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PURPOSE & HYPOTHESIS

PURPOSE: To examine patients who were surgically managed for 
symptomatic cartilage defects by arthroscopic debridement and determine 
correlation between preoperative synovial fluid inflammatory biomarkers, 

structural characteristics of the cartilage defects on MRI, and patient-
reported outcomes.

HYPOTHESIS: We hypothesized that certain biomarkers within the 
synovial fluid would correlate with more severe grading of cartilage 

defects on MRI and have a negative relationship with patient reported 
outcomes.



METHODS & MATERIALS
STUDY DESIGN: 

• After IRB approval, patients undergoing arthroscopy for management of a symptomatic cartilage 
lesion with preoperative imaging findings consistent with a focal chondral defect were prospectively 
consented and enrolled

• Patients consented to a synovial fluid aspiration of the knee under sterile conditions prior to the initiation 
of the arthroscopy

PROTEOMIC ANALYSIS: 
• The minimum required volume of aspirate was 300 μl, and all samples were digested 1:1 with a 3 mg/mL 

hyaluronidase prior to analysis.
• Multiplex ELISA was performed on the supernatant for the following analytes: chemokine ligand 5 

(CCL5), matrix metalloproteinase-1 (MMP-1), epidermal growth factor (EGF), vascular endothelial growth 
factor (VEGF), interleukin-1a (IL-1a), fibroblast growth factor-2 (FGF2), chemokine ligand-2 (CCL2), bone 
morphogenic protein-2 (BMP2), and aggrecan (ACAN).

• Raw concentration values were log transformed to base 10.

MRI GRADING SYSTEM:
• Two board-eligible orthopaedic surgeons graded the preoperative MRIs based on the AMADEUS System 

proposed by Jungmann et al. (Figure 1)

PATIENT REPORTED OUTCOMES:
• Knee Injury and Osteoarthritis Outcome Score (KOOS) and Western Ontario and McMaster Universities 

Arthritis Index (WOMAC) were collected preoperatively and at 6-weeks postoperatively.Figure 1. MRI-based AMADEUS 
Grading System for cartilage defects 

developed by Jungmann et al.1



RESULTS

Characteristic Description Agreement

Location MFC (9/17), LFC 
(6/17), trochlea (2/7) -

Defect Area 3.30 ± 1.98 cm2 ICC: 0.952, p<.001

Defect Depth Full Depth (12/17) 100% agreement

Bone Marrow Edema Present (9/17) 100% agreement

Subchondral Bone Defect Present (3/17) Agreement 94.4%, kappa = 0.769, 
p<.001

AMADEUS Score 54.71 ± 16.51 Agreement 72.2%, ICC: 0.972, 
p<.001

•Eighteen cartilage defects were detected in 17 knees and graded by two 
orthopaedic surgeons using the AMADEUS system on preoperative MRI

•Sample characteristics of the cartilage defects by MRI grading are presented 
in Table 1.

•Cytokines concentrations which correlated are presented in Figure 2.

Figure 2. Significant correlations 
between cytokine concentrations 
(*p<0.05, **p<0.01, ***p<0.001)



RESULTS

•On univariate linear regression, worse AMADEUS grades and total scores were 
associated with increased MMP-1 concentrations (β =0.675, R2=.514, p=.001; β =-

0.025, R2=.429, p=.004, respectively). (Figure 3)
•There was also a significant association between worse AMADEUS grade and 

VEGF concentration (β = 0.253, R2=.459, p=.003). (Figure 4)

• Worse preoperative KOOS 
Symptoms scores were correlated 
with increased concentrations of 
MMP-1 (r = -0.786, p<.001) and VEGF
(r= -0.810, p<.001). 

• Increased MMP-1 was significantly 
associated with worse preoperative 
KOOS Sports scores (r= -0.571, 
p=.021) 

• Nine patients (52.9%) completed PROs 
at 6 weeks postoperative evaluation 

• Concentrations of VEGF (r= -0.835, 
p=.019), CCL2 (r=0.777, p=.040), 
FGF2 (r=0.758, p=.049), and MMP-1 
(r= -0.788, p=.036) at time of 
chondroplasty were significantly 
correlated with change in WOMAC 
Stiffness. 

• The only structural characteristic 
significantly associated with change in 
WOMAC Stiffness was defect depth (r= 
-0.801, p=.031). 

Figure 3. Synovial fluid MMP-1
Concentration demonstrated moderate 

negative correlation with AMADEUS score, β 
=-0.025, R2=.429, p=.004

Figure 4. Synovial fluid VEGF Concentration 
demonstrated moderate positive correlation 
with AMADEUS grade, (β = 0.253, R2=.459, 

p=.003)

Preoperative PROs

Postoperative PROs



CONCLUSIONS

• Cartilage defects of greater severity on MRI, as measured by AMADEUS score 
and grade, are associated with increased concentration of MMP-1 and VEGF in 
synovial fluid. 

• These markers also demonstrate significant associations with lower KOOS 
Symptoms and Sports scores preoperatively 

• These correlations suggest these cytokines may be highly relevant in the 
disease pathogenesis and morbidity of focal chondral defects

• Whether these biomarkers are the cause or the effect of a worse symptom state 
requires further investigation.
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