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GIOI THIEU

Cong hwdng tir khuéch tan theo Iwc (DTI) 1a mot ky thuat tién tién khdng xam lan
cho phép danh gia dinh tinh va dinh lwgng veé tinh toan ven cua cac cau tric chat
trang.

Cong hudng tir bd sgi than kinh (DTT) trinh bay hinh anh ba chiéu vé cac b soi
chat trang theo hwéng cua céac soi truc.

Ky thuat DTI va DTT phét trién trong nhitng nam gan day nhw mét ky thuat bo
sung c6 gia tri trong chan doan va phan biét cac bénh ly khac nhau cua tuy song
(chan thuong, u, thoai héa, nhiém trung, hay myelin,...)

DTI c6 thé danh gia tinh toan ven Cl]g sgi truc va hwéng khgéch tan, cho ,phé,p
dejnh gia ca dinh tinh va dinh qupg, bang géch,do cac tham ,sc“) FA (phan suat bat
dang huwdng) va ADC (hé sO khuéch tan biéu kieén) cua tay song.



NGUYEN LY DTI & DTT

< DTI la t6i wu héa clha ky thuadt cdng hwdng tlr khuéch
tan (DWI) thwdng quy (chi xac dinh va dinh lwong muac
dd chuyén déng ctia nwde bén trong cac md sinh hoc)

< DTI cho phép xac dinh, mé ta dac diém va dinh lwong
sw ton tai hwdng chuyén ddong chi dao cua cac phan tir

nw&c bén trong cac moé sinh hoc
> Théng tin chuyén déng cta phan t& nwéc lay tr nhiéu huwéng cla
khong gian (6 dén 128 huéng) — thu dwoc 3 vecto riéng (A1, A2 va
A3) v&i gia tri phdn &nh mrc dd chuyén ddng cla phan tr nwédc
(mm2/s - dién tich dich chuy&n trén mét don vi thdi gian)
m Khuéch tan dadng huwéng (chuyén déng khéng wu tién theo béat ky
hwéng nao)
m  Khuéch tan di hwéng (phan tir nwéc chuyén dong theo mét huéng chii
dao)
> CAu tric c6 tinh di hwéng (chat trang, day than kinh ngoai bién, co)
— cé&c rao can sinh ly tai bao myelin, mang té bao gop phan vao sw
ton tai hwéng chuyén doéng chli dao cia nwéc trong soi than kinh
(cao doc theo truc clia b6 chat trdng va thap & hwéng vudng goc)
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[Vassal F et al, 2013]; [Jelison Bj et al, 20014]
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Isotropic diffusion: A1 ~A2 =A3

Myelin Cellular membrane Fibre
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Fractional Anisotropy (FA)

Tr(D) . Al + /12 + }.3
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NGUYEN LY DTI & DTT

Radial Diffusivity (RD)
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NGUYEN LY DTI & DTT

< FA dinh lwvong mirc d6 khuéch tan di hwéng (cé hwéng) tv 0 dén 1.
> FA =0 — chuyén dong dang huwéng (md khong cé td chire).
> FA =1 — chuyén dong rat dij hwé’ng (hoac c6 huwéng) (chéat trdng, day than kinh, co).

FA value= 1 FA value=0

*»Ban d ma héa mau FA — mau dai dién cho hwéng, do sang dai dién cho
FA py—
.
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[Vassal F et al, 2013]; [Jelson B et al, 20014]



NGUYEN LY DTI & DTT

< Théng thuwdng, trong cac té bao than kinh nguyén ven,
gia tri FA la gan 1 vi mirc d6 bat dang huwdng cao.
> Khi co bt ky tén thwong nao dbi véi mang soi truc, sy khuéch
tan tai mre d6 tré thanh khéng bi gi¢i han va dang hwéng.
> FA do lwdng mire do myelin hoa, voi cac gia tri FA cao hon
cho thay soi than kinh trong tiy sbng con nguyén ven hon.
s Trong ton thuwong soii truc
> FA| — mattinh td chirc clia cAu truc soi truc/myelin
> MD? — tang kich thwé'c khoang ngoai bao (phu, sung huyét),
pha v& cAu truc soi truc (hoai t,...)
*FA c6 do nhay cao nhung d6é dac hiéu thap doéi véi ton »-
thwong soi truc, phat hién ton thwong khi hinh anh MRI S E ARG |
thwong quy binh thwong




NGUYEN LY DTI & DTT

D liéu thu thap dwoc sau do dworc tai tao lai
dé tao thanh hinh anh ba chiéu (tractography)
v@i thuat toan chuyén dung

< Tractography cho thay dinh hwéng kién tric
cla cac mo. Chung thwdong dwoc mo ta la dai :
dién cho soi truc hodc soi than kinh riéng 18, h’ , \

~
3

nhwng vé mét vat ly, ching chi la nhirng duwong
dai dién cho huwéng khuéch tan téi da. ,
< B0 soi ludn ludn thé hién bang mau xanh lam & N |
cot sdng vi cac si chl yéu 1a hwéng dau - chan ‘ /



NGUYEN LY DTI & DTT

“banh gia hinh anh DTI 3
> Puong di bé soi — dwa trén ban d6 ma héa mau FA
> Théng tin dinh lwong — d&t ROI/ ban d6 tham sb

% DTT (tractography) cung cap théng tin truc

quan vé dudng di clia cac bo chét trang 5

> Hién thj hinh anh dai thé cla sy gian doan/dit gay
sQi truc
> Huwdng khuéch tan ciing dwg'c ma héa mau
> Murc d6 bién thién rat cao, phu thudc vao
m  Gia tri FA t6i thiéu, chiéu dai soi tdi thiéu, goc toi
da gitra cac diém anh ba chiéu (c6 thé sira dbi va
khéng dworc tiéu chudn héa)
m Tinh chid quan trong phuong phap dat VOI
% Gia tri DTI thu dwoc tir ban d6 tham so cung
cap thong tin chinh xac vé sinh ly bénh cua soii

truc. DTT c6 gia tri bdé sung cho DTI. E

FA
Mean  SDev
D Size 7 Min / Max

4 6493 288
i 61605 /703
5 5857 783

6/490/718
7 544 4 76.7

87406 /636
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ADC
Mean SDev
Size / Min / Max

12670 1555
7 11057 /1510
13400 2364
471101 /1604

13308 2052
671150 /1767

12513 403
671185 /1305
17089 3589
71117212151
11400 989
8/973 11306




VAI TRO DTI, DTT TRONG BENH LY TUY SONG

4 DTI duoc st dung phd bién trong bénh Iy than kinh (danh gia u néo, bénh ly
chat trang, bénh ly tay, day than kinh ngoai bién), bénh ly co
< Céc tham sb tiéu chuan: FA, ADC, RD, AD va tractography
> Gia tri FA va ADC duoc sir dung phd bién nhat
< DTI c6 thé phan biét gilra cac cau trac c6é tinh di hwéng cao va thap
> Chat xam thiéu tinh t6 chirc — tinh di hwéng thap

> ADC c0 gié tri thadp néu céc soi than kinh cé td chirc, trong khi cac soi bi tbn thwong cé gia tri
ADC cao

> Gidm gia tri FA va tang gia tri ADC tai vi tri ctia tdn thwong, goi y phu ngoai bao cuc bd hodc
giam sb lwong soi véi tang khong gian ngoai bao, hodc ca hai.



VAI TRO DTI, DTT TRONG BENH LY TUY SONG

Bénh xo cing cdt bén teo co (ALS): anh huwédng dén cac té bao than kinh trong néo va cot
song, FA giam la mét dau an sinh hoc day hira hen cho ALS

Xo rai rac (MS): FA gidm, diéu nay cho thdy sw tan ra ciu trac té bao than kinh, ting gié tri
AD lién quan v&ithoai hdéa Wallerian.

Bénh ly tiy cb do chén ép (chan thwong va khdng chan thwong): FA| va MD?1

Chén thwong tiy sdng: xac dinh cac tén thuwong vi thé khdng nhin thay trén MRI thuwéng quy.
DTI gitip phan tich dinh lwgng tinh toan ven cla soi truc, cung cap thong tin can thiét vé sinh
ly bénh, dw doan chirc nang van dong. Gia tri FA gilp dw doan dw hau trong diéu tri chan
thwong cot séng, dw hau tét khi FA> 0,6 trong giai doan cap.

Lap ké hoach trwd'c phau thuat u tay.



CHAN THUONG TUY

< Chan thwong tdy séng gay tdn thwong cac soi than kinh cua tay va ré
> dan dén bénh co
> c0 thé dan dén thoai hoa Wallerian.

< MRI thwong quy — phu, dap, xuat huyét, thiéu mau

> Phu, xuat huyét tiy co6 thé khdng phai lic nao ciing thanh cong trong dw doan tham hut chirc
nang than kinh

> Ngoai ra, gilp danh gia phu tdy xwong, thoat vi dia dém, tu mau,...



CHAN THUONG TUY

% BASIC score |a thang diém th tw dwoc xép loai tir 0 dén 4:
> BASIC 0 (binh thuweng): khéng cé bat thwong tin hiéu tdy
>  BASIC 1 (chi chat xam): téng tin hiéu T2 gi6¢i han & chat xam

> BASIC 2 (mét sb chéat trang): tang tin hiéu T2 trong tdy vwrot ra ngoai ranh g|o’| chét xam,
lan dén chét trdng tay nhwng khéng lién quan dén toan bé mat phang ngang cta tdy séng

> BASIC 3 (tat ca chét trang trong mat phang): tang tin hiéu T2 lién quan dén toan bé mat
phang ngang cua tdy song

> BASIC 4 (c6 xuét huyét): ton thwong dd 3 c6 thém céc 6 gidm tin hiéu T2 pht hop v&i xuét
huyéet

< Diém BASIC 0-2 néu c6 xuét huyét dwoc tang 1&n mét bac
< Diém BASIC twong quan vé&i cac triéu chirng than kinh (ASIA Impairment Scale)

cling nhw tién lwgng cai thién ngan han va kha nang di lai sau mét ndm (BASIC
cao twong &ng lam sang kém va diém ASIA cao)

% M@t han ché ctia thang diém nay Ia s bién thién Ion cla tin hiéu T2 trong hinh
anh thu dwoc & > 24 gi®¢ sau chan thuwong

< Tuy nhién, hé théng BASIC sé& dé dang phat trién hon vi hinh &nh T2W dwoc
chup thworng quy & cac bénh nhan SCI. Talbott JF, 2015



Table 1 The American Spinal Injury Association (ASIA)
impairment scale (modified Frankel classification) ASIA grade
description [10]

A Complete no sensory or motor function persists in the
sacral segments 54-S5

Incomplete sensory and not motor function remains
below the neurological level, including the sacral
segments S4-55

Incomplete motor function is pertained below the
neurological level. More than half of the key muscles

below the neurological level possess a muscle grade BASICO BASIC 1 BASIC 2 BASIC3 BASIC4

less than 3

Initiasl  Discharge Initial Discharge Initial  Discharge Initial Discharge Initial Discharge
Incomplete motor function is restored below the
neurological level, and at least half of the key muscles A A A A A A A A 100%
below the neurological level have muscle grade greater
than or equal to 3

Normal sensory and motor functions remain normal B B B B B

P W

FIG. 5. Admission and discharge AlS grades for all patients in our cohort are plotted within each BASIC score group, with a
cartoon schematic of the SCI below each plot. The percentages of patients within each BASIC group with a discharge AIS grade
circled in red are listed to the right of the discharge AIS grades. Figure is available in color online only.

Talbott JF, 2015
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CHAN THUONG TUY

DTI c6 thé dinh vi khu viec chan thwong tly va xac dinh d6 ndng ton
thwong

Hau hét cac nghién ctru cho thay gidm FA va giam gia tri ADC sau
chan thwong tdy song

FA (Fractional Anisotropy)

> FA thap hon so vé&i mic trén hodc duéi tén thuong.

> FA cang gidm theo mirc do nghiém trong cta chén thuwong va mirc d6 hep 6ng
song tang.

>  Gidm FA goiy sb lwong soi giam hodc phu ngoai bao
ADC (Apparent diffusion coefficient)

> Céac nghién ciru cho thay nhitng két qua khong nhét quan déi véi ADC trén bénh
nhan chan thwong tay

> ADC thuong gidm (mét s6 nghién ciu lai cho thdy ADC & viing tén thwong tang,
khong thay doi)

> Gia tri ADC thuong chi st dung trong chen ép tdy man tinh do d6 nhay va do dac
hiéu thap (ADC tana — phu. hoai tir. nhuvén tiav)

C 3 J 2 |D 7

Bosma R, 2012




CHAN THUONG TUY

Bang so sanh cac gia tri DTl trong cac nghién ciru

Authors FA values ADC values Indication
D’souza et aI2 0.434+0.08 1.30+0.24 SCl
Kamble et al* 0.367+0.14 - SCl
Rao et al® 0.220+0.121 - SCl
Alizadeh et al®’ 0.37+0.09 .01+0.08 SCl
Alkadeem et al’ 0.326+0.135 .319+0.378 SCl
Mohamed et al® 0.39 - SCl

Koskinen et al*? 0.51+0.09 1.14+0.18 SCl
(whole cord) (whole cord)

Mulcahey et al*® 0.28 +0.10 - SCl
El Basset et al'® 0.238 1.466 (0.256) Cord compression
Lee et al*® 0.475 1.079 x 10-3 Cord compression

Tsuchiya et al®? - 3.30+0.38-10 (3 Myelomalacia
mm?/s)

Cheran et al®> 0.49+0.13 0.83+0.15 Nonhemorrhagic spinal injury




CHAN THUONG TUY

s MD (Mean Diffusivity)
> MD tang dang ké & tang tay bi tdn thuwong so véi mire trén hodc duéi tén thwong

> Gia tri MD tai tdn thwong twong quan nghich véi tinh trang 1am sang; MD cang cao phan anh
tinh trang ldm sang cang nang.

< AD (Axial Diffusivity), RD (Radial Diffusivity)
> AD gidm, RD tang trong tén thwong soi truc, hdy myelin.

> AD, RD khéng dwoc st dung don doc va van con chwa dang tin cay dé st dung trong chan
doan SCI
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CHAN THUONG TUY

FA c6 d6é nhay cao va tinh dac hiéu trong viéc phat hién cac khu vwc
bat thwong tay so véi hinh T2W thwdng quy

Thoai hoa Waller tuy sau chan thwong: gidam FA & doan trén va
dwdi ton thuvong

Gié tri FA khéng déu gitra b6 vé gai bén trai va bén phai
> FA c6 twong quan v&i tinh thuan tay, cling nhw bén biéu hién triéu ching than
kinh va diém ASIA nang hon.

> Nguwoi thuan tay phai: FA cua bo thap bén trai cao hon bén phai, MD khdng khéac
biét gitra hai bén

Céc gia tri FA, MD da dwoc tim thay thay dbi theo dd tudi

Year-old Year-old



CHAN THUONG TUY

% Tién lwong

>

>

Churc nang than kinh sau chan thwong lién quan chat ché véi ton thuwong soi truc

\Vung tdy bi chén ép ¢ gia tri FA thAp, ADC cao, MD cao, tdng mat dd bd soi twong &ng voi
chirc ndng than kinh kém hon

Tang giéa tri FA trong giai doan s&m goi ¥ chén ép cép tinh va cé thé cho tién lwgng tét néu
nhanh chong thwe hién phau thuat giai ap

Giai doan man, ADC tang c6 thé 1a két quéa cha phl né, hoai tl, nhuyén tay

M6t sb6 nghién ctru cho thdy twong quan thuan gitra gia tri FA tai ving chan thwong va diém
Frankel



HAN CHE

Anh gia
>  Thé tich tdy sbng nhé dan dén ty & tin hiéu nhiéu (SNR) thdp va anh gia nhay t&r do xwong lién ké
> M@ trong than sdng va cac ciu triic lan can gay anh gia dich chuyén héa hoc
> DTl thy séng dé c6 anh gid béng ma do chuyén dong sinh ly phat sinh tlr sw hién dién cta cr dong tim, hé hap, nhip dap phét sinh tir dich ndo tdy
> Nubt va cac chuyén dong tinh t& khac ctia bénh nhan trong khi chup anh ciing c6 thé dan dén anh gia

Sw khoéng nhét quéan trong cac thay ddi vé chi sé DTI gilra cac cac nghién ctru dan dén DTI chwa c6 d6 tin cay cao dé st dung nhiéu trong
thwe hanh [am sang.

CAc gia tri DTI c6 do dac hiéu thap, khéng gitip phan biét cac tinh trang bénh ly tdy khac nhau (viém, phu, hdy myelin, xuat huyét,...)
Khong cé do phan giai khéng gian day du. Trwe quan héa hinh anh céac b6 sgi riéng 18 van [a mét thach thire, déc biét & tiy ngwe thap
Tinh b4t ddng hwéng c6 thé bi danh gia qua mire, dac biét la trong chat xam trung tam c6 tinh di hwéng thap

Chét lwong hinh anh dwoc cai thién dang ké & to trwong cao hon. Ban dé FA cho thay chét lwong tot hon va cac gia tri DTI dang tin cay
hon & may 3T so v&i 1.5T
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Bn T.M.C., nam, 51t bj té gian giao, ngé tw trén cao xuéng # 3m. MRI dwoc thwe hién
sau 3 ngay.

g Vé lam sang, bn dwoc xép loai ASIA C.

- CT csc: v& C2 dang teardrop, gdy mém ngang C7 (T).

- cMRI: T2W Sagittal cho thay tin hiéu tdy séng bat thwong & mirc C5-6.

- Gia tri FA, ADC & mirc va dudi mirc ton thwong thap hon & phia trén ton
thwong.

- Hinh anh Tractography cho thdy mét phan bé chat tréng bi gian doan & phan
thap cla tiy séng c6, mot sé sgi bi dirt gay véi sb lwong soi gidm.
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TOM TAT

Céc tham s6 DTI gilp phat hién cac thay doi trong ton thwong tly sdng, ma
khong thay duoc trén MRI thuwéng quy.

Giéa tri FA nhay hon so v&i cac théng s6 khac cling nhw hinh anh T2W trong
viéc phat hién cac bat thwdng vé tiy sbéng

Thay dbi cac tham s6 DTI trong tly I&n nhat tai vi tri chan thwong.

Trong ton thwong tay: FA| va MD?
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KET LUAN

Cong hudng tir khuéch tan theo Iwc (DTI) va hinh anh bé sei than kinh (DTT) cda tdy song la
cac ky thuat tién tién day htra hen, bo sung thong tin trong phan tich cac thay doi bénh ly cua
tdy song, gilp ich cho chan doan, tién lwgng, 1ap ké hoach dieu tri, cling nhw danh gia sw
phuc hoi.

Chuing t6i dé xuat nén st dung DTI mét cach thuwong xuyén hon trong cac truong hop chan
thwong ¢t song cO nhe va&i hinh anh MRI thwdng quy binh thwong nhwng cé khiém khuyét
than kinh trén Iam sang duwgc xac dinh bdi thang diem ASIA/Frankel.

DTI giGip bo sung cho cMRI dé danh gia tinh toan ven clia chat trang va dw doan dw hau vé
chlrc nang than kinh dé giam ty Ié t&r vong, bénh tat va st¢r dung no trong theo ddi sau diéu
tri.

Tuy nhién, hién tai nhirng han ché Cl‘]a DTI ngan can viéc st dung no trong thyc hanh lam
sang. Cac nghién ctru sau hon la can thiét dé cai thién va giai quyét nhirng han ché nay
cling nhw xac dinh nhirng thay doi dac hiéu cta cac chi s6 DTI dé rng dung trong lam sang
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