Septic arthritis or transient synovitis of the
hip in children
THE VALUE OF CLINICAL PREDICTION ALGORITHMS
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The crucial differentiation between septic arthritis and transient synovitis of the hip in
children can be difficult. In 1999, Kocher et al introduced four clinical predictors which were
highly predictive (99.6%) of septic arthritis. These included fever (temperature ≥ 38.5°C),
inability to bear weight, white blood-cell count > 12.0 × 109 cells/L and ESR ≥ 40 mm/hr; CRP
≥ 20 mg/L was later added as a fifth predictor. We retrospectively evaluated these predictors
to differentiate septic arthritis from transient synovitis of the hip in children over a four-year
period in a primary referral general hospital. When all five were positive, the predicted
probability of septic arthritis in this study was only 59.9%, with fever being the best
predictor. When applied to low-prevalence diseases, even highly specific tests yield a high
number of false positives and the predictive value is thereby diminished.
Clinical predictors should be applied with caution when assessing a child with an irritable
hip, and a high index of suspicion, and close observation of patients at risk should be
maintained.

A child with an acutely irritable hip is a common diagnostic challenge for general practitioners, emergency physicians, paediatricians
and orthopaedic surgeons. Along with septic
arthritis and transient synovitis, there are a
variety of other possible causes, such as
Perthes’ disease, fracture, tumour and slipped
upper femoral epiphysis.1-5 A history, physical
examination and a plain radiograph of the hip
usually leave septic arthritis and transient synovitis as the two most probable diagnoses. Their
initial presentation is similar, namely nontraumatic progressive pain in the hip, limp,
fever and irritability.1-9 The early differentiation between septic arthritis and transient synovitis is therefore difficult, but crucial. Whereas
transient synovitis is self-limiting, septic arthritis needs urgent decompression of the hip and
intravenous antibiotics.1,10-13 Delays in treatment increase the risk of complications, including osteonecrosis of the capital femoral
epiphysis, osteomyelitis, chondrolysis, systemic
sepsis and secondary osteoarthritis.1,5,9-12,14-16
There have been several attempts to differentiate the early stages of septic arthritis and
transient synovitis.2-4,6-8 Most of these studies
concentrated on the clinical findings and laboratory investigations which may be used to
identify high-risk patients who require
invasive investigations and/or treatment.2-4,6-8
In 1999, Kocher et al2 suggested a clinical
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algorithm based on a retrospective study of
four clinical predictors, and prospectively validated those in 2004.7 The predictors were:
fever ≥ 38.5°C, inability to bear weight even
with support, a white cell count > 12 × 109
cells/L and an ESR ≥ 40 mm/hr. When all predictors were positive, the probability of septic
arthritis was 99.6% in the retrospective study
and 93.0% in the prospective study.2,7 However, when Luhmann et al,6 retrospectively
applied the same criteria, the predicted probability of septic arthritis was only 59% when
all four predictors were positive. In 2006,
Caird et al8 added a raised CRP level of
≥ 20 mg/L as a fifth predictor, with a 98%
predicted probability of septic arthritis.
The aim of this study was to investigate the
value of these clinical predictors when applied
to a cohort of patients presenting to a primary
referral general hospital.

Patients and Methods
A retrospective study of all children under the
age of 16 years admitted to hospital with an
irritable hip between February 2003 and February 2007 was undertaken. We identified 137
admissions; 15 patients were excluded because
of insufficient data and 26 were excluded as
they were diagnosed with conditions other
than septic arthritis or transient synovitis of
the hip. This left 96 patients in the study.
1289
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Table I. Positive predictors in the
transient synovitis group
Number of positive
predictors

Number of
patients (%)

0
1
2
3
4
5

47
30
8
3
2
1

(51.6)
(33.0)
(8.8)
(3.3)
(2.2)
(1.1)

Table II. Septic arthritic group: microbiology results
Joint fluid culture

Blood culture

Group A β-haemolytic streptococci
Streptococci pneumoniae
Staphylococcus aureus
Staphylococcus aureus
Numerous WBCs, no growth*

Group A β-haemolytic streptococci
No growth
Not done
No growth
Staphylococcus aureus

* this patient was already on antibiotics started empirically by the paediatricians at the time of the washout. Blood cultures were taken before starting
the antibiotics; WBC, white blood cells

The records were reviewed for age, gender, date of presentation, history and physical findings, including the
presence of fever and ability to bear weight, radiological
interpretation; laboratory investigations, including white
cell count, ESR, CRP, and the results of blood and joint
aspirate cultures. Additional investigations, including ultrasound scans, the treatment, the clinical course, the final
diagnosis and the outcome were recorded.
The diagnosis of septic arthritis was defined as a positive
culture of aspirate from the hip joint, or positive blood cultures with numerous white blood cells on high-power microscopy of the hip aspirate and no other identified source of
infection. The diagnosis of transient synovitis was given to
patients who had negative cultures, total resolution of symptoms during follow-up and no other identified pathology of
the hip. Fever was defined as a temperature ≥ 38.5°C using
oral or tympanic thermometers at initial presentation. The
weight-bearing status was the inability or refusal to bear
weight even with support. A limping child was considered to
be partially weight-bearing. A raised white cell count was
defined as > 12 × 109 cells/L, a raised ESR as ≥ 40 mm/hr and
a raised CRP as ≥ 20 mg/L. These definitions were in line with
the work of Kocher et al2 and other relevant literature.6-8
Statistical analysis. Univariate analysis was performed
using Fisher’s exact test for the five predictors. A twosample Student’s t-test was used to compare continuous
variables. The sensitivity, specificity, false-positive rate and
predicted probability were calculated using standard formulae.17 Comparisons were made between the septic arthritis and transient synovitis groups, and a difference was
considered to be statistically significant when the p-value
was < 0.05. Statistical analysis was carried out using SPSS
(version 16.0; SPSS Inc., Chicago, Illinois).

Results
Of the 96 cases (62 boys), 91 (94.8%) were diagnosed with
transient synovitis, and five (5.2%) with septic arthritis.
In the transient synovitis group, the mean age was
5.7 years (1 to 12). In 47 patients all five predictors were
negative (51.6%). However, six (6.6%) had three or more
positive predictors, and all five predictors were positive in
one patient (Table I). He had chickenpox two weeks prior
to admission. An urgent bone scan was normal and his
symptoms settled with analgesia. Urine and blood cultures
were negative.
Five patients (5.5%) underwent aspiration of the hip. All
these cultures were negative and the symptoms resolved
spontaneously without antibiotics. None of the patients in
the transient synovitis group had positive blood cultures.
In the septic arthritis group (five patients, three boys), the
mean age was 6.5 years (2 to 10). Four patients had positive
cultures from the joint aspirate and one had numerous
white blood cells in the aspirate, but no growth on culture.
This patient was already on antibiotics when the joint was
aspirated. However, blood cultures taken before starting
the antibiotics were positive. The causative organisms for
these patients are listed in Table II. Only one patient in the
septic arthritis group had five positive predictors. One had
four, one had three, and two had only one (Table III).
The temperature and the CRP level were significantly different between the groups when compared as continuous
variables. The difference was also significant when fever
and a raised CRP were compared categorically as positive
versus negative predictors (Table IV).
The difference between the groups with regard to age,
gender, white cell count, ESR and ability to bear weight was
not statistically significant, whether these variables were
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Table III. Positive predictors (bold) in the septic arthritis group
Number of
predictors
5
4
3
1*
4*
1

Age
(yrs)

Gender

Weight-bearing

Fever

White cell
count

Erythrocyte
C-reactive
sedimentation rate protein

5
9
7

Male
Female
Female

None
Partial
None

39.3
38.9
39.0

14.4
17.9
10.9

50
46
18

255.4
139.9
98.4

10

Male

Partial
None

39.3
38.9

8.4
9.0

19
70

11.9
44

2

Male

None

38.3

8.0

10

10.7

* this patient presented initially with only one positive predictor. He was discharged home after a senior
review by a consultant orthopaedic surgeon. He re-presented next morning with four positive predictors
and had an urgent hip arthrotomy and washout, which confirmed septic arthritis on joint fluid cultures

Table IV. Univariate analysis: septic arthritis compared with transient synovitis
Variable*

Transient synovitis (n = 91)

Age in years (range)
Male gender (%)

5.7 (1 to 12)
62 (68)

Fever (%)
≥ 38.5°C‡
≥ 38.0°C‡§

4 (4.4)
9 (9.9)

Septic arthritis (n = 5)
6.5 (2 to 10)
3 (60)

4 (80)
5 (100)

p-value
0.564
0.657

< 0.001
< 0.001

Temperature in °C† (range)
Non-weight-bearing (%)

36.88 (35.0 to 40.3)
26
(28.6)

38.96 (38.3 to 39.3)
3
(60)

WCC
> 12.0 × 109 cells/l‡ (%)
×109 cells/L† (SD)

17
(18.7)
9.87 (3.30)

2
(40)
11.92 (4.20)

0.256
0.187

ESR
≥ 40 mm/hr‡ (%)
mm/hr† (range)

11
(12.1)
21.13 (2.0 to 116.0)

2
(40)
28.60 (10.0 to 70.0)

0.134
0.543

< 0.001
0.160

CRP
≥ 20 mg/L‡ (%)
9
(9.9)
3
(60)
0.013
11.10 (1.0 to 133.5)
103.08 (10.7 to 255.4)
< 0.001
mg/L† (SD)
* WCC, white cell count; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein
† values are given as means
‡ fever/temperature, WCC, ESR and CRP were compared both as continuous variables using two-sample
Student’s t-test and as categorical variables (positive or negative predictors) using Fisher’s exact test
§ if fever is considered positive when the temperature is ≥ 38.0°C instead of ≥ 38.5°C, all patients with septic arthritis will have this predictor positve, and the p-value remains < 0.001

categorical (Fisher’s exact test) or continuous (two-sample
Student’s t-test, Table IV).
If the threshold for fever, to be considered as a positive
predictor, is reduced from ≥ 38.5°C to ≥ 38.0°C, the number of patients with septic arthritis and fever as a positive
predictor rises from four (80%) to five (100%). The difference between the groups, however, remains significant,
with p < 0.001 in either case (Table IV).
The correlation between the number of positive predictors and sensitivity, specificity, false positives and predicted probability of septic arthritis is shown in Tables V
and VI.
When all five predictors were negative, septic arthritis
was absent. However, when all five predictors were posiVOL. 92-B, No. 9, SEPTEMBER 2010

tive, the sensitivity was 20% and the predicted probability
of septic arthritis was only 59.9%.

Discussion
When considering the four earlier studies, it is notable that
all were carried out in tertiary referral centres.2,6-8 The
patients were at high risk for septic arthritis and all, regardless of which group they were in, required aspiration of the
hip and/or arthrotomy as part of their management.2,6-8 Furthermore, the percentage of children with septic arthritis was
high in the studies of Kocher et al2 and Caird et al8 (49% and
71%, respectively). When the percentage of septic arthritis
patients fell to 28% in the study of Luhmann et al,6 the predicted probability of septic arthritis fell to 59.1%.
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Table V. Distribution of number of positive predictors for sensitivity, specificity and false-positive ratio
Positive predictors

Transient synovitis
(n = 91)

Septic arthritis
(n = 5)

Sensitivity

Specificity

False positive

At least
1
2
3
4
5

44
14
6
3
1

5
3
3
2
1

1.00
0.600
0.600
0.400
0.200

0.516
0.846
0.934
0.967
0.989

0.484
0.154
0.066
0.033
0.011

Table VI. Predicted probability of septic arthritis
Predicted probability of septic arthritis (%)
Number of Transient synovitis
predictors (this study, n = 91)

Septic arthritis
Kocher et al2 Luhmann Kocher et al7
(this study, n = 5) This study original
et al6
validation
Caird et al8

0
1
2
3
4
5

0
2
0
1
1
1

47
30
8
3
2
1

2.3
5.1
10.9
22.0
39.4
59.9

In our study, we included children with sufficient clinical
suspicion of septic arthritis to warrant admission for close
observation. Children who were discharged home after initial assessment were not included. All our patients were primary referrals from the emergency department or GP
practices, rather than by other hospitals to a tertiary referral centre. The number of children with septic arthritis in
our study was only five (5.2%), but we believe this represents the true prevalence of septic arthritis.15-20
Only five patients (5.5%) in the transient synovitis group
required aspiration of the hip in our study, whereas all transient synovitis patients in the previously quoted studies
underwent hip aspiration.2,6-8 The demographics of our
patients were similar to the previously quoted studies.2,6-8
The role of a clinical prediction algorithm is to avoid the
need to use invasive investigations such as ultrasoundguided aspiration. An algorithm should therefore be useful
in selecting patients for these invasive investigations from a
general population. When applied to a high-risk group with
a high prevalence of septic arthritis, as in the case of the
studies of Kocher et al2,7 and Caird et al,8 the predictive
value of the algorithm would be expected to be high, as
would apply in a tertiary referral centre. However, in a primary referral general hospital, where the prevalence of septic arthritis is lower and patients admitted for observation
do not necessarily require aspiration, the predictive value of
the algorithm is adversely affected by the lower prevalence
of the disease.
When calculating the predictive value of any test, it is
important to note the prevalence of the disease. Even highly
specific tests, when applied to low-prevalence events, yield
a high number of false-positive results and the predictive
value of the test is diminished.21 This can be observed in the

< 0.2
3.0
40.0
93.1
99.6
-

59.1
-

2.0
9.5
35.0
72.8
93.0
-

16.9
36.7
62.4
82.6
93.1
97.5

study of Luhmann et al,6 where the percentage of patients
with septic arthritis was lower than that of Kocher et al2,7
and Caird et al8 (28% versus 49% and 71%, respectively)
and the predicted probability of septic arthritis observed in
those studies was 59% versus 99.6% and 98%. In our
study, the predicted probability of septic arthritis when all
five predictors were positive was only 59.9%. This supports our hypothesis that the value of these predictors
diminishes with the decreasing percentage of patients with
septic arthritis in the group being studied.
Furthermore, we found that fever was the most significant predictor. When the threshold for fever is reduced to
38.0°C rather than 38.5°C as originally proposed by
Kocher et al,7 the sensitivity increased from 80% to 100%
whilst maintaining the p-value < 0.001, (Table IV). A
CRP ≥ 20 mg/L was also found to be significantly different
between the groups. This is in agreement with Caird et al,8
who found fever to be the best predictor, followed by a
raised CRP. The other variables between the groups were
not significantly different in our study.
One patient in the septic arthritis group presented initially with only one positive predictor, a fever of 39.3°C.
The other predictors, although raised, did not meet
Kocher’s criteria (Table III). The temperature returned to
normal following administration of paracetamol. A provisional diagnosis of transient synovitis was made and the
child was discharged home. He returned the next morning
with four positive predictors (Table III). An urgent arthrotomy and washout confirmed septic arthritis with positive
cultures of the joint fluid. This case illustrates the sensitivity
of fever as a predictor and the importance of monitoring
the trend of changes in the clinical and biochemical picture.
It also highlights the importance of keeping a high index of
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suspicion of septic arthritis if any of the predictors are raised,
regardless of whether or not they meet Kocher’s criteria.
The limitations of this study include its retrospective
nature and the small number of patients with septic arthritis. Nevertheless, the study has the advantage of testing the
clinical predictors in a general population, rather than a
carefully selected group of patients referred to a tertiary
centre. The low percentage of septic arthritis in this study
(5.2%) represents more closely the actual prevalance of
septic arthritis in children with irritable hips.
Although clinical predictors are helpful in distinguishing
septic arthritis from transient synovitis of the hip in children,
they are not as predictive of the disease in a general population as initially described. Therefore, they should be applied
with caution. A high index of suspicion should be maintained if any of the predictors are raised, with close observation of children at risk, especially those with fever. Further
research is required to determine which combination of clinical predictors is more sensitive, and at what values.
The authors wish to thank Mr A. Owais for his assistance in amending the
script.
No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
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