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Abstract
Background: Early diagnosis of septic arthritis (SA) and osteomyelitis (OM) in children is essential to prevent
long-term sequelae. The diagnosis for these orthopaedic emergencies can be difficult and challenging especially
in infants. Standard blood tests used for diagnosis have a low specificity. Procalcitonin (PCT) is significantly elevated in bacterial infections and remains low in viral infections and inflammatory conditions. Good positive predictive values for PCT have been obtained in various studies used in paediatric infections but limited studies
have examined the role in orthopaedic infections.
Method: All children under 14 years of age presenting with signs and symptoms of SA or OM from 1 June 2009
to 31 June 2010 were subjected to standard blood tests with the addition of PCT. The definitive diagnosis was
made by clinical, surgical and microbiologic data obtained. A cut-off level of 0.2 ng/mL was used.
Results: Thirty-three patients were included from which 12 were subdivided into the SA/OM group and 21 into
an Other diagnosis group which acted as a control. Of the 12 patients in the SA/OM group, eight patients were
diagnosed with SA and four with OM. In the SA/OM group, 11 from 12 patients had an increased PCT level
compared to four in the Other diagnosis group. The calculated sensitivity of PCT was 92% with a confidence
interval of 62–100%; the specificity was 81% with a confidence interval of 58–95%. In this study the sensitivity
of CRP was 100% while the specificity 26%. The positive predictive value for PCT in this study was 73% and the
negative predictive value was 94%. The accuracy for PCT in SA and OM in this study was 85%.
Conclusions: The calculated sensitivity and specificity in this study has proved that PCT testing can aid in the
diagnosis of SA/OM in children by using 0.2 ng/mL as cut-off level. PCT is also more specific for bacterial infections in this study compared to CRP. Staphylococcus aureus is the most common organism isolated in this series
with no resistant organisms seen. Further research is needed with larger numbers to conclusively prove that this
specific cut-off for PCT is significant.
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Introduction
Early diagnosis of septic arthritis (SA) and osteomyelitis
(OM) in children is essential in preventing long-term
sequelae from these infections, especially if the hip is
involved. Acute SA can be difficult to diagnose in children
especially neonates because the inflammatory response is
blunted and signs such as fever, swelling, erythema and
pain may be minimal or lacking. Infection at another site
(e.g. umbilical catheter), irritability, failure to thrive,
asymmetry of a limb position, or displeasure at being handled, may be the only finding in a neonate.1-5
The white blood cell count (WBC) is often normal but the
erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) are usually elevated. The problem with the ESR
is that it is non-specific and can be elevated in various conditions such as inflammatory diseases, rheumatic diseases,
liver and kidney diseases, neoplasms, dysproteinaemias and
anaemia. CRP can also be low in the early phase of acute systemic bacterial infections and is often still low in bacterial
abscesses. CRP can also be elevated in viral infections,
rheumatological diseases or tissue damage, for example,
trauma and surgery. CRP thus reflects disease activity without a bacterial infection needing to be present. Levine et al
confirmed that CRP is a better independent predictor of SA
than ESR.6 Standard radiographs are generally negative initially but may show soft tissue swelling. Negative cultures are
also common in early SA and OM. Ultrasound is inexpensive and convenient and can show intra-articular fluid and
abscess formation. A bone scan can confirm the diagnosis
24 to 48 hours after onset in 90 to 95% of patients. MRI can
show early inflammatory changes as well as joint fluid and
intra- or subperiosteal abscesses. The last two tests are valuable in diagnosing infection but are expensive and timeconsuming, possibly leading to a delay in treatment. Li et al
confirmed that joint WBC is a better diagnostic test for SA
compared to WBC and ESR; however, neither test was diagnostic.7 Aspiration of a suspected septic joint is helpful to
confirm the diagnosis but is usually very painful and
shouldn’t be done routinely outside the operating theatre.8-12
Procalcitonin (a 116-aminoacid peptide) is a precursor
of calcitonin. Procalcitonin (PCT) is significantly elevated
in bacterial infections, but usually only slightly or moderately elevated in viral infections and non-infectious
inflammatory diseases. PCT can be produced by several
cell types and many organs in response to pro-inflammatory stimuli, in particular bacterial products without
increasing calcitonin. PCT has the highest diagnostic
accuracy where levels rise rapidly within 6–12 hrs after an
infectious insult with systemic consequences compared to
CRP only increasing after 12 hrs after onset of fever.
Levels above 2 ng/mL are associated with increased likelihood of the presence of bacterial sepsis. If the level is
between 0.5 and 2 ng/mL, a systemic infection cannot be
excluded and the PCT should be repeated in 6–24 hrs. An
increased level of PCT often correlates with the severity of
the disease and mortality.

Most studies have only used PCT in other paediatric
infections such as pneumonia and urinary tract infections
and not SA or OM. Recent studies using PCT for these
emergency orthopaedic infections suggested further work
be done and a specific cut-off level determined for these
infections.13-20
The aim of this study is to introduce PCT testing in the
initial workup of paediatric orthopaedic infections, and to
see:
• if it is useful in the diagnosis of orthopaedic infections
• whether it could replace the ESR or CRP
• what is the most accurate diagnostic level.

Patients and methods
A cross-sectional prospective study to determine PCT levels in all children younger than 14 years of age who presented at Pelonomi Hospital from 1 June 2009 to 31 June
2010 with signs and symptoms of acute OM or SA was
performed. Thirty-three patients were included in the
study. Standard workup included clinical examination,
laboratory blood tests and X-rays. The laboratory tests
were an FBC, CRP and ESR. The diagnosis was confirmed
by clinical signs, the finding of pus at arthrotomy of the
involved joint or aspiration and drilling of the bone in theatre and microscopy, culture, and sensitivity (MCS) of
material (pus, tissue).
The doctors responsible for initial workup of these
patients completed a short data sheet and added PCT to
the standard blood tests; no extra blood was required.
Blood samples were taken before antibiotic administration. PCT tests were performed with the BRAHMS PCT
sensitive kit. The researcher followed these patients up
noting the diagnosis and PCT level. The data sheets were
collected weekly by the researcher and then analysed at
the end of the study period.
The only additional expense was R300 for each PCT test.
Sponsorship from Humor Diagnostics, the company supplying the reagents, was requested to offset these costs.
Approval for the study was obtained from the Ethics
Committee of the University of the Free State. All patient
data were recorded anonymously under a hospital number. Consent was obtained from the head of Pelonomi
Hospital, Head of the Orthopaedic Department and the
NHLS.
Results were analysed by the Department of Biostatistics
UFS and summarised by means, standard deviations or
percentiles (numerical variables) and frequencies and percentages (categorical variables). The sensitivity of PCT
was calculated with a 95% confidence interval.

Acute SA can be difficult to diagnose in children
especially neonates because the inflammatory response is
blunted and signs such as fever, swelling, erythema and
pain may be minimal or lacking
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Results

Discussion

PCT tests were done on all 33 cases using the BRAHMS
PCT sensitive kit and subdivided into a SA/OM group and
Other diagnosis group which acted as a control. The diagnosis of SA was made in eight patients and OM in four
patients. The PCT results are summarised in Table I. In
this study using PCT as a diagnostic aid for SA or OM the
calculated sensitivity was 92% with a confidence interval
of 62–100% (Table II). The specificity was 81% with a confidence interval of 58–95%. A cut-off value of 0.2 ng/mL
was used in this study. The mean PCT value was 25.04
ng/mL in the SA/OM group ranging from 0.1 to 267
ng/mL. If a cut-off value of 0.5 ng/mL was used the sensitivity would change to 75% and the specificity to 90% and
a cut-off of 0.1 ng/mL the sensitivity would change to
100% and the specificity to 76% in this study. The positive
predictive value for PCT in this study was 73% with a confidence interval of 45–92%. The negative predictive value
for PCT in this study was 94% with a confidence interval
of 73–100%. The accuracy for PCT in SA and OM in this
study was 85%.
CRP levels were done in all 12 cases in the SA/OM group
and all the test levels were elevated. Nineteen CRP tests
were done out of 21 in the Other diagnosis group and 14
cases were elevated and five normal. The calculated sensitivity of CRP in this study was 100%, while the specificity
was 26%.
In 11 of 12 cases in the SA/OM group, material (pus, tissue) was sent for MCS. In ten cases bacteria were isolated;
Staphylococcus aureus was the most common organism
and was cultured in eight cases. All of these, Staphylococci
were sensitive to cloxacillin.

The early diagnosis of SA and OM is essential in avoiding severe complications.1,4,6,7,11,21,22,23 With the importance
of early treatment of these patients in mind the diagnosis still remains a challenge. Various methods have been
developed and researched to assist the doctor in making
the diagnosis but have failed to attain high specificity.14,21
Procalcitonin is a marker of bacterial infection and has
proven efficacy used in children with meningitis, pneumonia and urinary tract infections. Procalcitonin rises
rapidly in bacterial infections compared to viral infections and other inflammatory conditions where PCT
levels remain low.13,21 Previous studies comparing PCT
and CRP in severe invasive bacterial infections reported
higher sensitivities and specificities.20 Limited studies
have examined the role of using procalcitonin in these
orthopaedic emergencies to date and have struggled to
find the ideal cut-off level.14
The research question was to find out if procalcitonin
can aid in the diagnosis of SA and acute OM in children
and our study has shown this test to be a useful marker
in these infections. The calculated sensitivity of PCT in
this study was 92% and the specificity 81%. The positive
predictive value for PCT was 73% and the negative predictive value was 94% with an accuracy of 85%. These
results are an improvement compared to previous studies.13,14,21 PCT levels appeared more useful than CRP in
diagnosing OM or SA in our patients (Table II).
Only four similar studies have been performed to date.
The first study, by Butbul-Aviel,13 evaluated PCT values
in 44 patients presenting to hospital with fever, limping
and suspicion of SA or OM. In this study the calculated
sensitivity for PCT was 43.5% and specificity of 100% in
bone and joint infections.13 The low sensitivity in the
Butbul-Aviel study was due to a specific test and cut-off
level used in the study. They used a semi-quantitative
rapid immunoassay (BRAHMS PCT-Q, Hennigsdorf,
Germany) which is a bedside test that can be done in 30
minutes. This specific test has a low sensitivity with
poor discrimination of values around threshold levels
and can only be divided into four categories. The results
are semi-quantitative and could only be divided into less
than 0.5 ng/mL, 0.5 ng/mL–2 ng/mL, 2–10 ng/mL, and
more than 10 ng/mL. In this study the authors could not
evaluate specific PCT values with their calculated sensitivity and specificity and could only use 0.5 ng/mL as a
cut-off level. The Butbul-Aviel study concluded that
PCT seems to be a promising marker more for acute
OM than for SA and that further research is needed.
Faesch et al21 evaluated PCT levels in 339 patients presenting in a paediatric emergency department for suspected OM or SA. All patients presenting with nontraumatic decreased active motion of a skeletal segment
with or without fever were included. The ages ranged
from 1 month to 14 years and were divided into three
groups.

Table I: PCT results
PCT
Increased level
Normal level
Total

SA/OM group

Other diagnosis
group

11

4

1

17

12

21

Table II. Sensitivity and specificity of blood tests
CRP

PCT

Sensitivity %

100

92

Specificity %

26

81

Procalcitonin rises rapidly in bacterial infections compared
to viral infections and other inflammatory conditions
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The first group had confirmed infection with a positive
culture and the second presumed infection without positive
culture but positive infective markers, purulent bone or joint
fluid aspiration or positive scintigraphy. The third group
was the non-infected patients with negative markers and
normal X-rays and ultrasound. These groups were then
compared to each other. Group 1 comprised eight patients,
group 2 had 40 patients and group 3 had 291 patients.
Comparing group 1 with group 3 the specificity of PCT used
as marker of bacterial infection was 96.9%, the sensitivity
25%, the positive predictive value 18.2% and the negative
predictive value 97.9%.21 Compared to the Butbul-Aviel
study, the sensitivity of PCT was lower but the specificity
similar. In the Faesch study a more sensitive PCT test was
used where values can range from 0.06 to 50 ng/mL. The
same test was used in our study. There are two limitations to
the Faesch study. Children with a history of trauma were
excluded from the study and as this often precedes OM, as
in 25% of our cases, some OM cases may have been excluded distorting the results.1,4,22 Another problem is the very low
incidence of positive bacteriological findings which raises
some doubts about the accuracy of the investigation and the
conclusions drawn.
Fottner et al14 examined PCT and CRP values in 33
patients who presented with symptoms of acute arthritis
of unknown origin at their emergency department. The
more sensitive PCT test was used, as in the study by
Faesch with a cut-off level again of 0.5 ng/mL. Fifteen
patients were diagnosed with SA on the basis of microbiological cultures. The calculated sensitivity of PCT in this
series was 53.3% with a specificity of 100%. CRP levels in
both septic and non-septic arthritis groups were not within normal limits and resulted in a specificity of 0%.14 The
sensitivity in this study is similar to the previous two studies concluding that using 0.5 ng/mL as the cut-off level for
PCT is not reliable to distinguish between septic and nonseptic arthritis. However they found that lowering the cutoff level improved the diagnostic value of PCT, and by using
a cut-off of 0.2 ng/mL they attained a sensitivity of 100% and
a specificity of 94.4%. Another study by Hügle15 also used a
lower cut-off and attained improved sensitivity and specificity for diagnosing joint infections. These findings were
also proven in our study where 0.2 ng/mL was also used as
the cut-off level for PCT with a much improved sensitivity
of 92% and specificity of 81% compared to the previous
studies. Using a cut-off level of 0.2 ng/mL for PCT has also
achieved a sensitivity and specificity of up to 100% in the
diagnosis of bacterial meningitis.17 These findings support
the conclusion that by lowering the cut-off level of PCT to
0.2 ng/mL, a more accurate diagnosis of bone and joint
infection can be made.
CRP was done in all the cases in the bone or joint infection group and all results were raised. CRP was also raised
in 14 of 19 cases in the Other diagnosis group. This finding was also seen in the Fottner study and signifies the low
specificity of CRP in diagnosing bone or joint infections.

The most common organism isolated was Staphylococcus
aureus in 80% of cases in the bone or joint infection group
and was sensitive to cloxacillin in all cases. No resistant
organisms were seen. This finding correlates with current
literature.1,9,21,22,24
There are a few limitations to this study. Further studies will need to be done with larger number of cases to
improve the confidence interval of using PCT in bone
and joint infections as well as to use the more accurate
cut-off of 0.2 ng/mL. Another limitation is whether the
human immunodeficiency virus (HIV) has an influence
on PCT results. The one case of SA of the knee, known
with HIV, had a normal PCT result. No conclusion can
be made because not all the cases were tested for HIV
but definite further research in this field is needed especially because there is such a high prevalence of HIV in
Southern Africa.25 Also in the Other diagnosis group
four patients had increased PCT levels of which two
needed drainage of abscesses and two intravenous
antibiotics to control soft tissue infections. This means
that the false positive patients still needed acute surgical
or medical management. PCT tests are not cheap and
cost approximately R300 a test and $50 in the USA compared to other infective markers. No research has been
done on the cost-effectiveness of PCT and it is speculated in one paper that PCT can reduce hospital admissions, theatre time and antibiotic usage.20
Certain recommendations can be made after considering the results of this study. PCT is more accurate in
diagnosing bone and joint infections if a lower cut-off
level of 0.2 ng/mL is used. This finding is proved in our
study and in Fottner and Hügle’s papers. In the literature
much work has been done creating prediction rules to
aid the doctor to distinguish between SA and transient
synovitis of the hip. Since Kocher et al23 started work in
1999 on clinical prediction rules, an evolution of these
rules have been made, and Caird et al26 in 2006 refined
the rules. They used the following predictors to aid the
diagnosis of SA:
• Temperature > 38.5 °C
• CRP > 2.0 mg/L
• ESR > 40 mm/hr
• Refusal to bear weight
• WCC > 12 000/mm³
The probability of SA when using these prediction rules
is 16.9% for zero predictors, 36.7% for one predictor,
62.4% for two predictors, 82.6% for three predictors,
93.1% for four predictors, and 97.5% for five predictors.26 After PCT efficacy has been finally proven in
bone and joint infections addition into these prediction
rules can aid the diagnosis of these emergencies. PCT
levels often correlate with the degree of microbial invasion and decrease rapidly with the addition of antibiotics.20 With a rapid PCT reaction to treatment in mind
further research can be done to evaluate PCT effectiveness as a response marker to treatment.
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Conclusions
Procalcitonin testing can aid in the early diagnosis of SA
or acute OM in children by lowering the cut-off level from
0.5 ng/mL to 0.2 ng/mL. This finding was proven in our
study with a sensitivity of 92% and a specificity of 81% as
well as in Fottner and Hügle’s research. Procalcitonin is
more specific for bacterial infections compared to CRP
and rises more rapidly than the latter.
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