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Abstract. - OBJECTIVE: Distinguishing sep-
tic arthritis from specific inflammatory arthri-
tis in children with acute monoarthritis can be
a clinical challenge. This study aimed to assess
the diagnostic performance of presenting clin-
ical and laboratory findings for distinguishing
septic arthritis from common forms of nonin-
fectious inflammatory arthritis in children with
acute monoarthritis.

PATIENTS AND METHODS: Children pre-
sented for the first episode of monoarthritis
were retrospectively reviewed and then divided
into two groups: (1) the septic group, 57 children
with true septic arthritis, and (2) the non-septic
group, 60 children with several types of nonin-
fectious inflammatory arthritis. Several clinical
findings and serum inflammatory markers on
admission were documented.

RESULTS: Univariate analyses demonstrated
that body temperature, weight-bearing status,
C-reactive protein (CRP), erythrocyte sedimen-
tation rate (ESR), white blood cell count (WCC),
absolute neutrophil count (ANC), and neutrophil
percentage (NP) levels were significantly high-
er in the septic group than in the non-septic
group (p<0.001 for each variable). Based on the
ROC analysis, optimum diagnostic cut-off val-
ues were 63 mg/L for CRP, 6,300/mm? for ANC,
53 mm/h for ESR, 65% for NP, 37.1°C for body
temperature, and 12,100/mm? for WCC. While
children with no presenting factor had a 4.3%
risk of having septic arthritis, those with six pre-
dictors had a risk of 96.2%.

CONCLUSIONS: A CRP level of 263 mg/L is
the best independent predictor of septic arthri-
tis among the commonly used serum inflamma-
tory markers (ESR, WCC, ANP, NP). It should
be borne in mind that a child with zero predic-
tors may still have a 4.3% risk of septic arthri-
tis. Thus, clinical assessment is still imperative
in managing children presenting with acute mo-
no-arthritis.
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Introduction

Septic arthritis in children is often caused by
bacteremia and typically presents as an acute
monoarthritis of the large joints such as the knee,
hip, and ankle'. Acute monoarthritis may also be
a manifestation of noninfectious inflammatory
arthritis, including juvenile idiopathic arthritis
(JTA), reactive arthritis, transient synovitis, etc.

In children with acute monoarthritis, distin-
guishing septic arthritis from common forms
of noninfectious inflammatory arthritis is im-
perative as treatment options and prognosis of
these disorders are markedly different??. Septic
arthritis represents an emergency that requires
early diagnosis, adequate surgical drainage, and
proper antibiotic therapy to prevent serious com-
plications and permanent damage to the affected
joint*. In contrast, children with noninfectious
inflammatory arthritis are typically managed
by a pediatric rheumatologist based on specific
treatment protocols, consisting of nonsteroidal
anti-inflammatory drugs, corticosteroids, and bi-
ologic agents®. Nonetheless, septic arthritis in the
pediatric population poses a diagnostic challenge
to clinicians, with no single test available to
accurately identify patients with acute monoar-
thritis®*.

The diagnosis of septic arthritis is main-
ly established based on clinical findings and
complementary laboratory tests. Positive sy-
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Table I. Eligibility criteria for the inclusion and exclusion of participants.

Inclusion criteria

Exclusion criteria

* A diagnosis of acute non-traumatic monoarthritis
(septic arthritis or specific inflammatory arthritis)

* The diagnosis of true septic arthritis

* An age between 1 and 16 years

» Admission to hospital for a first episode of arthritis

* Onset of symptoms less than a week prior to admission
(acute onset)

* Availability of medical records and laboratory findings
within the first day of admission

* Cases with documented sepsis and secondary arthritis
 Concomitant osteomyelitis
» Concomitant trauma or fracture
* Prior anti-inflammatory treatment
* Underlying immunosuppressive conditions such as:
o Hematological malignancy or disorder,
o Solid neoplasm,
o Chronic renal failure,
o HIV- or drug-induced immunosuppression.

novial fluid culture is the only definitive diag-
nostic laboratory test, but culture results can
be false negative® and are not usually available
for twenty-four hours and more®’. Easily ad-
ministered serum inflammatory markers such
as white blood cell count (WCC), C-reactive
protein (CRP), and erythrocyte sedimentation
rate (ESR) are still widely used in diagnosing
this complex clinical scenario. However, to
our knowledge, evidence from the literature is
scarce regarding the diagnostic cut-off values
and diagnostic performance characteristics of
these inflammatory markers in predicting sep-
tic arthritis.

In this study, we compared clinical and lab-
oratory findings between septic arthritis and
common forms of noninfectious inflammatory
arthritis in children with acute monoarthritis. We
aimed to:

1) determine optimum diagnostic cut-off levels
for presenting clinical, and laboratory findings,

2) evaluate their diagnostic performance for dis-
tinguishing septic arthritis from specific in-
flammatory arthritis,

3) develop a probability algorithm for the predic-
tion of septic arthritis in children presenting
with acute monoarthritis.

Patients and Methods

Study Population and Eligibility Criteria

Children aged 1 to 16 years who were present-
ed to a Tertiary Care Medical Institution between
2005 and 2019 for the first episode of acute
monoarthritis lasting for less than a week were
retrospectively reviewed. The electronic medical
archives of the Orthopedics and Pediatric Rheu-
matology Departments were used to identify the
study population.

Based on the eligibility criteria (Table I), after
42 children were excluded, the remaining 117
children were included in the study and catego-
rized into two groups based on the final diagno-
sis: (1) the septic group, children diagnosed with
true septic arthritis, and (2) the non-septic group,
children diagnosed with a form of noninfectious
inflammatory arthritis (Figure 1). Septic arthritis
was defined as true septic cases detected with
a positive synovial fluid culture or a positive
synovial fluid gram-staining based on the defini-
tion of Kocher et al®. Inflammatory arthritis was
regarded as acute onset, non-traumatic, specific
inflammatory arthritis. The institutional Ethical

University database:

Children aged 2 months to 16 years presented with a
first episode of monoarthritis from 2005 to 2019

N=159

]
Excluded N =42

« Concomitant trauma or
fracture, n =4

« Concomitant sepsis, n = 2
¢ A diagnosis of chronic

inflammatory rheumatic
disorders, n = 14

¢ Concomitant hematological
malignancy,n=1

* A diagnosis of presumed
septic arthritis, n = 21

Included N=117

Children with first episode of
monoarthritis lasting less than a week

Septic group Non-septic group
N=57 N =60

Figure 1. Flow chart of the study participants.
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Committee approved this study protocol on hu-
man research (Ethical permit number 2018/1057),
and data collection was in accordance with the
guidelines of the Declaration of Helsinki.

Diagnosis and Management

In the septic group, all children were diagnosed
and treated with surgical drainage and appropri-
ate antibiotic therapy performed by orthopedic
surgeons. In the non-septic group, after ruling
out septic arthritis at the emergency room visit,
children with acute monoarthritis were referred
to the Department of Pediatric Rheumatology.
Several types of specific inflammatory arthritis
were then diagnosed and treated accordingly by
pediatric rheumatologists.

Outcome Measures

We retrospectively collected the following data
from medical and laboratory records of children
at the time of their first admission.

Clinical variables

Body temperature (degrees Celsius) was mea-
sured using a tympanic thermometer at the emer-
gency room visit. Weight-bearing status was de-
termined based on the clinical history of children
with lower limb septic arthritis. “Weight-bear-
ing” was defined as walking with an abnormal
gait or limping’.

Laboratory variables

The following serum inflammatory markers
were documented: C-reactive protein (CRP) (mg/L),
erythrocyte sedimentation rate (ESR), white blood
cell count (WCC) (fmm?®), absolute neutrophil count
(ANC) (/mm?), absolute platelet count (APC) (10°/L),
and neutrophil percentage (NP) (%).

Statistical Analysis
Statistical software package SPSS 20.0 (IBM
Corp., Armonk, NY, USA) was used for analysis.

Table Il. Demographic characteristics of the study participants.

Statistical significance was set at p<0.05. The
test for normality of the variables was done by
Shapiro-Wilk Test. Descriptive data are given as
frequencies, percentages, means, and standard
deviations or medians and ranges (minimum and
maximum). The power analysis before the study
showed that a minimum of 40 patients per group
was needed to detect significant differences be-
tween the two groups, with a power of 80% at a
0.05 significant level.

In univariate analysis, comparisons of para-
metric data were undertaken using paired sam-
ple #-test for normally distributed variables and
Mann-Whitney U test for non-normally distrib-
uted ones. Comparisons of non-parametric data
were made using the Chi-square test and Fish-
er’s exact test. Receiver operating characteris-
tic (ROC) curves were generated to determine
the variables’ optimum diagnostic cut-off values.
The areas under the ROC curves (AUCs) were
calculated to compare their overall predictive
performance for septic arthritis. The AUC values
were interpreted as follows: 0.5-0.7=minimal;
0.7-0.9=moderate; >0.9=high discriminatory
power”!?, The diagnostic performance of the re-
spective cut-off values was measured by sensitiv-
ity, specificity, positive predictive value (PPV),
and negative predictive value (NPV). A multivar-
iate logistic regression analysis was conducted to
identify independent predictors of septic arthritis.

Results

Baseline Data

The septic group included 57 children (28
girls, 29 boys), and the non-septic group had 60
children (30 girls, 30 boys). The mean age on
admission was 83 months (range=12-186) in the
septic group and 103 months (range=17-189) in
the non-septic group. Demographic data of study
participants are given in Table II.

Septic group

Non-septic group

Characteristic (57 children) (60 children) p-values
Age on admission (month) Min-Max 12-186 17-189 0.09°
(Median) 88 88
Mean + SD 83 +54 103 £ 57
Gender Girl/Boy 25/32 30/30 0.067°
Side Right/Left 27/30 33/27 0.409°

Student #-test; "Pearson Chi-square test. Statistical significance was set at p < 0.05.
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Table Ill. Location of affected joints, n (%)*.

Septic group Non-septic group
(57 joints) (60 joints)
Knee 34 (59.6) 30 (50)
Hip 16 (28.1) 11 (18.3)
Ankle 23.5) 16 (26.7)
Shoulder 2(3.5) 0(0)
Elbow 3(5.3) 305

*Fisher’s exact test was used for the comparison, and a sig-
nificant difference was observed (p = 0.002).

In the septic group, of 57 children, 36 (63%)
exhibited positive culture results. The most com-
mon pathogens identified were methicillin-sensi-
tive Staphylococcus aureus in 22 children (61%),
Streptococcus pneumoniae in 9 (25%), and meth-
icillin-resistance Staphylococcus aureus in 5
(14%). The remaining 21 children were not iden-
tified by positive joint fluid culture, but all had
positive gram stains of joint fluid demonstrating
gram-positive cocci.

In the non-septic group, the underlying diagno-
sis was oligoarticular juvenile idiopathic arthritis
(JIA) in 32 children (53%), enthesitis-related ar-
thritis in 12 (20%), familial Mediterranean fever
in 7 (12%), toxic synovitis of the hip in 5 (8%),
psoriatic arthritis in 2 (3%), polyarticular JIA in
1 (2%), and systemic JIA in 1 (2%).

Although the most common joint involved was
the knee in both groups, the second most com-
monly involved joint was the hip in the septic

group, but the ankle in the non-septic group (Ta-
ble III). In terms of the location of affected joints,
a statistically significant difference was observed
between the two groups (p=0.002).

Univariate Analysis: Comparison of
Clinical and Laboratory Measures

The septic group significantly differed from
the non-septic group concerning seven measures:
body temperature, weight-bearing status, CRP,
ESR, WBC count, ANC, and NP (Table IV).

The mean body temperature was significant-
ly higher in the septic group (37.55 £ 0.88°C)
than in the non-septic group (36.72 + 0.9°C)
(p=0.001; p<0.01). In the septic group, all the
children with lower limb septic arthritis failed to
bear weight on the affected limb. In the non-sep-
tic group, while 36 children (60%) developed
non-weight bearing, the remaining 21 children
were able to bear on their affected limbs. Non-
weight bearing status was significantly higher
in the septic group than in the non-septic group
(p=0.001; p<0.01).

Except for APC, all other serum inflammatory
markers, i.e., CRP, ESR, WBC count, ANC, NP,
were significantly higher in the septic group com-
pared to the non-septic group (p=0.001; p<0.01).

ROC Analysis: Diagnostic Cut-Off Points
and Overall Predictive Performance
Measures differing significantly with a p-value
lower than 0.01 in the univariate analysis were
chosen as candidates for the ROC analysis. In-

Table IV. Comparative analyses of laboratory parameters between septic and non-septic groups.

Septic group Non-septic group p-values*

Body temperature (°C) Min-Max 36-39 36-38.1 0.001%**
Mean + SD 37.55+09 36.72 £ 0.65

CRP (mg/L) Min-Max 5-185 7-181 0.001%**
Mean + SD 89.79 £ 47.97 41.44 £ 3725

ESR Min-Max 13-126 2-92 0.001**
Mean = SD 70.16 +29.72 34778 £23.79

WBC count (/mm?) Min-Max 2,100-34,900 4,440-20,800 0.001**
Mean + SD 14,365.26 + 6,035.31 9,877.83 + 3,652.59

ANC (/mm?) Min-Max 1,600-24,300 1,600-16,100 0.001**
Mean + SD 9,787.37 + 4,489.91 5,563.50 +2,991.99

NP (%) Min-Max 41-81 25-82 0.001**
Mean = SD 66.81 £ 8.98 54.50+13.32

APC (10%/L) Min-Max 161-589 152-692 0.859
Mean + SD 345+95 348 £ 111

CRP = C-reactive protein; ESR = Erythrocyte sedimentation rate; WBC = White blood cells; ANC = Absolute neutrophil count;
NP = Neutrophil percentage; APC = Absolute platelet count. *Mann-Whitney U Test; **p < 0.01.
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deed, the mean APC was higher in the septic
group, but this difference reached no statisti-
cal significance (p=0.859), and thus APC was
not included in the ROC analysis. Also, since
weight-bearing status is a binary categorical vari-
able (yes/no), it was considered inappropriate for

ROC analysis!'.

The optimum diagnostic cut-off values were as

follows (Figure 2):

* 63 mg/L for CRP (AUC: 0.817; SE: 0.039; 95%
CI: 0.634-0.913),

* 6,300/mm? for ANC (AUC: 0.797; SE: 0.043;
95% CI: 0.636-0.912),

* 53 mm/h for ESR (AUC: 0.794; SE: 0.043; 95%
CI: 0.632-0.902),

* 65% for NP (AUC: 0.782; SE: 0.044; 95% CI:
0.633-0.905),

* 37.1°C for body temperature [AUC: 0.757; stan-
dard error (SE): 0.047; 95% confidence interval
(CI): 0.552-0.894],

e 12,100/mm? for WCC (AUC: 0.754; SE: 0.046;
95% CI: 0.554-0.898).

All the measures exhibited moderate discrim-
inatory power for distinguishing septic arthritis
from specific inflammatory arthritis based on the
above ROC-AUC values. CRP was of the best
overall predictive performance, followed by ANC,
ESR, NP, body temperature, and WCC (Figure 2).

Diagnostic Performance of the
Respective Cut-Off Values

The diagnostic performance characteristics of
the respective cut-off values are presented in
Table V. In predicting septic arthritis, while the
CRP level of >63 mg/L demonstrated the highest
specificity and positive predictive value (80%,
and 78%, respectively), WCC showed the lowest
specificity (63%). Whereas ANC had the highest
sensitivity and negative predictive value (80%
and 80%, respectively), WCC illustrated the low-
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Figure 2. Receiver operating characteristic curves for CRP
(C-reactive protein), ESR (erythrocyte sedimentation rate),
WBC (white blood cell count), ANC (absolute neutrophil
count), and NP (neutrophil percentage). CRP, area under the
curve (AUC): 0.817; standard error (SE): 0.039; 95% confidence
interval (CI): 0.634-0.913. ANC, AUC: 0.797; SE: 0.043; 95%
CL 0.636-0.912. ESR, AUC: 0.794; SE: 0.043; 95% CT: 0.632-
0.902. NP, AUC: 0.782; SE: 0.044; 95% CI: 0.633-0.905. Body
temperature, AUC: 0.757, SE: 0.047, 95% CI: 0.552-0.894.
WCC, AUC: 0.754; SE: 0.046; 95% CT: 0.554-0.898.

est sensitivity and negative predictive value (63%
and 70%, respectively).

Multivariate Analysis
Variables found to be statistically significant at
a p-value lower than 0.1 in the univariate model,

Table V. Diagnostic performance characteristics of clinical and laboratory parameters for predicting septic arthritis.

Body
temperature CRP ESR ¥/CC ANC NP
Performance (= 37.1°C) (=63 mg/L) (=53 mm/h) (=12,100 mm3) (6,300 /mm?) (= 65%)
Sensitivity 75 74 75 63 80 70
Specificity 77 80 80 78 72 78
Positive predictive value 75 78 77 75 73 75
Negative predictive value 77 76 77 70 80 73

CRP = C-reactive protein; ESR = Erythrocyte sedimentation rate; WCC = White blood cells count; ANC = Absolute neutrophil
count; NP = Neutrophil percentage. Data are expressed as percentages.
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including CRP, ANC, ESR, NP, body tempera-
ture, and WCC, were entered into the multivar-
iate logistic regression analysis at their optimum
diagnostic cut-off points, in order to measure
their adjusted effects on the diagnosis of septic
arthritis. Then, four significant independent pre-
dictors that were strongly associated with the risk
of developing septic arthritis were identified:

1) CRP >63 mg/L,

2) ESR >53 mm/h,

3) WCC >12,100/mm?°,

4) body temperature >37.1°C.

Otherwise, ANC and NP were not significantly
associated with the outcome (p>0.05; Table VI).

Following univariate and multivariate analy-
ses, a probability algorithm for predicting septic
arthritis was developed using the six presenting
factors differing significantly in the univariate
analysis between children with septic arthritis
and those with specific inflammatory arthritis.
The predicted probability of a child having sep-
tic arthritis was calculated as a function of the
number of these positive presenting factors (Table
VII). To assess the fit of the model, the coefficient
of determination (R2) was calculated, which was
0.863, indicating the good fit of the model to the
study data and statistically significant regression.

Discussion

In children presenting acute monoarthritis,
distinguishing septic arthritis from common
forms of noninfectious inflammatory arthritis is
essential as treatment options and prognosis of
these disorders are markedly different®3. Howev-
er, no single serum laboratory test enables a rapid
and reliable identification of early bacterial infec-

tion**. Positive synovial fluid culture is the only
definitive diagnostic laboratory test, but culture
results can be false negative® and are not usually
available for twenty-four hours and more®’. Eas-
ily administered serum inflammatory markers
such as WCC, CRP, and ESR are still widely used
today in assisting the diagnosis of this complex
clinical scenario. However, according to our lit-
erature review, evidence for these inflammatory
markers’ diagnostic cut-off levels and diagnostic
performance characteristics in predicting septic
arthritis is limited and inconsistent in the medi-
cal literature. In the present study, we primarily
sought to identify optimum diagnostic cut-off
values for the commonly used laboratory findings
and then determine the predicted probabilities for
septic arthritis as per the predictor count to help
clinicians manage children with acute monoar-
thritis.

Several multivariate algorithms (Table VIII)
have been proposed to distinguish septic arthritis
from transient synovitis of the hip in children
with hip irritability*”#!1*, Kocher et al® first
identified four independent predictors of septic
arthritis in their retrospective study:

1) a history of fever >38.5°C,

2) non-weight bearing status,

3) an ESR >40 mm/hr,

4)a serum WBC count of >12,000 cells/mm?

(>12.0 x 10°/L).

The authors determined the predicted prob-
ability of septic arthritis to be lower than 0.2%
for zero predictors, 3% for one predictor, 40%
for two predictors, 93.1% for three predictors,
and 99.6% for four predictors. Kocher et al'? later
prospectively tested the diagnostic performance
of their predictive criteria and found the perfor-
mance reduced compared to the previous one but

Table VI. Multivariate analysis: septic arthritis vs. specific inflammatory arthritis.

95% confidence interval
p-value Odds ratio Lower limit Upper limit
CRP (= 63 mg/L) 0.001* 11.2 34 35.9
ESR (= 53 mm/h) 0.001%* 7.4 23 237
Body temperature (> 37.1°C) 0.011%** 4.5 1.3 14.6
WCC (> 12,100 mm?®) 0.011%* 44 1.3 13.8
ANC (6,300/mm?) 0.09 2.7 1.2 5.4
NP (= 65%) 0.12 1.7 0.3 4.9

CRP = C-reactive protein; ESR = Erythrocyte sedimentation rate; WBC = White blood cells; ANC = Absolute neutrophil count;
NP = Neutrophil percentage; APC = Absolute platelet count. *p < 0.05; **p <0.01.
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Table VII. Predicted probabilities of septic arthritis as per the number of positive presenting factor.

Number of Overall Septic Non-septic Predicted
the positive study group group probability for
presenting population (n =57) (n = 60) septic arthritis
factors n (%) n (%) n (%) (%)

0 24 (20.5) 0(0) 24 (40) 43

1 18 (15.4) 3(5.3) 15 (25) 11.4

2 11 (94) 3(5.3) 8 (13.3) 27

3 13 (11) 7 (12.3) 6 (10) 51.6

4 17 (14.5) 14 (24.6) 3(5 75.4

5 20 (17.1) 16 (28.1) 4(6.7) 89.8

6 14 (12) 14 (24.6) 00 96.2

The predicted probability of a child with septic arthritis was calculated as a function of the number of positive presenting factors
using binary logistic regression models.

Table VIII. Summary of predictors for septic arthritis.

Predicted probability of septic arthritis as
per the positive predictor count

Predictors Studies 0 1 2 3 4 5 6
* A history of a fever > 38.5°C Kocher et al’ <0.2 3 40 93 93.6 - -
* Non-weight bearing status
* ESR > 40 mm/h
e Serum WCC > 12,000 cells/mm? Kocher et al'? 2 9.5 35 72.8 93 - -

* A history of a fever > 38.5°C
» Non-weight bearing status
ESR > 40 mm/h
e Serum WCC > 12,000 cells/mm?

* A history of a fever > 38.5°C Luhmann et al* 59.1
» Non-weight bearing status,
* ESR > 40 mm/h

* WCC > 12,000 cells/mm?®

* Body temperature > 37°C, Jung et al”® 0.1 - - - 99.1 - -
* ESR > 20 mm/h,

* CRP> 1 mg/dL,

e Serum WCC > 11,000/mL,

* Increased hip joint space of > 2 mm

* Oral temperature > 38.5°C Caird et al’ 169 367 62.4 82.6 93.1 97.5 -
« CRP >20 mg/L

* ESR > 40 mm/h

* Refusal to bear weight

e Serum WCC > 12,000/mm?

* CRP>63 mg/L The present study 4.3 11.4 27 51.6 754  89.8 96.2

* ESR > 53 mm/h

* Body temperature (tympanic)
>37.1°C

e Serum WCC > 12,100 mm?

e Serum ANC 6,300/mm?

» Serum NP > 65%

CRP = C-reactive protein; ESR = Erythrocyte sedimentation rate; WBC = White blood cells; ANC = Absolute neutrophil count;
NP = Neutrophil percentage; APC = Absolute platelet count.
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still very good. In another study, Luhmann et al*
applied Kocher’s clinical algorithm retrospective-
ly to their cohorts and suggested the predicted
probability of septic arthritis to be 59% for four
predictors. Accordingly, the authors were unable
to confirm the utility of Kocher’s prediction al-
gorithm and recommended that this prediction
algorithm should be used with attention at other
institutions. In 2006, Caird et al’ reproduced the
above findings in 53 children who underwent
hip aspiration because of a suspicion of septic
arthritis. The authors found an oral temperature
of >38.5°C as the best predictor of septic arthritis,
followed by a CRP level of >20 mg/L, an ESR of
>40 mm/h, non-weight bearing status, and a se-
rum WBC count of >12,000/mm?. In their study’,
children with five predictive factors had a 98%
risk of having septic arthritis.

We attempted to analyze the predictive values
of common presenting laboratory findings of sep-
tic arthritis in addition to Kocher’s variables in
diagnosing septic arthritis. Although weight-bear-
ing status significantly differed between the two
groups in the univariate analysis, it was not entered
in the ROC analysis due to statistical problems
with being a purely subjective binary categorical
variable (yes/no). Based on the ROC-AUC values,
our results revealed that all the serum inflamma-
tory markers exhibited moderate discriminatory
power for septic arthritis with AUCs ranging be-
tween 0.754 and 0.817, and CRP was of the best
overall predictive function, followed by ANC,
ESR, NP, body temperature, and WCC.

Unlike the previous studies'* on the topic, we
redefined the optimum diagnostic cut-off levels
of presenting factors in our cohorts and investi-
gated their diagnostic performance, since predic-
tive values of diagnostic tests may be changed
based on the prevalence of a disease in the pop-
ulation. We found the CRP level >63 mg/L to
be the highest specificity and positive predictive
value (80%, and 78%, respectively) and the ANC
level >6,300/mm?® to be the highest sensitivity
and negative predictive value (80% and 80%, re-
spectively). It can be interpreted that considering
CRP and ANC together may be more beneficial
than other commonly used serum inflammatory
markers in assisting clinical diagnosis. Further-
more, the WCC level of >12,100 mm?® had the
lowest sensitivity and negative predictive value
(63% and 70%, respectively). Accordingly, along
with the lowest overall predictive performance,
the WCC level of >12,100 mm? should be used
with caution in determining the final diagnosis.

An interesting finding of the present study is
the identification of the four independent predic-
tors of septic arthritis according to the multivar-
iate analysis:

1) CRP >63 mg/L,

2) ESR >53 mm/h,

3) WCC >12,100/mm?°,

4) body temperature >37.1°C.

The odds for CRP indicated that CRP had
the most significant association with the risk of
developing septic arthritis. Although ANC and
NP showed acceptable predictive and diagnostic
performance in univariate analysis, multivari-
ate analysis revealed that these markers had no
significant impact on the outcome. ANC and NP
exhibit acceptable diagnostic performance indi-
vidually, but these markers should be assessed
together with other inflammatory markers. Fur-
thermore, although non-weight-bearing status has
been suggested as an independent predictor of
septic arthritis by several authors*%!2, this finding
is a purely subjective variable, and it is limited to
cases with lower limb involvement. Therefore, we
did not include non-weight bearing in the multi-
variate analyses.

According to our literature review, only a few
studies>™'*"> investigated CRP’s clinical utility
in differentiating septic arthritis from non-septic
arthritis. In one study, Caird et al” found a CRP
level of >20 mg/L to be an independent risk factor
strongly related to septic hip arthritis. In another
study, Levine et al'® determined that a CRP level
of 10 mg/L is a better independent predictor of
septic arthritis in children than ESR. Similarly,
Jung et al"® found the CRP level of 10 mg/L to be
the better predictor of septic arthritis compared
with ESR, WBC, body temperature, and in-
creased hip joint space of >2 mm. Most recently,
in a study with a similar design to ours, Aupiais
et al” retrospectively compared clinical and bio-
logical characteristics of septic arthritis vs. JIA
in the pediatric population. The authors reported
that CRP might not be a reliable predictor for dis-
tinguishing septic arthritis from JIA. The main
strength of the present study lies in its statistical
analysis. Unlike the previous studies, we did not
arbitrarily select the predictors’ cut-off values.
Optimum diagnostic cut-off levels were first de-
termined using ROC analysis, and then the test
characteristics of the variables were investigated
as per their optimum diagnostic serum levels.
Our results demonstrated that a CRP level >63
mg/L is the best independent predictor with high
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sensitivity and specificity to distinguish between
septic arthritis and noninfectious inflammatory
arthritis.

Using a similar model to that of Kocher et al'?
and Luchmann et al* (Table VIII), we conducted
a multivariate algorithm with the six presenting
factors and found the predicted probability of
septic arthritis to be 75.4% for four factors, 89.8%
for five factors, and 96.2% for six factors. None-
theless, it should be noted that our and Kocher’s
criteria seem to be very helpful in diagnosing
septic arthritis; in practice, they may not be so'.
As mentioned in a critical analysis of the avail-
able studies by Alshryda and Wright', a child
with no predictive criterion still carries a risk of
sustaining septic arthritis (0.2-17%) (Table VIII).
Otherwise, more than half of the children (78%)
in our study presented with four to six presenting
factors (Table VI), and this can be interpreted
that our algorithm can show a relatively high pre-
diction rate ranging between 76% and 96%. All
in all, in addition to the above criteria, clinical
assessment is imperative in managing children
with acute mono-arthritis.

When interpreting the present study’s findings,
some limitations and strengths should be consid-
ered. First, this study was conducted retrospec-
tively on a relatively small number of patients,
which may limit the results” power. However, our
cohort size was larger than most of the above-
mentioned studies, and the power analysis before
the study showed that 40 patients per group were
needed to determine significant differences with
a power of 80%. Furthermore, the balanced ratios
of the number of patients between the two groups
(-1/1) may increase the accuracy of statistical
analyses. Second, the patient data were retro-
spectively collected and analyzed. In contrast,
the septic group consisted entirely of true septic
cases with a positive synovial fluid culture or a
positive synovial fluid on gram staining. Accord-
ingly, the data may provide increased accuracy in
clinical relevance. Finally, our study population is
heterogeneous in terms of affected joint location.
Despite these limitations, our study is one of the
few that investigated the clinical utility of the
commonly used serum inflammatory markers in
diagnosing septic arthritis.

Conclusions

Evidence from this study has revealed that
CRP is a valuable laboratory test to distinguish

septic arthritis from common forms of nonin-
fectious inflammatory arthritis, and a CRP lev-
el of >63 mg/L is the best independent predic-
tor of septic arthritis with high sensitivity and
specificity among the commonly used serum
inflammatory markers (ESR, WCC, ANP, NP).
ANC and NP seem helpful in predicting sep-
tic arthritis with acceptable overall diagnostic
performance. However, levels of >6,300/mm?
ANC and >65% NP should be used in combi-
nation with other presenting factors as these
factors appeared not to be independent predic-
tors. In children with acute monoarthritis, the
predicted risk of septic arthritis increased with
the number of presenting factors and may be
96.2% in the presence of all six factors. Never-
theless, it should be borne in mind that a child
with zero predictors may still have a 4.3% risk
of septic arthritis. Thus, clinical assessment
is still imperative in managing children with
acute mono-arthritis.
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