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Abstract

Purpose: Noninvasive measurement of mechanical properties of brain tissue using Magnetic 

Resonance Elastography (MRE) has been a promising method for investigating neurological 

disorders such as multiple sclerosis, hydrocephalus and Alzheimer’s. However, due to the regional 

and directional dependency of brain stiffness, estimating anisotropic stiffness is important. This 

study investigates both isotropic and anisotropic stiffness together and independently compare 

with age and with each other.

Methods: MRE and Diffusion Tensor Imaging (DTI) were performed on 28 healthy subjects with 

age range 18 through 62 years. Isotropic and anisotropic stiffness was measured and compared 

with age for different regions of interest such as the thalamus, corpus callosum, gray matter, white 

matter, and whole brain.

Results: Isotropic stiffness in gray matter (rs=−0.57; p=0.001) showed a significant decrease 

with age. Anisotropic stiffness in gray matter showed a significant decrease with age in C11 

through C66 and in the thalamus only in C33. Between anisotropic and isotropic stiffness, gray 

matter showed a significant positive correlation in C11 through C66; C22 and C66 showed a 

significant negative correlation in the thalamus and whole brain, and C44 showed a negative 

correlation in the corpus callosum. No significant difference between genders was observed in any 

measurements.

Conclusion: This study demonstrated a change in isotropic and anisotropic stiffness with age in 

different regions of the brain along with a correlation of anisotropic stiffness to isotropic stiffness.
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Introduction

Physiological aging of the brain involves degeneration of neurons and oligodendrocytes [1]. 

Any changes in the cellular matrix can impact its mechanical properties such as stiffness [2]. 

As a result of aging, changes in brain stiffness have been reported in previous studies [3–5]. 

Noninvasive measurement of mechanical properties of the brain tissue has been studied 

lately using Magnetic Resonance Elastography (MRE) and has been a potentially promising 

method for investigating neurological disorders such as multiple sclerosis [6], hydrocephalus 

[7, 8], and Alzheimer’s [9]. However, due to the regional and directional dependency of 

brain stiffness [4, 5, 10], estimating the anisotropic stiffness is important. Some previous 

studies have estimated anisotropic stiffness measurements using both Diffusion Tensor 

Imaging (DTI) and MRE in humans [11, 12] and animal brain [13, 14].

MRE is a noninvasive imaging technique that has been used to measure the viscoelastic 

properties of brain tissue [15–18]. In this technique, mechanical waves are synchronized 

with the motion-encoding gradient to generate wave images. These wave images are 

mathematically converted to generate stiffness maps. DTI on the other hand provides the 

orientation of muscle fibers by exploiting the fact that water molecules diffuse preferably in 

the direction of the fiber bundle. Therefore, MRE displacement fields are resolved along and 

across the fibers to obtain anisotropic stiffness measurements [11, 12].

A phantom study by Qin E et al. [19] using MRE and DTI was able to distinguish between 

phantoms with varying anisotropy levels, which were not evident in the isotropic method 

due to averaging effects. Some in-vitro studies [5, 13, 20] investigated gray and white matter 

in animal brains and found white matter to be stiffer along the fibers parallel to the direction 

of shear, while no orientation dependence was detected in gray matter. This shows that the 

brain has some anisotropic regions and just measuring the isotropic measurements will not 

be sufficient.

As per our knowledge, so far anisotropic stiffness in only white matter and corticospinal 

tracts (CSTs) have been studied in in-vivo human brains [11, 12]; gray matter and white 

matter in ex-vivo lamb brains [13] and white matter in the ex-vivo porcine brain [14]. Other 

studies only looked into isotropic measurements in different brain regions [3, 15, 18]. This is 

the first study that investigated both isotropic and anisotropic together and also 

independently compared the two with age and with each other. The objective of this study is 

to understand isotropic as well as anisotropic stiffness and their correlations to each other for 

different regions in the brain in healthy subjects as a function of age.

Methods

Brain MRE and DTI were performed on 28 healthy subjects (n = 17 males, n = 11 females; 

mean age: 34.3yrs, age range 18-62yrs). Written informed consent was obtained from each 

subject under the approval of the Institutional Review Board.
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Experimental Setup

All imaging was performed in a 3T MRI scanner (Tim Trio, Siemens Healthcare, Erlangen, 

Germany). Subjects were positioned in the supine position with the head first. A pneumatic 

driver system (Resoundant Inc, Rochester, MN) was used to induce 60 Hz vibrations into the 

brain as shown in Figure 1. A soft pillow-like driver was placed inside the head coil 

underneath subject’s head to induce vibrations. The overall scan time was ~26 minutes for 

both MRE and DTI together. MRE and DTI scans were performed subsequently with the 

same resolution.

To assess the reproducibility of stiffness measurements, MRE and DTI were performed 4 

times on a volunteer (two scans on the same day while the other two within a week) where 

each time the volunteer was asked to step out of the scanner and was repositioned for the 

repeat scan while using the same protocol parameters mentioned below.

Image Acquisition

MRE—A GRE MRE sequence [21] was performed to obtain axial slices of the entire brain. 

Imaging parameters included: FOV: 320 mm x 320 mm; flip angle: 16°; matrix size: 

128×128; TR/TE: 25/20.7 ms; GeneRalized Autocalibration Partial Parallel Acquisition 

(GRAPPA): 3; motion encoding gradient (MEG): 60Hz; 3 MEG directions x, y and z both 

positive and negative; MRE phase offsets: 4; number of slices: 45-60; slice thickness: 2.5 

mm; resolution: 2.5×2.5×2.5 mm3.

DTI—Product diffusion-weighted (DW) single shot spin-echo (SE) echo-planar imaging 

(EPI) multi-slice sequence that has inbuilt distortion correction was used to acquire short 

axis slices covering the entire brain. Imaging parameters included: diffusion encoding 

directions = 30; TR = 6400 ms; TE = 87 ms; slice thickness = 2.5 mm; matrix = 128×128; 

FOV = 320×320 mm2; b values = 1000 s/mm2; acquisition voxel = 2.5×2.5×2.5 mm3; 

number of averages = 1.

Image Analysis

For isotropic stiffness measurements, MRE-Lab software (Mayo Clinic, Rochester, MN, 

USA) was used to generate shear stiffness maps of the brain using 3D Local Frequency 

Estimation (LFE) inversion algorithm [22, 23]. In this method, curl processing was 

performed to remove longitudinal waves and then directionally filtered to remove reflected 

waves. Finally, a 3D weighted stiffness map was generated by processing first harmonic 

displacements from all the spatial directions and the weighting was based on the first 

harmonic displacement fields. In order to take care of boundary effects on the stiffness 

measurements, we eroded about 8 pixels from the whole brain stiffness map.

For anisotropic stiffness measurements, diffusion tensors were generated using FMRIB 

Software Library (FSL). Additional processing was performed on the diffusion tensors to 

filter the noise using 3D anisotropic diffusion filter, Perona-Malik as described elsewhere 

[24–26]. Elastic tensor model (i.e. Orthotropic) [11, 12] and elastic coefficients were 

calculated as following. A local coordinate system was defined (n1, n2, n3) where n3 

corresponds to the dominant fiber direction, n1 corresponds to the sheet direction and n2 
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corresponds to the direction normal to the sheet. A spatial-spectral filter was applied to the 

first harmonic of MRE displacements to identify waves traveling in the direction relative to 

fiber orientation using a spectral window (5×5×5) followed by Helmholtz decomposition to 

isolate total field into its longitudinal and transverse components [27]. The principal 

frequency of the spatially-spectrally filtered first harmonic displacement data was computed 

for longitudinal and transverse components [28]. Next, approximate wavenumbers in each 

direction were obtained followed by narrowband spatial spectral filters with a window of +/

−20 rad/m centered on these wavenumbers were defined for the same spectral volume 

(5×5×5). The tensor is solved using the following anisotropic equation of motion as 

described in Romano et al. [11] :

Cii 
∂2u j

k nl

∂xl
2 nl

= ρω2u j
k nl

where, u(nl) and xl (l = 1, 2 or 3) represent the directionally filtered displacements and the 

differential parameters along the local axes (n1, n2, n3) respectively.

A region of interest (ROI) for different regions in the brain such as white matter, gray matter, 

thalamus, corpus callosum and whole brain were created by using the brain atlas available in 

the SPM12 software (The FIL Methods group, UCL, UK) to obtain isotropic and anisotropic 

stiffness measurements. Lateral ventricle was excluded when reporting both the isotropic 

and anisotropic stiffness measurements. Additionally, any overlapping regions between all 

regions of interest were removed manually for each volunteer dataset.

Statistical Analysis

The associations between isotropic stiffness versus age, anisotropic stiffness versus age and 

isotropic versus anisotropic stiffness for each ROI was analyzed by using Spearman 

correlation method. A t-test was performed to determine any significant difference in gender 

when estimating isotropic and anisotropic stiffness measurements. To assess the 

reproducibility of stiffness measurements, coefficient of variation was performed using the 

first scan as the reference. Analyses were conducted by using SAS 14 (SAS Institute Inc; 

Cary, NC) and graphs were generated by using Minitab 17(Minitab Inc; State college, PA). 

P-value < 0.05 was considered to be significant.

Results

Table 3 and Table 4 shows the reproducibility study measurements (i.e. repositioning the 

volunteer after each scan) in a volunteer repeated 4 times for both isotropic and anisotropic 

stiffness, respectively. Coefficient of variation in stiffness measurements for 4 repetitions 

was found to be in between 0.17% to 2.4% demonstrating good reproducibility of isotropic 

and anisotropic measurements.

Isotropic and anisotropic stiffness maps along with the fiber orientation are shown in Figures 

2 and 3 in a volunteer. Figure 2a shows an axial magnitude image, 2b-e shows the snapshot 

of wave images at four phase offsets, 2f shows the corresponding isotropic stiffness map and 
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2g-k shows stiffness map corresponding to each ROI of corpus callosum, thalamus, gray 

matter, white matter and whole brain excluding the lateral ventricles, respectively. Figures 3a 

and 3b show the contours and the corresponding DTI vectors using arrows with color 

weighted by anisotropic stiffness in C33 direction, which is the compressional component 

parallel to the fiber direction in different regions of interest.

Isotropic Stiffness versus Age

Figure 4 shows spearman correlation plots for isotropic stiffness versus age in thalamus (rs = 

−0.32; p = 0.09), corpus callosum (rs = −0.25; p = 0.18), whole brain (rs = −0.26; p = 0.17), 

gray matter (rs = −0.57; p = 0.001) and white matter (rs = −0.16; p = 0.40). Only gray matter 

showed a negative and significant (p < 0.05) correlation between isotropic stiffness and age. 

Thalamus, corpus callosum, white matter and whole brain showed a negative but 

insignificant correlation between isotropic stiffness and age.

Anisotropic Stiffness versus Age

Table 1 shows spearman correlation values for anisotropic stiffness versus age in different 

regions of interest. A moderate significant decrease in gray matter stiffness to age was found 

in all anisotropic coefficients, i.e. C11 (rs = −0.67; p < 0.0001), C22 (rs = −0.63; p = 0.0003), 

C33 (rs = −0.67; p < 0.0001), C44 (rs = −0.68; p < 0.0001), C55 (rs = −0.66; p = 0.0001) and 

C66 (rs = −0.67; p < 0.0001) as shown in Figure 5. A moderate significant decrease in C33 (rs 

= −0.46; p < 0.01) was found in the thalamus. No other ROI demonstrated any significant 

correlation in anisotropic stiffness to age.

Isotropic versus Anisotropic Stiffness

Table 2 shows spearman correlation values for anisotropic versus isotropic stiffness in 

different ROIs of the brain. Figure 6 shows the spearman correlation plots, where gray 

matter demonstrated strong positive significant correlation between isotropic stiffness and all 

the anisotropic stiffness coefficients, C11 (rs = 0.82; p < 0.0001), C22 (rs = 0.71; p < 0.0001), 

C33 (rs = 0.83; p < 0.0001), C44 (rs = 0.82; p < 0.0001), C55 (rs = 0.83, p < 0.0001) and C66 

(rs = 0.83; p < 0.0001). C22 showed a moderate significant negative correlation in thalamus 

(rs = −0.46; p = 0.01) and whole brain (rs = −0.55; p = 0.002). C44 showed a moderate 

significant negative correlation in corpus callosum (rs = −0.37; p = 0.04). C66 showed a 

moderate significant negative correlation in thalamus (rs = −0.53; p = 0.003) and whole brain 

(rs = −0.40; p = 0.03).

Difference in stiffness measurements between genders

No significant difference between genders was found in any measurements in any of the 

regions of interest.

Discussion and Conclusion

Isotropic Stiffness versus Age

This study demonstrated a negative and significant correlation in gray matter isotropic 

stiffness to age. Thalamus, corpus callosum, white matter and whole brain also showed a 
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negative but insignificant correlation in isotropic stiffness to age. This overall decrease in 

isotropic stiffness agrees with other findings as described below. With aging, there is an 

increase in glia cells [29], which leads to a decrease in neurons-glia ratio. Glia cells are 

softer than neurons [30] leading to a decrease in stiffness with age. A study by Arani et al. 

[4] at 60Hz found moderate significant decrease in stiffness with age in cerebrum, frontal, 

occipital, parietal and temporal lobes while weak and insignificant decrease trend was found 

in gray matter, white matter, cerebellum, and sensory-motor. In addition, studies by Sack et 

al. [3, 31] investigated brain stiffness at multi-frequencies 25 to 62.5 Hz and found a similar 

decrease in stiffness with age and also found that it is independent of the excitation 

frequency. Moreover, a recent study by Hiscox et al. [32] found a decrease in viscoelasticity 

in healthy older adults when compared to young in different regions including the amygdala, 

caudate, pallidum, putamen, and thalamus.

The whole brain mean isotropic stiffness measurements before curl processing found in our 

study matched closely to that reported by Sack et al [31]. On the other hand, stiffness values 

for thalamus, white matter and corpus callosum in our study was found to be higher than that 

was found by Guo et al. [33] and this may be because Guo et al. used multi-frequency dual 

elasto-visco (MDEV) inversion technique different from that used in our study (i.e. LFE and 

a single frequency).

Anisotropic Stiffness versus Age

This study also found a significant decrease in all anisotropic stiffness coefficients with age 

in the gray matter. This trend is similar to that observed in isotropic stiffness with age in the 

gray matter. The white matter, however, showed a weak positive and insignificant trend in 

anisotropic stiffness with age. It is known that white matter consists of myelinated nerve 

fibers or axons that are highly oriented while the gray matter consists of nerve cell bodies 

and dendrites. This might indicate that the white matter is relatively anisotropic compared to 

the gray matter. An ex-vivo study [5] performed shear mechanical testing on brain samples 

and found that the gray matter exhibited the least amount of anisotropy while the white 

matter exhibited the greatest. It was described by Peters A [34] in a review article that with 

degeneration due to aging there is a formation of a redundant myelin. We believe that 

anisotropic stiffness showing a positive trend with age in white matter may be associated 

with this increase in myelination of nerve fibers due to the formation of redundant myelin. 

Whereas, n the gray matter due to an increase in glia cells [29], the stiffness is thought to 

decrease [30], which is similar to that observed in previous studies [4].

Furthermore, two studies [11, 12] by Romano et al. have investigated anisotropic stiffness in 

CSTs and their values are in the same range as reported in our study, although the ROI was 

not exactly the same. The variation of stiffness in different regions of the brain across 

normal volunteers was marginal with a coefficient of variation (the variation relative to 

mean) ranging from 0.15% to 17.1%.

Isotropic versus Anisotropic Stiffness

All the anisotropic stiffness coefficients showed a strong significant positive correlation with 

isotropic stiffness in the gray matter. However, a moderate significant negative correlation 
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was observed in C22 in the thalamus and whole brain, C44 in corpus callosum and C66 in the 

thalamus and whole brain.

C44 and C66 are pure shear coefficients, which are parallel (shear plane) and perpendicular to 

the fiber axis, respectively. We believe that since gray matter is relatively isotropic, we 

expect both isotropic and anisotropic measures to correlate. Additionally, from these results, 

it can be observed that each tensor coefficient in anisotropic measurements in the white 

matter has different sensitivity for different regions of interest. A study [12] by Romano et al 

has found two sensitive anisotropic shear moduli components C44 and C66 in CSTs to be 

significantly reduced in amyotrophic lateral sclerosis (ALS) patients when compared to 

healthy controls.

This study also found a negative correlation in C22 and C66 for the whole brain. The whole 

brain consists of white matter (anisotropic) and gray matter (relatively isotropic), where the 

stiffness values are an average of both isotropic and anisotropic measurements. Additionally, 

C22 and C66 are the stiffness coefficients that are perpendicular to the fiber direction and in 

the plane orthogonal to the fiber direction, respectively. Since isotropic measurements 

estimate only shear component and the anisotropic stiffness coefficients, C22 and C66 are 

also shear to the fiber direction, we believe that this might be the reason for a correlation 

between two measurements. Furthermore, the negative correlation might be attributed to the 

average effect of stiffness from different regions in the whole brain and also age being one of 

the confounding factors.

Previous studies [3, 4] have shown dependence of isotropic measurements on sex. However, 

in our study such dependence in isotropic as well as anisotropic measurements was not 

observed.

As per our knowledge, no other study has looked into the relationship between isotropic and 

anisotropic stiffness measurements. So, it is hard to compare against existing literature. 

Anisotropic stiffness provides more information about shear components in different planes 

as compared to isotropic stiffness. However, we need to estimate both isotropic and 

anisotropic together, wherein aged population the stiffness become relatively isotropic [35]. 

Additionally, we believe that understanding both isotropic and anisotropic is very critical as 

different diseases behave differently and help in designing appropriate therapeutic agents.

There are several limitations in this study. First, the Helmholtz wave equation used in our 

study for both isotropic and anisotropic methods assume that the waves are propagating in 

the infinite medium, which is not the case in the brain. However, the initial wavenumber was 

estimated based on the entire 3D data and then the appropriate window was chosen to filter 

the data both for longitudinal and shear components in anisotropic stiffness tensor, which 

would not be potentially biased by the infinite medium assumption. Whereas, for the 

isotropic measurements, a half wavelength is required to appropriately estimate the stiffness 

of the brain without being biased by the infinite medium assumption. For the given 

excitation frequency more than half wavelength existed in the brain to estimate the isotropic 

stiffness using 3D LFE. Second, LFE might introduce partial volume effects in different 

regions of the brain. This might also be the case when using direct inversion (the method 
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used for anisotropic stiffness estimation), as kernel sizes when estimating the derivatives 

might introduce this partial volume effect. Additionally, the spatial-spectral filter applied 

when estimating anisotropic stiffness coefficients is similar to applying a directional filter 

with lognormal filters in LFE. Therefore, comparing LFE-derived isotropic stiffness 

measurements against anisotropic stiffness coefficients obtained in this study is justified. 

Third, we have not considered the volume change in the brain across subjects. One study 

[10] has reported that there is a significant decrease in whole brain volume and an increase 

in ventricular volume with increasing age. Significant brain volume change may affect 

stiffness in some way. Fourth, acceleration in atrophy rates was found [10] with increasing 

age more significantly especially after 70 years of age. However, our study only has subjects 

up to 62 years of age. Since, our study did not include complete age range i.e. >65years, 

these results may not provide a complete understanding of stiffness variation with age. 

Finally, we did not include any patient population in our study. However, in the future, we 

will include specific patient population (such as multiple sclerosis, Alzheimer’s and ALS) to 

understand both isotropic and anisotropic stiffness to compare against age-matched controls.

In conclusion, this study has shown that overall brain isotropic stiffness decreases with age 

and is more significant in gray matter. Similarly, a significant correlation was observed in 

anisotropic stiffness with age in gray matter. Additionally, there is a significant correlation 

between isotropic and anisotropic stiffness measurements particularly in gray matter and in 

some of the coefficients in other regions of the brain. It is our understanding that both 

isotropic and anisotropic stiffness measurements are important in understanding different 

brain diseases.
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Figure 1: 
Schematic of MRE driver setup. A pillow driver is placed posterior to the head, and acoustic 

waves are noninvasively transmitted from the active driver to the pillow, and into the 

subject’s brain. These waves are subsequently imaged and used to calculate the shear 

modulus.
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Figure 2: 
Magnitude image of a axial slice (a) demonstrating snapshot of wave images at four time 

points in (b) through (e), the corresponding isotropic stiffness map in (f) and isotropic 

stiffness map excluding the lateral ventricles in each ROI of corpus callosum in (g), 
thalamus in (h), gray matter in (i), white matter in (j) and whole brain in (k).
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Figure 3: 
Axial slice from one of the volunteers showing ROI for corpus callosum in green, thalamus 

in cyan and whole brain in red in (a). A small part of the brain is highlighted in green 

rectangle showing white matter in red and gray matter in blue (b). Arrows represents DTI 

vectors with color map weighted using anisotropic stiffness in C33 direction, which is the 

compressional coefficient parallel to the fiber direction in different regions of interest.
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Figure 4: 
Plot demonstrating the spearman correlation of MRE-derived isotropic stiffness with age in 

different brain regions; (a) in thalamus with spearman correlation coefficient of −0.32, p = 

0.09; (b) in corpus callosum with spearman correlation coefficient of −0.25, p = 0.18; (c) in 

whole brain with spearman correlation coefficient of −0.26, p = 0.17; (d) in gray matter with 

spearman correlation coefficient of −0.57, p = 0.001; (e) in white matter with spearman 

correlation coefficient of −0.16, p = 0.40.
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Figure 5: 
Plots demonstrating the spearman correlation of anisotropic stiffness coefficients with age in 

gray matter; (a) C11 vs age with a spearman correlation coefficient of −0.67, p < 0.0001; (b) 
C22 vs age with a spearman correlation coefficient of −0.63, p = 0.0003; (c) C33 vs age with 

a spearman correlation coefficient of −0.67, p < 0.0001; (d) C44 vs age with a spearman 

correlation coefficient of −0.68, p < 0.0001; (e) C55 vs age with a spearman correlation 

coefficient of −0.66, p = 0.0001; (f) C66 vs age with a spearman correlation coefficient of 

−0.67, p < 0.0001; and in thalamus (g) C33 vs age with a spearman correlation coefficient of 

−0.46, p = 0.01.
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Figure 6: 
Plots demonstrating the spearman correlation of anisotropic stiffness coefficients versus 

isotropic stiffness. In gray matter isotropic stiffness versus C11 is shown in (a) with a 

spearman correlation coefficient of 0.82, p < 0.0001; C22 in (b) with a spearman correlation 

coefficient of 0.71, p < 0.0001; C33 in (c) with a spearman correlation coefficient of 0.83, p 

< 0.0001; C44 in (d) with a spearman correlation coefficient of 0.82, p < 0.0001; C55 in (e) 
with a spearman correlation coefficient of 0.83, p < 0.0001; C66 in (f) with a spearman 

correlation coefficient of 0.83, p < 0.0001. Similarly, in the thalamus isotropic stiffness 

versus C22 is shown in (g) with spearman a correlation coefficient of −0.46, p = 0.01; C66 in 

(h) with a spearman correlation coefficient of −0.53, p = 0.003.In the corpus callosum 

isotropic stiffness versus C44 is shown in (i) with a spearman correlation coefficient of 

−0.37, p = 0.04. Whole brain isotropic stiffness versus C22 is shown in (j) with a spearman 

correlation coefficient of −0.55, p = 0.002; and C66 in (k) with a spearman correlation 

coefficient of −0.40, p = 0.03.
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Table 1:

Spearman correlation coefficient of anisotropic stiffness coefficients with age in all regions of interest.

Anisotropic vs
Age

Thalamus Corpus Callosum Gray Matter White Matter Whole Brain

rs p rs p rs p rs p rs p

C11 0.06 0.74 0.14 0.45 −0.67 <0.0001 0.25 0.18 −0.14 0.45

C22 0.22 0.24 −0.07 0.71 −0.63 0.0003 0.33 0.08 0.22 0.24

C33 −0.46 0.01 −0.01 0.94 −0.67 <0.0001 0.25 0.19 −0.35 0.06

C44 0.16 0.38 −0.05 0.79 −0.68 <0.0001 0.27 0.16 0.18 0.33

C55 −0.17 0.38 0.02 0.87 −0.66 0.0001 0.27 0.16 −0.05 0.78

C66 0.31 0.10 −0.27 0.15 −0.67 <0.0001 0.25 0.18 0.04 0.82
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Table 2:

Spearman correlation coefficient of anisotropic stiffness coefficients with isotropic stiffness in all regions of 

interest.

Anisotropic vs
Isotropic

Thalamus Corpus Callosum Gray Matter White Matter Whole Brain

rs p Rs p rs p rs p rs p

C11 −0.19 0.32 −0.17 0.38 0.82 <0.0001 0.09 0.64 −0.10 0.59

C22 −0.46 0.01 −0.20 0.28 0.71 <0.0001 −0.22 0.24 −0.55 0.002

C33 0.19 0.33 0.11 0.57 0.83 <0.0001 0.10 0.57 0.35 0.06

C44 −0.25 0.18 −0.37 0.04 0.82 <0.0001 0.11 0.56 −0.24 0.20

C55 −0.07 0.71 −0.02 0.88 0.83 <0.0001 0.10 0.58 −0.13 0.50

C66 −0.53 0.003 −0.21 0.29 0.83 <0.0001 0.10 0.60 −0.40 0.03
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Table 3.

Reproducibility study measurements for Isotropic Stiffness in kPa in one volunteer.

CC TH WM GM WB

Scan1 1.32 1.22 1.52 1.45 1.48

Scan2 1.47 1.38 1.63 1.54 1.60

Scan3 1.36 1.23 1.40 1.46 1.50

Scan4 1.39 1.23 1.35 1.44 1.45
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