TAP CHi Y HOC VIET NAM TAP 519 - THANG 10 - SO PAC BIET - 2022

KET QUA BUO'C PAU ’'NG DUNG CONG HUONG TU SU’C CANG
KHUECH TAN 3 TESLA PANH GIA PAC PIEM BO THE CHAI
TREN BENH NHAN ALZHEIMER NGU'O'1 VIET NAM
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TOM TAT

Muc tiéu: Nghién ctu nhiam mé ta dic diém
b6 thé chai cua bénh nhan Alzheimer (AD) trén
phim cong huéng tir stre cang khuéch tan (DTI) 3
Tesla. Pdi twong va phwong phap: Nghién ctu
cit ngang. Tai tao hinh anh dwong dan truyén bo
thé chai ciia 27 bénh nhan (BN) Alzheimer nguoi
Viét Nam trén cong huéng tir stc cing khuéch
tan (DTI) 3 Tesla. Két qua: Tudi trung binh:
68,11+7,89, cao nhat 1a 84 tudi, thip nhét 1a 56
tudi; Ty 1é nam/nix 1a 11/16; Tudi trung binh ¢
BN AD: Nam 66,45+7,69, N&r 69,25+8,06
(p=0.37). Gia tri trung binh sé lugng soi cua 16i
thé chai/gbi thé chai: 930,14+ 706,64/
1017,55+631,86 soi. Gia tri trung binh chiéu dai
cua 15i thé chai/ gdi thé chai: 54,39+ 14,84/
114,33+14,36mm. Gi4 tri trung binh s6 luong
voxel cua 16i thé chai/ gbi thé chai:
488,44+274,87/ 702,66+272,30 voxel. Gia tri FA
cia 15i thé chai/ gbi thé chai: 0,37+ 0,04/
0,41+0,03. Gia tri ADC cua 15i thé chai/ gbi thé
chai: 0,87+0,14/ 0,91+0,18. Khoéng cd su khac
biét vé cac chi sb: sé luong soi, chiéu dai soi,
voxel, FA, ADC cua gdi thé chai va 15i thé chai
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gitta nhom BN AD nam va nit (p>0,05). Két
luan: DTI c6 thé hiru ich cho viéc téi tao cac dac
diém bo thé chai & BN Alzheimer, mo rong
nghién ciru cac duong dan truyén khéc gitra cac
trung khu cua ndo bo ¢ BN AD va gitp danh gia
mbi twong quan so voi nhom ngudi khoé manh.,
Can c6 thém céac nghién cau két hop danh gia
I&m sang.

Tir khoa: Bo thé chai, cong huong tir suc
cang khuéch tan (DTI).

SUMMARY

THE INITIAL RESULTS OF
APLICATION 3 TESLA DIFFUSION
TENSOR IMAGING (DTI) ASSESSES

THE CHARACTERISTICS OF CORPUS
CALLOSUM ON VIETNAMESE
ALZHEIMER PATIENTS

Objective: To assess the characteristics of
corpus callosum (CC) of patients with
Alzheimer's disease (AD) with 3 Tesla Tesla
diffusion tensor imaging (DTI). Subject and
method: Cross-sectional study. We reconstructed
the white matter (WH) fibers of CC of 27
Vietnamese Alzheimer's patients on 3 Tesla DTI.
Result: The Mean (£ SD) age of AD patient:
68.11+7.89, max age: 84 years old, min age: 56
years old; Male/female: 11/16, the Mean (x SD)
male/female: 66.45+7.69/69.25+8.06 years old,
no statistically significant difference between
male and female (p=0.37). The Mean (x SD)
number of fibers in splen/genu of CC:
930.14+706.64/ 1017.55+631.86 fibers. The
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Mean (x SD) length in splen/genu of CC:
54.39+14.84 / 114.33+14.36 mm. The Mean (+
SD) voxels in splen/genu of CC: 488.44+274.87/
702.66+272.30 voxels. The Mean (+ SD) FA in
splen/genu of CC: 0.37+0.04/ 0.41+0.03. The
Mean (= SD) ADC in splen/genu of CC:
0.87+0.14/ 0.91+0.18. The number of fibers,
length of fibers, voxel, FA, ADC of spleen and
genu of CC had no difference between male and
female AD patients (p >0.05). Conclusion:
Using DTI for corpus callosum recontruction
would has potential benefits in Viethamese AD
patients, expanding the study of white matter
communication in central nervous cystem and
help assess the relationship compared with the
group of healthy people. Futher supporting the
need for futher study in both clinical and research
settings.
Key words: corpuscallosum tract, DTI.

I. DAT VAN DE

Bénh Alzheimer (AD) 1a mot rdi loan
thoai hod than kinh can nguyén chua 13, bénh
sinh anh huong dén nguoi cao tudi va la
nguyén nhan pho bién nhat gy sa sit tri tué
[1]. Nghién ciu hinh anh cong huong tir két
cau (MRI) v& bénh Alzheimer va suy giam
nhan thac nhe (MCI) tap trung vao vung hai
md, vo ndo noi khau (entorhinal cortex) va
Cau tric chat xam trong thiy thai dwong
trong. Rét it nghién ctu da tim thay sy toan
ven cua chit tring ¢ BN AD hoic MCI.
Phuong phép chuyp MRI (DTI) la mot ky
thuat cho phép khao sat tinh toan ven vi mo
cia chit trang. Dya trén su gia ting su
khuéch tan chuyén vi (mean diffusivity: MD)
va giam sy khuéch tan huéng (phan manh
bat dang husng: FA) cho chat tring c6 thé
dugc danh gia. Cong nghé chyp, tao anh
duong dan truyén than kinh bang DTI dua
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trén nguyén ly vé sy khuéch tan bét ding
hudng cé&c phan tir nudce trong céc soi truc [2,
3]. Ky thuat nay gilp cho viéc xac dinh
chinh xac vi tri duong di cua bé chat tring,
tinh chat cua no, tir d6 c6 thé phat hién
nhitng biéu hién bat thuong trén soi truc
trong cac bénh ly lién quan.

Trong c4c nghién ciru dd cong b, cac
nghién cau AD da tap trung vao cac vung:
chat trang tran, chét tring thai dwong, hoi hai
ma, hoéi dai (sau, gitta, truéc), thé chai (géi,
16i), b6 tran — cham. Két qua cac nghién ctu
kiém tra tinh toan ven cua chat tring, da chi
ra su khéc biét gitra bénh nhan AD va nhoém
chang & mot s6 vung dudi vo. Nhiing thay
d6i trong sé litu DTL dugc do & cac ddi
tugng AD, c6 thé duoc quan sat thiy o ca
phia truéc va chat tring ndo sau. Mot sé
nghién ctu da bao céo nhitng thay doi chét
trang & BN AD chu yéu ¢ cac ving phia
truéc (g6i thé chai), cac nghién ctu khac cho
thdy su thay d6i chét trang chu yéu xay ra &
c4c ving phia sau, chang han nhu 16i thé chai
[4-6]. Hinh anh cac duong dan truyén bo thé
chai trong cac ving cia ndo rat c6 y nghia
trong thuc hanh Iam sang va hién chua dugc
nghién cau tai Viét Nam. Vi vay, ching toi
thuc hién dé tai “Mo ta dic diém kich thudc
b6 thé chai trén bénh nhan Alzheimer nguoi
Viét Nam bang cong huéng tir stc cing
khuéch tan 3 Tesla”.

II. DOI TUQNG VA PHU'ONG PHAP NGHIEN CU'U

2.1 Péi twgng

Bao gom 27 BN Alzheimer, khong mac
céc bénh ly vé ndo hoic ton thuong vé than
kinh khéc.

Tiéu chudn chen bénh nhan
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Tat ca cac d6i twong nghién cau duoc
dugc khdm Iam sang, chup MRI véi céc
chudi xung co ban va xung DTI cuing véi lam
cac xét nghiém can thiét dé loai trir cac bénh
ly c6 thé anh hudng tai vi tri, cdu tric bo thai
dwong - chdm va tran - cham nhu: Parkinson,
dét quy, u ndo, ndao ung thuay, bénh
Huntington va bénh Pick, giang mai.

Tiéu chudn logi trir

Tat ca dbi twong khi dugc phét hién mic
mot trong cac bénh Iy gay ton thuong hé than
kinh ngoai bénh ly Alzheimer dugc loai ra
khoi dbi twong nghién cau.

2.2. Phwong phap

Thiét ké nghién ciu: mo ta cat ngang.

Phwong tién nghién cwu: May chup cong
huong tir Achieva 3T (Phillips, Ha Lan) c6
coil so 16 kénh c6 phan mém chup DWI va
DTIL. Tram xtr ly hinh anh véi phan mém
Extended MR Workspace 2.6.3.2.

Ky thuat chup cong hwéng tir DTI:

Thuc hién cac 16p cat ngang tir nén - dinh
so Véi cac chudi xung co ban TIW, T2W,
FLAIR. Thyc hién chudi xung DWI va chudi
xung DTI 32 SENSE vai céac thong sb: TR:
10172ms, TE: 93ms, Gradient tham do
khuéch tan & 32 hudng, b0 va b1000 s/mm?,
ma tran 128x128, FOV: 230x230 mm, chiéu
day 16p cit 2mm, cit lién tiép, kich c& voxel
1,8x1,8x2 mm.

K§ thuat tai tao hinh b6 thé chai trong
nao:

Str dung cac bo dir liéu phim chup DTI dé
¢6 dugc ban dung lai 3D cia bé thé chai
trong nédo. Theo ddi sgi dugc thuc hién véi
phuong phap kéo lién tuc (FACT: fiber
assignment by continuous tracking) [7].

B6 thé chai:Chay vit ngang, ndi hai ban
cAu dai nio.

- 2 ROI ta dat hai bén cua khe lién ban
cau.

- Trén hinh anh cit ding doc cia ban dd
FA 2D, xé4c dinh khe lién ban cau, dt 2 ROI
chay doc tur trudc ra sau theo chiéu doc cua
thé chai, hai ROI chay song song, cach nhau
qua duong gitra.

- Sau khi dung xong hinh dnh 3D cta bo
thé chai, tién hanh xéc dinh s6 chi sé FA,
ADC, luong soi, chiéu dai, sd voxel cac bod
dan truyén:

+ Hé s6 khuéch tan timg phan dugc hién
thi dudi dong “FA” thé hién hé s6 khuéch tan
ting phan ctia bé thé chai di qua cac ROL

+ Hé s6 khuéch tan biéu kién duoc hién
thi dudi dong “ADC” thé hién hé s6 khuéch
tan biéu kién ctua mot soi bo thé chai.

+ S6 luong soi dugc hién thi dudi dong
“Lines” thé hién tong s6 luong soi ctia bo thé
chai di qua cac ROL.

+ Chiéu dia s¢i dugc thé hién dudi dong
“Length” thé hién chiéu dai trung binh cia
mot sgi b thé chai.

+ S6 voxel dwoc hién thi dudi dong
“Voxel” thé hién s6 voxel cta b thé chai,
mdi voxel 1a mot khdi 2x2x2mm.

+ S6 voxel duwoc hién thi dudi dong
“Voxel” thé hién s voxel cta bo thai duong
- cham, mdi voxel 1a mot khdi 2 x 2 x 2 mm.

Phwong phap xir Iy s6 ligu: S6 licu
nghién ciru dugc st ly bang phan mém SPSS
20.0. Su khac biét c¢6 y nghia thong ké dugc
xac dinh khi p < 0.05.
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INl. KET QUA NGHIEN CU'U
3.1. Pic diém tudi va giéi nhom bénh nhan nghién ciu
Bdng 1. Pdc diém tusi, gisi tinh .

. . X Gigi
Nhom Chi so Nam (11) Nir (16) Chung
Nhom bénh Mean + SD 66,45 + 7,69 69,25 + 8,06 68,11 + 7,89
nhan Min 56 57 56
Alzheimer Max 76 84 84
p 0.37

Dbi twong nghién ctiru nhém bénh Alzheimer co d tudi trung binh la 68,11 + 7,89, cao
nhat 12 84 tudi, thap nhat 1a 56 tudi Ty 1& nam/nit 1 11/16, tudi trung binh & BN Nam: 66,45
+ 7,69, Nir: 69,25 + 8,06 khong co su khac biét giira hai gidi c6 ¥ nghia thong ké vé do tudi
(p=0.37).

3.2. Piic diém vé kich thwéc ciia bo thé chai bénh nhan Alzheimer

3.2.1. Pdc diém vé sé lwong sei, chiéu dai sei, voxel, FA, ADC ciia b6 thé chai

Bdng 2. Cac chi sé xdc dinh trén DTI cia 16i thé chai va géi thé chai.

B6 dan truyén Loi thé chai Géi thé chai
S6 lwgng sei (Mean = SD) 930,14 + 706,64 1017,55 + 631,86
Chiéu dai (Mean + SD) 54,39 + 14,84 114,33 + 14,36
Voxels (Mean £ SD) 488,44 + 274,87 702,66 + 272,30
FA (Mean £ SD) 0,37 £ 0,04 0,41 £ 0,03
ADC (Mean £ SD) 0,87 £0,14 0,91+0,18

Trong 27 BN AD, chiéu dai va sé lugng soi ctua gbi thé chai cao hon so véi 16i thé chai.
Céc chi sé Voxels, FA va ADC cua gdi thé chai cao hon so véi 16i thé chai.

3.2.3. Pic diém sb lwong sei, chiéu dai sgi, voxel, FA va ADC cia b6 thé chai khi so
sanh theo gigi

Pnam-nfr

S4 soi Goi thé chai 0,15
Voxel Gdi thé chai 0,11
FA Gbi thé chai 0,42
ADC Géi thé chai 0,44
Chiéu dai Gdi thé chai 0,66
S6 soi Loi thé chai 0,74
Voxel Ldi thé chai 0,71
FA Loi thé chai 0,96
ADC LJi thé chai 0,68
Chiéu dai Ldi thé chai 0,33

Khong c6 su khac biét vé cac chi sb: sb luong soi, chiéu dai soi, voxel, FA, ADC cua gbi
thé chai va 16i thé chai gitta nhém bénh nhan AD nam va nir.
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IV. BAN LUAN

Trong nhom nghién cau caa ching toi,
budc dau tién hanh thu thap di liéu duoc tir
27 BN Alzheimer c6 d6 tudi trung binh 1
68,11 + 7,89, cao nhat 1a 84 tudi, thip nhat 1a
56 tuoi. Ty 1& nam/nit 1a 11/16, tudi trung
binh: Nam 66,45 + 7,69, Nir 69,25 + 8,06, su
khéc biét gitra hai gi¢i vé& do tudi (p=0.37).
Cac nghién ctru trude day cho thdy: AD dién
hinh (typical AD) - khoi phat AD dac trung
la & nguoi 16n tudi [8]. AD xuat hién trudc
60 tuoi la khong hay gap. Ty Ié phat sinh
(incidence) va ty I¢ luu hanh (prevalence)
AD ting theo cap s6 nhan theo tudi, vé co
ban ty Ié luu hanh ting gp d6i c sau 5 nam
& ngudi trén 65 tudi. Ngoai ra, con 1 nhom
nhoé cac BN AD khai phat som (Early-onset
AD) véi dic diém: céc triéu chiing khoi phat
truéc 65 tudi 1a khdng phd bién; nhitng BN
nhu vay thuong di khdm do lo ngai vé hiéu
qua cong viéc. Nhiéu BN trong sé nay khdng
6 yéu té lién quan gia dinh 13 rang va dugc
coi la tan phat (sporadic). Mot sb biéu hién
mang tinh chat theo chudi gia dinh, nhung
thuong la cac thanh vién trong gia dinh bi
anh huong ¢ do tudi gia hon khi bat dau co
triéu chung. Nhitng BN AD kh¢i phat sém
thuong cO céc triéu chimg khong dién hinh,
chang han nhu thay d6i ngon ngi, thi giac
hoac tdm trang-hanh vi (mood-behaviral)
hon 1a mat tri nh¢é. Trong khi d6 d6i voi Céac
dang AD di truyén (inherited forms of AD)
hodc AD lién quan dén hoi chang Down, tudi
khoi phat thuong sém hon: 46 tudi [9] hoic
sém hon tr 10 dén 20 nim so véi dan sé
chung mac AD [10]. P6 tudi BN AD trong
nghién cau cua chiang t6i cling phu hop voi
cac khao sat trude day & Vit Nam vé dich té
hoc Alzheimer.

Thé chai (Corpus callosum) 1a mét bé soi
than kinh day, rong nam bén dudi vo bén cau

dai ndo. Thé chai chi dugc tim thay trong cac
loai dong vat c6 va ¢ nhau thai [11]. Thé
chai kéo dai bat ngang qua ranh doc, két ndi
ban cau dai no trai va phai, cho phép hai
ban cau két ndi v6i nhau.Thé chai gom maot
s6 b6 than kinh tach biét, dwoc phan loai
thanh cac khu cua thé chai thi ¢ chuic ning
két ndi nhitng phan khac nhau cua cac ban
cau. Thé chai déng vai trd quan trong trong
viéc két ndi céc trung khu caa hai ban cau
ndo, trong cac bénh ly gay thoai hda soi truc
té bao than kinh gay anh huong dén bé thé
chai, kém theo rdi loan chuc nang lién quan
[12]. Trong 27 BN AD, chiéu dai va sb
lwong soi cua goi thé chai cao hon so vai 16i
thé chai, cac chi sé Voxels, FA va ADC cua
g6i thé chai cao hon so voi 16i thé chai. Theo
cac cdng bd trudc day cua Lee va cong su.
gia thuyét rang ca quéa trinh thodi héa va
mach mau ndo trong AD déu anh huong
cong thém dén callosum phia trudc (gdi),
trong khi tac dong chinh cua qua trinh thodi
hoa chat tring vé co ban Ia ndi bat &
callosum phia sau (16i). Nhiing két qua nay
cling twong thich voi két qua cua Kavcic et
al. Nguoi ta da dé xuat rang tinh dé bi ton
thuong c6 chon loc cua chit tring ndo sau
gitp phéan biét BN AD véi nhirng nguoi khoe
manh, trong khi tinh toan ven cua chat tring
truéc va gita c6 thé lién quan dén sy suy
giam nhan thuc & ca déi tugng khoe manh va
AD, dugc cho 1a do tac dong mach méau bd
sung. Trong mot phan tich tong hop cua
Sexton va cong su tir 41 nghién ctu trén tong
s6 617 BN AD va 915 ngudi khoe manh, da
chi ra nhitng thay d6i vé FA va MD la dic
trung cho ca gbi va 16i thé chai cia BN AD,
v6i nhitng thay ddi trong 15i thé chai 1 hon
so véi gdi thé chai & tat ca cac nhém nghién
ctru. Nhirng phat hién nay ang ho ly thuyét
cho ring tinh toan ven cua 16i thé chai bi suy
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giam cO lién quan chat ché vai nhitng thay
d6i thoéi hoa thir cip cua cac soi truc, tuong
ung véi mo hinh thoai héa Wallerian [13,
14].

Tuy nhién, c6 nhiéu diém mau thuan giita
cac nghién cu di cong bd; mot loat cac
nghién ctu DTI vé gdi thé chai béo céo
nhiing thay d6i FA/ MD & nhitng BN c¢6 AD
da duoc xac dinh bénh. Trong mot nghién
ctru cong bb nam 2007, Zang va cong su da
chi ra: chi s6 FA giam dang ké ¢ 16i thé chai
& BN AD, nhung khong thay bat thuong nhur
vay ¢ BN suy giam nhan thic nhe (MCI) [6].
Theo Chen va cong su (2009): ca nhém BN
suy giam nhan thac nhe thé méat tri nhg
(aMCI) va AD khai phat sém (early AD) déu
cho thay ting MF & gbi thé chai, dac biét ¢
AD khéoi phat sém c6 biéu hién giam FA va
chat tring thuy tran 2 bén. Nhiing bién doi
nay c6 thé 1a do thoai hoa cua hé dan truyén
Cholinergic  bén  (lateral  cholinergic
projections) hoic bién d6i sém cua b6 doc
trén (superior longitudinal fasciculus) ¢ BN
AD khéi phat som [15] . Mot danh gia hé
thdng (systemic review) cua tac gia Talwar
(2021) tong hop tir 46 bai dang tir hé thong
medline/ Pubmed, trong d6 c6 23 nghién ctru
vé BN Alzheimer, 15 nghién cau vé BN suy
giam nhan thac nhe (MCI) (trong d6 c6 9
nghién cau vé MCI tién trién thanh AD) va 8
nghién ctru vé cac BN thé hdn hop (mixed
phenotype). Két qua cho thay nhiing bién doi
dang teo nho trén DTI quan st thay & thé
chai ¢ ca nhom BN AD va MCI [16], trong
do, cac thay ddi Ion quan sat duoc & nhém
bénh nhan MCI, ghi nhan gimar FA & vom
ndo (fornix) va UF (uncinate fasciculus), bo
két ndi thuy tran va thuy thai duong truéc, b6
tran-thai duong va ting MD & gdi va 16i thé
chai, UF va PHC c6 giam FA c6 y nghia ¢
vanh tia sau (posterior corona radiate)[17]; O
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BN AD: ting MD & hdi hai mai
(hippocampus: HIP) l1a chi diém nhay hon
véi su giam thé tich hdi hai ma trong danh
gid suy giam chac nang nhé tuo (verbal
memory) va tri nhé hanh dong (memory
performance) [18], giam FA ¢ tay sau bao
trong bén trai, vanh tia trudc bén trai, doi thi
bén trai, va nhan xam bén trai cung véi vanh
tia trai trén (left superior corona radiata) va
thuy thai duong trudc (inferior temporal
gyrus) [19]. Do d6, viéc danh gia nhitng thay
do6i trong dic diém soi cua thé chai co thé
htru ich trong viéc phan biét BN AD véi BN
khoe manh. Mot gia thiét khac co thé duoc
dua ra rang FA giam va MD ting cao ¢ goi
va 15i cua thé chai c6 thé tao thanh cac dau
hiéu theo d6i AD htru ich [20]. Khéng cé su
khac biét vé céac chi sé: sd luong soi, chiéu
dai soi, voxel, FA, ADC cua gdi thé chai va
16i thé chai gitra nhdm BN AD nam va ni.

Do vay can c6 thém cac nghién cau trén
¢ mau BN AD nhiéu hon, trén cac bé chat
trang khéc cua ndo bg, két hop déi chiéu véi
lam sang va so sanh va&i nhom chang tuong
ddng vé nhan tric, dé cd thé dua ra cac két
luan chic chin hon.

V. KET LUAN

Két qua nghién ctru budc dau vé dic diém
thé chai & bénh nhan Alzheimer bing DTI
cho thay c6 thé dung, thu thap dir liéu va cho
két qua kha twong ddng véi cac nghién cau
da cong bd trén thé gisi: s6 luong soi, chiéu
dai, voxel, FA, ADC bo thé chai, cac chi sé
nay khong cé khac biét gitra bénh nhan nam
va nit. Hoa hen mo ra phuong phap nghién
ctru cac duong dan truyén gitra cac trung khu
ctia ndo b & bénh nhan AD va gitp danh gia
mdi twong quan véi triéu chuang bénh
Alzheimer va v4i nhom ngudai khoé manh.



TAP CHi Y HOC VIET NAM TAP 519 -

THANG 10 - SO PAC BIET - 2022

TAI LIEU THAM KHAO

1. Ballard, C., et al., Alzheimer's disease.
Lancet, 2011. 377(9770): p. 1019-31.

2. Basser, P.J., J. Mattiello, and D. LeBihan,
Estimation of the effective self-diffusion
tensor from the NMR spin echo. J Magn
Reson B, 1994. 103(3): p. 247-54.

3. Basser, P.J., J. Mattiello, and D. LeBihan,
MR diffusion tensor spectroscopy and
imaging. Biophys J, 1994. 66(1): p. 259-67.

4. Kiuchi, K., et al., Abnormalities of the
uncinate fasciculus and posterior cingulate
fasciculus in mild cognitive impairment and
early Alzheimer's disease: a diffusion tensor
tractography study. Brain Res, 2009. 1287: p.
184-91.

5. Naggara, O., et al., Diffusion tensor imaging
in early Alzheimer's disease. Psychiatry Res,
2006. 146(3): p. 243-9.

6. Zhang, Y., et al., Diffusion tensor imaging of
cingulum fibers in mild cognitive impairment
and Alzheimer disease. Neurology, 2007.
68(1): p. 13-9.

7. Mori, S. and P.C. van Zijl, Fiber tracking:
principles and strategies - a technical review.
NMR Biomed, 2002. 15(7-8): p. 468-80.

8. Braak, H. and E. Braak, Frequency of
stages of Alzheimer-related lesions in
different age categories. Neurobiol Aging,
1997. 18(4): p. 351-7.

9. Ryman, D.C., et al., Symptom onset in
autosomal dominant Alzheimer disease: a

systematic  review and  meta-analysis.
Neurology, 2014. 83(3): p. 253-60.
10. Schupf, N., et al, Earlier onset of

Alzheimer's disease in men with Down
syndrome. Neurology, 1998. 50(4): p. 991-5.

11. Velut, S., C. Destrieux, and M. Kakou,
[Morphologic anatomy of the corpus
callosum]. Neurochirurgie, 1998. 44(1 Suppl):
p. 17-30.

12. Luders, E., P.M. Thompson, and A.W.
Toga, The development of the corpus
callosum in the healthy human brain. J
Neurosci, 2010. 30(33): p. 10985-90.

13. Sexton, C.E., et al., A meta-analysis of
diffusion tensor imaging in mild cognitive
impairment and Alzheimer's disease. Neurobiol
Aging, 2011. 32(12): p. 2322.e5-18.

14. Zhang, Y., et al., White matter damage in
frontotemporal dementia and Alzheimer's
disease measured by diffusion MRI. Brain,
2009. 132(Pt 9): p. 2579-92.

15. Chen, T.F., et al., Executive dysfunction and
periventricular diffusion tensor changes in
amnesic mild cognitive impairment and early
Alzheimer's disease. Hum Brain Mapp, 2009.
30(11): p. 3826-36.

16. Talwar, P., et al., Systematic Review of
Different Neuroimaging Correlates in Mild
Cognitive  Impairment and  Alzheimer's
Disease. Clin Neuroradiol, 2021. 31(4): p.
953-967.

17. Yu, J., C.L.M. Lam, and T.M.C. Lese,
White matter microstructural abnormalities in
amnestic mild cognitive impairment: A meta-
analysis of whole-brain and ROI-based
studies. Neurosci Biobehav Rev, 2017. 83: p.
405-416.

18. Clerx, L., et al., New MRI markers for
Alzheimer's disease: a meta-analysis of
diffusion tensor imaging and a comparison
with medial temporal lobe measurements. J
Alzheimers Dis, 2012. 29(2): p. 405-29.

19. Li, J., et al., A meta-analysis of voxel-based
morphometry studies of white matter volume
alterations in Alzheimer's disease. Neurosci
Biobehav Rev, 2012. 36(2): p. 757-63.

20. Lee, D.Y., et al., Vascular and degenerative
processes differentially affect regional
interhemispheric connections in normal aging,
mild cognitive impairment, and Alzheimer
disease. Stroke, 2010. 41(8): p. 1791-7.

267



