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INTRODUCTION 

The concentration of glycosaminoglycans (GAG) in articular cartilage determines the load-bearing properties of the tissue. In pervious studies, a new type of laminar 

appearance was found in the deep region of compressed articular cartilage at the magic angle by high-resolution MRI experiments; but the origin of this unique laminar 

appearance was unclear (1). Recently, The molecular origin of this loading-induced laminar layer in the deep cartilage was attributed to the GAG loss in cartilage (2). 
To investigate the characteristics of this additional low-intensity layer, quantitative MRI T1, T2, and T1ρ experiments (3) were carried out under different orientations 

when the tissue was soaked in different solutions (saline and PBS).  

 

MATERIALS AND METHODS 

Humeral heads were harvested shortly after the sacrifice of mature and healthy dogs that were used for an unrelated research, where the institutional review committee 

approved the animal handling. The native specimens were freshly harvested samples, which were soaked in physiological saline (154 mM NaCl in deionized water) with 

1% protease inhibitor (Sigma, Missouri). The degraded specimens were fresh samples first soaked in 10 μg/ml trypsin solution (Sigma, Missouri) for more than 8 hours, 

then soaked in saline with 1% protease inhibitor to remove excess trypsin. All μMRI experiments were performed at room temperature on a Bruker AVANCEⅡ300 

NMR spectrometer equipped with a 7 Tesla/89 mm vertical-bore superconducting magnet and microimaging accessory (Bruker Instrument, Billerica, MA). The imaging 

experiments were carried out with an acquisition matrix of 256 × 128 (which was reconstructed into a 256 × 256 matrix) and a slice thickness of 1 mm. The Field of 
View (FOV) was 0.45 cm × 0.45 cm, resulting in the 2D in-plane pixel size 17.6 μm. The repetition time TR was 2 s. The inversion-recovery T1, quantitative T2 and T1ρ 

imaging experiments at different orientations respect to the main magnetic field (0°, 55°, 90°) were carried out based on the previously established protocols in μMRI 
(4-6). The T2-imaging experiments were performed using a CPMG magnetization-prepared T2 imaging sequence. The T1ρ imaging sequence proceeded with a 90º hard 

pulse followed by a spin-lock pulse. The strength of the spin-lock pulse was 1 kHz, which was calibrated by the strength of the 90º pulse.  

 

RESULTS 
The quantitative T1, T2 and T1ρ images of degraded tissues soaked in both saline and PBS were shown in Fig 1. The specimens were loaded under ~ 25 % strain and 

oriented at the magic angle. T1 profiles exhibited homogenous appearance no matter soaked in which solution (saline or PBS) or at three orientations (0°, 55°, or 90°). In 
contrast, T2 and T1ρ images in saline lost its homogenous appearance after loading - the low-intensity laminar layer (a black line) could be seen in the deep zone of the 

tissue at 55° and 90°. When the specimens were soaked in PBS, the black line appearance was largely relieved. The depth-dependent T1, T2, and T1ρ profiles at three 

orientations (0˚, 55˚, and 90˚) in both saline and PBS were plotted in Fig 2. First, T1 profiles (Fig 2a, 2b) showed little depth-dependence and orientation-dependence no 
matter immersed in saline or PBS. Second, T2, and T1ρ profiles (Fig 2d, 2f) showed little orientation-dependence and weak depth-dependence (variation from 32.3 ms to 

20.9 ms in T2 profiles at 55˚, 34.5 ms to 20.2 ms in T1ρ profiles at 55˚) when the tissue was soaked in PBS. Third, T2, and T1ρ profiles varied considerably in both 

orientations and depths. Finally, The results of T1ρ profiles (at the spin-lock frequency of 1 kHz) was qualitative similar to the results of T2 profiles at any orientations 

(Fig 2e).  

 

DISCUSSION 

The collagen fibrils in 

degraded tissue have more 

freedom to change their 

orientations in response to 

loading. The clear second T2 

peak in the deep part of the 

degraded tissue implies the 

formation of an additional 

random-oriented-fibril zone 

in that part of the tissue after 

compressed, which is similar 

to the randomly oriented 

fibrils in the transitional 

zone (TZ) of native tissue. 

The ‘valley’ between these 
two T2 peaks suggests the complex fibril bending after compression. T1ρ relaxation time contains the similar information as T2 and could further improve the 

visualization of tissue structure in clinical MRI due to its higher values than T2. The absence of this unique phenomenon in quantitative T1 images (in both saline and 

PBS) demonstrates that T1 relaxation time is more sensitive to the high frequency motion of the protons rather than the low frequency motions such as proton exchange. 
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