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Target Audience: Surgeons and scientists with an interest in preclinical models of osteoarthritis or joint reconstruction. 
Purpose: T2 mapping of articular cartilage has been shown to be sensitive to changes in the collagen fibril orientation (1) and water content of the 
tissue (2), both of which occur during the degenerative disease of osteoarthritis. Previous investigators have noted differences of articular cartilage T2 
values between genders (3), between compartments within a single joint (4), as well 
as between species (5). The canine species is commonly used as a preclinical model 
of cartilage degeneration (6) and anterior cruciate ligament reconstruction (7), but 
few quantitative magnetic resonance imaging (MRI) studies to evaluate canine 
articular cartilage have been performed (8). Understanding the normative and 
compartment dependent T2 values of canine articular cartilage may prove beneficial 
when interpreting the appearance of articular cartilage in cartilage repair and in 
models for longitudinal evaluation of osteoarthritis. Therefore, the purpose of this 
study was to evaluate the normative T2 values and regional differences of canine 
knee/stifle articular cartilage. 
Methods: Institutional IACUC approval was obtained for this study. 7 dogs (14 
knees) were obtained immediately post-mortem from juvenile male beagles from an 
unrelated study with no evidence of lameness. The limbs put in cold storage at 4°C 
and were scanned within 72 hours of death. MR Imaging: All scanning was 
performed on a clinical 3T scanner (GE Healthcare, Waukesha, WI) with an 8 
channel phased-array wrist coil (Invivo, Gainesville, FL). Morphologic multi-planar 
fast-spin-echo (FSE) images were acquired: echo time (TE): 24 ms, repetition time 
(TR): 4000 ms, receiver bandwidth (RBW): ±50 to 62.5 kHz, acquisition matrix 
(AM): 384x384, number of excitations (NEX): 2-3, field-of-view (FOV): 6-8 cm, 
slice thickness (SL): 1-2.0 mm. Quantitative T2 mapping of articular cartilage was 
performed (9) with the parameters: TR: 1000ms, 8 TEs: 7.4 to 59.5 ms,  FOV:10 cm, 
AM: 384 x 256, RBW:± 62.5kHz. Image Analysis: Custom written software 
(Matlab, Natick, MA) was used to calculate T2 values  by fitting the echo time to the 
corresponding signal intensity data using a mono-exponential decay equation: 
SI(TE) ∝ exp(-TE/T2) (Fig.1). Full thickness regions of interest (ROIs) for T2 were 
obtained in the: 1) femoral trochlea; 2) patella; 3) femoral condyle; and 4) tibial 
plateau. ROIs did not include areas of cartilage at the magic angle. Statistical 
Analysis: One-way repeated measures ANOVAs were performed to detect 
differences in T2 values across the different ROIs. The ROIs were also analyzed 
individually by medial and lateral compartments when applicable. A Student-
Newman-Keuls (SNK) post hoc test was performed when statistical significance was 
found (SAS V.9.3, Cary, NC). Statistical significant was set at p<0.05. 
Results: Differences of cartilage T2 values were found throughout the canine knee 
(Fig. 2a). The average T2 value of femoral trochlear cartilage (37.5±2.3 ms 
[mean±SD]) was significantly prolonged (p<0.0001) compared to the femoral condylar, patellar, and tibial condylar cartilages (33.1±1.5 ms, 
32.8±2.3 ms, and 28.0±1.7 ms, respectively). The tibial condylar cartilage had the shortest T2 values. Femoral condylar and patellar cartilages had 
similar T2 values. When the medial and lateral femoral and tibial condylar compartments were evaluated independently, all ROIs had significantly 
different T2 values, p<0.0001 (Fig 2). The lateral femoral condylar had the longest T2 values compared to the medial femoral condylar cartilage, 
lateral tibial cartilage, and medial tibial cartilage. No cartilage fibrillation or defects were seen on the morphologic FSE images. 
Discussion: Significant differences T2 values of articular cartilage were found throughout the canine knee in this study in specimens with no 
discernable cartilage degeneration. Although the current study evaluated the knee joint, the results are comparable to previous reports of canine 
cartilage T2 values (8). These results provide a baseline of normative values for researchers using canine models of cartilage repair or in models in 
which secondary osteoarthritis may occur. The detected differences of cartilage T2 values are likely due to the region specific local differences in 
morphology of the collagen orientation (10) which will be confirmed with corresponding histologic analysis. 
Conclusion: Normative canine  knee cartilage T2 values differ by compartment and will aid in future pre-clinical studies to evaluate longitudinal 
progression and treatment of osteoarthritis. 
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Figure 1: T2 maps of the canine articular cartilage in 
the (left) patella, femoral trochlea, medial tibial 
plateau and (right) lateral femoral condyle and tibial 
plateau. 
 

 
Figure 2. Compartment specific analysis of canine 
knee cartilage T2 values. All regions had significantly 
different T2 values. 
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