
 

 

 University of Groningen

(Pre)analytical considerations concerning the analysis of synovial calprotectin
Alkadhem, Mohammed F.; Wagenmakers-Huizenga, Lucie M.F.; Wouthuyzen-Bakker,
Marjan; Muller Kobold, Anneke C.
Published in:
Clinical chemistry and laboratory medicine

DOI:
10.1515/cclm-2023-0484

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2024

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Alkadhem, M. F., Wagenmakers-Huizenga, L. M. F., Wouthuyzen-Bakker, M., & Muller Kobold, A. C.
(2024). (Pre)analytical considerations concerning the analysis of synovial calprotectin. Clinical chemistry
and laboratory medicine, 62(1), 199-206. https://doi.org/10.1515/cclm-2023-0484

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 01-02-2024

https://doi.org/10.1515/cclm-2023-0484
https://research.rug.nl/en/publications/1fb67ecb-2ee9-455d-8fb7-5452af7742d9
https://doi.org/10.1515/cclm-2023-0484


Mohammed F. Alkadhem, Lucie M.F. Wagenmakers-Huizenga, Marjan Wouthuyzen-Bakker
and Anneke C. Muller Kobold*

(Pre)analytical considerations concerning the
analysis of synovial calprotectin
https://doi.org/10.1515/cclm-2023-0484
Received May 10, 2023; accepted July 26, 2023;
published online August 3, 2023

Abstract

Objectives: Several studies have demonstrated that synovial
calprotectin is a highly accurate biomarker in diagnosing
periprosthetic joint infections (PJI). Assuring reliability is of
great importance and coincides with adequate preanalytical
handling. This study focuses onpotentially interfering factors.
Methods: To assess the stability of synovial calprotectin, the
effect of time, storage temperature, EDTA, freeze-thaw
cycles, viscosity, and blood and lipid contamination was
investigated. In the blood and lipid contamination experi-
ments, hemolyzed and non-hemolyzed blood, homogenized
adipose tissue, intralipid and chylomicrons were added. The
effect of viscosity was investigated using freeze-thaw cycles,
enzymatic pretreatment and sonification.
Results: No effect on synovial calprotectin levels was
observed in synovial samples kept at room temperature
compared to samples kept at 4 °C for up to seven days of
storage. Freeze-thaw cycles did not result in significantly
different calprotectin levels, although sampleswithout EDTA
resulted in higher recoveries after 1 and 2 freeze-thaw
cycles. Blood and lipid contamination did not interfere with
accurate synovial calprotectin analysis. Sample pretreat-
ment to reduce sample viscosity by pretreating samples with
DNAse and/or hyaluronidase did not influence calprotectin
analysis. Sonification, however, resulted in increased cal-
protectin values.

Conclusions: Synovial calprotectin is a stable biomarker
and its analysis is not easily influenced by potential inter-
fering factors.

Keywords: blood; contamination; sonification; stability;
synovial calprotectin; viscosity

Introduction

Periprosthetic joint infection (PJI) is a rare debilitating
complication of joint arthroplasty [1]. Proportionately, PJI
increases in relevance by the increasing demand for
arthroplasty due to the constant increase in life expectancy
globally and the fast pace aging trend inwestern societies [2].
It is a potential threat to 1–2 % of patients undergoing
arthroplasty [1]. An early and accurate diagnosis of PJI is
essential to start effective treatment as early as possible.

Currently, the diagnosis of PJI is considered a challenge
[3]. Negative cultures cannot fully exclude a PJI [4] and take
up to 14 days before a final diagnosis can be made [5].
Therefore, othermarkers are incorporated in diagnosing PJI,
such as serum C-reactive protein (CRP), erythrocyte sedi-
mentation rate (ESR), histology and synovial leukocyte
count. These biomarkers combined with cultures led to the
development of several diagnostic criteria [6, 7]. In addition,
new promising biomarkers for the diagnosis of PJI in syno-
vial fluid have been introduced. Wouthuyzen-Bakker et al.
were the first to demonstrate the clinical utility of synovial
calprotectin in diagnosing PJI by evaluating and validating a
quantitative synovial calprotectin lateralflow (LF) assay that
is normally used for the measurement of fecal calprotectin
in many clinics [8]. A recent meta-analysis demonstrated
the accuracy of synovial calprotectin in diagnosing and
excluding PJI with a sensitivity of 92 % (95 % CI: 84–98 %),
and a specificity of 93 % (95 % CI: 84–99 %) [9].

As for any diagnostic marker, assuring accuracy and
reliability is of great importance and coincides with adequate
and careful preanalytical handling. It has been reported that
70 % of laboratory errors are due to preanalytical causes
[10]. Synovial fluid has specific pre analytical challenges by
itself, since it is a heterogenous fluid with variations in vis-
cosity, lipid content, and the frequent occurrence of blood

*Corresponding author: Anneke C. Muller Kobold, Department of
Laboratory Medicine, University of Groningen, University Medical Center
Groningen, P.O. Box 30.001, 9700RB Groningen, The Netherlands,
Phone: +31 50 3613929, E-mail: a.c.muller@umcg.nl. https://orcid.org/
0000-0003-3457-4179
Mohammed F. Alkadhem and Lucie M.F. Wagenmakers-Huizenga,
Department of Laboratory Medicine, University of Groningen, University
Medical Center Groningen, Groningen, The Netherlands. https://orcid.org/
0009-0002-1020-793X (M.F. Alkadhem)
Marjan Wouthuyzen-Bakker, Department of Medical Microbiology and
Infection Prevention, University of Groningen, University Medical Center
Groningen, Groningen, The Netherlands

Clin Chem Lab Med 2024; 62(1): 199–206

Open Access. © 2023 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International License.

https://doi.org/10.1515/cclm-2023-0484
mailto:a.c.muller@umcg.nl
https://orcid.org/0000-0003-3457-4179
https://orcid.org/0000-0003-3457-4179
https://orcid.org/0009-0002-1020-793X
https://orcid.org/0009-0002-1020-793X


contamination, all forming a challenge to biomarker detec-
tion or cytological analysis of synovial fluid [11, 12]. More-
over, neutrophil responses to infection comprise release of
deoxyribonucleic acid (DNA) and proteins to the synovial
fluid by the process of NETosis, attributing to the viscous
nature of synovial fluid. Diagnostic important biomarkers
such as leukocyte esterase, alpha defensins and calprotectin
are neutrophil extracellular trap (NET) binding proteins [13],
yet little is known concerning the potential analytical
interference from NETosis in synovial fluids. This study
focuses on these potentially interfering factors, with special
attention to the effect of blood and/or lipid contamination,
sample stability and sample viscosity.

Materials and methods

Samples

In the University Medical Center Groningen (UMCG), synovial fluid
samples were aspirated by using a 21 gauge, 1 in. needle that is attached
to a 20mL syringe, then transported to the laboratory in less than
30 min. The samples were used for routine calprotectin measurements
on the same day. The residual synovial samples were stored at −80 °C in
the biobank and used for this study. Samples were selected based on
calprotectin concentration, synovial fluid volume, and, for the viscosity
experiments, viscous aspect.

For the blood contamination and lipid contamination experiments,
residual whole blood samples and lipaemic blood samples were used.
For the blood contamination experiments EDTA anticoagulated tubes
manufactured by Becton Dickonson (BD, Vianen, The Netherlands) are
used. Highly lipaemic blood samples were left to stand for 3 h at room
temperature and the lipaemic layer, merely containing chylomicrons,
was subsequently harvested. In addition, anonymized residual subcu-
taneous fat tissue obtained after bariatric surgery was homogenized
and stored at −20 °C prior to the lipid contamination experiment to
release adipocyte intracellular content. The Medical Ethics Review
Board (University Medical Centre Groningen (UMCG)) waived the need
for ethical approval (METc 2021/168 and M22.302539).

Synovial calprotectin measurements

The levels of calprotectinwere determined using the Lyfstone rapid LF
test (Lyfstone, Tromsø, Norway), according to the manufacturer’s in-
structions. Within run and between run coefficients of variation (CV)
of the assay are 20 and 25 %, respectively. To determine the CV’s
freshly frozen and aliquoted samples were analyzed according to the
CSLI-EP5-A protocol (Simple Precision).

Stability experiment (effect of time, temperature, EDTA
and freeze-thaw cycles)

Synovial fluid samples of different synovial calprotectin levels; low
(20–40mg/L), medium (40–100mg/L) and high (100–200mg/L), were
exposed to different storage conditions.

To investigate the effect of ethylene diamine tetra acetic acid
(EDTA), time and temperature on sample stability, native fresh samples
were split and either aspirated into an EDTA-containing vacutainer tube
or a neutral tube and were either stored at room temperature (RT) or at
4 °C. For samples kept at RT, they were measured at six different time
points; directly (t=0), after 3 h, 6 h, 24 h, three days and seven days. For
samples kept at 4 °C, they were measured at five different time points;
directly (t=0), 6 h, 24 h, three days and seven days. Each level and con-
dition (with or without EDTA, temperature) contained three samples,
hence a total of 396 samples were analyzed for the EDTA and temper-
ature experiment.

To investigate the effect of freeze-thaw cycles on sample stability
samples were exposed to 1, 2, 3 or 5 freeze-thaw cycles. For this exper-
iment the same levels were used, each level and condition (with or
without EDTA) contained three samples, hence a total of 72 samples
were analyzed.

To compare the results between conditions and time points inde-
pendent of the three different calprotectin levels, synovial calprotectin
levels were expressed as percentage recovery based on the synovial
calprotectin level at t=0.

Effect of blood and lipid contamination

To investigate the extent of blood and lipid contamination of routinely
derived clinical synovial samples, our routine clinical database/biobank,
containing 83 synovial samples and patient data from 74 individual
patients collected since July 2015, was surveyed for the haemolytic index
(H-index) and the lipemic index (L-index).

The effect of blood contamination on synovial calprotectin
measurement was investigated at three different synovial calpro-
tectin levels as described above, by the addition of A) hemolyzed
whole blood and B) non-hemolyzed whole blood. Hemolyzed blood
was obtained by three freeze-thaw cycles of an EDTA whole blood
sample. The effect of lipid contamination on synovial calprotectin
measurement was investigated also at the three different synovial
calprotectin levels, by the addition of A) homogenized adipose tissue,
B) intralipid (Fresenius Kabi Netherlands B.V., Zeist, the Netherlands)
C) chylomicrons.

Synovial samples were separately mixed with either hemolyzed
whole blood, non-hemolyzed whole blood, adipocyte homogenate,
intralipid or chylomicrons in different ratios, which resulted in the
following percentages of contamination: 100 , 50, 25, 12.5, 6.25, 3.12,
1.56, 0.76, 0.38 and 0 % blood or lipid. Each blood contamination
condition was analyzed in duplo, whereas the adipocyte contami-
nation experiment was performed in triplicate. In total, for the blood
contamination experiment 40 samples and for lipid contamination
experiment 108 samples were analyzed. In these experiments syno-
vial samples were used with a mean calprotectin concentration of 87
or 103 mg/L (the adipocyte contamination experiment). This lower
value was chosen to investigate the effect of contamination on
samples with calprotectin values around the clinical cutoff value of
50 mg/L [3, 8]. The H and L indices were subsequently measured on a
Cobas 6000 chemistry analyzer (Roche Diagnostics, Rotkreuz,
Switzerland). To compare the results between conditions indepen-
dent of the three different calprotectin levels, synovial calprotectin
levels were expressed as percentage recovery based on the synovial
calprotectin level in the sample without blood or lipid
contamination.
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Effect of synovial viscosity

To examine the effect of viscosity reduction on synovial calprotectin
analysis, three pretreatment modalities to liquify vicious samples were
investigated: A) five subsequent freeze-thaw cycles, B) enzymatic pre-
treatment and C) sonification. For these approaches, fresh samples
were included that were sufficiently viscous by visual inspection and
semi-quantitatively scored (1–5) by two different technicians, inde-
pendently. Viscosity was scored and calprotectin levels were measured
before and after each pretreatment. Synovial calprotectin levels were
expressed as percentage recovery based on the synovial calprotectin
level in the sample without pretreatment.

Approach A consisted of five subsequent freeze-thaw cycles. For
this experiment, the same samples were used as described in the
stability experiments.

Approach B consisted of a) no treatment, b) hyaluronidase (Sigma
Aldrich, Amsterdam, The Netherlands) treatment, c) DNAse (Sigma
Aldrich, Amsterdam, The Netherlands) treatment or d) combined hy-
aluronidase and DNAse treatment.

Three different levels (68, 85 and 136 mg/L) of calprotectin con-
centrations were used. For each level, analysis was performed in trip-
licate. Each synovial fluid sample was further divided and transferred
into four different tubes (one for each pretreatment modality).
A hyaluronidase solution of 146 U/mLwas prepared by dissolving 10 mg
of bovine testicular hyaluronidase solution (439 U/mg) in 30 mL of
saline buffer (0.9 g/L). A DNAse solution of 150 U/mL was prepared by
dissolving one DNAse-containing tablet (10,000 U/tablet) in 66.6 mL of
distilled water.

The untreated synovial sample was mixed in a 2:1 (sam-
ple:enzyme) ratiowith the hyaluronidase (150 U/mL) solution and/or the
DNAse solution. After incubation at 37 °C for 30 minwith hyaluronidase,
DNAse or both, synovial calprotectin was measured.

In total 36 samples were analyzed. Approach C consisted of sonifi-
cation of the samples, for 10 s using a Vibra cell, model VC60 sonificator
(Sonics & Materials Inc, Newtown, USA). Twenty-five subsequent fresh
routine patient sampleswereused. Before andafter sonification, viscosity
was scored as described above, and synovial calprotectin was analyzed.

Statistics and data analysis

The mean and confidence interval of the H-index and L-index were
calculated. Repeatedmeasurements of calprotectin levels over time were
analyzed using mixed model analysis, where group (i.e., preanalytical
condition) and measurement (calprotectin recovery) were both added as
fixed variables. The interaction term group×measurement was added to
analyze differencesbetweengroups over time. AWilcoxonmatched-pairs
signed rank test was used to compare results before and after sonifica-
tion. For all comparisons, a p-value<0.05was regarded as significant. Data
were analyzed using the software program GraphPad Prism (GraphPad
Software, LLC, version 8.4.2, Boston, USA) and SPSS (version 29.0; SPSS,
Chicago, USA).

Results

Stability experiment (effect of time,
temperature, EDTA and freeze-thaw cycles)

No significant decrease or increase ofmeasured calprotectin
was observed in synovial samples kept at room temperature

compared to samples kept at 4 °C for up to seven days of
storage. After seven days of storage, the addition of EDTA, in
samples kept at 4 °C resulted in a slight, non-significant
reduction of values (p-value=0.07) (Figure 1).

Five successive cycles of freeze-thawing did not influ-
ence the levels ofmeasured calprotectin in EDTA-containing
samples. In samples without EDTA, calprotectin levels
increased significantly after the first and second freeze-
thaw cycles (p-value=0.011 and 0.003, respectively), this
difference obliviated after three or more freeze-thaw cycles
(Figure 2).

Effect of blood and lipid contamination

In the routine clinical data and biobank, themedianH-index
was 34 with a range of 0–6,834, while the median L-index
was 40 with a range of 4–900 (Figure 3).

Synovial calprotectin LF assay appears to report lower
calprotectin values in synovial samples contaminated with
hemolyzed blood. However, no statistical relation could be
found between the level of H index, contamination per-
centage and the recovered values of calprotectin (Figure 4A).

The use of non-hemolyzed whole blood in these experi-
ments resulted in higher H indices than the use of hemolyzed
blood, 8,180 and 980, respectively. Synovial calprotectin LF
assay appears to report lower values in the presence ofwhole
blood, yet this difference was not significant. No significant
correlation could be found between the level of H-index and
the recovered values of calprotectin (Figure 4B).

Adipose tissue or chylomicrons contaminated synovial
fluid resulted in higher L indices than in the intralipid
experiment, a maximum of 7,260, 6,690 and 4,330, respec-
tively. In the lipid contamination experiment, the synovial
calprotectin LF assay shows no significant increase or
decrease in calprotectin levels. Furthermore, there is no
clear or significant relation between the level of adipocyte,
intralipid or chylomicrons contamination and the recovered
values of calprotectin (Figure 5A–C, respectively).

Effect of synovial viscosity

After five subsequent freeze-thaw cycles the viscosity of the
samples did not decrease, as judged visually using the
5-point scoring system (data not shown).

After hyaluronidase/DNAse treatment, the viscosity of
the samples reduced from a score of 4–1 (Figure 6). DNAse
alone has a smaller effect in reducing the viscosity of the
synovial fluid as measured using the viscosity score. Cal-
protectin levels did not differ significantly between the
different pretreatment modalities.

Twenty-five subsequent fresh synovial samples were
analyzed before and after sonification. Sonification had a
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significant effect on sample viscosity; mean viscosity scores
decreased from 3.2 to 1. In addition, median calprotectin
concentration increased significantly, from 59mg/L before
sonification to 100.5 mg/L after sonification (p<0.01) (Figure 7).

Discussion

Although synovial calprotectin is a highly sensitive and
specificmarker in diagnosing PJI [9, 14], there is a knowledge
deficit on the influence of preanalytical handling on cal-
protectin detection. In this study we investigated different
preanalytical conditions that occur frequently in clinical
practice and that may influence calprotectin reliability. We
demonstrated that calprotectin levels are stable for up to
seven days regardless of storage duration and temperature
in synovial samples with and without EDTA. Subsequent
freeze-thaw cycles did not result in significantly different
calprotectin levels, although samples without EDTA
seemed to result in significantly higher recoveries of over
100 % after 1, 2 freeze-thaw cycles. A possible explanation
for the significant results is the between-run assay varia-
tion of 25 % that is inherent to LF assay, in addition to the
nature of the experiment itself. Freeze-thaw cycles can

Figure 2: The percentage recovery of synovial calprotectin (y-axis) in
relation to the number of freeze-thaw cycles (x-axis), in synovial samples
with (dark gray) and without (light gray) EDTA.
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Figure 1: Percentage recovery of synovial calprotectin (y-axis) in relation to storage duration (x-axis), effect of EDTA and temperature. Duration is
depicted in hours (h). Results expressed asmean and standard deviations (SD, errors bars). (A) Effect of EDTA on percentage calprotectin recovery at room
temperature (RT). (B) Effect of EDTA on percentage calprotectin recovery at 4 Celsius (4 °C). (C) Effect of the two storage temperatures on percentage
calprotectin recovery in EDTA free synovial fluid samples. (D) Effect of the two storage temperatures on percentage calprotectin recovery of calprotectin in
synovial fluid samples with EDTA.
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lead to neutrophils destruction releasing their content
including calprotectin, yet repetitive freeze-thaw cycles
also affect stability and integrity of calprotectin, which
could have equalized the effect. Blood and/or lipid
contamination did not interfere with a reliable calprotectin
analysis. Finally, sample pretreatment to reduce sample
viscosity can be done by pretreating samples with DNAse

and/or hyaluronidase without influencing calprotectin
analysis. However, sonification as means to reduce sample
viscosity, results in increased calprotectin values. Clinically,
our findings suggest that synovial fluid could be aspirated
into a standard syringe without specific precautions and
kept and transported at room temperature until calprotectin
analysis.

Figure 3: Frequency analysis of (A) H-index and (B) L-index in 83 synovial fluid samples.

Alkadhem et al.: Synovial calprotectin preanalytical assay interference 203



Blood and lipid contamination of synovial fluid occurs
frequently in clinical practice (see Results section). However,
the level of blood and/or lipid contamination is mostly very
low with a median H-index of 34 and L-index of 40, respec-
tively. Lipid contamination level in synovial fluids is ex-
pected to increase due to the expected upward trend of
obesity prevalence in the world and especially in the west-
ern countries [15]. Although in the blood and lipid contami-
nation experiments, the degree of calprotectin fluctuation
did not significantly correlate with the level of contamina-
tion or the levels of H index and L index, respectively, values
around the cut-off value should be interpreted with caution.
Therefore, according to our findings, calprotectin analysis in
daily practice is not influenced by blood and/or lipid
contamination of the synovial sample.

Occasionally, synovial samples are highly viscous,
which may hamper accurate pipetting and consequently
may lead to less accurate measurement. In our attempt to
reduce viscosity, DNAse and/or hyaluronidase pretreat-
ment reduced the viscosity of the synovial fluid without a
significant effect on the calprotectin levels. Pretreatment
with sonification resulted in decreased viscosity, although
resulted in a significant increase in calprotectin levels
Pretreatment with sonification resulted in decreased vis-
cosity. Although sonification pretreatments resulted in a
significant increase in calprotectin levels, there are few
individual samples that showed stable and even decreased
calprotectin levels. We speculate that this discrepancy
could be attributed to sampling error. Assuming that highly
viscous samples could impede proper pipetting, NETs could
possibly not be distributed in a homogeneous fashion in the
sample and therefore could also affect the concentration of
calprotectin. We assume that sonification pretreatments
result in the release of calprotectin from neutrophil
extracellular traps (NETs) present in the synovial fluid,
which explains the predominant trend in our sonification
experiment [16]. Upon neutrophil activation, neutrophils
release granule proteins and chromatin to form an extra-
cellular fibril matrix known as NETs. NETs are networks of
extracellular fibers, primarily composed of DNA and pro-
teins from neutrophils, which neutralize pathogens. How-
ever, pretreatment of synovial samples with DNAse and/or
hyaluronidase did not result in a significant increase of
calprotectin levels, which one would expect when NETs are
enzymatically cleaved by DNAse/hyaluronidase. Another
explanation for the discordant results of calprotectin levels
after pretreatment by sonification pretreatment may be
because sonification may result in disruption of intact
neutrophils present in the NETs, thereby releasing intra-
cellular calprotectin, whereas enzymatic pretreatment
leaves neutrophils in the sample intact [17].

Limitations and considerations

Apart from the limitation of some of the experiments being
limited to a small sample size which could affect the gener-
alization of the results, this study is the first of its kind to
investigate and demonstrate an extensive overview of the
potential interfering factors that could affect the analysis
synovial calprotectin.

Although most of the interfering factors did not have a
statistically significant effect on the calprotectin levels in
synovial fluid, quite frequently, recoveries of 80 and 120 %
were observed in our results. Together with analytical

Figure 4: Percentage recovery of synovial calprotectin (y-axis) in relation
to the H-index and the percentage of contamination (x-axis) (A) hemo-
lyzed blood and (B) non hemolyzed blood.
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variation, we propose caution when interpreting synovial
calprotectin values around the cut-off value without taking
into account other clinical parameters.

Since sonification results in higher calprotectin
values than untreated samples, probably due to the
release of calprotectin from NETs and/or neutrophils
present in the sample, one may argue whether this im-
proves the sensitivity of the test. The presence of these
intact neutrophils is overlooked when no or other sample
pretreatments, such as DNAse/hyaluronidase pretreat-
ment, is used. The presence of these neutrophils, beside
the free calprotectin levels in the synovial fluid, indicate
that an active inflammatory process is ongoing. When
choosing this sample pretreatment as the standard pre-
treatment, new clinical cut-off values should however, be
established.

Figure 5: Percentage recovery of synovial calprotectin (y-axis) in relation to the L-index and the percentage of contamination (x-axis) with (A) ho-
mogenized adipose tissue (B) intralipid (C) chylomicrons.

Figure 6: Calprotectin value in mg/L and viscosity score of synovial
samples in a control group and three enzymatically pretreated groups.
The results are depicted in three different calprotectin levels; low,
medium and high (x-axis).
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Conclusions

Synovial calprotectin is a stable biomarker and not likely to
be influenced by blood and/or lipid contamination.
Nevertheless, values around the cut-off value should be
interpreted with caution. Synovial viscosity may interfere
in correctly pipetting the sample albeit may be circum-
vented by pretreating synovial samples with DNAse and/or
hyaluronidase. For clinicians, researchers and laboratory
specialists our findings suggest that synovial calprotectin
is a stable and reliable tool in the diagnosis of PJI without
the need of special impractical specific preanalytical
conditions.
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