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Target Audience: Scientists and clinicians interested in articular and epiphyseal cartilage imaging, MR relaxometry, novel pulse sequences. 
Purpose: Utilize noninvasive MR relaxometry to better understand skeletal maturation of the articular-epiphyseal cartilage complex (AECC) by monitoring matrix 
changes longitudinally during skeletal development.  
Methods: In this animal care and use committee approved study, distal femoral specimens were harvested 
from goats, aged 3, 4, 5, 6, 9 and 10 weeks. MRI scans were performed using a 9.4T Varian scanner (Agilent 
Technologies, Santa Clara, CA). MR relaxation times of articular and epiphyseal cartilage were quantified 
for the goat knees. Conventional continuous wave (CW) T1ρ, adiabatic T1ρ, T1 and T2 relaxation times were 
measured. In addition, relaxation along a fictitious field (RAFF) and the corresponding relaxation time 
constant (TRAFF) were measured. Table 1 provides the detailed scan parameters that were used. 
Results: Quantitative relaxation time mapping, T1, T2, CW T1ρ, adiabatic T1ρ, and TRAFF, revealed relaxation 
times that were consistently higher in articular compared to epiphyseal cartilage. The relaxation parameters 
are shown at weekly intervals between 3 and 6 weeks of age and at 9 and 10 weeks (Figure 1). An increase 
in the values of all parametric measures, except CW T1ρ was noted at the 4 week time point, then values 
decreased incrementally during the rest of the study. The articular cartilage appeared as a thin superficial 
layer in both the (a) histological and (b) MR images (Figure 2). The relaxation times were uniform within 
both the articular and the epiphyseal cartilage, which corresponds with the isotropic properties of hyaline 
cartilage on MRI. With increasing age, the epiphyseal cartilage became thinner due to replacement by the 
advancing ossification front, while the thickness of the articular cartilage remained stable. The T1 relaxation 
time tended to be stable during the growth, with average values of approximately 1500 and 1100 ms at 9.4T 
for articular and epiphyseal cartilages, respectively (Table 2). For all the other relaxation parameters, the 
values were higher in the younger animals (3, 4 weeks of age), and gradually decreased to stable values at 
about 6 weeks of age. In contrast to all other relaxation times, TRAFF showed an increase at 10 weeks of age. 
Discussion: Our knowledge regarding cartilage matrix changes during skeletal maturation is limited, largely 
due to a lack of measurement tools. Evaluating temporal changes occurring in the AECC is important to 
better understand the normal skeletal development in children [4] and respective animal models. Establishing 
normal values is the first step towards identifying pathologic changes occurring in developmental 
orthopaedic diseases such as Perthes disease of the hip or osteochondritis dissecans of the knee. A limitation 
of the study is that the estimated values (other than T1 and adiabatic T1ρ) could be potentially influenced by 
the magic angle effect in the articular cartilage [5]. 
Conclusion: MR relaxometry provides a noninvasive means to obtain information about articular and 
epiphyseal cartilage during maturation, as was demonstrated in goats in this study. The data suggest that MR 
relaxometry might be used to characterize developmental abnormalities during skeletal maturation in both 
animals and human beings.  
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