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Introduction 
     Careful assessment of articular cartilage (AC) in the hip is critical to discriminate between surgical decisions in patients with femoroacetabular impingement (FAI) 
[1].  Corrective surgical procedures, aimed at removing the bony abnormalities of FAI and treating the associated labral and cartilage abnormalities in order to delay 
osteoarthritis (OA), are less likely to be successful in patients presenting with extensive AC injuries [2].  Delayed Gadolinium-Enhanced MRI of Cartilage (dGEMRIC) 
is used for the detection of early biochemical changes in AC [3].  A recent dGEMRIC study at 1.5 T [4] indicated T1 = 500 ms as a threshold between healthy and 
damaged cartilage.  However, the same study reported inter-subject variability in baseline cartilage T1 values, suggesting that a threshold that on average is valid, may 
lead to erroneous assessment in particular cases.  Other authors [5] have proposed to use the ratio between T1 of the acetabular cartilage and T1 of the entire joint 
(acetabular and femoral), in order to compensate for variations due to patient’s age and sex, or diffusion of gadolinium contrast.  In this work, we propose to use T1 
values in the femoral region of the hip AC, which can be assumed to be normal in the early stages of FAI [4,5], as a reference to standardize dGEMRIC measurements. 
We validated the proposed method against arthroscopic findings for a number of patients at 1.5 T. 
Materials and Methods:  
     We performed a retrospective review of 10 hips in 10 patients (9 females, 1 male) with FAI, who received a preoperative dGEMRIC scan (< 4 months before 
surgery) and underwent hip arthroscopy (age at surgery = 20 ± 5y).  A fast 2-angle T1 mapping method [6] was used for the dGEMRIC acquisition on a 1.5 T MRI 
system (Avanto; Siemens, Erlangen, Germany).  Relevant imaging parameters were: matrix size = 512 x 512, in-plane spatial resolution = 0.3 x 0.3 mm2, slice thickness 
= 4 mm, TR/TE=20/4.86 ms, FA=6° and 20°.  For each patient, we selected three coronal slices, showing the anterior-superior, superior and posterior-superior regions 
of the hip AC (30 slices in total).  The weight-bearing portion of the hip AC, extending from the lateral bony edge, not including the labrum, to the edge of the 
acetabular fossa (Fig. 1) was segmented on the T1 map corresponding to each slice.  Within the segmented area, a region of interest (ROI) was defined over the central 
portion of the femoral cartilage, assumed to be healthy, and T1 values (x) were transformed to standard scores (z, or z-values) using z = (x - μ)/σ, where μ and σ are the 
mean and the standard deviation of T1 in the femoral ROI.  In the resulting standardized maps, z-values < 0 would indicate that the T1 is low compared to normal.  For 
the three regions of each patient, we assessed whether acetabular cartilage reported as damaged during arthroscopy (Outerbridge score I or greater) corresponded to z-
values < 0. 
Results  
     Table I reports T1 values in the femoral cartilage for each case.  Mean T1 in the femoral (i.e. normal) cartilage was consistent (7 ± 4 % variation) for each patient 
among the anterior-superior, superior, posterior-superior regions.  However, it varied among patients, ranging from 453 ms to 842 ms (mean/stdev = 598 ± 91 ms).  
Figure 1 shows standardized dGEMRIC maps for one representative patient.  Standardized dGEMRIC maps assessed 
cartilage correctly in 20 slices out of 30.  In 5 slices, cartilage with z-values > 0 was instead reported as damaged in the 
arthroscopic findings, whereas on 5 other slices the opposite occurred. 

Discussion and Conclusions 
     The range of T1 values in dGEMRIC may vary substantially among patients [4,5] and our results suggest that using a single threshold T1 value to separate abnormal 
from normal AC is not optimal in all cases.  We proposed a new method to standardize dGEMRIC measurements on a patient specific basis.  The range of colors in the 
standardized maps can be optimally adjusted to allow areas of abnormal cartilage to stand out.  Comparison with arthroscopic findings showed that our method when 
using a cut off z-value of zero was accurate in 66% of the cases in discriminating normal from pathologic cartilage.  Using a threshold of 500 ms (as suggested in Ref 
[4]) for all cases in the original dGEMRIC T1 maps, accuracy drops to 46%.  The validation study was limited in that arthroscopic evaluation may have missed small, 
localized cartilage lesions visualized by dGEMRIC.  Also, the optimal threshold z-value is not clear yet.  Future work will include a larger number of patients and 
dGEMRIC acquisitions at 3 T, where the border between femoral and acetabular cartilage layers can be delineated more accurately thanks to higher signal-to-noise 
ratio.  Note that our method allows for direct comparison of dGEMRIC measurements at different field strengths.  In conclusion, the proposed method has the potential 
to improve the clinical interpretation of dGEMRIC data in FAI, by removing the effect of inter- and intra-patient T1 variability.  This approach is expected to be less 
accurate for patients with advanced cartilage degeneration or other pathologies (e.g. dysplasia) for which the femoral cartilage is compromised. 
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Figure 1.  Standardized dGEMRIC maps of the weight-bearing portion of a representative hip articular cartilage, 
superimposed to coronal images.  Pixel values smaller than zero indicate degenerated cartilage. The black arrows point 
to the central region of the femoral cartilage used to convert T1 values into z-values.  The white arrows point to the 
assessed (peripheral) region of the acetabular cartilage.  The anterior-superior (left) and the superior (center) cartilage 
were damaged, whereas the posterior-superior cartilage (right) was intact, corresponding to the arthroscopic findings.
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