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Introduction
Studying brain structure development is important for understanding 
the causes of many pediatric disorders. The very small size of the neo-
nate brain and its underlying structures necessitates the use of very 
high-resolution imaging. The neonate brain also has low levels of 
myelin, as indexed by low diffusion fractional anisotropy (FA) values. 
Diffusion spectrum imaging (DSI) is a technique that measures water 
diffusivity with using numbers of direction-specific magnetic field gradi-
ents (Tuch et al., 2003; Wedeen et al., 2005). DSI can detect multiple 
directions of water diffusivity without fitting it to an ellipsoid model, even 
in areas with low FA values, and thus provides an accurate solution for 
crossing fibers, even in low FA areas.

Methods
- Two newborns, two neonates, and two juvenile cats were perfused.
- The brains were soaked in 4% paraformpaldehyde with 1 mM Gd-DTPA to reduce the T1 
relaxation time and ensure enough remaining T2 signal. 
- During scanning, the brains were immersed in Fomblin to reduce susceptibility artifact. 
- Images acquired with 4.7 and 9.4T Bruker scanners
- SE diffusion-weighted EPI sequence (TR 1000 ms, TE 50 ms, voxel size 300 microns) 
- Measured 515 points in q-space, with a maximum b value of 40,000 cm2/sec. 
- Tracts were reconstructed with Diffusion Toolkit and visualized with TrackVis.
- Histology: Brains were frozen, sectioned at 40um, stained with Thionin (for cell bodies) 
and counterstained with Luxol Fast Blue (for myelinated fibers) and Nissl stains (for cell 
bodies).

Fig. 8. Cortical organization during development. 
The newborn kitten showed strong radial organization of the cortical plate (CP) and 
subplate (SP) that was not related to long tracts from the ventricular margin (radial glial 
fibers), which are more likely due to the highly radial cellular organization. Dense fibers 
running tangential beneath the SP entered the SP, crossing with the radial organiza-
tion, which resulted in low FA in the area. During development, fibers in the deep white 
matter became more branched as they extended into the gyri. These changes were 
found to occur in the cat brain during the first month after birth.

 
Fig. 1. Orientation distribution function (ODF) re-
construction from q samples imaged with a DSI se-
quence.

 
Fig. 2. DSI defines multiple direc-
tions of water diffusivity along 
crossing fibers.

Fig. 3. Fractional anisotropy (FA) maps of 3 time 
points acquired at 4.7T.
FA values were lower in the white matter of newborn 
(day 0) brains than in that of neonate (day 35) and ju-
venile (day 100) cat brains. In the cortex, FA was high 
in the day 0 brain and decreased throughout the 
course of development.

Fig.4. FA map and ODF measures 
from a day 0 newborn kitten acquired at 
9.4T.
ODF captured multiple directions below 
the area with high FA values close to the 
cortical surface.

Results

Fig. 5. Whole-brain DSI tractography of 3 time points.
Colors indicate spatial relationships between fiber endpoints. 
Red: left-right, Blue: anterior-posterior, Green: dorso-ventral orientation.
 

Fig. 6. Gyral patterns
of 3 time points (upper)
and whole-brain 
tractography (lower).
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Fig. 9. Cortical layers in day 0 and day 35 kittens.   

Fig. 7. Thalamo-cortical tracts during development. 
White matter pathways were detected even in low FA areas 
in the newborn kittens. The main body of the tracts was very 
smooth, and branched pathways from the main body exited 
at high angles and were almost straight in newborns. 
In older cats, the pathways exited at lower angles and 
featured undulations that mirrored the overlying gyral 
structure.

Conclusion
- High-resolution DSI successfully images dynamic
 structural changes in white and gray matter fibers
 during development, even in areas with low FA values. 
- On a finer scale, DSI tractography defines the
 developing cortical organization, including areas
 such as the CP and SP, with overcoming the problem
 of crossing fibers.  
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