
VOL. 9, NO. 8, AUGUST 2020 450

Freely available onlineFollow us @BoneJointRes

BJR

Z. Zhang,
Y. Cai,
G. Bai,
C. Zhang,
W. Li,
B. Yang,
W. Zhang

From First Affiliated 
Hospital of Fujian 
Medical University, 
Fuzhou, China.

Correspondence should be sent to
Dr Wenming Zhang; email:  
 zhangwm0591@ fjmu. edu. cn

doi: 10.1302/2046-3758.98.BJR-
2019-0329.R2

Bone Joint Res 2020;9(8):450–456.

�� InfeCtIon

The value of calprotectin in synovial fluid 
for the diagnosis of chronic prosthetic 
joint infection

Aims
This study aimed to evaluate calprotectin in synovial fluid for diagnosing chronic prosthetic 
joint infection (PJI) .

Methods
A total of 63 patients who were suspected of PJI were enrolled. The synovial fluid calprotectin 
was tested by an enzyme- linked immunosorbent assay (ELISA). Laboratory test data, such as 
ESR, CRP, synovial fluid white blood cells (SF- WBCs), and synovial fluid polymorphonuclear 
cells (SF- PMNs), were documented. Chi- squared tests were used to compare the sensitivity 
and specificity of calprotectin and laboratory tests. The area under the curve (AUC) of the re-
ceiver operating characteristic (ROC) curve was calculated to determine diagnostic efficacy.

Results
The median calprotectin level was 776 μg/ml (interquartile range (IQR) 536.5 to 1132) in 
the PJI group and 54.5 μg/ml (IQR, 38.75 to 78.25) in the aseptic failure (AF) group (p < 
0.05). Using a threshold of 173 ug/ml, the sensitivity was 95.2%, with a 97.6% specificity, 
and the AUC was 0.993. The sensitivity of calprotectin of the antibiotic- treated PJI group 
was 100% versus 90.9% of the non- antibiotic- treated PJI group. Although 47.6% (ten cas-
es) of the patients in the PJI group received antibiotics before aspiration, the diagnostic 
efficacy of calprotectin was not affected. The sensitivity and specificity of ESR, CRP, SF- 
WBCs, and SF- PMNs ranged from 76.2% to 90.5% and 64.3% to 85.7%, respectively.

Conclusion
Calprotectin in synovial fluid has great diagnostic efficacy for PJI diagnosisand outperformed ESR, 
CRP, SF- WBCs, and SF- PMNs.
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Article focus
The present work focuses on the role of calpro-
tectin in synovial fluid for diagnosing chronic PJI 
of the hip and knee.

Key messages
The sensitivity and specificity of synovial calpro-
tectin was 95.2% and 97.6%, respectively, at a 
threshold of 173 µg/ml, and the AUC was 0.993. 
Calprotectin in synovial fluid has great diagnostic 
efficacy for PJI of the hip and knee and outper-
formed ESR, CRP, SF- WBCs, and SF- PMNs.

Strengths and limitations
1. Strengths: This study showed that cal-

protectin in synovial fluid has great diag-

nostic efficacy for chronic PJI and outper-
formed ESR, CRP, SF- WBCs, and SF- PMNs.

2. Limitations: This study involved a single 
centre, so the sample size was relatively 
small; only 63 cases were enrolled (with 
21 cases in the PJI group and 42 cases in 
the AF group).

Introduction
Prosthetic joint infection (PJI) is a devastating 
complication after arthroplasty.1 According 
to the USA Nationwide Inpatient Sample 
(NIS) database, PJI was the most common 
cause of revision after primary total knee 
arthroplasty (15,233 revisions; 25.2%) .2 In 
clinical practice, diagnosing chronic PJI is 
difficult due to atypical symptoms, which 
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table I. Characteristics of patients with aseptic failure (AF) or prosthetic 
joint infection (PJI).

Characteristic
PJI  
(n = 21) Af (n = 42) p- value*

Sex, n,(M/F) 4/17 17/25 0.089

Age (yrs) < 0.001

< 60 7 23

60 to 70 8 9

> 70 6 10

BMI (kg/m2) 0.04

< 24 8 14

24 to 28 10 20

> 28 3 8

Hypertension 8 22 0.29

Diabetes 7 18 0.47

Joint involved 0.00

Hip 15 30

Knee 6 12

Preoperative antibiotic 
treatment

15 5 < 0.001

Administration of 
immunosuppressive 
drugs

12 22 0.721

*Chi- squared test was performed.
BMI, Body mass index

may delay diagnosis and proper treatment, leading to 
infection with delayed healing, severe bone defects, and 
joint dysfunction. The timely and correctly diagnosis 
of chronic PJI is critical for treatment and goodclinical 
prognosis.

Although many guidelines, such as the Musculoskel-
etal Infection Society (MSIS) criteria and the Infectious 
Diseases Society of America (IDSA) guidelines,3-6 have 
been published for PJI, the diagnosis of PJI is still chal-
lenging. Currently, a diagnosis of PJI is made based on 
the clinical manifestations of patients and laboratory 
tests, such as serology,7 joint fluid analysis, intraoperative 
frozen sections, and tissue bacterial culture. Although 
microbial culture has been considered the "gold stan-
dard" for the diagnosis of PJI, the positivity rate of micro-
bial culture was only 60% to 70%.8,9 The emerging 
molecular diagnosis showed a promising role in PJI diag-
nosis, however, the issue of contamination has not yet 
been addressed.10-12 In addition, the specificity of blood 
markers is affected by obesity, surgical trauma, and other 
factors.7,13,14 Synovial fluid white blood cell (SF- WBC) 
counts and classification are effective tools for diagnosing 
PJI, but their diagnostic value remains controversial.15,16 
The results of intraoperative frozen sections depend on 
pathologists’ experience, especially when preoperative 
serology and synovial fluid analysis cannot achieve a clear 
diagnosis.17 Chronic PJI can be caused by low- virulence 
pathogens, approximately 4% of which caused normal 
levels of the ESR and CRP.18,19

Recent efforts that have aimed to improve the 
accuracy of PJI diagnosis have focused on synovial 
fluid biomarkers.20 The assessment of inflammatory 

biomarkers in synovial fluid, such as alpha defensin and 
leucocyte esterase, could facilitate the diagnosis of focal 
infections and has demonstrated better diagnostic effi-
cacy than routinely available clinical laboratory tests.21-23 
However, due to relative high costs and poor applica-
bility, these biomarkers have not yet been included in 
routine clinical practice. Calprotectin (also named L1, 
cystic fibrosis antigen, calgranulin A/calgranulin B, and 
protein MRP-8/MRP-14) constitutes more than 40% of 
the soluble cytosolic protein content in neutrophilic 
granulocytes, is primarily secreted by neutrophilic 
granulocytes and monocytes at sites of local inflamma-
tion, and modulates the migration of leucocytes. The 
calprotectin levels in plasma, urine, gingival crevicular 
fluid, synovial fluid, and faeces are markedly elevated in 
certain inflammatory or infectious conditions, such as 
acute appendicitis, pyelonephritis, candidal periodon-
titis, abscesses, and inflammatory bowel disease, indi-
cating its role as a reliable marker for the diagnosis of 
these diseases.24–28 Recent studies have also shown that 
calprotectin has a role in PJI diagnosis.29,30 However, 
its role in diagnosing chronic PJI has not yet been fully 
elucidated and these results need to be confirmed in 
additional studies. Therefore, this study used enzyme- 
linked immunosorbent assay (ELISA) methods to detect 
the concentration of calprotectin in synovial fluid and to 
study its diagnostic value in chronic infections in pros-
thetic hip and knee joints.
Methods. This study was approved by our Institutional 
Review Board. From January 2014 to December 2016, 63 
patients suspected of PJI were enrolled, 42 patients were 
confirmed to have aseptic failure (AF), and 21 patients 
were diagnosed with PJI. The characteristics of the 63 
patients with AF or PJI are shown in Table I. A diagnosis 
of PJI was made based on the MSIS criteria: one of the 
following must have been met to diagnose PJI: 1) a sinus 
tract communicating with the prosthesis; 2) a pathogen 
isolated by culture from two separate tissue or fluid sam-
ples obtained from the affected prosthetic joint; 3）four 
of the following six criteria exist: a) elevated ESR and CRP 
(ESR > 30 mm/hour; CRP > 10 mg/L); b) elevated synovial 
fluid WBC count ( > 3,000 cells/μL); c) elevated synovial 
fluid neutrophil percentage ( > 65%); d) presence of pu-
rulence in the affected joint; e) isolation of a microorgan-
ism in one periprosthetic tissue or fluid culture; f) > five 
neutrophils per high- powered field in five high- power 
fields observed from histological analysis of periprosthet-
ic tissue at × 400 magnification. The course of PJI > three 
months was defined as a chronic PJI.

The inclusion criteria were as follows: 1) patients with 
suspected PJI; 2) patients who underwent laboratory 
tests for PJI diagnosis according to MSIS criteria; and 3) 
sufficient synovial fluid (without blood contamination) to 
perform calprotectin analysis. To avoid the interference of 
other inflammatory processes or pre- existing conditions 
on elevated inflammatory markers, patients with inflam-
mation at sites other than prosthesis joint, and patients 
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table II. Results of Musculoskeletal Infection Society (MSIS)- related clinical and laboratory tests and calprotectin.

Variable PJI (n = 21) (median, IQR) Af (n = 42) (median, range) p- value*

Sinus 4 0 < 0.001

ESR (mm/h) 52 (10 to 120) 18 (2 to 67) < 0.001

CRP (mg/ml) 25.7 (3.3 to 139) 5 (1.3 to 51) < 0.001

SF- WBC (cells/μl) 9,738 (100 to 62,051) 1,288 (64 to 9,570) < 0.001

SF- PMN (%) 86.4 (41 to 97.6) 45.1 (11 to 91.2) < 0.001

Calprotectin (μg/ml) 776 (536.5 to 1,132) 54.5 (38.75 to 78.25) < 0.001

*Mann- Whitney U test
SF- PMN, Synovial fluid polymorphonuclear; SF- WBC, Synovial fluid white blood cell

Fig. 1

The median of synovial calprotectin in prosthetic joint infection (PJI) group 
was higher than that of aseptic failure (AF) group. ***p＜0.001, Mann- 
Whitney U test.

with inflammatory disease like rheumatoid arthritis (RA) 
were excluded.

Synovial fluid calprotectin results were compared 
between the PJI and AF groups. A uniform preoperative 
work- up for PJI, which included the serum ESR and CRP 
and preoperative or intraoperative aspiration for synovial 
fluid culture and calprotectin analysis, was performed on 
all patients.

Synovial fluid was either preoperatively or intraoper-
atively obtained for culture and calprotectin analysis by 
direct needle aspiration, to examine preoperative condi-
tions and to avoid blood contamination..31 Synovial 
fluid was examined for WBCs and PMNs using a haema-
tology analyzer (Symex XE-5000 haematology analyzer, 
Symex, Japan). Synovial fluid and tissue specimens were 
processed according to standard laboratory protocols; 
aerobic cultures were incubated for two days, and anaer-
obic cultures were incubated for five days. To detect 
slowly growing and less virulent organisms, the incuba-
tion time was extended to 14 days. Intraoperative tissue 
specimens were also sent for the histological analysis of 
frozen sections.

For calprotectin testing, synovial fluid samples were 
placed in a purple EDTA Tubes (Blood Collection Tubes, 

Becton- Dickinson, Franklin Lakes, New Jersey, USA). The 
samples were centrifuged at 400 g for ten minutes to 
obtain synovial fluid devoid of cells. The supernatants 
were transferred to 2 ml sterile cryotubes and stored at 
-80℃ within 30 minutes after collection before detec-
tion. Immunoassays for synovial fluid calprotectin were 
generated with reagents from Hycult Biotech (Uden, the 
Netherlands) and were measured in duplicate by stan-
dard ELISAs.
Statistical analysis. Continuous variables of non- normal 
distributionwere described as median and inter- quartile 
range (IQR). Mann- Whitney U test was used to analyze 
the statistical significance, and chi- squared test was used 
to compare the sensitivity and specificity of laboratory 
tests (ESR, CRP, SF- WBCs, and SF- PWNs) and calprotec-
tin. The receiver operating characteristic curve (ROC) and 
area under the curve (AUC) were used to compare the di-
agnostic efficacy. The optimal threshold was determined 
according to Youden’s Index (sensitivity + specificity - 1). 
A p- value ≤ 0.05 was considered statistically significant. 
Statistical analysis was performed with GraphPad Prism 
7.0 and SPSS 21.0 (IBM, Armonk, New York, USA).

Results
The AF group included 16 males and 26 females, with a 
mean age of 57 years (41 to 86); 30 patients underwent 
total hip arthroplasty (THA), and 12 patients underwent 
TKA. The causes of failure included 33 cases of aseptic 
loosening, four cases of periprosthetic fracture, two cases 
of prosthetic dislocation, and three cases of failure due 
to other reasons (e.g. ankylosis,). Two patients in the 
AF group had a positive result from the bacterial culture 
(only one positive culture was obtained from each 
patient), which was considered a false positive. These 
two cases isolated Staphylococcus epidermidis on solid 
medium. The bacterial culture results of all other preop-
erative and intraoperative samples from these two cases 
were negative. No antibiotics were administered to these 
patients, as the surgeon (WZ) considered the results to 
be false positives. There have been no signs of infection, 
and no further surgeries have been performed on these 
two patients at the last follow- up visit with their surgeon.

The patients diagnosed with PJI included four males 
and 17 females, with a mean age of 64 years (54 to 83); 
15 patients underwent THA, and six patients underwent 
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table III. The sensitivity and specificity of synovial calprotectin, ESR, CRP, synovial fluid white blood cells (SF- WBCs), and SF- PMNs (synovial fluid 
polymorphonuclear cells).

Variable (cut- off 
value) Sensitivity* p- value† Specificity* p- value† nPV* PPV* LR+* LR-*

Calprotectin (173 
μg/ml)

95.2%
(74.1% to 
99.8%)

N/A 97.6%
(85.9% to 
99.9%)

N/A 97.6%
(85.9% to 
99.9%)

95.2%
(74.1% to 
99.8%)

39.6 0.049

ESR (30 mm/h) 76.2%
(52.5% to 
90.9%)

0.184 64.3%
(48.0% to 
78.0%)

0.001 84.4%
(66.5% to 
94.1%)

51.6%
(33.4% to 
69.4%)

2.13 0.37

CRP (10 mg/ml) 85.7%
(62.6% to 
96.2%)

0.606 81.0%
(65.4% to 
90.9%)

0.029 91.9%
(77.0% to 97.9%)

69.2%
(48.1%84.9%)

4.51 0.177

SF- WBCs (3,000 
cells/μl)

85.7%
(62.6% to 
96.2%)

0.606 83.3%
(68.0% to 
92.5%)

0.109 92.1%
(77.5% to 97.9%)

72%
(50.4% to 
87.2%)

5.13 0.171

SF- PMN (65%) 90.5%
(68.2% to 
98.3%)

1.000 85.7%
(70.8% to 
94.1%)

0.057 94.7%
(80.9% to 
99.1%)

76%
(54.5% to 
89.8%)

6.32 0.111

*95% confidence intervals
†Chi- squared test
LR+, Positive likelihood ratio; LR-, Negative likelihood ratio; CI, confidence interval; NPV, Negative predictive value; PPV, Positive predictive value; N/A, Not applicable

TKA. Multiple periprosthetic tissue specimens were also 
obtained intraoperatively (mean 4.4; 2 to 6). A total of 
15 patients had positive culture results (eight cases had 
a positive synovial fluid culture), while six had nega-
tive culture results in PJI group. The isolated organisms 
included S. epidermidis (six), methicillin- resistant Staph-
ylococcus aureus (MRSA) (two), methicillin- sensitive S. 
aureus MSSA) (one), Escherichia coli (one), Pseudomonas 
aeruginosa (one), Streptococcus agalactiae (one), Staphy-
lococcus hominis aureus (one), Staphylococcus saprophyt-
icus (one), and Candida tropicalis (one). Six patients who 
received preoperative antibiotic treatment had a nega-
tive bacterial culture result and were diagnosed with PJI 
according to the MSIS criteria.

The MSIS- related clinical and laboratory test values for 
patients with PJI and AF are shown in Table II. The syno-
vial fluid was obtained preoperatively in 23 cases and 
intraoperatively in 56 cases (some samples were obtained 
both preoperatively and intraoperatively). The volume of 
synovial fluid ranged from 0.5 ml to greater than 2 ml. 
The median of synovial calprotectin in PJI group (776 μg/
ml (IQR 536.5 to 1132)) was higher than that of AF group 
(54.5 μg/ml (IQR 38.75 to 78.25)) (p < 0.001, Mann- 
Whitney U test) (Figure. 1). There was also a difference in 
the serum CRP, ESR, synovial WBC count, and neutrophil 
differential between the groups (p < 0.001 for all, Mann- 
Whitney U test) (Table III).

The ROC curve showed that a CRP threshold of 173 
μg/ml had a 95.2% sensitivity and a 97.6% specificity as 
a diagnostic marker for chronic PJI. The AUC of synovial 
calprotectin was 0.993, outperforming the routinely 
available clinical laboratory tests, which included the 
ESR, CRP, SF- WBC, and SF- PMN; this result indicated that 
calprotectin was a nearly perfect diagnostic test to iden-
tify patients with chronic PJI (Figure. 2). The positive like-
lihood ratio of synovial calprotectin was estimated to be 
39.6, and the negative likelihood ratio was 0.049.

When the SF- WBC cut- off was 3,000 cells/μl, we found 
a sensitivity of 85.7% and specificity of 83.3%, it is worth-
while to mention that there were seven cases had a SF 
leucocyte count < 3,000, while the calprotectin was posi-
tive, and three cases had a SF leucocyte count > 3,000, 
while the calprotectin was negative. Additionally, cut- offs 
of 30 mm/hour for the ESR and 10 mg/ml for CRP resulted 
in sensitivities of 76.2% and 85.7% and specificities of 
64.3% and 81.0%, respectively. When these tests were 
compared with the calprotectin assay, only the specificity 
of the ESR and CRP reached statistical significance (p = 
0.001 and p = 0.029, respectively, chi- squared test). The 
remaining tests were not significantly different from the 
calprotectin assay based on the available numbers (p < 
0.05, chi- squared test).

The course of antibiotic treatment ranged from two 
weeks and three months. Furthermore, we found that 
the concentration of calprotectin in the PJI group was not 
affected by antibiotic treatment preoperatively(Figure. 3). 
The concentration of calprotectin in the antibiotic treat-
ment group was 663 (IQR, 480 to 1,106) μg/ml, while that 
in the non- antibiotic treatment group was 792 (IQR, 577 
to 1,203) μg/ml. The concentration of calprotectin in the 
antibiotic treatment group was lower than that in non- 
antibiotic treatment group, but the difference was not 
statistically significant (p = 0.343, Mann- Whitney U test). 
However, regardless of the use of antibiotics, the concen-
tration of calprotectin in the PJI group was significantly 
higher than that in the AF group, and the difference was 
statistically significant (p < 0.001, Mann- Whitney U test).

Discussion
The preoperative diagnosis of chronic PJI is still a chal-
lenge for orthopaedic surgeons, as persistent non- specific 
pain is often the only manifestation. Although bacterial 
culture was regarded as “gold standard”, the results 
were subjected to preoperative antibiotic treatment 
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Fig. 3

The concentraction of calprotectin in the prosthetic joint infection (PJI) 
group was not affected by antibiotics treatment preoperatively, but both of 
them were higher than that of aseptic failure (AF) group.**p＜0.01, Mann- 
Whitney U test. Ant., antibiotics; Nant., no antibiotics.

Fig. 2

The area under the curve (AUC) of a) synovial calprotectin, b) ESR, c) CRP, d) synovial fluid white blood cells (SF- WBCs), and e) synovial fluid 
polymorphonuclear cells (SF- PMNs).

and the presence of biofilms. For the minor diagnostic 
criteria of MSIS, the threshold and accuracy of labora-
tory tests are also controversial. Recently, the assessment 

of Alpha- defensin in the synovial fluid has been shown 
to closely match the results of the more complex MSIS 
definition of PJI.32,33 However, Wouthuyzen- Bakker et al34 
found that synovial calprotectin had both high sensitivity 
and specificity, which was quantitatively detected by the 
Quantum Blue calprotectin test and was less expensive 
and faster than the Alpha- defensin test. Wouthuyzen- 
Bakke et al29 and Salari et al30 also showed that synovial 
calprotectin have a promising role in chronic PJI diag-
nosis. Nevertheless, the reliability of calprotectin in PJI 
diagnosis was not clear enough, and more studies should 
be performed to further confirmed its ability in diag-
nosing PJI. The present study detected the concentration 
of synovial calprotectin with an ELISA and evaluated the 
role of synovial calprotectin in chronic PJI of the hip and 
knee.

A significant difference was found in the median syno-
vial calprotectin level between the PJI and AF groups (p < 
0.001, Mann- Whitney U test), and the former was 14 times 
higher than that in the AF group. Wouthuyzen- Bakker 
et al34 reported a concentration difference between the 
cohorts of up to 90- fold, which was partly because 40% 
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of the patients who accepted primary total joint replace-
ment were included in the AF cohort. Although 47.6% of 
the patients in our study received preoperative antibiotics, 
the ROC curve with a 173 μg/ml cut- off value showed that 
the level of synovial calprotectin had excellent diagnostic 
efficacy, with an AUC that reached 0.993, a sensitivity of 
95.2%, and a specificity of 97.6%. However, whether this 
was due to an insufficient number of cases was still not 
explicit. The cut- off value in this study was determined 
by the ELISA for synovial Calprotectin and was higher 
than the cut- off that Wouthuyzen- Bakker et al34 (50 μg/
ml) determined by lateral flow immunoassay. This may 
be because the AF cohort in our study only included revi-
sion patients, while Wouthuyzen- Bakker et al34 included 
patients with primary joint arthroplasty, and more than 
50% of the patients were diagnosed with osteoarthritis. 
However, the AUC of synovial Calprotectin was greater 
than 0.9, both by using ELISA or the lateral flow immu-
noassay of Wouthuyzen- Bakker et al34, showing excellent 
diagnostic accuracy. As joint aspiration was included 
in the standardized diagnostic procedure for PJI, syno-
vial calprotectin should be taken into consideration, as 
it could be useful for preoperatively or intraoperatively 
diagnosing PJI, which may provide an important refer-
ence for surgical decisions. In most hospitals, calprotectin 
is already routinely measured using a faecal calprotectin 
ELISA- based test, which has great potential to translate 
into the development of a clinically feasible method for 
diagnosing PJI.

The sensitivities and specificities of the ESR, CRP, 
SF- WBCs, and SF- PMNs ranged from 76.2% to 90.5% 
and 64.3% to 85.7%, respectively, which were consistent 
with literature reports.35,36 The calprotectin assay outper-
formed all of these laboratory tests for diagnosing PJI, 
with a higher sensitivity and specificity, but these differ-
ences did not reach statistical significance, except for 
the specificity of the ESR and CRP. The slightly superior 
specificity of the calprotectin assay compared with syno-
vial fluid PMNs and synovial WBCs is intriguing because 
the calprotectin assay can be used on dead or lysed cells. 
Furthermore, the calprotectin assay requires a lower 
volume of synovial fluid (only 500 μl) than SF- WBCs and 
SF- PWNs, which would be useful for PJI diagnosis for 
patients with insufficient synovial fluid.

Although calprotectin shows excellent diagnostic 
accuracy, two cases were still misdiagnosed, including a 
false negative case and a false- positive case. In the false 
negative case, the diagnosis of PJI was made based on 
bacterial culture results; namely, Staphylococcus hominis 
was isolated from four separate tissue samples. This 
patient was not preoperatively administered antibiotics 
and had normal CRP, ESR, SF- PMNs, and SF- WBCs and 
negative pathological results. This patient underwent 
revision surgery due to persistent pain after primary THA 
and received corticosteroids (prednisone 20 mg/day) for 
at least six years because of chronic adrenocortical hypo-
function. It has been reported that immunosuppressive 

treatment may result in false negative results. Therefore, 
corticosteroid treatment may be a leading cause of low 
levels of synovial calprotectin. The false positive case 
underwent a revision for prosthesis dislocation 13 months 
after primary THA and had an elevated CRP level of 12.3 
mg/l; SF- WBCs at 4452 cells/μl; positive pathological 
results; normal PMN% and ESR; and negative bacterial 
culture results. Synovial calprotectin was slightly elevated 
in this patient (234 µg/ml). The pathological results and 
certain inflammatory indexes of synovial fluid or serum 
suggested that there was acute inflammation around the 
hip due to prosthesis dislocation. Based on our limited 
data, caution should be taken in the interpretation of 
a positive result in patients who have acute inflamma-
tion, as illustrated by the false positive test result in one 
of the patients who underwent revision for prosthesis 
dislocation in our study. In addition, the influence of 
immunosuppressive treatment on the levels of synovial 
calprotectin needs to be determined in the future.

There were some limitations in the present study. This 
study involved a single centre, so the sample size was 
relatively small, with only 21 cases in the PJI group and 42 
cases in the AF group. Furthermore, patients with inflam-
matory disease were excluded from the study, as inflam-
matory disease has been documented in the literature to 
trigger the pathogen response and to cause elevations in 
synovial fluid calprotectin, which may lead to false posi-
tive results. Therefore, a larger cohort study that includes 
patients with inflammatory arthropathy and evaluates 
the diagnostic efficacy of synovial calprotectin in the 
diagnosis of PJI is warranted. Moreover, in this study, the 
synovial fluid calprotectin was detected by ELISA- based 
approach. Compared to a more rapid point- of- care test / 
lateral flow method, ELISA is more expensive, less rapid, 
and not a point- of- care test. However, a rapid point- 
of- care test / lateral flow method is unavailable now in 
many countries, so an ELISA- based approach is easier to 
perform and therefore more suitable for hospitals.

In conclusion, the present work detected synovial fluid 
calprotectin via an ELISA- based approach, and showed 
that synovial fluid calprotectin had high sensitivity and 
specificity for diagnosing PJI.
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