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Background: In patients undergoing knee arthroscopy for chondral defects, the influence of cytokines on patient pain and func-
tion is not fully understood.

Purpose: To investigate the concentrations of synovial inflammatory cytokines in patients undergoing arthroscopic chondroplasty
for chondral defects in the knee and correlate those cytokine levels with baseline patient-reported outcome measures (PROMs)
and defect characteristics.

Study Design: Case series; Level of evidence, 4.

Methods: Patients undergoing arthroscopic chondroplasty for knee cartilage defects were assigned preoperative Knee injury and
Osteoarthritis Outcome Score (KOOS) and International Knee International Knee Documentation Committee (IKDC) Subjective
Knee Forms. All patients received a successful synovial fluid aspiration just before initiation of the arthroscopic procedure,
and concentrations of 11 cytokines of interest were measured. The number of defects, total defect area, and International Car-
tilage Regeneration & Joint Preservation Society (ICRS) grades were recorded based on intraoperative assessment. Univariate
correlation testing was used to assess significance between cartilage defect characteristics, PROM scores, and cytokine concen-
trations. The Akaike information criterion was used to select the best-fit multivariate regression model to determine the primary
influence on baseline PROMs.

Results: A total of 60 patients age 18 to 55 years were included. Matrix metalloproteinase 1 (MMP-1) had a positive correlation
with number of defects treated (P = .016) and negative correlation with KOOS Quality of Life (QOL) subscale scores (P = .035; R? =
0.173). Vascular endothelial growth factor (VEGF) was positively correlated with defects treated (P = .005) and negatively corre-
lated with KOOS Symptoms scores (P = .035; R? = 0.225). The treatment of multiple defects was an independent predictor of
elevated interleukin 1a (IL-1a) (P = .002; R? = 0.202). C-C chemokine ligand 2 (CCL-2) was positively correlated with multiple
defects (P = .012) and negatively with KOOS QOL (P = .016; R? = 0.173). Female sex was correlated with higher concentrations
of MMP-3 (P = .007; R® = 0.144), fibroblast growth factor 2 (FGF-2) (P = .012; R? = 0.178), and bone morphogenetic protein 2
(BMP-2) (P = .008; R? = 0.169). BMP-2 was negatively correlated with KOOS Symptoms (P = .019). The primary driver of preop-
erative KOOS Symptoms scores on multivariate analysis was VEGF (P = .023; R? = 0.120). Similarly, KOOS QOL was indepen-
dently correlated with MMP-1 concentration (P = .045; R? = 0.079).

Conclusion: Elevated MMP-1 was the primary driver of worse preoperative KOOS QOL scores on multivariate analysis, more so
than defect characteristics. Similarly, worse preoperative KOOS Symptoms scores were more strongly correlated with elevated
VEGF concentrations rather than defect ICRS grades. Other individual factors such as a larger number of defects and female sex
were independently correlated with a more inflammatory synovial profile of the patient.
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Articular cartilage defects are a prevalent pathology, pres-
ent in >60% of knees undergoing arthroscopy, and have
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the potential to cause joint effusions, pain, and mechanical
symptoms similar to knee osteoarthritis.2® Given the poor
vascularity of articular cartilage and limited proliferative
capacity of chondrocytes after injury, focal damage to car-
tilage generally leads to further degenerative changes, pro-
gression of pain and disability, and eventual osteoarthritis
of the joint.1"2!
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Arthroscopic knee chondroplasty is commonly per-
formed as the first-line surgical treatment for chondral
defects <2 cm?.15183% Considered safe and minimally inva-
sive, chondroplasty can be an effective initial treatment for
these lesions; however, the procedure has variable progres-
sion to cartilage transplant.%%4346:48 Yanke et al*® found
that preoperative magnetic resonance imaging (MRI) find-
ings, structural characteristics, and baseline patient-
reported outcome measures (PROMs) can help predict
which patients may progress to early osteochondral allo-
graft transplantation. However, little is known about
how the inflammatory microenvironment of the knee con-
tributes to the patient symptomatic state at time of chon-
droplasty and how this may contribute to patient-specific
care and potentially lead to earlier, less invasive interven-
tions for patients.

Synovial fluid cytokines are a popular area of research
as potential biomarkers as they relate to ligamentous
and meniscal injuries and their progression to posttrau-
matic osteoarthritis.?**%>*® The microenvironment of the
knee has been shown to change in the setting of intra-
articular injuries, with alterations in concentrations of
cytokines affecting gene expression or the recruitment of
growth factors and inflammatory cells.%10-26:29.31.33,36 o
extracellular matrix (ECM) of healthy cartilage undergoes
a degree of turnover to maintain homeostasis; therefore,
changes in the balance of catabolic and anabolic bio-
markers and their correlation to clinical measures are
important targets for understanding the factors affecting
patients’ clinical status and outcomes.?® Cuéllar et al'®
found that higher concentrations of interleukin 6 (IL-6)
and monocyte chemotactic protein 1 (MCP-1) at time of
knee arthroscopy were correlated with persistent pain at
final follow-up, whereas elevated matrix metalloproteinase
3 (MMP-3) concentrations were correlated with worse
baseline pain scores. The Cleveland Clinic Sports Knee
Group (CCSKG)!! found that both patient characteristics
and structural damage such as synovitis may predict
patients’ pain and function before knee arthroscopy. How-
ever, Cuéllar et al included patients undergoing arthros-
copy for any cause, including ligamentous injury, and the
CCSKG did not include analysis of synovial biomarkers
and their contribution to patient symptomatic state.
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Therefore, the purpose of this study was to investigate
the concentrations of synovial inflammatory cytokines in
patients undergoing arthroscopic chondroplasty for chon-
dral defects in the knee and correlate those cytokine levels
with baseline PROMs and defect characteristics. We
hypothesized that inflammatory biomarkers would con-
tribute to patients’ subjective pain and functional status
when controlling for confounders and that synovial fluid
cytokine concentrations would be related to both patient
characteristics and structural defect characteristics.

METHODS
Patient Selection

A query was performed of a prospectively maintained data-
base for patients undergoing isolated arthroscopic knee
chondroplasty between January 2018 and December 2020
at a single institution with 1 of 2 senior surgeons (B.J.C.
and A.B.Y.). All eligible patients had previously consented
for a prospective study that involved intraoperative syno-
vial fluid aspiration of the operative knee. The study was
approved by the institutional review board. Exclusion cri-
teria included age <18 or >55 years, osteoarthritis of
Kellgren-Lawrence grade 3 or higher on preoperative
radiographs, and history of inflammatory arthropathy
(eg, rheumatoid arthritis). Advanced arthritic changes to
the joint and inflammatory conditions were excluded due
to the possible confounding effects of these disease states
on potential for improvement in patient-reported out-
comes.'?1® Additionally, inflammatory arthropathy condi-
tions traditionally have an altered microenvironment
driven by synovium and thus are not expected to be altered
by chondroplasty. To be included, patients must have
undergone a successful aspiration, completed preoperative
PROMs, and had a preoperative MRI study.

Synovial Fluid Collection and Proteomic Analysis

Aspirations were taken intraoperatively with the patient
supine under sterile conditions before the initiation of

#Address correspondence to Adam B. Yanke, MD, PhD, Rush University Medical Center, 1611 W Harrison St, St 300, Chicago IL 60612, USA (email:

Adam.yanke@rushortho.com; cartilage.restoration@rushortho.com).
*Rush University Medical Center, Chicago, lllinois, USA.
TUTMB Health, Galveston, Texas, USA.

*Case Western Reserve University, Cleveland, Ohio, USA.
§Emow University, Atlanta, Georgia, USA.

IAllegheny General Hospital, Pittsburgh, Pennsylvania, USA.
YHouston Methodist, Houston, Texas, USA.

Submitted June 4, 2025; accepted January 11, 2026.

One or more of the authors has declared the following potential conflict of interest or source of funding: A.B.Y. is a paid consultant for AlloSource, JRF
Ortho, Patient IQ, and Icarus; is an unpaid consultant for Sparta Biomedical and Stryker; holds stock or stock options with Sparta Biomedical, Stryker, and
Icarus; and is an associate editor for AJSM. B.J.C. receives research support from Aesculap/B.Braun, Arthrex, and Operative Techniques in Sports Med-
icine; is on the editorial or governing board for American Journal of Sports Medicine; is a paid consultant for Arthrex; receives IP royalties from Arthrex and
Journal of the American Academy of Orthopaedic Surgeons; is a board or committee member for the Arthroscopy Association of North America; holds
stock or stock options in Elsevier Publishing and Ossio; is on the editorial or governing board of JRF Ortho; receives other financial or material support
from the National Institutes of Health (NIAMS & NICHD); receives publishing royalties or financial or material support from Ossio. This work was supported

by Vericel.



AJSM Vol. XX, No. X, XXXX

Cytokines Correlate With Baseline PRO Scores 3

TABLE 1
Roles of the Synovial Fluid Biomarkers Analyzed®

Lower Limit, Upper Limit,

Biomarker Role pg/mL pg/mL

MMP-1 Collagenase that degrades triple-helical fibrillar collagen that is fundamental in 42.96 10,440
bone and ligaments.®

MMP-3 Small protease that degrades segments of the ECM. Its active form is a marker of 71.73 17,430
synovial inflammation and cartilage turnover in inflammatory joint diseases.’

EGF Stimulates transcription of growth-related genes, helps maintain the superficial 8.85 2150
cartilage layer, and prevents osteoarthritis initiation.2*

VEGF Induces ECM remodeling, angiogenesis, and bone formation. Increased 6.71 1630
expression has been shown to correlate with increased osteoarthritis severity.*2

PDGF-BB Promotes mesenchymal cell proliferation and cartilage matrix production.?® 12.18 2960

FGF-2 Degrades articular cartilage via upregulation of matrix-degrading enzyme 1.40 340
production and inhibition of proteoglycan synthesis.'®

IL-1a Stimulates the synthesis and recruitment of numerous biomarkers and enzymes 4.77 1160
involved in articular inflammation and cartilage destruction.?®

BMP-2 Stimulates chondrogenesis through the proteoglycan synthesis and ECM 0.00 3470
turnover.”

CCL-2 Recruits monocytes to induce inflammation and cartilage damage in 28.68 6970
osteoarthritis.®®

CCL-5/RANTES Chemokine that attracts leukocytes to propagate inflammation and cartilage 16.95 4120
destruction in osteoarthritis.?

Aggrecan Large proteoglycan that contributes to cartilage’s structural integrity.*! 324.86 78,940

“BMP-2, bone morphogenetic protein 2; CCL-2, C-C chemokine ligand 2; CCL-5, C-C chemokine ligand 5/RANTES; EGF, epidermal
growth factor; FGF-2, fibroblast growth factor 2; ECM, extracellular matrix; IL-1a, interleukin 1la; MMP-1, matrix metalloproteinase 1;
MMP-3, matrix metalloproteinase 3; PDGF, platelet-derived growth factor; VEGF, vascular endothelial growth factor.

arthroscopy. Aspiration was performed from the superolat-
eral approach with an 18-gauge needle after skin prepara-
tion with alcohol swab and subcutaneous injection of
10 mL of 2% lidocaine. Synovial fluid samples were centri-
fuged, and the supernatant was stored at —80°C until
analysis. The synovial fluid samples were analyzed for
the following inflammatory biomarkers with multiplex
enzyme-linked immunosorbent assay: interleukin la (IL-
la), epidermal growth factor (EGF), vascular endothelial
growth factor (VEGF), platelet-derived growth factor
(PDGF), fibroblast growth factor 2 (FGF-2), C-C chemokine
ligand 2 (CCL-2), C-C chemokine ligand 5/RANTES (CCL-
5), bone morphogenetic protein 2 (BMP-2), matrix metallo-
proteinase 1 (MMP-1), MMP-3, and aggrecan. These syno-
vial biomarkers were chosen given their known roles in
cartilage degeneration as well as their presence in com-
mercially available testing kits (Table 1). The samples
were digested 1:1 with 3 mg/mL hyaluronidase before exe-
cution of the assay in accordance with the manufacturer’s
protocol. A minimum of 3 wL was required for analysis.
Samples were run in duplicate with normalization to the
total aspirate volume but were not normalized to total pro-
tein concentration or any factor other than aspirate vol-
ume. Samples were analyzed on a FlexMAP 3D system
(Luminex) using xPONENT software (Version 4.3.229.0).
Analytes were measured using a Human Magnetic Lumi-
nex 2-Plex kit (R&D Systems; LXSAHM-02) and a Human
Magnetic Luminex 9-Plex kit (R&D Systems; LXSAHM-
09). Upper and lower limits of detection are included in
Table 1.

Patient-Reported Outcome Measures

Patients were assigned preoperative International Knee
Documentation Committee (IKDC) and Knee injury and
Osteoarthritis Outcome Score (KOOS) subjective forms,
including Activities of Daily Living (ADL), Pain, Quality
of Life (QOL), Sports, Symptoms, and Joint Replacement
(JR) subscales. All questionnaires were administered via
a secure web-based platform, and study personnel did not
assist patients during completion. Patients were asked to
record how long they had experienced symptoms before
their operative date and what prior injections, if any,
they had received to the operative knee.

Defect Characteristic Measurements

The number of defects, total defect area, and macroscopic
International Cartilage Regeneration & Joint Preservation
Society (ICRS) grades were recorded based on intraopera-
tive assessment.® A single orthopaedic surgery senior resi-
dent (J.R.M.) reviewed each patient’s preoperative MRI
scan to assign an Area Measurement and Depth & Under-
lying Structures (AMADEUS) score.2® This scoring system
assigns a total score between 0 and 100 based on subcate-
gories assessing cartilage defect size, defect depth/mor-
phology, and subchondral bone quality, with lower total
scores representing more severe defects.?? MRI measure-
ments were performed manually within the hospital’s Pic-
ture Archiving and Communication System.
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Statistical Analysis

All statistical analyses were performed with RStudio (Ver-
sion 1.2.1335; R Foundation for Statistical Computing).
Nonparametric tests were used to avoid assumptions of
normality. Univariate Spearman rank correlation testing
was used to assess significance between continuous data
for demographic characteristics, cartilage defect character-
istics, PROM scores, and cytokine concentrations. Mann-
Whitney U tests or Kruskal-Wallis tests were used for cat-
egorical variables. The Akaike information criterion (AIC)
was used to select the best-fit multivariate linear regres-
sion model that offered the greatest amount of variation
using the fewest possible independent variables. Given
our sample size of 60 and the statistical assumption that
a minimum of 15 observations per predictor were consid-
ered sufficient for analysis, we input the 4 independent
variables found to be most significantly associated with
PROM scores on univariate testing into a multivariate
analysis to control for confounders. Only PROMs with at
least 2 significant univariate correlations to aspirate cyto-
kines were included on multivariate regression analysis.
This was repeated for each cytokine to evaluate what var-
iables most influence these synovial biomarkers. All test-
ing was 2-sided, and significance was set at P < .05.

RESULTS

Patient Demographic Characteristics

A total of 60 patients who underwent arthroscopic knee
chondroplasty between January 2018 and December 2020
with a successful synovial fluid aspiration and baseline
PROM scores were included for analysis. Of these, 33
patients (55%) were male, the mean age of the cohort
was 33.0 + 8.3 years (range, 19.3-55.6 years), and the
mean body mass index was 28.9 * 6.4 (range, 17.7-48.7).
A total of 29 (48.3%) patients underwent some concomitant
procedure. Sixteen patients received concomitant partial
meniscectomy, 5 patients received microfracture or osteo-
chondritis dissecans drilling, and 11 patients received con-
comitant loose body excision, synovectomy, or fat pad
excision. Single chondral defects were detected in 38
patients, and 22 patients had multiple chondral defects.
In total, the sample entailed 30 patellar, 28 trochlear, 21
medial femoral condyle, 11 lateral femoral condyle, and 2
lateral tibial plateau lesions, for a total of 92 chondral
lesions treated with chondroplasty.

The mean duration of symptoms before surgery was 3.8
+ 4.7 years (range, 2 months to 22 years). Nonoperative
treatment with injections was pursued with 43 of the 60
patients. Of these 43 patients, 21 patients had a single
injection, 14 patients had 2 injections, 4 patients had 3
injections, and 4 patients had >4 injections. Stratifying
preoperative injections by type, 23 patients received ste-
roid, 7 patients received hyaluronic acid, 9 patients had
multiple injections with at least 1 steroid and 1 hyaluronic
acid injection, and 4 patients had injection regimens with
at least 1 injection being platelet-rich plasma. The mean
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time from the last injection to arthroscopy date was 7.8
+ 11.9 months. Of the 60 patients, 31 received at least 1
surgery before the chondroplasty that qualified them for
inclusion in this study. Prior surgeries included anterior
cruciate ligament (ACL) reconstruction, medial collateral
ligament (MCL) repair, meniscectomy, meniscal repair,
chondroplasty, microfracture, medial patellofemoral liga-
ment (MPFL) reconstruction, and tibial tubercle
osteotomy.

Cytokine Correlations

Results from univariate correlation testing of the indepen-
dent variables of interest against inflammatory and chon-
drogenic biomarkers from intraoperative synovial fluid
aspirations are presented in Table 2.

MMP-1 and MMP-3. Higher concentrations of MMP-1
were significantly correlated with lower baseline KOOS
Symptoms (P = .026; rho = —0.30) and KOOS QOL (P =
.025; rho = —0.31) scores. MMP-1 was additionally posi-
tively correlated with total defect area on intraoperative
assessment (P = .012; rho = 0.34) and the number of defects
(P = .035). MMP-3 was significantly correlated only with
patient sex, being found in higher concentrations in female
compared with male patients (P = .014).

VEGF, EGF, and FGF-2. Higher concentrations of
VEGF were correlated with worse baseline KOOS JR
(P = .017; rho = —0.32) and KOOS Symptoms (P = .002;
rho = —0.41) scores, a larger total defect area (P = .009;
rho = 0.352), and a larger number of cartilage defects
(P = .002), including when evaluated as a binary value of
single versus multiple defects (P = .004). Synovial EGF
was only positively correlated with AMADEUS score on
preoperative MRI (P = .042; rho = 0.27). FGF-2 concentra-
tions were higher in female patients (P = .014) and patients
who did not require a concomitant procedure at time of
chondroplasty (P = .020).

CCL-2. Elevated synovial CCL-2 was correlated with lower
preoperative KOOS ADL scores (P = .049; rho = —0.27) and
the treatment of multiple chondral defects (P = .015).

IL-1a and Aggrecan. Elevated IL-1a and aggrecan were
both correlated with worse preoperative KOOS QOL scores
(P =.017, rho = —0.32 and P = .032, rho = —0.29, respec-
tively). IL-la was additionally higher in patients being
treated for multiple defects (P = .037).

BMP-2. BMP-2 concentration was found to be signifi-
cantly higher in female patients (P = .040). No other signif-
icant correlations were found.

PDGF and CCL-5. No significant correlations were found
between PDGF or CCL-5 and the variables of interest.

Patients who received an injection before surgery
exhibited significantly lower baseline MMP-1 concentra-
tions compared with those who did not (median 7416 vs
13,914; P = .016), whereas no other cytokines differed
between groups (Appendix Table Al, available in the
online version of this article).

Among patients who received an injection, time from
injection to surgery was inversely correlated with aggre-
can concentration (Spearman rho = —0.36; P = .03). The
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TABLE 2
Univariate Correlation Testing Against Inflammatory and Chondrogenic Biomarkers
From Intraoperative Synovial Fluid Aspiration®
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Statistical Independent
Test Used Variable PDGF CCL-5 MMP-3 MMP-1 EGF VEGF IL-1a FGF-2 CCL-2 BMP-2 Aggrecan
Spearman IKDC P =616 P =.749 P =781 P =.091 P =616 P =828 P =670 P =.380 P =938 P =824 P =575
correlation p=-0.073 p=-0.047 p=-0.041 p=-0.244 p=-0.074 p=-0.032 p=-0.062 p=-0.128 p=-0.011 p=-0.0383 p=-0.084
Spearman KOOS Pain P =.307 P =.323 P = .886 P =175 P =.295 P =.063 P =411 P =.976 P =.143 P=.712 P =.756
correlation p=-0.142 p=0.137 p=-0.020 p=-0.187 p=-0.145 p=-0.254 p=-0.114 p=0.004 p=-0.202 p=-0.051 p=-0.043
Spearman KOOS Symptoms P =.739 P = .592 P = .493 P =.026° P =.885 P =.002° P =.293 P =225 P =.349 P =.295 P = .555
correlation p=0.046 p=0.075 p=0095 p=-0302 p=0.020 p=-0406 p=-0146 p=0.168 p=-0.130 p=0.145 p=-0.082
Spearman KOOS ADL P =.332 P =291 P =539 P =.095 P =325 P =.070 P =356 P =.706 P=.049° P =.960 P =472
correlation p=-0.135 p=0.146 p=-0.086 p=-0.230 p=-0.137 p=-0.249 p=-0.128 p=-0.053 p=-0.269 p=-0.007 p=-0.100
Spearman KOOS Sports P =.628 P = 568 P =817 P =.057 P =.100 P = 442 P=.974 P =476 P =851 P =.906
correlation p=-0.067 p=-0080 p=0032 p=-0261 p=-0110 p=-0226 p=-0.107 p=0.005 p=-0.099 p=-0.026 p=-0.016
Spearman KOOS QOL P=.252 P=.256 P=.577 P=.2% P=.208 P=.260 P=.017 P=.393 P=.121 P=.320 P=.032°
correlation p=-0.159 p=-0.157 p=-0.078 p=-0.306 p=-0.174 p=-0.156 p=-0.324 p=-0.118 p=-0.214 p=-0.138 p=-0.293
Spearman KOOS JR P = 518 P = 583 P =851 P =121 P =.739 P=1049°  P=.324 P =.729 P =.122 P =.809 P = .656
correlation p=0089 p=0076 p=-0026 p=-0211 p=0.046 p=-0266 p=-0.136 p=0.048 p=-0211 p=0.033 p=—0061
Spearman Total defect area P = .362 P =216 P =340 P=012° P=.593 P=.009° P=.051 P=.153 P =.205 P=.735 P = 469
correlation p=-0.125 p=-0.170 p=-0.123 p=0340 |p=-0.074 p=0352 |p=-0.267 p=-0.197 p=-0.175 p=-0.047 p=0.101
Spearman AMADEUS Score P =.503 P=.174 P =531 P =273 P=042° P = 532 P =997 P =.220 P =.843 P =.301 P =.634
correlation p=0.091 p=0184 p=008 p=-0.149 p=0273 |p=-0.085 p=0.000 p=0.167 p=-0.027 p=0.141 p=-0.065
Spearman ICRS grade P =.091 P =.106 P =.768 P = .426 P =.152 P =.600 P =.308 P =.148 P = 453 P =518 P =.251
correlation p=-0232 p=-0222 p=-0.041 p=0.111 p=-0.216 p=0.073 p=-0.141 p=-0.106 p=0.104 p=-0.091 p=-0.159
Spearman Age P = .966 P =.309 P=.791 P =116 P =593 P=.077 P =.069 P =.638 P=.715 P =513 P =.180
correlation p=0006 p=-0.13¢ p=-0.035 p=0.205 p=0070 p=-0.230 p=-0.237 p=-0.062 p=0.048 p=-0.086 p=0.175
Kruskal-Wallis No. of defects P =.788 P = 957 P =.763 P =.076 P =.167 P=.004 P=.037" P=.825 P=.015° P=.282 P =213
treated
(single/multiple)
Mann-Whitney U No. of defects P =772 P =.999 P = .856 P=.03®° P=.719 P=.002° P=.058 P=.725 P =.065 P =.226 P = .282
treated (1/2/3/4)
Mann-Whitney U Sex P =.677 P =.298 P=.014> P=.647 P =494 P=.712 P = 443 P=.014 P=.791 P=.040° P=.443
(female/male)
Mann-Whitney U Concomitant P =888 P =767 P =.092 P =747 P =.830 P =.930 P=.148 P=.020° P=.577 P = 587 P =239
procedure
(yes/no)

“Rho >0 (green highlight) represents a positive correlation, whereas rho <0 (red highlight) represents negative correlation. ADL, Activ-
ities of Daily Living; AMADEUS, Area Measurement and Depth & Underlying Structures; BMP-2, bone morphogenetic protein 2; CCL-2, C-
C chemokine ligand 2; CCL-5, C-C chemokine ligand 5/RANTES; EGF, epidermal growth factor; FGF-2, fibroblast growth factor 2; ICRS,
International Cartilage Regeneration & Joint Preservation Society; IKDC, International Knee Documentation Committee; IL-1a, interleu-
kin 1a; JR, Joint Replacement; KOOS, Knee injury and Osteoarthritis Outcome Score; MMP-1, matrix metalloproteinase 1; MMP-3, matrix
metalloproteinase 3; PDGF, platelet-derived growth factor; QOL, Quality of Life; VEGF, vascular endothelial growth factor.

bSignifies a statistical association between independent and dependent variable for Spearman correlation tests or a statistical difference
in cytokine concentration between groups for Kruskal-Wallis and Mann-Whitney U testing (yellow highlight).

remaining cytokine concentrations were not correlated
with time from injection (Appendix Table A2, available
online).

Finally, symptom duration demonstrated no significant
associations with baseline cytokine concentrations (Appen-
dix Table A3, available online).

Baseline PROMs

Results from univariate correlation testing of baseline
PROMSs against patient demographics and lesion charac-
teristics are presented in Table 3. The correlations between
PROMs and synovial biomarkers can again be found in
Table 2.

Of the evaluated PROMs, only KOOS Symptoms (MMP-
1, VEGF) and KOOS QOL (MMP-1, IL-1«, aggrecan) were
found to correlate with at least 2 intraoperative cytokine
concentrations. KOOS Symptoms score was also found to
be negatively correlated with articular defect size (P =
.002; rho = —0.43) and was significantly worse in patients

treated for multiple defects (mean score, 46.05 + 7.89)
compared with those treated for a single lesion (56.73 =
20.46; P = .016).

IKDC and KOOS Sports scores had no significant corre-
lations to any studied variable including cytokine concen-
trations. Better KOOS Pain scores preoperatively were
significantly correlated with smaller sized lesions (P =
.022; rho = —0.32). Similarly, higher KOOS ADL scores
were also correlated with smaller total defect areas (P =
.015; rho = —0.34) in addition to fewer lesions requiring
treatment (continuous scale, P = .045; binary scale, P =
.012). KOOS JR was negatively correlated with total defect
area (P = .011; rho = —0.35), and better scores were associ-
ated with fewer lesions treated (single defect, 58.28 =+
15.29; multiple defects, 51.01 = 11.30; P = .038).

Clinically, patients who received an intra-articular
injection preoperatively reported significantly better base-
line KOOS QOL scores (median 25.0 vs 15.6; P = .006),
whereas no differences were observed in IKDC or KOOS
Pain, Symptoms, ADL, or Sports scores (Appendix Table
A4, available online).



6 Elias et al

The American Journal of Sports Medicine

TABLE 3
Univariate Correlation Testing Between Patient-Reported Outcome Measures and Patient/Defect Characteristics®
Statistical Independent KOOS KOOS KOOS KOOS KOOS KOOS
Test Used Variable IKDC Pain Symptoms ADL Sports QOL JR
Spearman Total defect area P=.231 P = .022° P = .002° P =.015° P=.130 P=.645 P=.012°
correlation p=-0320 p=-0430 p=-0430 p=—0.340 p = —0.350
Spearman AMADEUS score P = .600 P = .668 P = 429 P = 586 P=432 P=.669 P=.707
correlation
Spearman ICRS grade P=474 P =879 P = .602 P=.701 P=96 P=.173 P=.911
correlation
Kruskal-Wallis No. of defects P =.504 P =.254 P=.121 P = .045° P=.312 P=.969 P=.135
treated (1/2/3/4)
Mann-Whitney U~ No. of defects P =214 P =.080 P = .016° P =.012° P=.092 P=.819 P=.038

treated (single/
multiple)

Mann-Whitney U  Sex (female/male) P=.144 P = .405
Mann-Whitney U  Concomitant P =936 P =519

procedure (yes/no)

P =.821 P =.678 P=.161 P=.727 P=.427
P =747 P =.938 P=972 P>.99 P=.641

“ADL, Activities of Daily Living; AMADEUS, Area Measurement and Depth & Underlying Structures; ICRS, International Cartilage
Regeneration & Joint Preservation Society; IKDC, International Knee Documentation Committee; JR, Joint Replacement; KOOS, Knee

injury and Osteoarthritis Outcome Score; QOL, Quality of Life.

bSignifies a statistical association between independent and dependent variable for Spearman correlation tests (red highlight for negative
correlation, rho <0) or a statistical difference in cytokine concentration between groups for Kruskal-Wallis and Mann-Whitney U testing
(yellow highlight). Only correlations reaching significance have their rho values listed.

Among patients who received an injection, time from
injection to surgery was not associated with PROM scores
(Appendix Table A5, available online). Similarly, symptom
duration demonstrated no significant associations with
PROM scores across all domains (Appendix Table A6,
available online).

Multivariate Analysis

The 2 PROMs that were found to be significantly corre-
lated with at least 2 cytokines were KOOS Symptoms
and KOOS QOL. For KOOS Symptoms, the 4 independent
variables in AIC best-fit analysis were total defect area,
VEGF, number of defects, and MMP-1 concentration. The
best-fit model for multivariate regression included VEGF
concentration and total defect area, with VEGF retaining
significance as the variable independently correlated
with KOOS Symptom score (P = .023), as shown in Table 4.

The AIC best-fit model for KOOS QOL score included
MMP-1 and ICRS grade. MMP-1 concentration was found
to be significantly correlated with KOOS QOL score (P =
.045), more so than ICRS grade.

Cytokines that were found to have significant correla-
tions on multivariate testing were MMP-3 (female sex,
P = .007), MMP-1 (number of defects, P = .012, and
KOOS QOL score, P = .016), VEGF (number of defects,
P = .005, and KOOS Symptoms score, P = .035), IL-1a
(number of defects, P = .035), FGF-2 (female sex, P =
.012), CCL-2 (number of defects, P = .012, and KOOS
QOL, P = .016), and BMP-2 (female sex, P = .008, and
KOOS Symptoms, P = .019).

DISCUSSION

The most important finding of this study was that VEGF
was the primary driver of preoperative KOOS Symptoms
score in patients undergoing arthroscopic knee chondro-
plasty on multivariate analysis. Similarly, KOOS QOL
was independently correlated with MMP-1 concentration
in this patient population. In the case of both PROMs, mul-
tivariate regression analysis determined that these syno-
vial fluid cytokines played a larger role in patient
symptomatic state than demographic or articular cartilage
defect characteristics.

These results are similar to the findings of Cuéllar
et al,'’® whose study group found correlations between
synovial biomarkers and baseline patient symptomatic
state. However, their results found that higher concentra-
tions of MMP-3 at the time of knee arthroscopy were corre-
lated with baseline patient pain on visual analog scale
(VAS).!® Interestingly, our analysis found that a different
MMP biomarker, MMP-1, was significantly correlated
with subjective quality of life scores, although we found
an association only between MMP-3 and female sex. Differ-
ences in the findings between studies may be attributed to
a variety of factors. For one, Cuéllar et al included all
patients indicated for arthroscopy, which included 30
patients with ACL injury and only 5 patients (7%) with iso-
lated cartilage injury. The inclusion of patients with con-
current ligamentous injury limits the applicability of
their findings to our cohort with a narrower focus on carti-
lage defects and the exclusion of any inflammatory arthro-
pathies. Additionally, the subjective PROMs used differed
between studies. KOOS subjective questionnaires cover
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TABLE 4
Multivariate Regression Analysis of Synovial Cytokines and Patient-Reported Outcome Measures®

Independent Variables Analyzed

AIC Best-Fit Model (P) Adjusted R?

Cytokine
PDGF-BB

CCL-5 ICRS grade; AMADEUS; KOOS QOL; KOOS ADL

MMP-3 Sex; concomitant procedure; total defect area; KOOS Symptoms

MMP-1 No. of defects; KOOS QOL; KOOS Symptoms; KOOS Sports
EGF AMADEUS; KOOS QOL; KOOS Pain; KOOS ADL

VEGF No. of defects; KOOS Symptoms; defect area; KOOS JR

IL-1a KOOS QOL; No. of defects; concomitant procedure; ICRS grade

FGF-2 Sex; concomitant procedure; ICRS grade; defect area

CCL-2 No. of defects; KOOS QOL; KOOS JR; KOOS Pain

BMP-2 Sex; No. of defects; KOOS Symptoms; AMADEUS

Aggrecan

Outcome
KOOS Symptoms

KOOS QOL IL-1a; MMP-1; aggrecan; ICRS grade

KOOS Pain; KOOS ADL; KOOS QOL; ICRS grade

KOOS QOL; age; No. of defects; ICRS grade

Total defect area; VEGF; No. of defects; MMP-1

KOOS ADL (.063) 0.032
ICRS grade (.9612)

ICRS Grade (.563) 0.044
AMADEUS (.054)

KOOS QOL (.267)

Sex (.007)° 0.114
Defect area (.825)

KOOS Symptoms (.355)

No. of defects (.012)° 0.173
KOOS QOL (.016)°

AMADEUS (.056) 0.068
KOOS QOL (.141)

No. of defects (.005)° 0.225
KOOS Symptoms (.035)°

Defect area (.178)

No. of defects (.035)° 0.095
KOOS QOL (.057)

ICRS grade (.836)

Sex (.012)° 0.178
Defect area (.246)

Concomitant procedure (.120)

ICRS grade (.171)

No. of defects (.012)® 0.173
KOOS Symptoms (.019)°

KOOS QOL (.016)°

Sex (.008)° 0.169
KOOS Symptoms (.019)°

AMADEUS (.479)

KOOS QOL (.085) 0.068
ICRS grade (.069)

VEGF (.023) 0.120
Total defect area (.186)
MMP-1 (0.045)° 0.079

ICRS grade (0.151)

“ADL, Activities of Daily Living; AMADEUS, Area Measurement and Depth & Underlying Structures; BMP-2, bone morphogenetic pro-
tein 2; CCL-2, C-C chemokine ligand 2; CCL-5, C-C chemokine ligand 5/RANTES; EGF, epidermal growth factor; FGF-2, fibroblast growth
factor 2; ICRS, International Cartilage Regeneration & Joint Preservation Society; IL-1a, interleukin la; JR, Joint Replacement; KOOS,
Knee injury and Osteoarthritis Outcome Score; MMP-1, matrix metalloproteinase 1; MMP-3, matrix metalloproteinase 3; PDGF, platelet-
derived growth factor; QOL, Quality of Life; VEGF, vascular endothelial growth factor.

®Variables found to be independently significant by multivariate regression analysis.

a wide array of questions prompting patients to assess
their pain and function and have been validated in the set-
ting of osteoarthritis and posttraumatic osteoarthritis.>®
The KOOS QOL subscale relies on patients’ assessment
of how aware they are of their knee pain and how that
affects their lifestyle and confidence in that knee. Although
there is inherent interplay between how patients interpret
their pain and how that affects their quality of life, the cor-
relation of MMP-3 to VAS is a different assessment than
the KOOS subscales evaluated in the present study. Fur-
ther, Cuéllar et al analyzed the concentrations of MMP-3
and MMP-13 but not MMP-1. Although within the same
family of matrix metalloproteinases, concentrations of
MMP-3 and MMP-1 have been shown to vary from one
another in different disease states.?”

MMP-1 is known to degrade collagen types I through III
and is elevated in the arthritic state but absent in synovitis
alone.*®*” VEGF is a known proinflammatory molecule
involved in angiogenesis and ECM remodeling, among
other roles, that can also be upregulated by other inflam-
matory cytokines. Therefore, a logical assumption would
be that larger cartilage defects may be associated with
increased levels of MMP-1 as the cartilage further
degrades, which was reflected in our data and furthermore
an increase in VEGF concentrations. Consequently, as car-
tilage defects become larger and arthritic change more
widespread, symptoms would similarly progress, which
could be a potential explanation for the correlated changes
seen in the KOOS scores. Although not reflected in our
data, other known interactions between MMPs could be
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at play in our study patients, particularly in a synergistic
role. Prior literature has established the presence of
MMP-9 in the knee joint in small amounts from chondro-
cytes but primarily from monocytes and macrophages
that are increased in arthritis.?* Similarly, MMP-14 is pro-
duced by a myriad of cells present in the knee and plays
a role in degradation of ECM and collagen type II. Each
of these MMPs has been shown to have a synergistic effect
with MMP-1 in regard to cartilage degradation; however,
we do not have values of these in order to assess their lev-
els within our study.

The CCSKG!! studied how patient characteristics and
intraoperative findings related to PROMs in 638 patients
undergoing knee arthroscopy for meniscal and cartilage ori-
gins. Their findings included a significant relationship
between abnormal synovium intraoperatively and KOOS
Pain scores on multivariate analysis. Although not directly
collecting synovial fluid cytokines, the presence of synovitis
has been shown to be an inciting event for the migration of
inflammatory cytokines to the intra-articular environment.*

When we examined the relationships between patient
characteristics and structural defects as they pertain to
synovial cytokine concentrations, a larger number of
defects and female sex were recurrently found to be signif-
icantly associated with higher concentrations of these bio-
markers. Elevated concentrations of MMP-1, VEGF, CCL-
2, and IL-1la were found to have significant associations
with a larger number of articular defects. Higher concen-
trations of MMP-3, FGF-2, and BMP-2 were all associated
with female sex on multivariate analysis.

Tsuchida et al** demonstrated that patients with focal
cartilage defects or osteoarthritis had elevated synovial
concentrations of proinflammatory cytokines including
IL-6, IL-13, interferon v, and oncostatin M when compared
with the synovial fluid of patients with healthy, nonsymp-
tomatic cartilage. The investigators also analyzed the cyto-
kine expression from cartilage tissue extracts harvested
from their 3 study groups, finding VEGF concentrations
to be higher in patients with cartilage damage; however,
the investigators did not measure the VEGF within the
synovial fluid of their patients. Pan et al®” measured serum
concentrations of IL-6, tumor necrosis factor a, and C-
reactive protein from adults aged 50 to 80 years in Tasma-
nia, Australia. Those investigators similarly identified that
systemic IL-6 levels were associated with progressive lat-
eral tibial plateau cartilage volume loss and worse pain
over longitudinal follow-up of 10.7 years. Our study identi-
fied synovial fluid concentrations of VEGF and MMP-1 as
key mediators associated with worse baseline KOOS
Symptoms and QOL scores. Together, these findings sup-
port the role of VEGF and IL-6-mediated inflammatory
pathways in chondral degradation and pain generation.
These results support the further investigation into the
link between synovial cytokine expression and its impact
on PROMs.

The classification and quantification of cytokines within
the synovial fluid of knees afflicted with articular damage
have important clinical implications. Primarily, by under-
standing the microenvironment of a damaged and inflamed

The American Journal of Sports Medicine

knee, we may be able to augment the intra-articular envi-
ronment preoperatively to alleviate patient symptoms as
well as attenuate additional cartilage damage mediated
by the inflammatory cytokines. Allen et al® found that
anti-inflammatory agents such as IL-1 receptor antagonist
and doxycycline were able to attenuate the production of
inflammatory cytokines in a model of intra-articular ankle
fractures. Future research should be directed at determin-
ing the effects of commercially available therapeutic
agents on both the intra-articular microenvironment and
patient outcomes when delivered preoperatively to
patients with articular defects of the knee.

Limitations

The current study is limited in that the cohort does not rep-
resent the general population. All patients included con-
sented to arthroscopic chondroplasty due to their
symptomatic state, and there was no control group of
matched asymptomatic individuals with whom to compare
synovial cytokine concentrations. The primary focus of the
present study was cartilage defects treated with arthro-
scopic chondroplasty. Although we ensured that our exclu-
sion criteria prevented the confounding of synovial
cytokine concentrations by concurrent ligamentous injury,
we did not exclude all patients who had any concomitant
procedure. With this came 16 patients (26.67%) who had
meniscal injury requiring concomitant partial meniscec-
tomy at time of chondroplasty. However, the only variable
significantly associated with concomitant procedures on
univariate testing was the concentration of FGF-2, and on
multivariate analysis the occurrence of a concomitant proce-
dure no longer demonstrated an association. The study is
also limited by the cytokines available in the particular
test kit that was used. There are other potential cytokines
of interest that could be identified with broader testing.
The single surgeon imaging interpretation can also be con-
sidered a limitation of this study. Finally, the current study
evaluated the cytokine concentrations and PROMs only at
the time of initial knee chondroplasty. A future area of
study would be to evaluate the longitudinal change in cyto-
kine concentrations after cartilage procedures and the
effects of these inflammatory on the healing environment
as well as how they correlate with patient outcomes.

CONCLUSION

Elevated MMP-1 was the primary driver of worse preoper-
ative KOOS QOL scores on multivariate analysis, more so
than defect characteristics. Similarly, worse preoperative
KOOS Symptoms scores were more strongly correlated
with elevated VEGF concentrations rather than defect
ICRS grades. Other individual factors such as a larger
number of defects and female sex were independently cor-
related with a more inflammatory synovial profile of the
patient.
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