMC) between 53 children with 
invasive S. aureus infection and 24 healthy children. Analysis of 
PBMC gene expression showed that patients with invasive S. aureus 
had lower numbers of central memory CD4+ and CD8+ T-cells and 
increased numbers of CD14+ monocytes versus healthy controls [10]. 
Ramilo et al. compared the immune system response in patients 
with Escherichia coli infection versus those with S. aureus infection. 
Their fi ndings support the specifi c patt ern described by Ardura et 
al. They found that patients with S. aureus infection had altered host 
gene expression associated with their adaptive immune response 
[11]. Gaviria-Agudelo et al. reported on a cohort of 12 pediatric 
patients with acute hematogenous osteomyelitis caused by MRSA, 
and they identifi ed specifi c genes which correlated with the severity 
of disease in the early hospitalization period. Among the fi ve distinct 
genes that were identifi ed, three were up-regulated (P2RX1, SORT1, 
RETN) and two were down-regulated (LOC641788, STAT 4). STAT4 

down-regulation showed the strongest correlation with disease 
severity [12].

While these fi ndings provide some initial evidence for the role 
of host gene expression in the severity of acute osteoarticular infec-
tion in children, the literature on this topic remains sparse. Further 
studies are needed to examine this connection, particularly studies 
with larger sample sizes. An enhanced understanding of host gene 
expression patt erns and the transcriptome in osteoarticular infec-
tion could enable physicians to bett er anticipate the risk of devel-
oping chronic osteomyelitis and, ultimately, facilitate personalized 
patient management strategies. 
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