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INTRODUCTION 
Acknowledging that human knee cartilages are rich in type-II collagen (1), we came up with two hypotheses: 1) that the knee 

cartilages possibly have two transverse relaxations (long- and short-T2) originating from the free and bounded water molecules inside 
the cartilage, and 2) that the short-T2 relaxation should appear more likely in healthy cartilages due to their well organized collagen 
fiber arrangements than in diseased ones due to the arrangements disrupted. To test these hypotheses we designed MRI experiments 
initially on explants of human knee cartilages on a clinical 3T scanner with an ultra-short echo time (UTE) imaging sequence and 
intended to answer essential questions about the existence of the bi-T2 relaxation, the short-T2 time, the echo time (TE) design for 
mapping both short- and long-T2 times on a pixel-by-pixel base, and the difference in short-T2 time and population between healthy 
and diseased cartilages. This abstract demonstrates our initial experimental results in response to the questions above.  
 

METHODS AND MATERIALS 
Methods:  1) The existence of bi-T2 relaxation was investigated through T2* using the non-negative least squares (NNLS) 

algorithm (2). A group of 110 pixels selected from the UTE images of two knee cartilage explants was assigned to the NNLS 
calculations which output the number, positions, and intensities of T2* peaks. 2) The TE design for bi-T2* fitting was based on Monte 
Carlo simulations (3). Multiple random noise trials (500 trials) were implemented to identify optimal TE designs. 3) The mono- or bi-
exponential fitting/mapping was carried out in Matlab (The MathWorks, Inc, Natick, MA).  Experiments:  The cartilage explants were 
from human cadaver (one healthy and three diseased). The explants were scanned on a clinical MRI scanner (Magnetom Trio Tim 3T, 
Siemens Medical Solutions, Erlangen, Germany) with an extremity or 8-channel knee coil (Invivo Inc., Gainesville, FL), using a 
home-developed fast 3D UTE sequence (acquisition-weighted stack of spirals, AWSOS (4)) with TR=100ms, θ=30°, FOV=100×100 
mm2, matrix size=256×256, slices=40 at 2mm in thickness, total scan time=4.3min for one TE.  
 

RESULTS AND DISCUSSION 
Figure 1 shows the bi-exponential fitting of the measured data at a 

pixel of one cartilage sample. The bi-exponential fitting produced a short T2* 
of 5ms and a long T2* of 34.5ms while the mono-exponential fitting produced 
a T2* of 24.5ms, 30% shorter than the long T2* component. Bi-T2* decay was 
found in some, but not all, selected pixels: 32 out of 110 pixels (29%) were 
determined to have a bi-T2* decay. The short-T2* time was in a range of 0.5-
11ms with a most-frequent value of 3.2ms. To map these short-T2* times on a 
pixel-by-pixel base, an series of 11-point TE (i.e., 0.5, 1, 2, 3, 4, 5, 7, 10, 20, 
30, 40ms) was found as an optimal design to cover a wide range (1-5ms) of 
short T2* times with small standard deviation (<15%). Figures 2-3 demonstrate 
two examples of bi-T2* mapping of the explants. Averaged across the tibial 
plateau from the healthy knee (Fig. 2), the short component of the bi-
exponential fitting was found to have a mean T2* of 5.7 ms and mean intensity 
of 58% while the long component had a mean T2* of 68 ms with a mean intensity of 70%. The calculated long component from bi-
exponential fitting was more than three times longer than that from mono-exponential fitting (20 ms). By comparison in the diseased 
cartilage (Fig. 3), the short component has a shorter mean (2.2 ms) sparsely distributed over the cartilage.  In conclusion, based on this 
pilot study, healthy knee cartilage was found to have bi-T2 relaxation with a short T2* of ~5 ms and a long T2* of ~70 ms. Diseased 
tissues were found to have a short-T2* component that was significantly reduced in both relaxation time and population. These 
observations were, however, based on a few samples. More experiments are needed to evaluate the significance of these observations.  
REFERENCES:  [1] Gay S, etc. Gustav Fischer Verlag, Germany; 1978.  [2] Lawson CL, etc. NJ: Prentice Hall; 1974.  [3] Rubinstein RY, etc. New York: John 
Wiley & Sons; 2007.  [4] Qian Y, etc. MRM 2008; 60:135-145.  
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Fig. 2.  Mono- and bi-exp mappings of a healthy knee cartilage sample 
(colored regions, the color bar with a unit in ms for T2* but percentage 
for component intensity).  A large difference in mean T2* time exists 
between both fittings.  8-channel knee coil and TE=0.5, 1, 2, 3, 4, 5, 7, 
10, 20, 30, and 40ms.   
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Fig. 3. Mono- and bi-exp mappings of a diseased knee cartilage sample 
(colored regions, the color bar with a unit in ms for T2* but percentage for 
component intensity).  A decrease in both short-T2* time and population 
were observed, compared with those on the healthy sample in Fig. 2.  8-
channel knee coil and TE=0.5, 1, 2, 3, 4, 5, 7, 10, 20, 30, and 40ms.  
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Fig. 1.  Mono- and bi-exp T2* fitting at a pixel on the UTE 
images of a human cartilage explants.  The bi-exp fitting 
(blue line) is much better than the mono-exp fitting (pink 
line), especially at short TEs.  Extremity coil and TE=0.3, 
1, 3, 5, 7, 10, 20, 30, 40, 50, 60, and 70ms.  
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