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ABSTRACT

BACKGROUND: Juvenile idiopathic arthritis is the most common chronic inflammatory musculoskeletal disease in children.
Its most prevalent clinical subtype is oligoarthritis. Pigmented villonodular synovitis, also known as tenosynovial giant cell
tumor, is a rare benign synovial disorder, which may clinically resemble oligoarthritis. Differential diagnosis between juvenile
idiopathic arthritis and pigmented villonodular synovitis is challenging. Intra-articular steroids used in juvenile idiopathic
arthritis therapy may induce negative effects in patients with pigmented villonodular synovitis. Orthopedic and surgical proce-
dures used to rule out pigmented villonodular synovitis are burdensome for children. Magnetic resonance imaging may yield
similar findings for both conditions at early stages. Several studies revealed that serum calprotectin is a promising biomarker
for juvenile idiopathic arthritis.

AIM: To assess synovial fluid calprotectin concentrations in children with oligoarthritis and pigmented villonodular synovitis.
METHODS: The synovial fluid concentrations of calprotectin, interleukin-6, and tumor necrosis factor-alpha in 42 children
with oligoarthritis and 12 children with diffuse pigmented villonodular synovitis of the knee joint were obtained by enzyme-
linked immunosorbent assay. In patients with juvenile idiopathic arthritis, cytokine levels were determined at disease onset,
and prior to therapeutic and diagnostic arthroscopy in those with pigmented villonodular synovitis.

RESULTS: Synovial calprotectin significantly increased in children with oligoarthritis (108 [28.2; 237] ug/mL) compared
to those with pigmented villonodular synovitis (1.53 [1.26; 1.69] pg/mL; p < 0.001). No statistically significant differences were
found in synovial tumor necrosis factor-alpha and interleukin-6 concentrations between patients with juvenile idiopathic ar-
thritis and those with pigmented villonodular synovitis. ROC analysis showed a synovial calprotectin threshold of >2.9 pg/mL
for the diagnosis of juvenile idiopathic arthritis (AUC = 0.996 + 0.00479; 95% Cl: 0.926—1.000).

CONCLUSION: In children, the differential diagnosis of oligoarthritis is often complicated by clinically similar nonrheumatic
joint disorders. The main synovial proinflammatory markers cannot be used for the differential diagnosis of juvenile idio-
pathic arthritis and pigmented villonodular synovitis. Synovial calprotectin concentration is a promising biomarker of juvenile
idiopathic arthritis.

Keywords: juvenile idiopathic arthritis; oligoarthritis; pigmented villonodular synovitis; synovial calprotectin.

To cite this article

Kozhevnikov AN, Derkach EA, Porohova AA, Lukyanov SA. Diagnostic Value of Synovial Calprotectin (S100A8/A9) in Differential Diagnosis of Juvenile Idio-
pathic Arthritis and Pigmented Villonodular Synovitis in Children: Preliminary Results of a Single-Center Study. Pediatric Traumatology, Orthopaedics and
Reconstructive Surgery. 2025;13(1):5-13. DOI: 10.17816/PTORS635368 EDN: MPTCHZ

Received: 24.08.2024 Accepted: 21.01.2025 Published online: 26.03.2025
&
ECOeVECTOR The article can be used under the CC BY-NC-ND 40 license

© Eco-Vector, 2025


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/PTORS635368
https://elibrary.ru/mptchz
https://doi.org/10.17816/PTORS635368
https://elibrary.ru/mptchz
https://crossmark.crossref.org/dialog/?doi=10.17816/PTORS635368&domain=PDF&date_stamp=2025-04-18

OpToneaya, TpaBMaTonorvs
KIMMHMHECKVE MCCIEOBAHNA Tom 13 N° 1, 2025 VI BOCCTAHOBTESTbHEA XVPYPIUA AETCKOMO BO3pacTa

OPUMMHANIBHOE NCCNELOBAHNE
DOI: https://doi.org/10.17816/PTORS635368 EDN: MPTCHZ

MHd)OpMaTMBHOCTb onpepaesieHUa coaepxxaHumi
KaJiblIPpOTEKTUHa B CMHOBUAJIbHOMU XXUAKOCTU
(S100A8/A9) npu auddepeHumanbHOM [UArHOCTUKE
I0BEHWJIbHOIo uauonaTuyecKoro apTputa U NUrMeHTHOro
BUNJZIOHOAYNAPHOIO CUHOBUTA Y AETEﬁ (I'IPEABapMTEJIbeIe
pe3ynbTaTtbl MOHOLLEHTPOBOIO MCCJ‘IEAOB&HMH)

A.H. KoxesHukos, E.A. [lepkay, A.A. lopoxosa, C.A. JlykbsHOB

HaumoHanbHbIA MEAVLIMHCKIIA MCCNEAO0BATENbCKUIA LIEHTP AETCKON TpaBMatonorumn u optoneamu umenm [N, TypHepa, CaHkT-leTepbypr, Poccus

AHHOTALUA

06ocHoeaHue. )BeHWNbHbI MAMONATUYECKUIA apTPUT — Hanbonee YacToe XPOHUYECKOEe BOCNannTeNbHOe 3aboneBaHue KocT-
HO-CYCTaBHOW cMCTeMbI y fieTeit. ONMroapTpuT — CaMbli YacTbli KIIMHUYECKWI CyBTMM I0BEHUBHOTO MAMOMATUYECKOro apTpuTa.
[MrMEHTHBIN BUNIOHOAYNSPHBIA CUHOBUT — 3T0 peAKoe AobpoKadyecTBeHHoe 3aboneBaHue CMHOBUANbHOW 060104KM PNk
TEHOCMHOBWAJTbHBIX TMrAHTOKJIETOYHBIX OMYX0JIEN, KOTOpPOe MOKET HaNoMUHaTL TedeHue onuroaptputa. nddepeHumansHas
AMarHoCTUKa KOBEHWUbHOTO MAMOMATUYECKOTo apTPUTa U MUTMEHTHOIO BUNIOHOAYNSAPHOMO CMHOBMTA YacTo CONPSAXEHa C TPYLHO-
cTaMU. BHyTpuCycTaBHble CTEPOMAI, NPUMEHSIEMBIE NP OBEHNIIBHOM MAMONATUYECKOM apTpUTE, MOTYT HEraTUBHO BIMATH Ha NUT -
MEHTHBI BUNMIOHOAYNAPHbINA CUHOBUT. OpTONEea0-XUpYpruieckue MaHUMyNALMM, UCIOb3YEMBIE 1S UCKITOUYEHWS MUTMEHTHOTO
BW/IIIOHOAYNAPHOIO CUHOBWUTA, YacTo 0BpeMeHUTENbHBI 4518 AeTel. KapTuHa 3Tux AByX NaTonoruii Npu MarHUTHO-pPe30HaHCHOM
UCCNe0BaHUM Ha HaYanbHbIX CTaANsAX HepeaKo MAEHTUYHA. B psase nccnenoBaHMin NpoAeMOHCTPMPOBaHO 3Ha4eHHe CbIBOPOTOY-
HOro KanbNpoTeKTMHA B KauecTBe MHoroobeLlatoLero cneumduyeckoro 6uoMapKepa I0BEHUNBHOO MAMONATUYECKOTO apTpUTa.
Llesme — v3yunTb KOHLIEHTPALMM KaNlbNPOTEKTMHA B CUHOBMANbHOM KUAKOCTW Y NALMEHTOB C ONIMrOApPTPUTOM W MUTMEHTHBIM
BWJIIOHOAYNSPHBIM CUHOBUTOM.

Mamepuaner u Memodel. MeToioM MMMYHO(DEPMEHTHOTO aHanW3a B CMHOBMANbLHOM MUAKOCTU Bbina MccnefoBaHa KoOH-
LIeHTpaLMA KanbnNpoTeKTWUHA, MHTEP/ENKNHA-6 U GaKTop HeKpo3a onyxonu anbda y 42 peteit ¢ onuroaptputoM u 12 peten
¢ auddysHoi GopMoii MUIMEHTHOTO BUIIOHOAYNAPHOTO CUHOBMTA KOMEHHOMO cycTaBa. KOHLEeHTpaLmM npoBocnanuTeNbHbIX
LIMTOKMHOB Yy BCEX AETEN C OBEHUIBHBIM UAMOMNATUHECKUM apTPUTOM OMpeaensnm Ha MOMeHT febroTa 3aboneBaHuns, y feTeil
C MUIMEHTHBIM BUIIOHOAYNSAPHBIM CUHOBUTOM — nepef JieuebHO-ANMarHoCTMYECKON apTPOCKONUEN.

Pe3synemamel. BbisBneHo [OCTOBEpPHOE MHOMOKPAaTHOE YBE/MYEHME YPOBHSA KanbMpOTEKTMHA B CMHOBWANIbHOW JKWUOKOCTH
y neteii ¢ onuroaptputoM — 108 [28,2; 237] MKr/MA, N0 CPaBHEHWIO C AETbMM C MUIMEHTHBIM BUILIOHOAYNSPHBIM CUHOBH-
ToM — 1,53 [1,26; 1,691 Mkr/mn (p <0,001). CratUCTMYECKM 3HAUMMBIX Pa3fiMyMin B KOHLEHTPaLMKM daKTopa HeKpo3a onyxonu
anbda ¥ WHTepNeliKMHa-6 B CUHOBUANbHOW XWAKOCTU Y MALMEHTOB C HOBEHWIbHBIM MAMOMNATUYECKUM apTPUTOM U MUTMEHT-
HbIM BUJIIOHOAYNSAPHBIM CUHOBUTOM He 06HapyeHo. B pesynbtate ROC-aHanu3a nomyyeHo NoporoBoe 3HayeHWe ANs HoBe-
HWIBHOTO MAMONATUYECKOTO apTpUTa — KOHLEHTPALUMA KanibNpOTEKTMHA B CUMHOBMANBHOM XWAKOCTM bonee 2,9 MKr/Mn
(AUC 0,996+0,00479; 95% L1 0,926—1,000).

3akntoyenue. [JnarHocTuka onuroapTpuTa y ieTel HepeKo COMPSKEHA C HEKOTOPbIMU TPYAHOCTAMU, UTO CBSA3AHO C Hanu-
UMeM KIMHWUYECKU MOXOXMWX HepeBMaTWuueckux 3aboneBaHui cyctaBoB Yy AeTeil. OCHOBHbIE NpOBOCMANUTENbHbIE MapKePbI,
onpefenseMble B CUHOBUA/bHOW KMAKOCTU, HEe MOrYT ObiTb yuTeHbl Npu AuddepeHUnanbHOi AUArHOCTUKE HOBEHUIBHOMO
MAMONATMYECKOrO apTpuTa U NMUIMEHTHOMO BUNMOHOAYNAPHOM cuHoBMTA. KonmuecTBEHHOE 3HauYeHMe KanbnpoTeKTUHA B CHU-
HOBMaNbHOW HULKOCTU MOXET ObITb OLHAM 13 BMOMapKEPOB, YKa3bIBAIOLLMX HA HOBEHWbHBIA UOMONATUYECKUIA apTPUT.

KnioueBble cnoBa: 10BEHUIbHEIM MAMONATUHECKUI aPTPUT; OJIUr0apTPMUT, MUrMEHTHbIN BVIJ'IJ'IOHO,EI,ynﬂprIVI CUHOBUT; NMOKa3a-
TeJb Ka/lbNPOTEKTUHA B CMHOBMWANbHOMN XWOKOCTH.
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BACKGROUND

Juvenile idiopathic arthritis (JIA) is the most common
chronic inflammatory musculoskeletal disease affecting
children [1]. Although the exact causes of JIA remain un-
known, it is known to have a duration of more than 6 weeks
and affects children aged under 16 years [2]. There are sev-
eral clinical subtypes of this disease, including oligoarticu-
lar JIA (or oligoarthritis), which is the most prevalent clinical
subtype among white European populations [3]. The hall-
mark of persistent oligoarthritis in children is the involve-
ment of one or two larger joints, most often a knee and/or
ankle, but without a known progression to a new body part
over time [4]. Arthritis is typically associated with exudation
and proliferation processes and may progress without any
underlying hematological abnormalities [5]. JIA is a diagnosis
of exclusion that must be established according to the In-
ternational League of Associations for Rheumatology (/LAR)
classification criteria (ILAR 1997; 2001; Edmonton revi-
sion 2004) [6].

Pigmented villonodular synovitis (PVNS) is a rare te-
nosynovial giant cell tumor, which may clinically resemble
oligoarthritis [7]. This disease is caused by the nodular
or unrestrained proliferation of the synovial villi associated
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with the overexpression of colony-stimulating factor 1 (CSF1),
which is characterized by the massive accumulation of hemo-
siderin [8]. PVNS typically affects one joint, and the associ-
ated lesions may be either localized or diffuse.

Differential diagnosis between JIA and PVNS is chal-
lenging [9]. Intra-articular steroids used in JIA therapy may
induce negative effects in patients with PVNS. Orthope-
dic surgical procedures performed to diagnose and treat
PVNS are extremely aggressive and stressful for chil-
dren (Fig. 1) [10].

The routine laboratory investigations do not provide
useful data and hence do not precisely diagnose these dis-
eases. Magnetic resonance imaging may yield similar find-
ings for both conditions at the early stages (Fig. 2) [11].
However, the assessment of specific laboratory biomarkers
in the synovial fluid of children diagnosed with unspeci-
fied monoarthritis can suggest a rheumatic etiology, which
would eliminate the need for repeated, unjustified invasive
procedures. The identification of a laboratory biomarker
in cases of undifferentiated monoarthritis, which is indica-
tive of the course of JIA, is therefore of critical importance.
To achieve the aforementioned objectives, we undertook
a specific approach to the diagnosis and treatment of mono-
arthritis in children at a single medical center.

Fig. 1. a, capsulectomy of the knee in a child with pigmented villonodular synovitis; b, synovial biopsy of an elbow in a child

with undifferentiated arthritis.

Fig. 2. Knee and elbow magnetic resonance imaging with short tau inversion recovery in pediatric patients (Source: Author’s archive).
a, pigmented villonodular synovitis of the elbow, heterogeneous total synovial proliferation with extensive capsular distension; b, juvenile
idiopathic arthritis of the elbow, subtotal synovial proliferation with nodular degeneration; ¢, pigmented villonodular synovitis of the knee,
heterogeneous nodular synovial proliferation; d, juvenile idiopathic arthritis of the knee, heterogeneous total synovial proliferation
with capsular distension.
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Among the numerous biochemical assays available
presently, calprotectin has high potential as a biomarker
for immune-mediated inflammatory diseases. Calprotectin
is a heterodimer that belongs to the S100 family of calcium-
binding inflammatory leukocyte proteins and consists
of two protein molecules, S100A8 and S100A9 (S100A8/
S100A9; MRP8/14). S100A8/A9 is the primary intracellular
protein of neutrophils, monocytes, and macrophages,
and it acts as one of the mediators of inflammation
and immune response [12, 13]. Calprotectin can be classified
as an effector protein of innate immunity that is activated
via inflammation or microbial invasion. Through the Toll-like
receptor 4 (TLR4) system of macrophages and endothelial
cells, calprotectin stimulates the inflammatory cascade,
attracts formed elements to the inflammation site, promotes
cell degranulation, and activates phagocytosis [14].
The overexpression of synovial calprotectin in patients
with rheumatoid arthritis (RA) and JIA can be attributed
to the involvement of the innate immune system
in the pathogenetic self-reactive immune mechanisms
of the disease [15]. In patients with RA, high synovial calprotectin
is associated with protein overexpression by activated
synovial macrophages and fibroblasts. The synergistic
interaction of calprotectin with metalloproteinases may
be responsible for inducing erosive changes in patients
with RA [16, 17]. Several studies have suggested serum
calprotectin as a promising biomarker for tracking the activity
and aggressive course of RA and JIA [18, 19]. However,
the potential of synovial fluid calprotectin as a specific
biomarker for JIA in cases of undifferentiated monoarthritis
in children warrants further exploration.

The present study aimed to assess the synovial fluid
calprotectin concentrations in patients with oligoarthritis
and PVNS.

METHODS

Enzyme immunoassay (ELISA) was performed to deter-
mine the levels of synovial fluid calprotectin in 42 children
with oligoarticular JIA (all girls, mean age 4.2 + 2.6 years)
and 12 children with PVYNS (66.7% were girls, mean age

! '

Fig. 3. Knee joint in a patient with a, juvenile idiopathic arthritis,
b, pigmented villonodular synovitis.
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14.2 + 2.6 years) who were treated at the H. Turner National
Medical Research Center for Children’s Orthopedics and Trau-
ma Surgery during 2018—2023. All children with JIA had knee
monoarthritis at the time of enrollment and none had re-
ceived any prior disease-modifying antirheumatic drugs.
PVNS in all children was diagnosed as a diffuse monoarticu-
lar form with knee involvement, as confirmed by diagnostic
arthroscopy and biopsy (Fig. 3).

The levels of synovial fluid calprotectin were measured
at the time of onset in all children with JIA (at the active
phase of the disease) or before therapeutic and diagnostic
arthroscopy in children with PVNS. The synovial fluid was
sampled by arthrocentesis. The immunological study was
conducted at the clinical diagnostic laboratory of the H. Turner
National Medical Research Center for Children’s Orthopedics
and Trauma Surgery. In patients with PVNS, synovial fluid
samples were analyzed after 10-min EBA 20S centrifugation
at 2000 rpm. The assay of human calprotectin in the serum
and synovial fluid samples was performed using the DRG
ELISA EIA-5111 Kit (Germany). Furthermore, serum and sy-
novial fluid analyses were supported by the determination
of tumor necrosis factor-alpha (TNF-a) by alpha-TNFA-Best
solid-phase ELISA (Vector-Best CJSC, Russia) and interleu-
kin-6 (IL-6) by Cobas e411 electrochemiluminescence assay
(Roche, Switzerland). The results were statistically processed
using standard software, including the Microsoft Excel pack-
age. The distribution of the quantitative variables was pre-
sented as the median [5th; 95th percentiles]. The graphs were
generated using the MedCalc program.

RESULTS

In the present study, we analyzed the correlation among
calprotectin, TNF-a, and IL-6 levels in the groups of children
with JIA and PVNS. The primary laboratory markers
of inflammation (erythrocyte sedimentation rate [ESR],
C-reactive protein [CRP], platelets, and white blood cells)
did not differ significantly between children from the two
groups at the time of diagnosis. There were no significant
differences in the serum TNF-a, IL-6, and calprotectin levels
between children with PVNS and those with oligoarthritis
(Table 1). The antinuclear antibody (ANA) test yielded
a positive result in 33.3% (n = 4) of children with PVNS (all
girls), with a titer of <1/320 (AC-2.4), exhibiting a nuclear
granular fluorescence pattern (as determined through
duplicate analysis with a 3-month interval). In the JIA
group, 80.1% (n = 34) of the girls showed an elevated ANA
titer, including 55.2% (n = 22) with an ANA titer of >1/1280
and a comparable fluorescence pattern. However, because
of the significant hemorrhagic component, synovial fluid
cytology was not performed in children with PVNS.

No significant differences were noted in the mean
values of synovial fluid IL-6 between the oligoarthritis
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Table 1. Clinical and laboratory characteristics of the study groups of children at the time of diagnoses.

Value and frequency

Parameters oligoarthritis pigmented villonodular synovitis Significance level, p
(n = 42) (n=12)

Girls, n (%) 42 (100%) 8 (66.7%) >0.05
Age at disease onset, years 4212, 71 14.2 [12; 16] <0.01
ESR, mm/h 14 [6; 28] 17 [10; 25] >0.05
CRP, mg/L 2.7 [1.3; 4.5] 2.2[1.8;3.3] >0.05
Hemoglobin, g/L 114 [110; 128] 112 [108; 124] >0.05
White blood cells, 10°/L 8.0 [6.8; 10.6] 7416.2; 10.8] >0.05
Platelets, 10°/L 442 [416; 476] 438 [408; 466] >0.05
Serum IL-6, pg/mL 4.1[2.5; 6.75] 5.6 [3.2; 12.6] >0.05
Serum TNF-a, pg/mL 0.65[0.2; 0.85] 0.810.2; 1.3] >0.05
Serum calprotectin, pg/mL 2.61[1.25; 3.95] 1.26 [0.78; 2.35] >0.05
SF IL-6, pg/mL 4200 [330; 14400] 4300 [1612; 6580] >0.05
SF TNF-a, pg/mL 2.14 [0.68; 4.22] 1.96 [0.34; 3.18] >0.05
SF calprotectin, pg/mL 108 [28.2; 237] 1.53 [1.26; 1.69] <0.01
ANA =1/160, n (%) 34 (80.1%) 4 (33.3%) >0.05
ANAs =1/1280, n (%) 22 (52.3%) 0 (0.0%) -

Note. ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; TNF-a, tumor necrosis factor-alpha; ANAs, antinuclear antibodies; PVNS, pig-
mented villonodular synovitis; SF, synovial fluid.
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Fig. 4. Distribution of a, synovial fluid calprotectin and b, synovial fluid interleukin-6 levels in patients with oligoarthritis and pigmented
villonodular synovitis (PVNS).

Table 2. Correlational model for the significance of synovial fluid cytokine levels in the differential diagnosis of oligoarthritis and pigmented
villonodular synovitis.

Parameter The co_rr_elation T-test 0dds ratio 95% CI for odds ratio | Significance level, p
coefficient, r
SF IL-6 -0.134 -0.240 0.9970 -0.388 t0 0.138 0.3325
SF TNF-a -0.139 0.306 0.0307 -0.392 to 0.134 0.3161
SF CP 0.721 2.815 20.137 0.561-0.828 <0.01

Note. SF IL-6, synovial fluid interleukin-6; SF TNF-a, synovial fluid tumor necrosis factor-alpha; SF CP, synovial fluid calprotectin.
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Table 3. ROC analysis for the significance of synovial fluid cytokine levels in the differential diagnosis of oligoarthritis and pigmented

villonodular synovitis.

Parameter Threshold value AucC Standard error AUC (95% CI) Sensitivity, % Specificity, %
SF IL-6 >3200 pg/mL 0.564 0.0979 0.423-0.699 56.2 66.7
SF TNF-a >0.46 pg/mL 0.552 0.103 0.410-0.687 95.1 50
SF CP >2.9 ug/mL 0.996 0.00479 0.926-1.000 99.8 91.7

Note. SF IL-6, synovial fluid interleukin-6; SF TNF-a, synovial fluid tumor necrosis factor-alpha; SF CP, synovial fluid calprotectin.

and PVNS groups, with values of 4,200 [330; 14,400] pg/mL
and 4,300 [1,612; 6,580] pg/mL, respectively. In addition, there
were no statistically significant differences in the synovial
fluid TNF-a levels, that is, 2.14 [0.68; 4.22] pg/mL in patients
with oligoarthritis and 1.96 [0.34; 3.18] pg/mL in patients
with PVNS (p > 0.05). The synovial fluid calprotectin levels
were significantly higher in children with oligoarthritis,
at 108 (28.2; 2371 yg/mL when comparedto 1.53[1.26; 1.69] pg/mL
in the PVNS group (p <0.01, Fig. 4). Correlation analysis
demonstrated a direct positive strong correlation (r = 0.721,
odds ratio 20.1371, 95% confidence interval 0.561-0.828,
p <0.01) between the synovial fluid calprotectin levels
and oligoarthritis (Table 2). Table 3 and Figure 5 shows
the significant characteristics of the synovial fluid
calprotectin, TNF-a, and IL-6 levels in the differential
diagnosis of oligoarthritis and PVNS based on the ROC curve
analysis. The calculated data suggested that calprotectin
has the greatest predictive value in the differential diagnosis
of oligoarthritis and PVNS (AUC 0.996, 95% confidence
interval 0.26-1,000). Based on these criteria, a synovial
fluid calprotectin level of >2.9 pg/mL should be considered

100 |— I
80 |—
= 60 |-
= B
& 40|
20 ]
5 — IL-6
- —— Calprotectin
ol | —— TNF-a
[ L1 1 l 11 1 l L1 1 l L1 | l 11 1
0 20 40 60 80 100

100 — Specificity

Fig. 5. ROC curve for assessing the significance of synovial
fluid calprotectin, tumor necrosis factor-alpha, and interleukin-6
levels in the differential diagnosis of oligoarthritis and pigmented
villonodular synovitis.

as a threshold value for oligoarthritis. As such, the test
sensitivity and specificity is >95%.

DISCUSSION

We determined the synovial fluid levels of TNF-a, IL-6,
and calprotectin levels in patients with JIA and PVNS as
well as analyzed these parameters in the blood serum.
The study findings demonstrated a significant multiple
increase in the synovial fluid calprotectin levels
in children with oligoarthritis when compared to those
with PVNS. No statistically significant differences were
noted in the synovial fluid levels of TNF-a and IL-6 between
patients with JIA and those with PVNS.

PVNS is a rare disease that remains difficult to diagnose.
This aspect can be attributed to nonspecific clinical
signs of PVNS and the low level of awareness among
physicians [20]. Pediatric rheumatologists and orthopedic
surgeons are well aware of situations wherein clinical
and instrumental findings have been misinterpreted,
sometimes resulting in unjustified aggressive orthopedic
and surgical procedures in patients with JIA [21].
Arthroscopic partial synovectomy is considered the standard
of care for the nodular form of PVNS, while subtotal
capsulectomy is reserved for the diffuse form. Radiotherapy
is not recommended in children because of the high risk
of radiation-induced sarcoma [22]. CSF1 receptor inhibitors
are not approved for pediatric use [23]. Therefore, diagnostic
errors may result in the discontinuation of anti-inflammatory
therapy, unjustified synovectomy, and early osteoarthritis.

National clinical and methodological guidelines suggest that
the diagnosis of JIA should be based on the ILAR classification
criteria. Laboratory inflammation markers, such as CRP
and ESR, which are widely applied in clinical practice, show
poor specificity for the diagnosis of the disease. Furthermore,
the rheumatoid factor is not a diagnostic marker for children
with oligoarthritis [24]. The diagnostic value of ANA titers
in the HEp-2 cell line is undisputed, although their frequency
is not higher than 50%-70% [25]. In contrast to the CRP
synthesized by hepatocytes, calprotectin is released locally
at the inflammation site and can therefore serve as a good
marker of the chronic inflammatory process [26]. However,
calprotectin is not included in the guidelines for the diagnosis
of JIA. Rheumatologists are well aware of this protein from
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gastroenterology, wherein fecal calprotectin is used as
a biomarker for suspected inflammatory bowel disease, such
as Crohn’s disease in children [27].

Numerous multicenter studies have demonstrated
a correlation between serum calprotectin levels and the activity
and severity of RA, JIA, and psoriatic arthritis [28]. Some
papers have suggested that serum calprotectin may serve
as a “precursor marker” of exacerbation in the non-systemic
forms of JIA [29, 30]. Notably, the potential of serum
calprotectin is not limited to these applications. In several
studies, calprotectin has been successfully used as
an inflammation marker in the differential diagnosis of early-
stage osteoarthritis and RA in adults [31, 32].

This study aimed to identify a laboratory biomarker
in the synovial fluid to differentiate between oligoarthritis
and PVNS in children. Therefore, a group of JIA patients
with knee monoarthritis and low laboratory activity was
selected, which is usually associated with difficulties
in pathological verification. No significant differences were
noted in the synovial fluid TNF-a levels between children
with oligoarthritis and those with PVNS. Despite the different
pathogenetic mechanisms, the synovial fluid IL-6 levels were
comparable between the two groups of children. It is widely
acknowledged that IL-6 serves as a primary inflammation
mediator and is one of the pivotal cytokines in the pathogenesis
of JIA. This finding is consistent with the basic principles
of targeted therapy for JIA, which includes IL-6 inhibitors [33].
However, despite its association with synovitis and elevated
IL-6 levels, the efficacy of immunosuppressive drugs has
been limited in PVNS [34].

Similar findings of synovial fluid IL-6 overexpression
in patients with PVNS have been reported in other
studies [35]. This nonspecific phenomenon may be attributed
to the hyperactivity of mononuclear cells, histiocytes,
and synovial fibroblasts in the PVNS [36]. Furthermore,
several studies have demonstrated elevated synovial levels
of all three major proinflammatory cytokines (TNF-a, IL-6,
and IL-1B) in patients with PVNS [37, 38].

In the present study, the synovial fluid TNF-a level
was not elevated in patients with PVNS, and the synovial
fluid IL-1p level was not assessed. The synovial fluid
calprotectin level demonstrated a higher diagnostic
sensitivity. Specifically, all children with diffuse PVNS
exhibited significantly lower synovial fluid calprotectin
levels when compared with the oligoarthritis group.
Meanwhile, the serum calprotectin levels in patients
with PVNS and oligoarthritis were within the reference
ranges or only minimally elevated (the normal value being
<2.9 mg/mL). These findings are consistent with the data
published by other studies suggesting a correlation between
the level of JIA activity and serum calprotectin [39]. The low
serum calprotectin levels were expected in all children
with PVNS. The calculated threshold value for synovial fluid
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calprotectin of >2.9 mg/mL, as detected in the ROC analysis
in the differential diagnosis of PVNS and oligoarthritis, which
corresponds to a similar normal value of serum calprotectin,
is likely to be a coincidence and warrants further analysis.

The preliminary results so far suggested that
the measurement of synovial fluid calprotectin may help
in the differential diagnosis of JIA and PVNS. However,
further research involving a larger sample size with PVNS
is necessary to obtain more reliable data.

Study Limitations: The authors consider the major
limitations of this study to be the small number of patients
with PVNS, the deliberate inclusion of JIA patients with knee
monoarthritis, the low laboratory activity, the variable duration
of monoarthritis from the onset to the enrollment in patients
of different groups, as well as the lack of comparative study
with the literature data. Furthermore, the findings may be
confounded by the hemorrhagic component of the synovial
fluid in patients with PVNS and the need for additional
sample processing.

CONCLUSION

The preliminary findings suggest the potential use
of the synovial fluid calprotectin assay in the differential
diagnosis of JIA and PVNS. However, the small number
of patients with PYNS and the lack of data from other
studies warrant further research and a detailed analysis
of the present findings.
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