
Fig 2. T2-weighted image, tractography, DWI(b500), mean ADC and 
FA map, and RGB representation of the optic nerve from a patient 
volunteer who has a visible disease. Typical ROI selection for patient 
group is displayed on ADC and FA map. 
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INTRODUCTION: Diffusion Tensor Imaging (DTI) allows the measurement of microscopic, displacements of water molecules that occur in biological tissues due to 
the physical diffusion process, and thereby provides quantitative information on the microstructure of biological tissues1. DT parameters measured by DTI, such as 
fractional anisotropy (FA) enable more sensitive and specific detection and monitoring of structural changes caused by pathology such as edema and inflammation 
which occurs in acute optic neuritis, myelin loss and gliosis. However, in vivo DTI of the optic nerve (ON) using the conventional 2Dsingleshot (ss) EPI is generally 
very challenging because of its small size and the presence of magnetic susceptibility artifacts. Although techniques other than ss-EPI have been used for DTI of the 
human ON (2-3), these techniques typically employ relatively thick slices and require a long scan time to overcome their intrinsic low SNR. Recent publications show 
that interleaved multiple inner volume (IMIV) imaging (4-5) combined with EPI can reduce the geometric distortion and improve the accuracy of DTI measurements. In 
this work we present the measurement of DT parameters such as mean diffusivity (MD), fraction anisotropy (FA), axial and radial diffusivities of normal and 
pathological ONs obtained with 2D ss-IMIV DWEPI and a dedicated 20-channel coil (6-7). Given the highly directional structure of the ON, the eigenvalues associated 
with the principal eigenvector and its orthogonal components were also analyzed. 
METHODS: All MRI studies were performed using a 20 channel dedicated optic nerve coil on a Siemens Trio 3T MRI scanner. ON DWI from eight normal subjects 
and seven optic neuritious patients were acquired using 2D IMIV-DWEPI with the following parameters: matrix=160x53, TR=3s, 12 magnitude averages, and 8 
contiguous 2 mm thickness slices. DT imaging was performed with b=500 sec/mm2 along 12 non-collinear directions and with b = 0. The spatial resolution was 1.0x1.0 
mm2 with 1 mm slice thickness and with display resolution 0.5x0.5 mm2, after zero-filled interpolation. Imaging time was 7 min 30 s. DW images were post-processed 
using DTI analysis software written in IDL (Research Systems Inc., Boulder, CO) to extract the DT parameters and to visualize the results using a RGB representation 
of the principal eigenvector. The two regions-of–interests (ROIs) including only the center of the left and right ON were manually selected for each normal subject. For 
each patient a single ROI was carefully selected on the MD and FA maps where the visible lesion can be identified in the T2w image to ensure accuracy and reliability. 
Seven ONs were reviewed for patient group measurement.  ROIs were transferred to calculated mean MD, mean FA values, the mean axial (AD: λ||) and radial (RD: λ⊥) 
diffusivities. λ|| and λ⊥ indicate the diffusivities in the axial and radial directions of the fiber with cylindrical symmetry. 
 

  

RESULTS: T2w images and DT parameter maps obtained of a normal subject are shown in Fig. 1. Normal nerve can be clearly seen on both the left and right side in 
the MD maps. The FA and RGB maps demonstrate the clear definition of nerve and ocular muscle. The MD and FA and their standard deviation from control group 
were 0.539±0.125x10-3mm2/sec and 0.597±0.093, respectively. The AD λ||  was found to be consistent with the ON fiber direction which is close to the anterior-posterior 
direction in the RGB representation map. Fig. 2 displays the T2w image, diffusion weighted (b500) image, MD and FA maps, and RGB representation from a typical 
subject with disease. The pathological structure that can be seen in the corresponding T2w images is well presented in the MD and FA maps. The mean FA and MD 
values are 0.702x10-3 and 0.40824 x10-3 mm2/sec, respectively. The DT parameters of both groups are summarized in Table 1. Mean FA obtained from patients’ nerves 
was significantly lower at 0.433±0.035 compared with the value from controls with p value <0.001. The quantitative statistical comparison of other anisotropic values 
such as AD and RD and ratio (λ||/λ⊥) from both groups are also reported in Table 1. Each of anisotropic parameters obtained from patients’ nerves had significantly 
different values compared to the average value from control nerves based on a p-value of 0.05.    
DISCUSSION: The mean FA values shown in table 1 are close to values reported previously using other DTI acquisition methods 2,3,5.  Although our measured values 
of λ|| and λ⊥ in normal ONs were somewhat lower than the values (2.0x10-3mm2/s and 0.84x10-3mm2/s) reported in other studies 3, the ratio is almost similar to the value 
(2.3 or 2.04) previously reported 3,5. Although a short ETL was used, some distortions caused by Bo field inhomogeneity due to susceptibility variations between soft 
tissues and air (sinus) are evident. The eigenvector maps in Fig 2 demonstrate more clear fiber coherence in the area around the ON (white arrow) and ocular muscle 
(red arrow).  Quantitative analysis of diffusivity and anisotropy in the human ON and ocular muscle appears to be feasible and has potential to enable more sensitive 
and specific detection and monitoring of structural changes caused by pathology including neurofibromatosis, multiple sclerosis and optic neuritis. 
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DTI parameters Control      Patient  P-value 
MD (x10-3 mm2/s) 
        FA 
λ|| (AD)  (x10-3 mm2/s) 
λ⊥ (RD) (x10-3 mm2/s) 
Ratio (λ|| /λ⊥) 

0.539±0.085 
0.597±0.093 
0.864±0.058 
0.361±0.034 
2.72±0.25 

 0.624±0.106 
0.433±0.035 
0.937±0.067 
0.445±0.057 
2.13±0.24 

0.001 
<0.001 
0.03 
0.001 
0.001 

Fig 1.Typical T2-weighted images, MD and FA map and RGB representation of 
the optic nerve from a normal subject 
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Table 1 DTI parameters group data 
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