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Abstract 
Background: Acute bone and joint infection is a common entity in Orthopaedics and very few studies have investigated role of 

Procalcitoninin the diagnosis of bone and joint infections. In our study the aim was to evaluate role of Serum Procalcitonin as 

an Early Indicator towards Bone and Joint Infections and to show sensitivity and specificity of Serum procalcitonin in diagnosis of 

bone and joint infection and to compare the sensitivity of Serum Procalcitonin with other biomarkers of  bone and joint infection. 

Materials and Method: This was a prospective study conducted in the Dept. of Orthopaedics, Jawaharlal Nehru Medical College, 

Datta Meghe Institute of Medical Sciences from the period of August 2013 to August 2015. All the patient attending outdoor, 

indoor and emergency were clinically screened for bone and joint infection. The patient who showed clinical signs of bone and 

joint infection were recruited for this study.  

Result: Thirty-three patients were admitted between August 2013 to August 2015 in whom clinical suspicion of musculoskeletal 

infections was made. The youngest patient was 1 month old and oldest 76 years old. The mean age was 25.42 years. Out of 33 

patients 17 were males and 16 females.21 patients had CRP positive whereas 12 patients were CRP negative. Out of 33 patients 16 

finally had infection whereas 17 did not have infection. Infection in patients was determined by criteria, which was decided. The 

sensitivity of procalcitonin was found to be 56.3% whereas the specificity of procalcitonin was found to be 82.4%. 

Conclusion: Serum Procalcitonin has high sensitivity and specificity in the diagnosis of Septic Arthritis and Acute Osteomyelitis 

ascompared to traditional biochemical markers. 

 

Keywords: Biomarkers, Serum Procalcitonin, Infection, Bone & Joint 

 

Introduction 
Acute bone and joint infections are difficult to 

diagnose in the Emergency Department. Management of 

these diseases focuses on providing a rapid etiologic 

diagnosis since therapies and outcome vary widely 

depending upon the cause. Delayed diagnosis and treatment 

can lead to disabling sequelae,(2) Functional disabilities can 

occur in half of cases and can even be life threatening in 5 

to 15% of cases.(3) Total Leukocyte Count (TLC), 

Erythrocyte Sedimentation Rate (ESR) and C – Reactive 

Protein (CRP) are routinely used in the diagnosis of these 

infections but no specific laboratory test exists with the 

exception of isolation of pathogenic organism from the 

bone or synovial fluid.(4,5) A positive culture result has high 

specificity but even this cannot be considered as gold 

standard because it lacks sensitivity (only40-60%) and the 

results are available only after 2 to 3days.(2,3) Despite this 

fact, culture is being used by many researchers as positive 

gold standard and patients without any clinical evidence 

plus negative culture as negative gold standard even when 

clinical appearance of pus as an evidence of infection is a 

late sign. 

The lack of sensitive laboratory markers or a gold 

standard investigation for diagnosing bacterial infections 

clinically has contributed to the overuse of antibiotics 

especially in neonates and elderly patients where clinical 

signs could be very subtle. The concept of antibiotics use 

can’t be used for every suspected infection as it can lead 

to antimicrobial resistance. 

In this regard, there is a need for a biochemical 

marker, which shows high sensitivity and specificity in 

diagnosing infection and also as a guide for starting 

antibiotics. There is now enough evidence to support the 

role of Procalcitonin (PCT) as a diagnostic and 

prognostic marker in infective conditions with its very 

high specificity for bacterial infections.(9) 

On the contrary, there are only very few studies 

evaluating its efficacy in Septic Arthritis (SA) and Acute 

Osteomyelitis (OM) with varying results.(6-10) Serum 

levels of Procalcitonin is very low in healthy individuals 

(<0.1 ng/ml) and increases rapidly in response to 

bacterial endotoxin.(11,12) These properties together with 

a half-life of 22 to 29 hours have made Procalcitonin, a 

convenient tool to monitor serious infections and to 

discriminate bacterial infections from viral and non-

infective inflammatory conditions.(13,14) 

Owing to its high specificity, Procalcitonin can also 

be used as a guide for starting antibiotics and monitoring 

treatment.(15,16) 

 

Aim & Objective 
Evaluation of serum procalcitonin as an early 

indicator towards bone and joint infections and to show 

sensitivity, specificity of Serum procalcitonin as an 

accurate marker in diagnosis of bone and joint infection 

and to compare the sensitivity of Serum procalcitonin 

with other marker of infection for bone and joint 

infection. 



Shounak Taywade et al.                                Serum procalcitonin as an early indicator for bone and joint infection 

Indian Journal of Orthopaedics Surgery 2016;2(4):350-355                                                                                     351 

 

Material and Methods 
This was a prospective study was conducted in the 

Department of Orthopaedics, Jawaharlal Nehru Medical 

College, Datta Meghe Institute of medical sciences from 

the period of August 2013 to August 2015. 

All the patient attending outdoor, indoor and 

emergency were clinically screened for bone and joint 

infection. The patient who showed clinical signs of bone 

and joint infection were recruited for this study. Blood 

sample from patient with clinically suspected infection 

of acute primary (less than 2 weeks of symptoms) bone 

and joint infection before starting antibiotic treatment 

within 24 hours of his/her reporting to AVBRH were 

investigated for serum procalcitonin. 

The blood samples were also evaluated for other 

biochemical markers such as Total leucocyte count, C 

Reactive Protein and ESR. In cases where abscess was 

present or in septic arthritis pus /fluid culture sensitivity 

was done to establish diagnosis. 

Serum Procalcitonin investigation was done with 

help of MINI VIDAS Machine. All the patients were 

started with standard antibiotic program and the outcome 

of this patient were recorded. 

Infection in patients was decided by following factors: 

1) Physical Presence of pus on  

(a) Joint Arthrotomy 

(b) Joint Aspiration. 

2) Relief of complains by antibiotics.  

3) Patients who did not respond to treatment and 

deteriorated without use of antibiotics. 

4) Progressive increase in total leucocyte count.  

5) Local signs of inflammation. 

 

Inclusion criteria: Clinically suspected cases of acute 

primary (up to 2 weeks of symptoms) bone and joint 

infection of all age group were included in the study. 

 

Exclusion criteria: Patients with  chronic osteomyelitis 

and chronic arthritis 

1. Patients who had taken antibiotics before coming to 

hospital. 

2. Patients with foci of infection somewhere else 

3. Immunocompromised hosts. 

 

Observation & Results 
Thirty-three patients were admitted between August 

2013 to August 2015 in whom clinical suspicion of 

musculoskeletal infections was made. Patients who had 

taken antibiotics prior to coming to hospital were 

excluded from study. Thirty-three patients were admitted 

who were suspected of acute bone and joint infection. 

The youngest patient was 1 month old and oldest 76 

years old. The mean age was 25.42 years. Out of 33 

patients 17 were males and 16 females. Binomial test for 

the gender distribution in sample size was calculated and 

found that the equal distribution of patients from either 

gender (p value >0.05; 1.000). 

 

Table 1: Duration and Frequency of infection 

Duration Frequency Percent Valid Percent 

1 week 11 33.3 33.3 

2 week 22 66.7 66.7 

Total 33 100.0 100.0 

 

Table 1: Shows that out of 33 Patients 11 patients had 

symptoms for 1 week whereas 22 patients had symptoms 

for 2 weeks. Graph 1 shows twelve Patients had 

procalcitonin positive whereas 21 showed negative 

procalcitonin value. Procalcitonin level done using mini 

VIDAS®from serum of patient at 0.5 ng/mL was 

considered positive and <0.5 ng/mL was taken to be 

negative. Table 2 shows Out of 33 patients 8 had TLC 

Positive whereas 25 had TLC Negative. Total leucocyte 

count of more than 11000 was taken to be positive and 

below 11000 was taken to be negative. Table 2 Out of 33 

patients 28 had ESR positive whereas 5 Had ESR 

Negative. ESR above 10 were considered positive and 

ESR below 10 were taken to be negative. 

 

Graph 1: Positive and Negative PCT Results 

 
 

Graph 2: Shows 21 Patients had CRP positive and 

12 had CRP negative 

 
 

 

 



Shounak Taywade et al.                                Serum procalcitonin as an early indicator for bone and joint infection 

Indian Journal of Orthopaedics Surgery 2016;2(4):350-355                                                                                     352 

Table 2: Positive and Negative ESR 

 Frequency Percent Valid Percent 

ESR 

positive 

28 75.8 84.8 

ESR 

negative 

5 24.2 15.2 

Total 33 100.0 100.0 

 

 

 

 

 

 

Table 3 

 Frequency Percent Valid Percent 

Presence 

of 

infection 

16 48.48 48.8 

Absence 

of 

infection 

17 51.52 52,52 

Total 33 100.0 100.0 

 

Table 3: Shows out of 33 patients 16 finally had 

infection whereas 17 did not have infection. Infection in 

patients was determined by criteria determined.

 

Table 4 

Sensitivity and Specificity of Procalcitonin to diagnose Clinical Infection 

 Infection 

   Presence of 

Infection 

No 

Infection 

Total 

Procalcitionin PCT Positive Count 9 3 12 

%within Procalcitonin 75.0% 25.0% 100.0% 

% within infection 56.3% 17.6% 36.4% 

PCT Negative Count 7 14 21 

%within Procalcitonin 33.3% 66.7% 100.0% 

% within infection 43.8% 82.4% 63.6% 

 

Table 4: Shows Out of 12 patients who had procalcitonin positive 9 had infection whereas 3 did not have infection. 

Out of 21 patients who had procalcitonin negative 14 did not have Infection whereas 7 had infection. The specificity 

Of Procalcitonin calculated by kappa co efficient was 82.4% and sensitivity was 56.3%. 

 

Table 5 

Positive predictive 

value of PCT 

Confidence interval Negative predictive 

value of PCT 

Confidence interval 

75% 42.81% to 94.51% 66.67% 43.03% to 85.41% 

 

Table 5: Table shows that positive predictive value of procalcitonin was 75% with confidence interval of 42.81 to 

94.51 %. The negative predictive value of procalcitonin was 66.67% with confidence interval of 43.03% to 85.41%. 

Table 6: Table shows that positive likelihood ratio of infection when procalcitonin positive was 3.19 with confidence 

interval of 1.05 to 9.71and negative likelihood ratio was 0.53% with a confidence interval of 0.29 to 0.97. 

 

Table 6 

Positive likelihood 

ratio 

Confidence interval Negative likelihood 

ratio 

Confidence interval 

3.19 1.05 to 9.71 0.53 0.29 to 0.97 
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Graph 3: ROC Curve 

 
 

The ROC curve(Graph 3) is a fundamental tool for 

evaluation of diagnostic test. The receiver-operating 

characteristic (ROC) curves comparing presence of 

infection versus result of procalcitonin in patients are 

plotted in Fig. The area under the curves (AUC) is .713. 

 

Graph 4: Out of Total Infective and Non – infective 

patients 

 
 

Graph 4: Shows out of 21 patients who had CRP 

positive 10 had infection whereas 11 did not have 

infection. Out of 12 patients who had CRP negative 6 did 

not have Infection whereas 7 had infection. The 

specificity Of CRP calculated by kappa co efficient was 

35.3% and sensitivity was 62.5%. 

 

Table 13 

Positive 

predictive 

value of 

CRP 

Confidence 

interval 

Negative 

predictive 

value of 

CRP 

Confidence 

interval 

47.62 25.71 to 

70.22 

50 21.09 to 

78.91 

 

Table 13: Shows that positive predictive value of CRP 

was 47.62% with confidence interval of 25.71 to 

70.22%. The negative predictive value of CRP was 50% 

with confidence interval of 21.09% to 78.91%. 

 

Table 7 

Positive 

likelihood 

ratio of 

CRP 

Confidence 

interval 

Negative 

likelihood 

ratio of CRP 

Confidence 

interval 

0.97 0.58 to 1.62 1.06 0.43 to 2.62 

 

Table 7: Shows that positive likelihood ratio of infection 

when CRP positive was 0.97 with a confidence interval 

of 0.58 to 1.62 and negative likelihood ratio was1.06 

with a confidence interval of 0.43 to 2.62. 

 

Discussion 
Infection of the joint and bone is common in 

patients. Due to the difficulty in diagnosis Septic arthritis 

and osteomyelitis patient are advised treatment at tertiary 

hospitals. 

Diagnostic tests to screen musculoskeletal 

infections have been matter of debate since long time. 

No test has proved its sensitivity or specificity to become 

a gold standard test. However, CRP, total leukocytes 

counts are currently popular tests to screen the infection. 

Culture sensitivity has low positivity rates therefore 

cannot be practiced as screening test for infection. There 

is not a laboratory investigation with high specificity and 

sensitivity  

The complications secondary to delayed diagnosis 

have decreased due to the availability of powerful 

antibiotics but this has caused antimicrobial resistance. 

Hence only few drugs are available now to treat high 

grade infections.(17- 19) 
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Procalcitonin can be used for diagnosis of bone and 

joint infections. Its effectiveness over traditional 

biomarkers like Total Leukocyte Count, ESR and CRP 

has been mentioned in several conditions like sepsis, 

upper respiratory tract infections, pneumonias, burns, 

pancreatitis, and other conditions.(20,21)  

We did study with aim to evaluate sensitivity, 

specificity of Serum Procalcitonin in early diagnosis of 

septic arthritis and chronic osteomyelitis 

The usefulness of Procalcitonin has been studied in 

the past. Though there has been paucity of level 1 or level 

2 studies available in the literature. A Study was done by 

E Greeffet(22) to describe role of serum Procalcitonin in 

diagnosis of infections in 33 pediatric patients. Sabine 

Faesch(14) did a study in 339 patients on utility of 

procalcitonin for of osteomyelitis for diagnosis of bone 

and joint infections. Our study consisted of 33 patients 

which included adult and pediatric both patients.  

Faesch et al(14) evaluated PCT levels in 339 patients 

presenting in a pediatric patients from age of 1 month to 

14 years for suspected infections. Karthikeyan 

Maharajan23conducted a study with mean age of 25.33 

years, the oldest patient was 85 years.E Greeff(22) did a 

study on usefulness of procalcitonin in bone and joint 

infections The study included patients from 1 to 14 years. 

In the study conducted by Markus Paakkonen(24) the 

patients aged 3 months to 15 years. In our study of 33 

patients the minimum age of patient was 1 year whereas 

maximum age was 75 years. The mean age was 25.42 

years. 

Ernst AA(25) did a study on role of CRP and ESR in 

septic joints. Of 163 patients the mean CRP for septic 

joints was 13 and mean ESR was 57. The mean CRP for 

normal joints was 6 and ESR 43. Markus Paakkonen(24) 

did a study on Sensitivity of Erythrocyte Sedimentation 

Rate and C-reactive Protein in Childhood Bone and Joint 

Infections. E Greef(22) in his study had sensitivity and 

specificity 100% and 26% respectively. In our study in 

33 patients CRP was positive in 22 patients whereas 

negative in 11 patients. ESR was positive in 27 patients 

whereas negative in 6 patients. In our study of 33 patients 

CRP was 62.5% sensitive and 35% specific in diagnosis 

of bone and joint infection. ESR was not that useful. 

E Greeff(22) did a study on Is procalcitonin useful in 

diagnosing septic arthritis and osteomyelitis in children. 

In this study the cut off level of procalcitonin was taken 

to be 0.2 ng/mL. Faesch et al(14) evaluated PCT levels in 

339 patients presenting in a paediatric emergency 

department the cut off level of procalcitonin was taken 

to be 0.06 to 50 ng/ml. Fottner et al(7) in his study had cut 

off level of 0.5ng/ml. In our study the cut of level of 

procalcitonin was taken to be 0.5 ng/ml. Values above 

0.5ng/ml were taken to be positive whereas values below 

0.5ng/ml were taken to be negative. 

E Greeff(22) did a study on Is procalcitonin useful in 

diagnosing septic arthritis and osteomyelitis in children, 

the calculated sensitivity of PCT was 92% and 

specificity was 81% Butbul-Aviel(6) studied role of 

procalcitonin in 44 patients with suspicion of infection, 

Sensitivity was 46.3% whereas specificity was 100%. In 

the study conducted by Fottner(7) the calculated 

sensitivity of PCT was 53.3% and   specificity was 

100%. Karthikeyan Maharajan(23) in his study found 

Serum Procalcitonin as sensitive and specific biomarker 

for diagnosis of bone and joint infecton. In our study of 

33 patients the specificity of Procalcitonin was 82.4% 

and sensitivity was 56.3%. 

E Greeff(22) did a study on Is procalcitonin useful in 

diagnosing septic arthritis and osteomyelitis in children. 

The positive predictive value was 73% and negative 

predictive value was 94; Sabine F in his study had the 

positive predictive value was 18.2% whereas the 

negative predictive value was 97.9%. In our study the 

positive predictive value was 75 % and negative 

predictive value was 66.67%. 

 

Summary 
Serum levels of Procalcitonin are very low in 

healthy individuals (< 0.1 ng/ml) and increases rapidly 

in response to bacterial endotoxin. These properties 

together with a half-life of 22 to 29 hours have made 

Procalcitonin, a convenient tool to monitor serious 

infections and to discriminate bacterial infections from 

viral and non-infective inflammatory conditions. Owing 

to its high specificity, Procalcitonin can also be used as 

a guide for starting antibiotics and monitoring treatment. 

Treatment can be started early resulting in decrease 

complications. 

 

Conclusion 
Our study shows that Serum PCT is a sensitive and 

specific marker in the diagnosis of Acute Osteomyelitis 

and Septic Arthritis as compared to other biochemical 

markers such as CRP, ESR, TLC. Thus Serum 

Procalcitonin can be used for early diagnosis of bone and 

joint infections. 

 

Recommendations 
Procalcitonin can be used as screening test for acute 

bone and joint infections. The test is more reliable in 

terms of specificity than other conventional test such as 

TLC, CRP. ESR. 

 

References  
1. Georgens ED, McEvoy A, Watson M, Barrett IR: Acute 

osteomyelitis and septic arthritis in children. J Paediatr 

Child Health 2005, 41:59–62. 

2. Morrey BF, Bianco AJ Jr, Rhodes KH: Septic arthritis in 

children. Orthop Clin North Am1975,6(4):923–934. 

3. Mathews CJ, Weston VC, Jones A, Field M, Coakley G: 

Bacterial septic arthritis in adults. Lancet 2010,375:846–

855. 

4. Unkila-Kallio L, Kallio MJ, Eskola J, Peltola H: Serum C 

–reactive protein, erythrocyte sedimentation rate, and 

white blood cell count in hematogenous osteomyelitis of 

children. Pediatrics 1994,93:59–62. 



Shounak Taywade et al.                                Serum procalcitonin as an early indicator for bone and joint infection 

Indian Journal of Orthopaedics Surgery 2016;2(4):350-355                                                                                     355 

5. Levine MJ, McGuire KJ, McGowan KL, Flynn JM: 

Assessment of the test characteristics of C –reactive 

protein for septic arthritis in children. J Pediatr Orthop 

2003, 23:373–377. 

6. Butbul Y, Koren A, Halevy R, Sakran W: Procalcitonin as 

a diagnostic aidinosteomyelitis and septic arthritis. 

Pediatric Emer Care 2005,21(12):828–832 

7. Fottner A, Birkenmaier C, von Schulze PC, Wegener B, 

Jansson V: Can serum procalcitonin help to differentiate 

between septic and non-septic arthritis? Arthroscopy 

2008,24(2):229–233. 

8. Hügle T, Schuetz P, Mueller B, Laifer G, Tyndall A, 

Regenass S, Daikeler T: Serum procalcitonin for 

discrimination between septic and non-septic arthritis. Clin 

Exp Rheumatol 2008,26(3):453–456. 

9. Martinot M, Sordet C, Soubrier M, Puéchal X, Saraux A, 

Lioté F: Diagnostic value of serum and synovial 

procalcitonin in acute arthritis: a prospective study of 42 

patients. Clin Exp Rheumatol 2005,23(3):30310. 

10. Faesch S, Cojocaru B, Hennequin C, Pannier S, Glorion C: 

Can procalcitonin measurement help the diagnosis of 

osteomyelitis and septic arthritis? A prospective trial. 

Italian Journal of Pediatrics 2009,35:33. 

11. Barresi A, Pallotti F, d'Eril GVM: Biological variation of 

procalcitoninin healthy individuals. Clin Chem 

2004,50:1878. 

12. Assicot M, Mackensen A, Petitjean S, Engelhardt R, 

Bohuon C: Kinetics of the appearance of procalcitonin 

following endotoxin 

administration.Lancet1993,27(341(8844)):515–518. 

13. Shimetani N, Ohba Y, Shimetani K, Mashiko T, 

Matsuyama N, Ohtani H, Morii M: Assay for 

determination of the serum procalcitonin level: 

biochemical and clinical evaluation. Rinsho Byori 

2001,49(1):56–60. 

14. Sabine Faesch, Bogdan Cojocaru, Carole Hennequin, 

Stéphanie Pannier, Christophe Glorion, Bernard Lacour 

and Gérard Chéron Can procalcitonin measurement help 

the diagnosis of osteomyelitis and septic arthritis? A 

prospective trial Italian Journal of Pediatrics 2009,35:33. 

15. Oh JS, Kim SU, Oh YM, Choe SM, Choe GH: The 

usefulness of the semi-quantitative procalcitonin test kit as 

a guideline for starting antibiotic administration. Am J 

Emerg Med 2009,27(7):859–863. 

16. Holub M, Rozsypal H, Chalupa P: Procalcitonin: a reliable 

marker for the diagnosis and monitoring of the course of 

bacterial infection. Klin Mikrobiol Infekc 

Lek2008,14(6):201–20. 

17. Simon L, Gauvin F, Amrre DK, Louis PS, Lacroix J. 

Serum procalcitonin and C-reactive protein levels as 

markers of bacterial infection: a systematic review and 

meta-analysis. Clin Infect Dis. 2005;40(9):1386–1388. 

18. Kite P, Millar MR, Gorham P, Congdon P. Comparison of 

five tests used in diagnosis of neonatal bacteraemia. Arch 

Dis Child. 1988;63(6):639–643. 

19. Hatherill M, Tibby SM, Sykes K, Turner C, Murdoch IA. 

Diagnostic markers of infection: comparison of 

procalcitonin with C - reactive protein and leukocyte 

count. Arch Dis Child. 1999;81(5):417–421. 

20. Eberhard K, Haubitz M, Brunkhorst M, Kliem V, Koch M. 

Usefulness of procalcitonin for differentiation between 

activity of systemic autoimmune disease and invasive 

bacterial infection. Arthritis and Rheumatism. 1997;40:7. 

21. Becker KL, Snider R, Nylen ES. Procalcitonin assay in 

systemic inflammation, infection, and sepsis: clinical 

utility and limitations. Crit Care Med. 2008. 

22. E GreeffIs procalcitonin useful in diagnosing septic 

arthritis and osteomyelitis in children? (2012)SA 

Orthopaedic Journal | Vol 11 • No 1. 

23. Karthikeyan Maharajan, Dilip Kumar Patro, Jagdish 

Menon, Ananthanarayanan Palghat Hariharan, Sabhash 

Chandra Parija, Murali Poduvaland Sreenivas Thimmaiah 

Serum Procalcitonin is a sensitive and specific marker in 

the diagnosis of septic arthritis and acute osteomyelitis. 

Journal of Orthopaedic Surgery and Research 2013,8:19. 

24. Markus Pa ̈a ̈kko ̈nen, Markku J. T. Kallio , Pentti E. Kallio, 

Heikki Peltola Sensitivity of Erythrocyte Sedimentation Rate 

and C-reactive Protein in Childhood Bone and Joint Infections 

Clin Orthop Relat Res (2010) 468:861–866. 

25. Ernst AA Weiss, SJ, Tracy LA, Weiss NR. Usefulness of 

CRP and ESR in predicting septic joints. South Med J. 

2010 Jun;103(6):522-6.

 


