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Abstract

Aim: Neurodegenerative diseases are important health problems that affect many people. In this study, it was aimed to examine the 
brain regions of Huntington's patients by performing brain parcellation. 
Material and Method: 8 controls and 8 Huntington's patients participated in the study. We measured four Diffusion Tensor Imaging 
metrics which were axial diffusivity, mean diffusivity, radial diffusivity and fractional anisotropy performing brain parcellation over 
Diffusion Tensor Imaging for control and patient groups. We used a full automated data-driven approach to study the whole brain, 
divided in regions of interest using mricloud. 
Results: When the huntington disease group compared to control group, We found that mean diffusivity and axial diffusivity increased 
frontal, parietal, temporal, occipital, corpus callosum, white matter, limbic and subcortical structures, and radial diffusivity increased 
corpus callosum, capsula interna (p<0.05). The fractional anisotropy value was higher in nucleus caudatus, putamen and a significant 
difference was observed (p<0.05). 
Conclusion: The increase of axial diffusivity and mean diffusivity values axonal degeneration and demyelination of frontal, parietal, 
temporal, occipital, corpus callosum, white matter, limbic, subcortical structures; increased radial diffusivity values dysmyelination 
of the corpus callosum and capsula interna; fractional anisotropy increased values in nucleus caudatus and putamen may indicate 
a degenerative process, axon loss and inflammation.
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INTRODUCTION
Huntington's Disease (HD) is an inherited neurodegenerative 
illness lead to unusual enlargement of CAG (Cytosine-
Adenine-Guanine) repetitions in the IT15 gene above 
chromosome (1). More than 36 CAG repetitions, 
particularly in the striatum, can cause brain atrophy and 
neuronal death. The main clinical characteristics of HD 
contain psychiatric disorders, cognitive disturbance 
and motor dysfunction (2). The basic pathology of HD 
is reduction of projection neurons, which can cause 
microstructural alterations or white matter abnormality in 
the striatum (3). Most of neuroimaging study in HD has 
focused on identifying biomarkers of disease course and 
brain imaging has helped explain the pathology in HD. 
Diffusion Tensor Imaging (DTI) is a process that shows 

the direction of limitation of diffusion in tissue, which can 
also be expressed quantitatively. By measuring diffusion 
parameters such as axial diffusivity (AD), mean diffusivity 
(MD), radial diffusivity (RD) and fractional anisotropy (FA) 
via DTI, the direction and entirety of white matter tracts and 
also gray matter microstructure can be revealed (4,5). DTI 
works on HD indicated that psychiatric, cognitive signs of 
HD cases were related to impaired striatal structures like 
cortico-striatal circuits. Müller et al. stated that remarkable 
increase in FA value in subcortical nuclei in the patient 
group in terms of control group (6). Studies noticed that an 
increment FA worths in the putamen and nucleus caudate 
(7). Andica et al. stated that an increment in MD values 
and a decline in FA values in the nucleus caudatus in 
both HD patients and Pre-symptomatic (PreHD) patients 
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in comparison to controls. They also found a significant 
increment in AD and RD in corpus callosum in HD patients 
by comparison to controls. They also found a decline in FA 
worths in corpus callosum in preHD and HD by comparison 
to controls (8). Muhlau et al. realized that MD increment 
and FA decline in corpus callosum in the patient group in 
terms of control group (9). Zhang et al. found an increase 
RD, MD and AD values increased in capsula interna and 
capsula externa in the PreHD group than the control (10). 
Saba et al. realised that a remerkable decline in FA in the 
HD group in the corona radiata, corpus callosum, capsula 
externa, fasciculus longitudinalis superior and inferior, 
fasciculus frontooccipitalis compared to the control and 
preHD groups. They stated that the decrease in FA is an 
indicator of a degenerative process and axonal loss (11).

The aim of the study was to analyze each region of the 
brain in Huntington's patients using the brain parcellation 
method and to examine the effect of DTI parameters in 
these regions.

MATERIAL AND METHOD
This study aplied with the ratification of Erciyes University 
School of Medicine Clinical Research Ethics Committee 
dated 25.09.2019, decision number 2019/643. A control 
group of 8 people and 8 Huntington's patients participated 
in the study. The control group contained in the study 
consisted of men and women who did not have any 
neurological disease, had normal brain imaging, and were 
older than 18 years of age. The patient group joined in the 
study consisted of men and women who were diagnosed 
with Huntington's disease confirmed by genetic testing 
(with 40 or more CAG repeats) and who did not have any 
neurological disease other than Huntington's disease 
clinically and were aged 32-60 years (Table 1). DTI were 
obtained by obtaining the consents of the control and 
patient groups included in the study.

Table 1. Demographic data of patient group

Patient 
number Gender Age CAG repeat Disease 

duration

1 F 32 68 11 years

2 F 61 40 7 years

3 F 44 43 5 years

4 F 39 51 4 years

5 M 53 43 9 years

6 M 52 49 9 years

7 M 51 42 4 years

8 M 60 42 6 years

CAG: sitozin-adenin-guanin

In the study, FA, MD, RD, AD parameters were calculated 
by making brain parcellation on DTI for the control and 
patient groups.

Sample

The specimen of this work was defined by power analysis. 

Based on the calculation using the G*power 3.1 program. 
The sample dimension was stated as 16 (8 for each 
group) with an effect size of 1.4 a margin of error of 0.05, 
a confidence level of 0.80 and a population representation 
of 0.95 (12). 

Diffusion Tensor Imaging Protocol

The DTI protocol used in the study consists of the following 
sequences:

1. High resolution T1-weighted MPRAGE sequence to 
show the anatomical structure: sagittial, Echo Time 
(TE)=2.67ms, Repetition time (TR)=1900ms, Matrix: 
256x256, FOV=250mm, Slice Thicknes=1mm.

2. DTI: axial, TR=3500ms, TE=83ms, number of 
sections=20, FOV=230mm, matrix: 128x128, section 
thickness=5mm, averages=3, b=0.1000 s/mm2, 20 
diffusion directions.

In this study, we used MriStudio (http://www.MriStudio.
org), an image processing system. The MR images were 
automatically segmented and postprocessed through 
MRICloud [www.MRICloud.org] (13-15). Mricloud is a 
public web-based service for multi-contrast imaging 
segmentation and quantifcation. The DTI segmentation 
involved image mapping based upon a set of linear 
algorithms and Large Deformation Difeomorphic Mapping 
anisotropy, and eigen vector such as fiber orientation, and 
a final step of multi-atlas labeling fusion (16-18). The trace 
is expressed as the sum of the eigenvalues (λ1+λ2+λ3) and 
the mean diffusivity is their mean (=trace/3). Eigenvalue1 
(λ1) gives axial diffusitivy. RD take the average of λ2+λ3. 
The index of the amount of diffusion asymmetry in the 
voxel ranging from 0 to 1 is defined as FA (19,20) (Figures 
1 and 2) Maps were evaluated. 

Figure 1. FA and MD maps in HD and control groups. FA: fractional 
anisotropy, MD: mean difusivity, HD: Huntington's disease
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Figure 2. AD, and RD maps in HD and control groups. AD: axial difusivity, 
RD: radial difusivity. HD: Huntington's disease

The following regions of interest (ROI) were automatically 
segmented and considered in further analysis: cerebral 
lobes (frontal, parietal, temporal, occipital and limbic), 
putamen, caudate nucleus, globus pallidus, thalamus, 
corpus callosum. In addition, the diffusion parameters 
(AD, MD, FA and RD) of each structure in the brain were 
calculated by making brain parcellation with mricloud 
(https://braingps.mricloud.org/). 

Subdivision mapping for DTI

1. DTIstudio was opened. DTI mapping from the file 
and whichever machine the image was taken from 
(Siemens, Philips etc.) was selected and automatic 
image registration and linear transformation were 
performed. After the process was completed, it was 
recorded in hdr format as FA, RD, ColorMap, MeanB0, 
Trace, Eigen Values and EigenVector.

2. ROIeditor was opened. Then, statistical results of 
images such as FA, MD were obtained. MeanBO, FA 
and Trace images were recorded in hdr format as 
masked (21).

Statistical analysis

The analysis of the datum contain in the work was made 
with the Statistics Program in Social Sciences (SPSS) 25 
program. Shapiro Wilks Test was used to control whether 
the datum contain in the study fit the normal dispersion. 
The signification grade (p) for the comparison tests was 
determined as 0.05. Since the mutables did not posses a 
normal dispersion (p>0.05), the analysis was proceed with 
the non-parametric test method.

RESULTS
The number of females and males of the patient (8) and 
control (8) groups included in the study was equal. Average 

age; While it was 44 for women in the patient group, it was 
found to be 54 for men. The mean age of women in the 
control group was 56.5 and men 44.75.

AD, MD, RD and FA parameters of the brain regions were 
calculated individually by DT imaging in the control and 
patient groups (Tables 2-6). 

For AD; SFG (p=0.001), MFG (p=0.001), IFG (p=0.001), PrCG 
(p=0.002), LFOG (p=0.001), MFOG (p=0.007), RG (p=0.001), 
SPG (p=0.002), PoCG (p=0.003), AG (p=0.005), PrCu 
(p=0.002), SMG (p=0.001), Cu (p=0.001), LG (p=0.001), 
SOG (p=0.001), IOG (p=0.001), MOG (p=0.001), FuG 
(p=0.001), ENT (p=0.006), STG (p=0.002), ITG (p=0.001), 
MTG (p=0.001). A statistical important dissimilarity was 
found through the groups (control and patient) (Table 2). 
For MD; SFG (p=0.001), MFG (p=0.001), IFG (p=0.001), PrCG 
(p=0.001), LFOG (p=0.001), MFOG (p=0.014), RG (p=0.001), 
SPG (p=0.001), PoCG (p=0.002), AG (p=0.002), PrCu 
(p=0.002), SMG (p=0.001), Cu (p=0.001), LG (p=0.001), SOG 
(p=0.001), IOG (p=0.001), MOG (p=0.001), FuG (p=0.001), 
ENT (p=0.006), STG (p=0.002), ITG (p=0.001), MTG 
(p=0.001) =0.001), a statistical important dissimilarity was 
found through the groups (control and patient) (Table 2). 
For RD; SFG (p=0.012), MFG (p=0.012), IFG (p=0.012), PrCG 
(p=0.016), LFOG (p=0.012), RG (p=0.016), SPG (p=0.012), 
PoCG (p=0.016), AG (p=0.021), PrCu (p=0.027), SMG 
(p=0.012), Cu (p=0.012), LG (p=0.012), SOG (p=0.012), IOG 
(p=0.012). MOG (p=0.012), FuG (p=0.012), STG (p=0.021), 
ITG (p=0.016), MTG (p=0.012) a statistical important 
through the groups (patient and control) in measures 
dissimilarity was found (Table 2). There was no statistical 
important dissimilarity through the groups (patient and 
control) in FA measures (p>0.05) (Table 2).

For AD; A statistical meaningful dissimilarity was found 
through the groups (patient and control) in GCC (p=0.001), 
SCC (p=0.001) measures (Table 3). For MD; A statistically 
meaningful dissimilarity was found between the groups 
(patient and control) in GCC (p=0.001), BCC (p=0.009), SCC 
(p=0.001) measurements (Table 3). For RD; A statistical 
meaningful dissimilarity was found through the groups 
(patient and control) in GCC (p=0.009) and SCC (p=0.009) 
measures (Table 3). There was no statistical important 
dissimilarity through the groups (patient and control) in FA 
measures (p>0.05) (Table 3).

For AD; CingG (p=0.001), Ins (p=0.002), Amyg (p=0.001), 
Hippo (p=0.002), FxST (p=0.003), H (p=0.003), NIM 
(p=0.018). A statistical significant dissimilarity was found 
through groups (patient and control) (Table 4). For MD; 
CingG (p=0.001), PHG (p=0.045), Ins (p=0.002), Amyg 
(p=0.002), Hippo (p=0.002), FxST (p=0.005), H (p=0.002), 
NIM (p=0.016). A statistical significant dissimilarity 
was found through the groups (patient and control) in 
measurements (Table 4). For RD; CingG (p=0.012), PHG 
(p=0.018), Ins (p=0.027), Amyg (p=0.027), Hippo (p=0.021), 
FxST (p=0.027), H (p=0.012). A statistical important 
difference was found through the groups (patient and 
control) (Table 4). No statistical important dissimilarity 
through the groups (patient and control) in FA measures 
(p>0.05) (Table 4).
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For AD; SLF (p=0.001), IFO (p=0.001), UNC (p=0.016), SS 
(p=0.001), ACR (p=0.001), SCR (p=0.001), PCR (p=0.002). 
A statistical significant dissimilarity was found through 
the groups (patient and control) (Table 5). for MD; SLF 
(p=0.001), IFO (p=0.001), UNC (p=0.001), SS (p=0.002), 
ACR (p=0.001), SCR (p=0.001), PCR (p=0.001). A statistical 
important dissimilarity was found through groups 
(patient and control) (Table 5). For RD; SLF (p=0.016), IFO 
(p=0.012), UNC (p=0.024), SS (p=0.021), ACR (p=0.012), 
SCR (p=0.021), PCR (p=0.046) A statistically important 
dissimilarity was found through the groups (patient and 
control) (Table 5). No statistical important dissimilarity 
through the groups (patient and control) in FA measures 
(p>0.05) (Table 5). For AD; ALIC (p=0.001), PLIC (p=0.001), 
RLIC (p=0.001), Caud (p=0.001), Put (p=0.001), GP 
(p=0.001), NA (p=0.006), Thal (p=0.002), EC (p=0.001) 
measures were statistical significant dissimilarity 
through groups (patient and control) (Table 6). For MD; 
ALIC (p=0.001), PLIC (p=0.001), RLIC (p=0.001), Caud 
(p=0.001), Put (p=0.001), GP (p=0.001), NA (p=0.005), Thal 
(p=0.001), EC (p=0.001), AL (p=0.046) measures were 
statistical important dissimilarity through groups (patient 
and control) (Table 6). For RD; ALIC (p=0.003), PLIC 
(p=0.012), RLIC (p=0.027), Caud (p=0.012), Put (p=0.012), 
GP (p=0.021), NA (p=0.046), Thal (p=0.016), EC (p=0.027) 
measurements were statistical significant dissimilarity 
through the groups (patient and control) (Table 6). For FA; 
A statistical significant dissimilarity was found through 
the groups (patient and control) in Caud (p=0.005) and Put 
(p=0.009) measurements (Table 6).

DISCUSSION
White matter degeneration is important in the progression 
of HD. DTI is widely used to reveal white matter 
microstructural alterations related with HD pathology (22). 
Ciarmiello et al. explained that the degeneration of the 
brain in HD affects both subcortical and cortical regions 
(23). The reducing in white matter volume might affect the 
reduction in the number of axons in the impressed area 
and the reduction in the quantity of myelin surrounding the 
axons. They stated that there may be a decrease in white 
matter volume before gray matter atrophy and this is related 
to neuronal dysfunction. Zhang et al. showed that reduced 
axonal density is one of the main factors underlying pre-
HD white matter pathology (10). Matsui et al. observed an 
increase in RD and FA worths in the prefrontal white matter 
tracts in HD (24). Klöppel et al. realized that a decrease in 
connectivity among the frontal cortex and truncus corporis 
callosi in PreHD compared to control (25). In our study, AD, 
MD, RD and FA worths were found to be increased in the 
capsula interna and capsula externa in the patient than 
the control group. Most studies showed that an increased 
FA and RD in capsula externa and capsula interna for HD, 
PreHD than healthy controls (11,22,2). In this study, AD, 
MD, RD and FA worths were determined to be increament 
in the patient group in the fasciculus longitudinalis superior 
and fasciculus longitudinalis inferior by comparison to the 
control group. Most studies noticed that a declined FA 

and an increament MD, AD, RD in fasciculus longitudinalis 
superior and fasciculus longitudinalis inferior for HD, 
PreHD than healthy controls (10,11,22,26,27). Saba et al. 
stated that decrease in FA is an indicator of a degenerative 
process and axonal loss (11).

Harrington et al. found that some cognitive areas such 
as motor planning, verbal learning, memory, sensory-
perceptual processing were affected (28). In our study, AD, 
MD, RD and FA worths were found to be increased in the 
sagittal stratum and cingulum in the patient group than 
control group. Most studies indicated that declined FA and 
increment MD in cingulum for HD, PreHD by comparison 
to healthy controls (22,26). In this study AD, MD, RD and 
FA worths were higher in the cingulum patient group than 
control group. Most studies showed that a declined FA in 
corona radiata for HD, PreHD by comparison to healthy 
controls (10,11,22). In our study, AD, MD, RD worths were 
found to be increased in the corpus callosum parts of 
the patient group than control group. Rosas et al. found a 
decrease in FA in the truncus corporis callosi, genu corporis 
callosi and splenium corporis callosi parts in the patient 
group by compared to controls (29). Rosas et al. proposed 
that an increment in RD and AD in fibers of corpus callosum 
(30). Mazerolle et al. stated that damage in the corpus 
callosum may affect the transfer of cognitive, sensory and 
motor knowledge among cortical areas (31). Matsui et al. 
found that increment FA and RD in the prefrontal white 
matter tracts in PreHD (24). Liu et al. explained that this 
showed the corpus callosum also showed demyelination 
as well as axonal degeneration in preHD (31). Most works 
indicated that a decline in FA and increment AD, MD, RD 
and in a corpus callosum regions for HD, PreHD than 
healthy controls (8-11,16,22,25). Subcortical nuclei had 
been extensively studied in those with HD. In our study, 
AD, MD, RD values in subcortical nuclei in the patient 
group increased than the control group. Most studies 
showed that an increased FA, MD in subcortical regions 
for HD, PreHD compared to healthy controls (6,7). In this 
study we found an increase in MD, RD and AD worths 
in the nucleus caudatus in the patient than the control 
group, and there was an increment in the FA worths and 
it was found to be significant. Rosas et al. indicated that a 
substantial difference in FA in the nuc caudatus in PreHD 
and HD patients (29). Novak et al. suggested that white 
matter microstructural alterations in individuals with HD 
were related with alterations in the volume of the nucleus 
caudatus (26). Most studies showed that an increased 
FA and decreased MD in nucleus caudatus for HD, PreHD 
than healthy controls (26,32). One study showed that a 
decline FA and increment MD in nucleus caudatus for 
HD, PreHD compared to healthy controls (3). In our study, 
we found an increment in AD, MD, RD, FA and worths in 
the corpus striatum in the patient group than the control 
group. Scientists showed that a decline in the FA worth in 
the corpus striatum and an increment in the MD value in 
the HD group than the healthy control group were found 
(9). Despite this, another study indicated that an increase 
in FA value in the corpus striatum in the HD group than 
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healthy control group (7). Multiple studies showed that an 
increased FA in globus pallidus for HD, PreHD than healthy 
controls (8,28,32). In our study, AD, MD, RD, FA worths were 
determined increment in the putamen and thalamus in the 
patient group than control group. Most studies showed 
an increased FA, MD in putamen, thalamus for HD, PreHD 
in comparison with healthy controls (7,8,29,32). Odish 
et al. noticed that the proportion of longitudinal spread 
alteration in gyrus occipitalis medius, gyrus occipitalis 
superior, and gyrus occipitalis inferior was substantially 
higher in the patient group compared to both preHD and 
controls. They interpreted this as an increasing proportion 
of microstructural degeneration (33).

In summary, when controls and HD were compared, MD 
and AD in frontal, parietal, temporal, occipital, corpus 
callosum, white matter, limbic and subcortical structures, 
RD in corpus callosum and capsular interna appear to 
be increased. The FA worths was higher in the nucleus 
caudatus and putamen and a significant difference was 
observed. It suggested dysmyelination in these regions. 
FA worths in the nucleus caudatus and putamen were 
significant and could be an indicator of a degenerative 
process, axon loss and inflammation in these regions. 

Limitations

The current study had some limitations, (1) the number 
of HD groups and control groups was small. The reason 
for this was that HD was a rare genetically inherited 
neurodegenerative disease and they did not want to have 
an MRI.

CONCLUSION
We could not find a study in which all regions of the brain 
were examined in the literature review in studies using the 
DTI technique in Huntington's disease. Neurodegeneration 
is connected to the continuous and progressive loss of 
neurons that occurs in the structure of neurons. Early 
detection of neurodegeneration is very substantial 
for the improving of neuroprotective treatments for 
neurodegenerative illnesses in the future. Studies showed 
that myelin is an important neuropathological feature of 
neurodegenerative diseases. In conclusion, using the 
DTI technique, changes in diffusion parameters can be 
used as an alternative method to determine biomarkers 
of disease progression and the microstructural varies 
in HD. In addition, we believe that conducting studies 
on more patients to clarify the relationship among DTI 
measurements and clinical features will yield effective 
results on the course of the disease. 
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