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Does prestructural, asymptomatic cartilage degeneration occur in early FAI? A T1rho study. 
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PURPOSE: Osteoarthritis (OA) of the hip is a debilitating and painful condition affecting a significant proportion of the population. In the last decade, a 
growing body of literature suggests that up to 80% of adult idiopathic hip OA cases are caused by femoroacetabular impingement (FAI)1,2. Development of 
an effective screening program for FAI could identify patients early and allow for intervention before structural changes occur. It has been shown that 
quantitative MRI imaging using T1rho relaxation time mapping techniques has the potential to detect early biochemical cartilage degeneration in OA3. In this 
study we investigated if articular hip cartilage T1rho parameters (ratios) differ between asymptomatic subjects with cam deformities (Bumps), healthy 
volunteers (Controls) and symptomatic cam-type FAI patients, imaged before their surgery (Surgery). 
 
METHODS: MR imaging was performed at 1.5 T (Siemens Healthcare, Erlangen, Germany) and included 45 subjects from the three different groups: 14 
Controls (mean age = 34 years; age range 24-48 years), 14 Bumps (asymptomatic subjects with cam deformity defined as alpha angle greater than 55 degrees; 
mean age = 34 years; age range 28-45 years) and 17 Surgery (clinical diagnosis of cam-FAI requiring surgery; mean age = 40 years; age range 23-51 years). 
The study was approved by the institutional research ethics board, with informed consent obtained. T1rho images of the hip were acquired using a spin-lock 
preparation module combined with a standard TSE acquisition scheme (FOV = 180 x 180 mm2, number of slices = 22, slice thickness = 3 mm, matrix = 384 x 
384, in-plane resolution = 0.47 x 0.47 mm2, TR/TE = 274/13 ms, averages = 1). Five different spin-lock times (TSL) of 12/18/25/35/45 ms and a spin-lock 
field of B1 = 400 Hz were used. The total scan time for T1rho imaging was 21 minutes. A proton density TSE weighted sequence (TR/TE = 3090/24 ms, 
averages = 2) was used for anatomical reference of the hip joint which matched plane, FOV, slice thickness and matrix to the T1rho scan. T1rho maps were 
calculated offline by fitting the images pixel wise to a mono-exponential function: S=S0•exp(-t/T1rho). The center of the femoral head was found semi 
automatically and the joint was divided into two regions (Zone 1 (anterior) and Zone 2 (posterior)) (see Figure 1) and individual T1rho ratios 
(T1rho(Zone1)/T1rho(Zone2)) were calculated for each slice. The femoral head and acetabular roof cartilage were analyzed as a single bilayer. The region of 
interest included the three most lateral slices, reflecting the periphery of the weight bearing region of the joint, and the T1rho ratios were averaged for each 
subject. The mean and the standard deviation of the T1rho ratios for each of the three groups were also calculated. The mean T1rho ratios were compared 
using a two-tailed t-test. 
 
RESULTS: Figure 2 shows representative T1rho maps from subjects of the three groups investigated. The color-coded cartilage T1rho maps are overlaid on 
the anatomical reference images. The mean and the standard deviation of T1rho ratios (T1rho(Zone1)/T1rho(Zone2), three most lateral slices) of the three 
subjects groups are plotted in Figure 3. Statistically significant different T1rho ratios were found between the Control and the Bump group (p = 0.033), the 
Control and the Surgical group (p = 0.027), but not between the Bump and the Surgical group (p = 0.803).  

DISCUSSION: The primary aim of this study was to investigate if subjects with asymptomatic cam deformities 
demonstrate PG loss in the anterior-lateral cartilage of the hip joint using T1rho MRI. For comparables we choose 
a group of healthy volunteers with morphologically normal hip joints and a patient group with symptomatic cam-
type FAI, with substantial PG loss expected in the latter. By analysing the T1rho ratio of the anterior zone over the 
posterior zone, each individual hip acted as an internal control and would eliminate confounding variations due 
variations into age and sex4. The analysis of the asymptomatic cam deformity (Bump) group showed that the 
superolateral periphery of the weight-bearing region of the hip joint, where earliest chondral changes of FAI are 
known to begin, demonstrated a significant increased T1rho ratio compared to the Control group suggesting that PG depletion had already commenced 
despite the lack of symptoms. Furthermore, the degree of PG loss from cartilage in the anterior region of the joint was similar between asymptomatic cam 
subjects and surgical cam-FAI patients. 
 
CONCLUSION: Quantitative T1rho imaging and T1rho ratio analysis has the potential to detected cartilage PG loss in patients with symptomatic cam-type 
FAI as well as in subjects with asymptomatic cam deformities. 
 
REFERENCES: [1] Beaule PE, Zaragoza EJ, Motamedic K, et al. Three-dimensional computed Tomography of the hip in the assessment of Femoro-
Acetabular Impingement. J Orthop Res. 2005;23:1286-1292. [2] Eijer H, Leunig M, Mahomed N, et al. Cross-table lateral radiographs for screening of 
anterior femoral head-neck offset in patients with femoro-acetabular impingement. Hip International. 2001;11:37-41. [3] Wheaton AJ, Dodge GR, Elliott 
DM, et al. Quantification of cartilage biomechanical and biochemical properties via T1rho magnetic resonance imaging. Magn Reson Med. 2005;54:1087-93. 
[4] Pollard TC, McNally EG, Wilson DC, et al. Localized cartilage assessment with three-dimensional dGEMRIC in asymptomatic hips with normal 
morphology and cam deformity. J Bone Joint Surg Am. 2010;92:2557-69. 

 
 
Figure 1. The joint is divided 
in two zones for T1rho ratio 
analysis: 
T1rho(Zone1)/T1rho(Zone2). 
 

 
 

Figure 2. Representative T1rho maps of the articular cartilage overlaid on their 
anatomical reference image. 

 
Figure 3. Mean and standard 
deviation of the T1rho ratio 
(T1rho(Zone1)/T1rho(Zone2)) 
analysis of the different groups. 
Statistical significance difference was 
found between Controls and Bumps 
and between Controls and Surgical 
(marked with *). 
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