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Abstract

Background: Pediatric septic arthritis is a surgical emergency and timely diagnosis prevents serious complications.
To differentiate between septic hip and transient synovitis, the predictive value of four original Kocher criteria (fever,
inability to bear weight, elevated serum white blood cell count, and elevated erythrocyte sedimentation rate) plus Caird’s
addition of elevated C-reactive protein have been studied, termed the modified Kocher criteria. These criteria have not
been tested extensively on septic knee. This study tested the utility of the modified Kocher criteria in predicting septic
knee while validating it for septic hip.

Methods: A retrospective chart review was conducted of pediatric patients evaluated at a single institution for irritable
hip or knee between 2009 and 2018. Patients who underwent arthrocentesis were included and the modified Kocher
criteria were applied to all.

Results: One hundred fifty-five patients (96 hips and 59 knees) were identified. One hundred four (67.1%) patients
had septic arthritis with 44/59 (74.6%) of knees and 60/96 (62.5%) of hips. The strongest predictors for septic hip and
knee were elevated C-reactive protein (odds ratio=26.9, p <0.0001) and refusal to bear weight (odds ratio=14.5,
p <0.0001), respectively. For hips, 5/5 criteria produced a 100% positive predictive value for septic arthritis. For knees,
the combination of inability to bear weight and elevated C-reactive protein had a positive predictive value of 89.7%.
Conclusion: While all five of the modified Kocher criteria are not predictive of pediatric septic knee, the combination
of two specific factors (inability to bear weight and elevated C-reactive protein) is strongly predictive. This study
validates previous work that the modified Kocher criteria are predictive of septic hip.

Level of evidence: level lll

Keywords: Septic arthritis, knee, hip, Kocher criteria (four original and five modified criteria)

Introduction synovitis of the hip (in German “Hiiftschnupfen”—
“sniffles of the hip”) is a well-known entity with a typical

Septic arthritis is an orthopedic emergency and necessi- history, typical clinical findings, and typical changes in

tates operative debridement to avoid growth disturbance
and cartilage destruction.'> Long-term complications of
delayed diagnosis or inadequate treatment include early 'The University of Arizona College of Medicine — Phoenix, Phoenix,
osteoarthritis, avascular necrosis, joint dislocation, patho- AZ, USA

logic fracture, and premature physeal closure, which can 2Mel & Enid Zuckerman College of Public Health, Phoenix, AZ, USA

. . .. . . 3Department of Orthopedics, N /Alfred |. duPont Hospital f
cause deformity, instability, or limb-length discrepancy.*? Csﬁzrer:ec\/iﬁmngto:PSE'cas Aemours rec . duront Hospitatfor

Ultrasonography and magnetic resonance imaging (MRI) “Department of Orthopedics, Phoenix Children’s Hospital, Phoenix,
with contrast both have strong diagnostic utility in detect- AZ, USA
ing joint effusions and, most important, synovial enhance-
ment present in septic arthritis and can assist clinicians in
the early stages.® Many conditions have a similar clinical ~ Cerresponding Author:

tation to pediatric septic arthritis. including Lvme Mohan V Belthur, Department of Orthopedics, Phoenix Children’s
presen p ptic arthrtis, g Lym Hospital, Main Building, Clinic B, 1919 E Thomas Road, Phoenix,
arthritis, crystal-induced arthritis, inflammatory arthritis, Az g5016, USA.

and transient synovitis, which is self-limiting.”® Transient  Email: mbelthur@phoenixchildrens.com

Date Received: 5 February 2022; accepted: | | May 2022


https://journals.sagepub.com/home/cho
mailto:mbelthur@phoenixchildrens.com

234

Journal of Children’s Orthopaedics 16(3)

ultrasound and MRI. Most important, it can be the forerun-
ner of Perthes’ disease. Subacute epimetaphyseal osteomy-
elitis must also be considered.’

In 1999, Kocher et al.'® identified four predictive fac-
tors that can aid in differentiating septic arthritis of the hip
from transient synovitis. Fever >38.5C, inability to bear
weight, serum white blood cell count (WBC) >12,000/
mm’, and an erythrocyte sedimentation rate (ESR)
=40 mm/h were found to be associated with septic arthritis
of the hip. The presence of all four factors was 99.6% pre-
dictive of septic hip in the initial retrospective study. In
2006, Caird et al." evaluated C-reactive protein (CRP), as
a fifth criteria. This prospective study found that the pres-
ence of all five factors predicted septic arthritis in 98% of
cases and that CRP level >2.0mg/dL (>20mg/L) was a
strong independent risk factor for diagnosing children with
septic arthritis of the hip.!' A subsequent prospective study
by Kocher et al.'? to validate the original four criteria was
less predictive of septic arthritis of the hip. Other studies
have been unable to replicate that same predictive level,
with one study reporting a predictive value of only 59%
for children with septic hip for the four original criteria.'®

There have not been many studies validating the predic-
tive value of all five factors for septic arthritis of the hip
and very few studies that have tested the predictive value
of these factors for septic arthritis of the knee.'*'® The pur-
pose of this study was to evaluate the utility of the modi-
fied Kocher criteria for septic arthritis of the knee and
validate its application in predicting septic hip.

Methods

This is a retrospective cross-sectional case series of pediat-
ric patients who were evaluated for an irritable hip or knee
with arthrocentesis at a single institution between January
2009 and January 2018. This institution is not located in a
Lyme endemic area. This study was approved by the
Institutional Review Board (IRB) (IRB #15-058). The
modified Kocher criteria and demographic information
were collected for all patients. Septic arthritis was defined as
a positive synovial fluid or positive blood culture and a syno-
vial fluid WBC count >50,000 cells/mm?. Patients were
diagnosed with presumed septic arthritis if they had a nega-
tive blood or synovial fluid culture but had a synovial fluid
WBC count >50,000 cells/mm?®. Transient synovitis was
defined as synovial fluid WBC count <50,000 cells/mm?,
a negative blood or synovial fluid culture, and improve-
ment without the use of antibiotics or surgery.'?> Lyme dis-
ease was identified by positive Lyme serology, but it
should be noted that there were no Lyme cases in this
study. During this study period, polymerase chain reaction
(PCR), next-generation sequencing (NGS), and whole-
genome sequencing (WGS) were not used. However, this
institution is starting to use PCR and NGS for selected
cases, although not universally.

Patient demographics and clinical characteristics were
reported as mean values, with standard deviations for con-
tinuous variables and frequencies, or percentages for cat-
egorical variables. The Kruskal-Wallis test compared
continuous variables among the three diagnostic catego-
ries (transient synovitis, presumed septic arthritis, and
confirmed septic arthritis). Chi-square/Fisher’s exact was
used to compare categorical variables. Multiple logistic
regression analysis was used to ascertain how well,
selected risk factors were associated with confirmed septic
arthritis status and presumed/confirmed septic arthritis sta-
tus, respectively. Subsequent backwards variable selection
was utilized to ascertain which risk factors best predicted
septic arthritis status. Area under the curve of >0.70 indi-
cated good fit of the statistical model. Diagnostic charac-
teristics (sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV)) for the total
number of risk factors were calculated using the receiver
operating characteristic (ROC) curve. All p-values were
two-sided and p < 0.05 was considered statistically signifi-
cant. All data analyses were conducted using STATA ver-
sion 15 (STATA Corp; College Station, TX, USA).

Results

A total of 155 patients, comprising 59 knee and 96 hip
patients were included in this study. Of these patients, 51
had transient synovitis or other etiology for atraumatic irri-
table joint, 59 had culture negative septic arthritis, and 45
had culture positive septic arthritis. In total, 44/59 (74.6%)
of the knees and 60/96 (62.5%) of the hips had confirmed
or presumed septic arthritis. Of the 60 septic hip patients,
24 were culture positive and of the 44 septic knee patients,
21 were culture positive. The average age of the patients
was 5.75 £4.0years and 57.4% were male. There were
significant differences in the presenting clinical factors
between groups (Table 1). The organism most commonly
identified in positive synovial fluid cultures was
Staphylococcus aureus (80.0% of positive cultures).
Additional positive cultures included Group A streptococ-
cus, which was identified on multiple occasions, and
Neisseria gonorrhoeae and Pseudomonas aeruginosa,
which were both identified once.

Using Multivariate Logistic Regression, inability to
bear weight in knee patients was the only independent risk
factor in differentiating septic arthritis from aseptic knee
odds ratio (OR)=7.16 (1.27, 40.5) (p=0.026), which was
stronger than for hip patients OR=5.87 (0.99, 34.9)
(»=0.051). In hip patients, elevated CRP (OR=21.6,
»<<0.0001), WBC count (OR=13.3, p=0.002), and ele-
vated ESR (OR=10.5, p=0.005) were all independently
predictive for septic arthritis. In knee patients, elevated
WBC count was not included in the multivariate analysis
as this risk factor exhibited multicollinearity with inability
to bear weight (Table 2).
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Table |. Demographic and clinical characteristics.

Predictors Knee p-value*  Hip p-value®
Septic arthritis  Other etiology Septic arthritis Transient
(n=44) (n=15) (n=60) synovitis (n=36)

Age, years (mean, SD) 6.77 (5.53) 6.98 (5.37) 0.89 5.03 3.42) 5.20 (2.84) 0.80
Sex (male) (N, %) 26 (59.1) 9 (60.0) 1.0 31 (51.7) 23 (63.9) 0.29
Race (Caucasian) (N, %) 10 (22.7) 4 (26.7) 0.74 19 31.7) 21 (58.3) 0.018*
Body temperature >38.5C (N, %) 19 (43.2) 3 (20.0) 0.13 19 31.7) 2 (5.56) 0.002*
Inability to bear weight (N, %) 37 (84.1) 4 (26.7) <0.001*  53(88.3) 18 (50.0) <0.001*
WBC count (>12,000/mm?) (N, %) 20 (45.5) 7 (46.7) 1.0 39 (65.0) 5(13.9) <0.001*
ESR (>40mm/h) (N, %) 26 (52.3) 5(33.3) 0.24 34 (56.7) 5(13.9) <0.001*
C-reactive protein (>2.0mg/dL) (N, %) 40 (90.9) 6 (40.0) <0.001* 51 (85.0) 7(194) <0.001*
SD: standard deviation; WBC: white blood cell count; ESR: erythrocyte sedimentation rate.
Kruskal-Wallis test to compare continuous variables, and chi-square to compare categorical variables.
“A p-value < 0.05 was considered statistically significant.
Table 2. Multivariate analysis.

Hip and knee SA vs other p-value® Knee SA vs other p-value? Hip SA vs TS p-value®

OR (95% Cl) OR (95% ClI) OR (95% ClI)
Temperature >385C 2.88 (0.83, 9.94) 0.09 1.53 (0.29, 8.05) 0.6l 3.71 (042, 33.3) 0.24
Unable to bear weight 4.49 (1.58, 12.7) 0.005% 7.16 (1.27, 40.5) 0.026* 5.87 (0.99, 34.9) 0.051
WBC >12,000/mm? 1.61 (0.59, 4.38) 0.35 N/A N/A 3.3 (2.57, 68.5) 0.002*
ESR >40mm/h 2.06 (0.77, 5.51) 0.15 0.43 (0.06, 2.86) 0.38 10.5 (2.05, 53.5) 0.005%
CRP >2.0mg/dL 10.7 (4.09, 27.9) <0.0001*  7.06 (0.88, 56.2) 0.064 21.6 (4.38, 106.9) <0.0001*

AUC 0.87

0.92

0.94

SA: septic arthritis; TS: transient synovitis; OR: odds ratio; Cl: confidence interval; WBC: white blood cell count; N/A: not applicable; ESR:
erythrocyte sedimentation rate; CRP: C-reactive protein; AUC: area under curve.

20dds ratios and 95% Cl calculated using the Multiple Logistic Regression.

“Statistically significant.

Stepwise variable selection was utilized to determine
the impact of each individual variable. In knee patients, the
only variable that demonstrated significance when isolated
was inability to bear weight (OR=14.5, p<0.0001). In
hip patients, four variables were statistically significant:
inability to bear weight (OR=5.9, p=0.046), clevated
WBC count (OR=14.6, p=0.001), elevated ESR
(OR=11.0, p=0.003), and elevated CRP (OR=26.9,
p<<0.0001). When knee and hip patients were examined
together, inability to bear weight (OR=5.72, p<0.0001)
and elevated CRP (OR=16.1, p<0.0001) were statisti-
cally significant (Table 3).

In hip patients, as the number of risk factors progres-
sively increased, there was a corresponding increase in the
PPV from 0% to 100% and in the specificity from 36.1%
to 100%, this trend was also seen in patients with pre-
sumed septic hip. In knee patients, the PPV did not corre-
late consistently with an increasing number of risk factors
(Table 4); this trend was also seen in patients with pre-
sumed septic knee. When the only two risk factors ana-
lyzed in knee patients were inability to bear weight and
clevated CRP, patients with 0/2 risk factors,1/2 risk

factors, and 2/2 risk factors, had PPVs of 18.1%, 77.8%,
and 89.7% in predicting septic arthritis of the knee, respec-
tively (Table 5).

Discussion

Transient synovitis may be rare in the knee, but there are
other self-limiting causes for atraumatic unilateral irritable
knee, including Lyme arthritis, viral infection, autoim-
mune arthritis, and crystal arthropathy that must be distin-
guished from a septic joint. Applying the modified Kocher
criteria to identify septic knee had reduced predictability
compared to septic hip in this study, which had been
reported by previous studies. Obey et al.'"* studied 102
pediatric patients with septic knee and found the original
Kocher criteria to be less reliable for knee than it would be
for the hip, with 3/4 criteria 48.5% sensitive for septic
knee compared to 84% for septic hip patients as found by
Kocher et al.!®!* While the study performed by Obey et al.
had more patients with septic knee than this current analy-
sis, there was no comparison to other causes of irritable
knee or to septic hip at the same institution. Similarly,
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Table 3. Stepwise variable selection of multivariate analysis.

All SA vs TS p-value® Knee SA vs TS p-value? Hip SA vs TS p-value®
OR (95% Cl) OR (95% Cl) OR (95% ClI)
Temperature >385C N/A N/A N/A N/A N/A N/A
Unable to bear weight  5.72 (2.19, 14.9)  <0.0001* 14.50 (3.58, 58.90) <0.0001* 5.90 (1.03, 33.80) 0.046*
WBC >12,000/mm3 N/A N/A N/A N/A 14.60 (2.84, 75.40) 0.001*
ESR >40mm/h N/A N/A N/A N/A 11.00 (2.22, 54.40) 0.003*
CRP >2.0mg/dL 16.10 (6.47, 39.80) <0.0001* N/A N/A 26.90 (5.48, 131.60) <0.0001*

SA: septic arthritis; TS: transient synovitis; OR: odds ratio; Cl: confidence interval; N/A: not applicable; WBC: white blood cell count; ESR:

erythrocyte sedimentation rate; CRP: C-reactive protein.

2Odds ratios and 95% Cl calculated using the Multiple Logistic Regression following backwards stepwise variable selection.

“A p-value < 0.05 was considered statistically significant.

Table 4. Impact of number of risk factors for hip patients and knee patients.

Number of Other Knee Positive Transient Hip Positive

risk factors (N=15) predictive synovitis predictive
Septic arthritis (N=44)  \,|ue (N=36) Septic arthritis (N=60)  a1ue

0 7 (46.7) 0 (0.0 0.0 13 (36.1) 0 (0.0 0.0

| 2 (13.3) 5(11.4) 71.4 13 (36.1) 0 (0.0 0.0

2 | (6.67) 7 (15.9) 87.5 7(194) 12 (20.0) 632

3 | (6.67) 15 (34.1) 93.4 2 (5.56) 25 (41.7) 92.6

4 2(13.3) 10 (22.7) 83.3 1 (2.78) 18 (30.0) 94.7

5 2 (13.3) 7 (15.9) 778 0 (0.0 5(8.33) 100.0

Table 5. Utility of only using elevated CRP and inability to bear weight to predict septic knee.

Number of risk factors Transient synovitis (N=15)

Knee Positive predictive value

Septic arthritis (N=44)

0 9 (60.0)
[ 2 (13.3)
2 4(26.7)

2 (4.6) 18.1
7 (15.9) 77.8
35 (79.5) 89.7

Joshy et al. '° compared 37 pediatric knee patients to 29
with hip patients who underwent arthrotomy for suspected
septic joint. Culture positive synovial fluid was not only
more common in the hip group, but also had a stronger
correlation with the original four Kocher criteria. That
study is limited by small patient sizes as it included only
culture positive cases.

As an alternative to the traditional Kocher criteria,
Baldwin et al.!” evaluated subjective history of fever,
pain with <30 degrees of motion (referred to as short arc
motion), CRP =4.0mg/L, and age <2 years old as pre-
dictive factors to help differentiate septic arthritis from
Lyme arthritis and found that with increasing number of
criteria, there was a higher predictive value. Correlative
to this study, pain with short arc motion had the greatest
adjusted odds ratio at 67.3 (p < 0.001). This study evalu-
ated a unique geographic area with relatively high rates
of Lyme, which does not apply broadly or to the patient
population in this study. This study did not measure pain

with short arc motion, rather, the inability to bear weight
was documented.

For patients with hip disease, having an elevated CRP
was the strongest independent prognostic factor for septic
arthritis and has been reported previously as such.''® In
knee patients, the inability to bear weight was the strongest
predictor. This suggests that the location of the disease in
the body may impact how the local or systemic symptoms
present in pediatric patients.

This study has several limitations. It is a retrospective
study including only patients who underwent arthrocente-
sis, leading to a higher prevalence of septic joint than that
of all patients presenting with atraumatic unilateral knee
pain. This can lead to higher specificity of the criteria, lim-
iting the applicability of its findings to a boarder popula-
tion. The criteria used to define a septic joint in this study
may have some inaccuracies. There were culture negative
patients with synovial fluid WBC <50,000 who were clin-
ically diagnosed and treated as having septic arthritis but
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did not meet that definition by study criteria. This study
definition may lead to incorrect categorization of patients
with true septic arthritis; examples of diseases that could
fall into this category include rheumatoid arthritis and
Lyme disease. Furthermore, this is a relatively small sam-
ple size at a single institution. Future studies evaluating the
applicability of the modified Kocher criteria to septic knee
should include prospectively gathered data with larger
sample sizes.

Conclusion

This is the first known study to apply the modified Kocher
criteria by comparing septic arthritis to other etiologies of
both the hip and knee in the same population of pediatric
patients. In hip patients, the PPV increased as the number
of risk factors increased, with 5/5 criteria producing a
100% PPV in this patient population. Elevated CRP was
the strongest independent risk factor for septic arthritis of
the hip. The modified Kocher criteria have limited utility
in predicting septic arthritis of the knee. Instead, inability
to bear weight combined with elevated CRP had an 89.7%
PPV for septic knee, with inability to bear weight as the
strongest independent risk factor for septic knee.

The modified Kocher criteria have reduced applicability
to the evaluation of pediatric septic knee than for septic hip.
The combination of inability to bear weight and elevated
CRP have significant association with septic knee, which
can be used as an adjunct to evaluate pediatric patients pre-
senting with unilateral atraumatic irritable knee.
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