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Introduction:

Gyrification of the human cerebral cortex is a necessity for its extraordinary surface expansion that allows many more neurons as compared to
other mammals. For neuroimaging, however, it complicates analysis. For example, it has long been established that cortical layers do not occupy
the same depth in gyri and sulci [1]. Recently, in vivo [2] and ex vivo [5] diffusion imaging (DWI) has provided insights into the fibre architecture
of the cortex, usually showing radial diffusion tensor (DT) orientations. This warrants investigation of the relation between cortical diffusion tensors
and the gyral pattern.

Methods:

DWI and MP2RAGE were acquired from 5 subjects on a 7T system with a 32ch coil (Siemens, Erlangen, Germany). For DWI, a sagittal slab was
acquired with 1 mm?3 voxels centered on the midline (RESOLVE [6]; 61 directions; b=1000 s-mmz; TR/TE=5800/56ms; 4 segments;
FOV=212%x212mm; matrix=212x212; 32-42 slices of 1mm; TAx40-45 min). For MP2RAGE parameters were TR/TE=5000/2ms; TI1/T12=0.9/3.2s;
FOV=225%240mm; matrix=300x320; 224 slices of 0.75mm; TA=13 min. White/pial surfaces were reconstructed with FreeSurfer. Realignment and
distortion correction [7] of DWI were performed with the Donders Diffusion toolbox. DWIs were resampled to 13 surfaces between the pial surface
and a surface one cortical thickness T into white matter (WM). In white matter, equidistant surfaces were used (spacing: 1/6*T). In grey matter
(GM), equivolume sampling was used [8]. In our approach, sampling depth r as measured from the white surface was calculated by
r(£)=3v(((R+T)3-R3)f+R3)-T, where f=[0.17,0.33,0.5,0.66,0.83]; and 1/R and T are taken from the FreeSurfer curvatures and thickness. DT, mean
diffusivity (MD), fractional anisotropy (FA) were calculated using Camino. Radiality was computed as the dot product between the cortex normal
and the 1St eigenvector of the DT [4]. Vertices were stratified in ten bins spanning the 10th,20th,...,100th percentiles of curvature concatenated over
all subjects.

Results:

MD (Figure 1a) is high at the pial surface and declines towards WM. In WM, FA (Figure 1b) increases from the crown to the fundus. The top GM
surfaces have a low FA compared to the deep GM surfaces. In GM, diffusion tensors are predominantly radial (radiality > 0.5). Radiality is maximal
for the 2"d curvature bin of surface gm-2. The deep surfaces in the fundus are an exception, showing tangential diffusion tensors. In the WM under
the fundus, DTs are also oriented tangential to the cortical sheet. In WM, there is a gradual increase in radiality from the bank to the crown.
Radiality under the crown is lower than radiality in the crown. T1 (Figureld) declines from pial surface to the WM. With the exception of the two
deepest WM surfaces that show a peak under the bank, T1 does not vary with curvature consistently. However, it does show spatial variation
(Figure 2).

Conclusions:

Diffusion tensor metrics vary with curvature as well as over cortical layers. T1 shows laminar dependence, but is stable over the curvature
pattern. The patterns of diffusion tensors are in accordance with ex vivo diffusion MR microscopy and histological studies (Figure 3). For example,
laminar differences in FA resemble previous ex vivo MR findings [3]. Tangential diffusion tensors with high FA under the fundus indicate densely
packed u-fibres. Tangential fibres in deep cortical layers of the fundus are also seen in histology (* in Figure 3b) and suggest a very different fibre

insertion pattern as compared to the crown. Partial volume effects are a potential confound, as might be seen in the laminar profile of MD. Our
results indicate that the gyral pattern needs to be taken into account in high-resolution DWI.

Neuroanatomy:
Cortical Anatomy and Segregation


javascript:viewAttendeeResponses(27895,5661);
javascript:emailContact(27895);

a) mean diffusivity (MD) b) fractional anisotropy (FA)
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Figure 1. Mean diffusivity (a), fractional anisotropy (b), radiality (c) and T1 (d) values of the gyri of the medial wall of the
hemispheres. The graphs show the values over the ten cortical curvature bins for each surface (traces red to blue for pial
surface to the depth of the white matter). Error bars indicate standard deviation over subjects. The model gyrus
represents the laminar and curvature dependence in colour-coded patches. The crown is on top, and the fundus on the
bottom, The solid line in the middle represents the grey-white matter boundary; the grey dashed lines indicate the
remaining surfaces. Note that the cortical surfaces are not equidistant. Numbers around the model show curvature
values for the curvature bins (bin 1 and 10 go to -e= and =, respectively) The lower rows in each panel show results
(traces and patches) for the five individual subjects (scaling is identical to the average).

a) MD shows a laminar pattern with high MD at the pial surface and low MD near the GMWM boundary / in the WM.
Variation with cortical curvature is less pronounced, but MD is higher in the crown than in the fundus for any (cortical)
surface. b) In WM, FA increases from crown to fundus. The deepest WM layers have a dip in the profile (resembling the
maximum for T1 in d), perhaps caused by sampling into the opposing bank). In GM, FA increases from the superficial
layers to deep layers. FA in intermediate GM layers is relatively high on the crown as compared to the fundus. ¢) The
radiality in WM is high under the crown, declining steeply over the bank, turning tangential under the fundus. This
tangential orientation persists in the lower layers of the cortex in the fundus, while the remainder of the cortex is
characterized by predominant radial diffusion tensors (the maximum radiality is in the 2nd curvature bin of layer gm-2).
The T1 has a laminar pattern decreasing from pial surface to the gm-wm. No pronounced curvature dependence is seen,

AN



https://ww4.aievolution.com/hbm1401/files/content/abstracts/abs_1307/ModelGyrus-Bok_newdata_v7_all2-01-01.png

Radiality T1

wm-6 —gyrus
mmsuUlcus 2e-10mw m2e-9 O m0.4 Omw m1 1000 o w2500

Figure 2. Spatial maps of the medial wall of the left hemisphere for subjectl for surfaces [pial, gm-3,
gm-wm,wm-3, wm-6] in the dlfferent rows. Columns from left to right: the gyral sulcal pattern (Curv), the
mean diffusivity (MD in 106 mm2s-1 ), the fractional anisotropy (FA), the radiality, and the T1 map (in ms).

For MD, spatail variation is limited. FA, however, shows pronounced spatial variability in the WM under the
cortical sheet (low FA under gyri, high FA under sulci). Radiality appears random at the pial surface. In the
middle cortical surface (2nd row) the tensors are mostly radial (red)except for sulci, where the pattern is more
random (green). For the gm-wm boundary and the WM surfaces, the spatial radiality pattern follows the
gyral/sulcal pattern with tangential tensors in the fundi and radial tensors on the crowns. The spatial
distribution of T1 values bears resemblance to FA, with hotspots for the posterior cingulate gyrus and the
primary motor/somatosensory cortex.
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Figure 3. MR and light microscopy of fibres in the gyrus. a) fibre orientation distribution functions derived from
ex vivo MR diffusion microscopy of the primary visual cortex. U-fibres in the concavity of the cortical fold are
in the in-plane direction over the gyrus (blue ellipse), while u-fibres in the convexity are mostly directed along
the length of the gyrus. The approximate grey-white matter boundary is drawn as a white dashed line. Radial
fibres are found throughout the infragranular layers of the cortex. Adapted from [8]; b) histological fibre
orientation distribution from the primary visual cortex. Asterisk (*) indicates dominant tangential orientation
of the infragranular layers in the fundus of the sulcus. Plus (+) shows the region of maximal radiality of the
fibres (note: away from the gyral crown).
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