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Target Audience: Scientists and clinicians interested in cartilage imaging, relaxation time mapping, novel pulse sequences, osteochondritis dissecans. 
Purpose: Juvenile Osteochondritis Dissecans (OCD) is a poorly understood disease of children and 
young adults that may be associated with significant lifelong disability. The role of changes 
occurring in the epiphyseal cartilage matrix, likely related to ischemic vascular events affecting the 
developing skeleton, is poorly understood. Previous cartilage research has been focused almost 
entirely on the avascular articular cartilage [1]. Our goal is to probe the utility of noninvasive 
parametric MRI methods in an animal model to better understand the etiology of developmental 
orthopaedic  diseases in children and adolescents, such as juvenile osteochondritis dissecans (OCD). 
Here, we present relaxation time mapping of surgically-induced ischemia in the femoral condyle of 
goats at different stages of lesion development which are similar to those identified in the early 
stages of development of naturally-occurring OCD. T1, T2, continuous wave (CW) T1ρ and adiabatic 
T1ρ relaxation times [2] as well as the relaxation along a fictitious field (TRAFF) [3] were acquired, 
tested for their ability to detect the area of ischemic necrosis of cartilage, and compared with semi-
quantitative histology. 
Methods: Distal femoral epiphyseal specimens were obtained from goats in that had undergone 
surgical transection of cartilage canal blood vessels in the medial condyle at 4 days of age. Goats 
were euthanized 4, 6, and 10 weeks after surgery [4]. Respective parametric MR relaxation time 
mapping of the specimens was performed using a 9.4T Varian scanner (Agilent Technologies, Santa 
Clara, CA). The MR imaging parameters are detailed in Table 1. Optical density measurements of 
Safranin O stained histologic sections matching the MRI slices of the knees was done to assess 
proteoglycan (PG) loss in areas of ischemic cartilage necrosis [5]. 
Results: Safranin O stained sections depicted areas of focal loss of staining within the intensely 
stained epiphyseal cartilage (first row in Figure 1, arrows). The optical density measurements in the 
corresponding Safranin O stained sections (second row in Figure 1) indicated that the focal loss of 
stain was due to PG loss in area of necrosis. All of the relaxation parameters were able to 
differentiate between articular and epiphyseal cartilage, as well as between the ischemic lesion and 
the normal surrounding epiphyseal cartilage (Figure 2, arrows). Relaxation times were consistently 
higher in articular than in epiphyseal cartilage (Table 2). In the early development of the lesion, the 
T2 relaxation time decreased approximately 16% from 4 to 6 weeks after lesion induction, which is 
the largest change of all of the relaxation times. The adiabatic and CW T1ρ relaxation times had the 
most striking changes later in the disease process, as PG loss became more dramatic in the necrotic 
cartilage. TRAFF demonstrated sensitivity to the difference between the necrotic and normal 
epiphyseal cartilage at both the early and late stages of the disease.  
Discussion: T2 is suitable for detecting necrosis at the early stage of OCD, while adiabatic and CW 
T1ρ perform better at later stages. The adiabatic T1ρ, by the use of adiabatic pulses, should be more 
robust against B0 and B1 variations than the CW T1ρ and having similar diagnostic performance is 
the preferred method of the two. Compared to other methods, TRAFF appeared to have a higher 
sensitivity to the lesion at all stages, likely because TRAFF is influenced by both T1ρ and T2ρ 
relaxations, making it sensitive to various biological changes. Thus far, there are no publications 
indicating which chemical compounds affect TRAFF in the epiphyseal cartilage. However, this work 
demonstrated that the TRAFF relaxation time of both necrotic and healthy epiphyseal cartilage 

changed as the animal aged, indicating that proteoglycans and likely also collagen 
contribute to the variation of TRAFF. More specifically, at the early stages of OCD, TRAFF 
is potentially influenced more by the T2ρ component, while at the later stages, the T1ρ 
component could become more important as indicated by the changes in the other 
relaxation parameters. Because it is influenced by several chemical compounds 
simultaneously, TRAFF is a unique and robust parameter for detecting OCD-related 
changes. Another advantage of RAFF is that, compared to CW pulses, it implements the 
amplitude modulation to reduce about 40% SAR while providing the same duration and 
B1

max setting [2].   
Conclusion: The measurement of various MRI relaxation times provided a sensitive, 
noninvasive way to detect ischemic necrosis of the epiphyseal cartilage in a goat model 
of osteochondritis dissecans. While the T2 relaxation time revealed very early cartilage 
matrix changes after transection of cartilage canal blood vessels, both CW and adiabatic 
T1ρ were more sensitive to later changes associated with proteoglycan loss. TRAFF 
relaxation time combined sensitivity to both early and later stages of the disease. For 
future studies on children with OCD these noninvasive measurement methods are promising for staging of the disease and for outcome measures following intervention. 
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