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Introduction 
Hip dysplasia is one of the major causes of hip osteoarthritis, because of exposure to elevated contact pressure on the limited cartilage area. To assess the abnormal 
pressure distribution, several methods such as estimation by finite element analysis were proposed, however, there has been no method in which load concentration in 
the cartilage was directly evaluated in vivo. T2 relaxation time (T2) of cartilage has been shown to closely correlate with collagenous architecture and water content. 
Responsiveness of articular cartilage to compressive loading by T2 may indicate pressure distribution on the cartilage, via evaluation of dynamic changes in the 
collagenous architecture or water influx or efflux through cartilage. We have developed a loading apparatus that applies an axial load to the hip joint during MR 
imaging, in order to simulate the physiological load-bearing conditions of standing.  Our objectives were to examine clinical feasibility of cartilage T2 with use of 
loading in situ MR imaging (LisMRI), for evaluation of abnormal pressure distribution in vivo, in patients with hip dysplasia. 
 
Materials and Methods 
Nine symptomatic patients with hip dysplasia (9 hips) and 9 asymptomatic normal volunteers (9 hips) were included in the study. All participants were female, and the 
mean age of the patients and volunteers were 38 and 28 years, respectively. In the dysplastic hips, 2 hips showed no osteoarthritic changes and 7 hips showed slight 
joint space narrowing. Average CE angle of patients was 0.6 degrees (range;-8 to 7 degrees) on plain radiographs. All participants provided informed consent to 
participate in the study, which was approved by the Institutional Review Board. 

During MR imaging, the participants was laid on a custom-made loading apparatus, which had a pulley system linked to a sliding foot plate. The shoulders of the 
participants were strapped tightly, and 50% of the body weight was applied via the foot plate, when loading. On unloading and loading conditions, mid-coronal T2 
maps of hip joints were obtained on a Signa 3.0 T MRI scanner (GE Healthcare, WI), from two-dimensional dual-echo spin-echo sequence with fat-suppression 
(TR/TE, 1500/10 and 45 ms; FOV, 16 cm, matrix, 384X256 interpolated to 512X512; 5mm slice thickness). T2 value was calculated on a pixel-by-pixel basis by fitting 
the echo time data and the corresponding signal intensity to a mono-exponential equation. 

The acetabular and femoral cartilages at the weight-bearing were divided into 3 radial sections with equal width (Z1,Z2,Z3), and each section was further divided into 
deep layers (Z1d,Z2d,Z3d) and superficial layers (Z1s,Z2s,Z3s) with equal thickness,  using a custom-made software (Fig 1). Change of T2 values by loading in each 
ROI was compared between normal and dysplastic hips using the nonparametric Mann-Whitney U test. 
 
Results (Table 1, Fig 2) 
On unloading, there was significant increase of T2 in dysplastic hips than 
normal hips, at Z1d of the acetabular cartilage (24.9ms versus 21.6ms; 
p<0.05) and Z2d of the femoral cartilage (30.1ms versus 23.1ms; p<0.05).  

In normal hips, relatively large increase of T2 by loading was shown at  
Z1d of the acetabular cartilage and Z3d of the femoral cartilage. In 
dysplastic hips, T2 tended to decrease by loading in most zones, and 
relatively large decrease of T2 by loading was shown at  Z1d and Z1s of 
the acetabular cartilage and Z3s of the femoral cartilage. As a result, there 
was significant difference in change of T2 at the outer zone of the 
acetabular cartilage (Z1d) and inner zone of the femoral cartilage 
(Z3s,Z3d), between normal and dysplastic hips (p<0.05).   
 
Discussion 
Loading resulted in considerable difference of T2 responsiveness between 
normal and dysplastic hips. Especially, decrease of T2 was greatest in the 
acetabular outer and femoral inner cartilage areas in dysplastic hips. Large 
decrease of T2 might indicate that concentration of loading with 
remarkable dynamic changes of collagenous architecture and water efflux 
was likely to occur in the acetabular outer and femoral inner cartilage 
areas in dysplastic hips. This biomechanical assessment by LisMRI 
(loading in situ MR imaging) was supported by previous arthroscopic 
studies showing high frequency of osteoarthritic changes in the acetabular 
supero-lateral cartilage in dysplastic hips. 
In conclusion, LisMRI with T2 assessment was clinically feasible to 
examine load response of articular cartilage in dysplastic hips. Although, 
further follow-up investigations with larger number of patients are needed, 
T2 evaluation with LisMRI may allow biomechanical assessment of 
pathological conditions related to localized stress concentration, and may 
have prognostic significance for osteoarthritic changes in hip dysplasia.  
 

Fig1: Zonal definition of the acetabular (A) 
and femoral (B) cartilages. 

Fig2: Aetabular catilage T2 map on mid-coronal images in a normal hip (upper case) and a 
dysplastic hip (lower case). Low T2 value is represented by red color, and high T2 value is 
represented by green or blue color. Apparent change of T2 by loading was shown by arrows 
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