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Synopsis

Evaluation of glycosaminoglycan (GAG) concentration in reparative cartilage after autologous chondrocyte implantation (ACl) was
performed with delayed gadolinium-enhanced MR imaging of cartilage (dAGEMRIC). R1 relaxation rate measurements were made before and 2
hours after intravenous administration of Gd-DTPAZ. No correlation could be found between the GAG concentration of reparative cartilage
evaluated by post-contrast imaging and that evaluated by High Performance Liquid Chromatography (HPLC). However, the GAG concentration
of reparative cartilage evaluated by the difference between R1 before and after contrast administration is correlated with that evaluated by
HPLC. Both pre-contrast and post-contrast images are indispensable for evaluation of the GAG concentration of reparative cartilage after ACI
with dGEMRIC.
Introduction

In recent years, ACI has become a widely used technique for treating full-depth articular cartilage defects, and various groups have reported
good to excellent results in clinical follow up. However, the histological appearance of the reparative cartilage has not been adequately
documented in the literature, because only invasive techniques such as biopsy were used to evaluate it. A noninvasive technique for evaluating
the detail of reparative cartilage has been needed. Recently, an MRI technique called dGEMRIC has been developed as a noninvasive method
for monitoring GAG concentration, which is critical for the mechanical support function of cartilage®. This method is based on the theory that
both GAG and Gd-DTPA? are negatively charged, causing Gd-DTPA? to distribute in cartilage inversely to the concentration of GAG. Theaim
of this study isto use dGEMRIC to evaluate the relative GAG concentration of reparative cartilage after ACI.
M ethods

Nine knees of nine patients (6 males and 3 females), on which ACI of the femoral condyle was performed, were studied 6 to 36 months
postoperatively. The average age for the nine patients was 24.0+8.4 (15-35) years, and the average size of the defect was 2.9+0.8 (1.7-3.9) cm2.
dGEMRIC was carried out according to the protocol described by Burstein et al2). MR imaging was performed with a 1.5T magnet before and 2
hours after intravenous administration of Gd-DTPAZ. R1 (R1=1/T1) relaxation rate measurements were made with an inversion recovery
sequence (TR 1800 ms, TE 28 ms, Tl 50, 100, 200, 400, 800, 1600 ms, FOV 150x150mm, Slice thickness 3.0mm, Matrix 512x512, TSE factor
6). The Gd-DTPA? concentration in tissue is represented by AR1, that is, the difference between R1 before and after contrast administration.
GAG concentration was estimated from Gd-DTPA? penetration into the cartilage. A second arthroscopy was performed about 12 months after
the ACI, and biopsies were taken from the center of reparative cartilage. The concentration of chondroitin sulfate (major content of GAG) in
reparative cartilage obtained from the biopsy was evaluated with HPLC.
Results

The pre-contrast and post-contrast R1 maps of cartilage are shown below (Figure 1, 2). The average pre-contrast R1 of the reparative cartilage
was significantly higher than that of the native cartilage (p<0.05), whereas there was no significant difference between post-contrast R1 of the
reparative cartilage and of the native cartilage (Table 1). The average AR1 of the reparative cartilage was significantly higher than that of the
native cartilage (p<0.05), indicating that the GAG concentration of the reparative cartilage was lower than that of the native cartilage. The
average chondroitin sulfate concentration of the reparative cartilage, obtained from the biopsy, was also significantly lower than that of the
native cartilage (p<0.05) (Table 2).
Discussion

The original protocol for this method?, which estimates GAG concentration only from post-contrast T1, could not be applied to the reparative
cartilage because pre-contrast T1 of reparative cartilage is not the same as that of normal cartilage. To monitor the GAG concentration of
reparative cartilage after ACI, both pre-contrast and post-contrast images are necessary for evaluating the concentration of Gd-DTPAZ
penetration into cartilage.
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Figure 1(left): Pre-contrast R1 map of cartilage.
Figure 2(rt): Post-contrast R1 map of cartilage.
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