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Introduction 
The Osteoarthritis Initiative (OAI) is a multi-center, longitudinal study aimed at assessing biomarkers in osteoarthritis (OA) including those derived from magnetic 
resonance (MR) imaging. The MR images from the OAI can be used to quantify cartilage parameters such as thickness and T2 relaxation time.  Cartilage T2 relaxation 
time is sensitive to biochemical composition, collagen damage, and tissue hydration, and may therefore be an important marker for cartilage degeneration. The purpose 
of this study is to 1) compare the prevalence of focal knee abnormalities, the mean cartilage MR T2 relaxation time, the T2 relaxation time laminar pattern, and the 
spatial distribution of cartilage MR T2 relaxation times between subjects from the control and incidence cohorts of the OAI, and 2) determine the relationship between 
MR cartilage T2 parameters and cartilage morphology.   
 

Methods 
A subset of subjects from the incidence (n = 92) and control cohorts (n = 53) of the OAI were included in this study based on the following inclusion criteria, assessed 
at baseline: (1) age range 45-55 years (2) body mass index (BMI) of 19-27 kg/m2 and (3) Western Ontario and McMaster University (WOMAC) pain score of zero and 
(4) Kellgren Lawrence (KL) score of zero at the time of MR imaging.  Subjects from the incidence cohort did not have symptomatic knee OA, but had risk factors for 
OA, such as knee surgery or previous injury.  Subjects from the control cohort had neither knee symptoms nor risk factors for OA.  MR sagittal 2D MSME (TR = 2700 
ms, TE1-TE7 = 10-70 ms) images were used to calculate T2 relaxation time using 6 echoes (TE = 20-70) and 3 parameter fittings accounting for noise. Articular 
cartilage was segmented into four compartments: medial/lateral femur/tibia. Texture analysis, based on grey level co-occurrence matrices (1), was used to examine the 
spatial distribution of T2 relaxation times. Mean cartilage T2 (global, deep layer, superficial layer) and GLCM texture parameters were calculated for each compartment. 
GLCM texture parameters including contrast, variance, entropy, and homogeneity were calculated at 0, 45, 90, and 135 degrees, with 1 pixel offset. MR images were 
assessed for the presence and severity of focal knee meniscus abnormalities, cartilage lesions, and bone marrow edema pattern (BME) using the whole organ MRI score 
(WORMS).  Statistical Analysis was performed using STATA 11 software (StataCorp, College Station, TX, USA). Based on a preliminary correlation analysis, the four 
orientations (0, 45, 90, 135 degrees) for each GLCM parameter were averaged in order to reduce multiple testing issues.  The differences in the prevalence of 
morphologic knee abnormalities were assessed using mixed effect logistic regression models (independent variable: group, dependent variable: WORMS prevalence).  
The differences in T2 parameters were assessed between control and incidence groups using mixed random effects regression models (independent variables: group, 
compartment, and their interactions, dependent variable: T2 parameters).  The relationship between T2 parameters and WORMS scores were also determined using 
mixed random effects regression models, (independent variables: T2 parameter, group, compartment, and their interactions, dependent variable: WORMS score).  All 
models treated the subject as the random effect and were adjusted for age, gender, and BMI.     
 

Results 
The prevalence of focal knee abnormalities (cartilage lesions, bone marrow edema, meniscus lesions) was not significantly (p > 0.05) different between the incidence 
and control groups (Table 1).  The global mean T2 (all compartments), the mean T2 in the deep layer (all compartments), GLCM contrast (all compartments), and 
GLCM variance (medial femur and medial tibia) were significantly (p < 0.05) elevated in the incidence group compared to the control group (Table 2).  Additionally, a 
significant relationship was observed between cartilage WORMS scores and T2 parameters (mean T2, GLCM variance).  The coefficient for mean T2 (predicted by the 
mixed-effects model) was 0.03 (p = 0.02), demonstrating that an increase of T2 by 5 ms is associated with an increase in cartilage WORMS by 0.15.  The coefficient for 
GLCM variance was 0.02 (p = 0.02), demonstrating that an increase in GLCM variance by 70 is associated with an increase in cartilage WORMS by 0.14.   
 

Discussion 
This study evaluated the differences in knee morphology and 
biochemical composition in the incidence and control groups 
of the OAI. While there was no significant difference in the 
prevalence of knee abnormalities (cartilage lesions, BME, 
meniscus lesions) between the incidence and control groups, 
T2 parameters (mean T2 in the global and deep layer, GLCM 
contrast, and GLCM variance) were significantly elevated in 
the incidence group.  It is interesting to note that both groups 
had neither pain (WOMAC pain = 0) nor radiographic 
evidence (KL = 0) of OA at baseline, yet had varying 
biochemical composition. Additionally, the positive 
relationship between cartilage T2 parameters and cartilage 
WORMS signifies that increased mean and heterogeneity of 
T2 values is related to increasing grade of morphologic 
cartilage degeneration. Overall, this study demonstrated that 
subjects at risk for OA have both higher and more 
heterogeneous T2 values than control subjects, and that T2 
parameters are associated with morphologic degeneration.  
While cartilage morphology was not significantly different 
between groups, T2 parameters showed differences; these 
results suggest that T2 relaxation time may be an early marker 
for OA.  
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       Table 1: Prevalence of Focal Knee Abnormalities in the Incidence and Control Groups 

Lesion 
Control Group 

(n = 53) 
Incidence Group 

(n = 92)  
    Odds    
    Ratio* 95% confidence interval 

Cartilage      
     Worms > 0 33 (73.33%) 59 (67.05%) 0.83 0.36 1.88 
     Worms > 1 19 (42.22%) 44 (50.00%) 1.42 0.66 3.05 
Bone Marrow Edema 19 (42.22%) 29 (32.95%) 0.64 0.29 1.40 
Meniscus      
    Worms > 0 18 (40.00%) 42 (47.73%) 1.52 0.71 3.30 
    Worms > 1 9 (15.56%) 22 (25.00%) 2.16 0.73 6.35 
* all p values > 0.05. 8 subjects from the control group and 4 subjects from the incidence group did      
   not have WORMS readings available. 
 

            Table 2: Differences in T2 Parameters between the Incidence and Control Groups 

Parameter Compartment Coefficient* p value 95% confidence interval 
mean T2 global All  -0.63 0.024 -1.18 -0.08 
mean T2 deep layer All  -0.71 0.008 -1.23 -0.18 
mean T2  superficial layer All  -0.56 0.097 -1.23  0.10 
GLCM contrast All -20.55 0.001 -33.15 -7.96 
GLCM homogeneity All    0.01 0.241 -0.01  0.01 
GLCM entropy All   -0.06 0.151 -0.09  0.02 
GLCM variance     MF** -24.86 0.001 -39.82 -9.91 
GLCM variance     MT** -17.89 0.005 -30.31 -5.47 

*  The coefficient is the difference in the T2 parameter between the incidence and control groups, 
adjusted for age, gender, and BMI.  A coefficient below 0 represents that the control group has a 
lower estimated T2 parameter compared to the incidence group.    
** A significant interaction between group and compartment was evident for GLCM variance; 
therefore, the analysis was subdivided by compartment.  Only the GLCM variance in the medial 
femur and medial tibia were significantly different between groups (other compartments were not 
significant). 
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