
Fig.2 Subgroup analysis of  f values in red and white 
zone in the horns of meniscus. Paired t-test revealed 
significant differences between the subgroups for red 
zone and white zone. 
 

Fig.1 Demonstrate the anterior and posterior horn of 
medial meniscus. ROI 1 and 3 (green line) in the 
periphery of the meniscus represented the red zone and 
ROI 2 and 4 (red line) represented the white zone. 
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Target audience   
Musculoskeletal radiologists, orthopedic surgeons who are interested in studying meniscal blood supply and prognosis of meniscal 
tears. 
Introduction Meniscal tears are a common indication for arthroscopic knee surgery. The tears in the vascular portion of the meniscus, 
termed the “red zone”, are far more likely to heal than tears in the avascular portion, or “white zone”, of the meniscus [1, 2]. Although 
the demarcation of the two zones can be defined in anatomy, it is hard to gain a clear boundary through conventional MR sequences, 
including the dynamic susceptibility contrast (DSC). Even worse, the entire meniscus only manifest a wedge-shaped low-signal-
intensity structure in MR images [3]. Intravoxel incoherent motion (IVIM) theory provide information about microcirculation of blood 
in addition to the pure molecular diffusion. And a relationship between the IVIM perfusion parameters and the classical perfusion 
parameters has been derived [4]. In this study, reduced FOV DWI technology and IVIM bi-exponential model were used to estimate 
the vasculature of the red and the white zone of meniscus. 
Method Fifteen volunteers were recruited in this study (age range 25-56, M/F 7/8). All the volunteers were asymptomatic and without 
any prior diagnoses of gonarthrosis. The menisci were further proved without tears and degenerations by conventional MR scan. Data 
were acquired on a 3.0 Tesla system (GE MR 750, GE Healthcare) with an 8 HD knee coil using a reduced FOV (rFOV) diffusion-
weighted spin-echo EPI pulse sequence with the following parameters: TR/TE=3500/minimum ms, slice thickness 4 mm with 0.5mm 
gap and FOV 180×90, matrix size 180×90 to maintain a 1×1 mm in plane resolution. For each subject, multiple b values (0, 20, 50, 80, 
120, 150, 180, 200, 300, 400, 500 s/mm2) in three orthogonal directions were acquired. A true diffusion coefficient (ADCslow), a 
pseudo-diffusion coefficient (ADCfast) and the perfusion fraction (f) were calculated from DWI using a bi-exponential IVIM model. 
And the values of the menisci were measured correspondingly. The ROIs were drawn in the red zone and white zone of anterior and 
posterior horns of medial and lateral meniscus respectively in consecutive sagittal planes. The red zone was defined as 30% of the 
meniscal width from the peripheral border and the white zone was defined as the rest region from the free edge. Each observation was 
averaged in every sagittal plane which contains the wedge-shaped meniscus. The ADCslow, ADCfast and f values of red zone and white 
zone in each horn were compared by paired t-test in statistical analysis with SPSS 19.0. 
Results In Figure 1, the location of ROIs were shown in medial meniscus in T2WI image. And higher signal intensity of the red zone 
than white zone could be seen in f map. Figure 2 summarizes the average f value of red zone and whit zone in the 4 horns of the 
meniscus. The f values of red zone were significantly higher than white zone in all the horns of meniscus (p=0.004, p<0.001, p=0.007, 
p=0.003, respectively). There is no significant difference in the ADCslow and ADCfast values between the red zone and white zone of 
meniscus. 
Discussion and Conclusion The blood 
supply to the meniscus originates from a 
network of arborizing vessels within the 
peripheral capsular and synovial attach-
ments. This perimeniscal capillary plexus 
give rise to radial branches which 
penetrate the periphery of the meniscus [3]. 
The region of peripheral vascular 
penetration is about 30% of the meniscal 
width [5] and blood supply is a crucial 
factor in determining the treatment and 
prognosis of meniscal tears. In this study, 
rFOV EPI was used to get a less 
distortion and aliasing artifacts DWI 
image. Based on previous studies [6], f is 
hypothesized to reflect the relative 
contribution of microcapillary perfusion 
to the DW imaging signal, whereas 
ADCfast reflects the rate of microcapillary 
blood flow. Compared to white zone, the significant higher value of f in red zone reveals a relative rich blood supply, which is 
consistent with anatomy. The results of this study are preliminary but encouraging. The IVIM profusion fraction f could detect the 
microvascular supply of the meniscus and may be a potential predictor for prognosis of meniscal tears. 
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