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RADIO-ELASTOGRAPHY

* Traditionally, elastography (the non-invasive measurement of
tissue stiffness or elasticity) has been the exclusive domain of
ultrasound and MRI. However, recent breakthroughs in medical
Imaging physics have introduced X-ray elastography
(specifically radio-elastography), successfully extending
stiffness mapping into the realm of ionizing radiation imaging.

 This technique bridges a major technological gap, allowing

clinicians to extract vital mechanical biomarkers simultaneously
during routine X-ray examination



How X-Ray Elastography Works

 Elastography is based on tracking the speed of physical waves passing through
tissue: waves travel faster through stiff, scarred, or cancerous tissue and slower
through healthy, soft tissue. _ _

* While ultrasound and MRI track these waves_usm% sound or magnetic resonance
pulses, X-ray eIastogre)thy captures the precise physical displacement of tissue
using high-frame-rate X-ray imaging and contrast agents. _

1.Leveraging Natural Vibrations: Instead of using an external mechanical shaker,
advanced X-ray elastography utilizes the body’s own mechanical forces—namely,
the flexural pulse waves naturally generated by the heartbeat.

2.Contrast Enhancement: An X-ray contrast dye is introduced into the target area
ﬁ_.g., via a catheter during standard angiography). _ .

3. |%h-Speed Tracking: High-speed X-ray imaging tracks the physical bending

propagation of these pulse waves through the vessel walls or organ tissue.
4.Computational Modeling: An algorithm based on the elastic theory of materials
analyzes the microscopic displacement from frame to frame, calculating a
quantitative stiffness score (such as Young's modulus).



Primary Clinical Applications

While still a developing technology rolling out of specialized research environments, X-ray elastography
has highly specific clinical targets:

1. Cardiovascular Health & Coronary Angiography

Arterial stiffness is a critical risk factor for myocardial infarction and cardiovascular disease. During a
standard coronary angiography, adding X-ray elastography allows cardiologists to evaluate the actual
stiffness score of the coronary arteries alongside traditional visual tracking of arterial blockages.

2. Emerging Organ Imaging (Lungs and Brain)

Because standard ultrasound waves cannot effectively penetrate the air-filled spaces of the lung or the
dense bone of the skull, ultrasound elastography is heavily limited in these regions. X-ray elastography
bypasses these acoustic barriers, offering a pathway to evaluate:

*Pulmonary Fibrosis: Measuring regional lung stiffness changes during dynamic breathing cycles (e.qg.,
across dual-phase inspiration and expiration imaging).

*Brain Tissue Mechanics: Assessing structural variations through thin skull windows via advanced high-
resolution imaging.



Comparative Trade-offs

Feature Ultrasound X-Ray Elastography
Elastography (USE) /
MRE

Primary Media Sound waves / Magnetic | lonizing radiation (X-

fields

rays)

Acoustic Barriers

Blocked by air (lungs) or
bone (skull)

Penetrates air and bone
easily

Workflow Integration

Requires a standalone,
dedicated scan

Can be calculated
simultaneously during
routine diagnostic X-
rays or angiography

Source of Wave

External mechanical
driver or acoustic push
pulse

Natural physiological
waves
(heartbeats/vessels)




Pai cwong

* Vi X-ray elastography (hay radio- elastography) la mot ky thuat
hinh anh y hoc tién tién dang trong giai doan phat trién chuyén
sau va ing dung |Am sang chon loc, hinh anh két qua hién thi
cda no thwdng co dang ban doé mau phan tich do cwng
(stn‘fness map/elastogram) dwoc chong 1én hinh anh cau truc

giai phau goc.

. De dé hinh dung vé nguyén ly hién thi ban do do cung trong
chan doan, ban c6 thé tham khao cach biéu dién mau sac tiéu
chuan cla ky thuat elastography néi chung dwéi day:
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Cach doc va phan tich hinh anh Elastography

Khi bgc sT guan sat mét ban do radio-elastography (vi du: chup mach mau s6 héa
x6a nén két hgp do do cirng thanh mach hoac chup X-quang pho6i déng), hinh
anh sé dwgc phan tach thanh hai vang théng tin chinh:

Thang mau chuan héa (Color Map Bar):

- O canh bén ctia man hinh luén c6 mét thanh mau lam chuan. ‘

. ;I.'hén%thué’ng, cac vung mau Dé/Cam biéu thi cho mé mém, cé tinh dan hdi cao (Soft
issue).

« Cac vung mau Xanh dwong/Tim (hodc ngwoc lai tuy cai dat hé thong) biéu thi cho mé
cwng, xo hoa hoac cé khéi u (Har tlssue?.

Hinh anh chong I&p (Overlay): , ‘
* Phgn mém x& ly d6 hoa,sé lay hinh anh cau truc X-quang dong (da dwgc lam rd bang
thudc can quang) lam nén.

« Sau do, thuat toan do toc dé song xung lwc (flexural wave) chay qua mé dé tinh toan mé-
dun dan hoi'(Young's modulus), roi td6 mau trwc tiép Ién cac vi tri twong rng.

Vi du, trong chup X-ray elastography mach vanh (coronary angiogram), néu mot
doan thanh mach chuyén han sang mau sac biéu thi dé clrng cao (mau cua mo
crng) so voi cac doan mach mém mai xun%guanh, do la dau hiéu canh bao
mang xo' vira nguy hiém hoac thanh mach da bi xo' c'ng nang, giup bac si tién
lwong chinh xac nguy co nhéi mau co tim.



RADIO-ELASTOGRAPHY IN PULMONARY FIBROSIS

Y twéng dung tia X (X-ray) d& do dd dan hoéi/dd xo cirng cia phdi la mot hwéng tiép can cuc ky
théng minh trong nghién cu chan doan hinh anh hién dai.

Ban chét cua phdi 1a mot "qua bong bdng" lién tuc co gian. Khi phdi bi xo héa (nhw trong bénh phéi
ké - ILD, xo ph6i vO can - IPF), cac mé ké bi seo hoa, day l1én va mat di tinh dan hdi tw nhién.

Thay vi dung séng am nhuw siéu am, X-quang dan hoi ky thuat s6 (Digital Radiographic Elastography)
hodc cac bién thé dwa trén CT/X-quang ddng sé do dd xo cirng clia phdi théng qua 3 co ché cbt I6i
sau:

1. Nguyén ly dich chuyén thé tich (Dual-Phase Volume Shift)

Phwong phap nay dwa trén viéc so sanh hai birc &nh X-quang ky thuat sé chat lwong cao dwoc chup
& hai thoi diém dbi 1ap: Hit vao hét stre (Full Inspiration) va Thé ra hét strc (Full Expiration).

O phdi khde manh: Khi hit vao/thd ra, cac mach mau, phé quan va nhu mé phdi di chuyén mét
khodng cach rat I&n. Thuat toan may tinh sé theo déi hang ngan "diém anh méc" (pixel landmarks)
trén cau trac phai.

O phdi bi xo clrng: Cac viing md bi xo hdéa sé dich chuyén rat it hodc gan nhw "bat déng" gitra hai thi
hdé hap do ciu trac vach phé nang da bi xo cirng bao boc.

Bang cach tinh toan ma tran dich chuyén (displacement vector field), may tinh sé |ap ra mot ban dé
phan b dd gian né. Noi nao dd dich chuyén tiém can bang 0, noi dé dwoc dinh vi la viing xo hoa
sau.



2. Ky thuat X-quang twong phan pha hoac Thuat toan dong quang hoc (Optical Flow)

Khi chup X-quang ddng (Fluoroscopy hodc quay video bang tia X liéu thap), phdi chuyén déng lién
tuc. Cac nha khoa hoc ap dung mét thuat toan thi giac may tinh goi la Optical Flow (Dong quang hoc)
dé phan tich sw thay d6i dam d6 va hinh dang ctia nhu mé phdi theo thei gian thuc.

Thuat toan sé chia la phdi trén anh X-quang thanh mét lwdi cac 6 nhé (Grid).

Khi 16ng ngwc co bdp, né tinh toan ap lwc tac dong 1én tirng 6. Néu mot 6 mé phdi can mét lwe co bop
16ng ngwc rat Ién tir co hoanh nhwng cau tric bén trong 6 d6 thay déi hinh dang rat it, may tinh sé
hiéu la "B cirng cuc bd" (Local Stiffness) tai vang d6 dang réat cao.

3. Lap ban dd thdng khi/ty trong (X-ray Ventilation/Density Mapping)

Do dan hoéi ctia phéi lién quan truc tiép dén kha nang chira va day khoéng khi ra ngoai. Tia X di qua
khéng khi s& cho mau den (thdu quang), di qua mé ddc/xo sé cho mau trang (mo).

Khi hit vao, phdi khéde manh nap day khi va tré nén tdi hon (dam dé gidm) mot cach déng déu.

Vung phéi bi xo ctrng khéng thé gian ra dé dén khéng khi, nén dam dé cua vung nay hau nhw khéng
ddi (van gilr mau xam tréng) & ca hai thi hit - thé'.

May tinh thwe hién phép trir anh (Image Subtraction) gitra 2 thi dé tao ra modt ban d6 mau. Mau sac
thay ddi biéu thi mirc d6 dan hoi va théng khi cia nhu mé phbi.



X RAY ELASTOGRAPHY - BENH X0 PHOI

X QUANG NGUC X RAY ELASTOGRAPHY (BAN B0 DO CUNG)

p0 CUNG

Cing

PHOI BiNH THUONG X0 PHOI

Y NGHIA

« Vung mau do, vang: mé phdi ting dd clng
(xd hoa)

« Viing mau xanh, tim: md phdi mém hon
(binh thudtng)

Do cling thap (mau xanh) D0 cling tang (nhiéu mau vang, do)




Tinh trang thuc té tai |am sang

Mac du nghe rat htva hen, ban can lwu y rang viéc do dan héi phdi bang X-quang kho hon rat
nhiéu so v&i do & gan vi ph0| chira qua nhiéu khéng khi (lam tan xa cac tin hiéu thong thuwdng).

Hién nay, dé danh gia dd xo clrng cua phdi trén 1am sang, cac bac si van dang wu tién dung:
Po chirc nang ho hap (PFTs): Dé biét toan bd phdi bi gidm dd gidn n® (compliance) bao nhiéu.

Chup CT dé phan giai cao (HRCT): Tiéu chuén vang dé nhin thay trwc tiép cac dai xo, hinh anh
to ong.

Siéu Am dan hoi song bién dang bé mat (Lung Ultrasound SWE): Ky thuat siéu am méi ap
dau do lén ké swon dé do dd clrng cla vung ria phai.

Céac phan mém phan tich dan hoi qua X-quang hai thi (Dual-phase X- ray) hién tai ch yéu dong
vai tro la cong cu ho trer Al (CAD - Computer-Alded Diagnosis) giup cac bac si lwgng hoa (ra
con s6 cu the) muc do ton thwong cla phdi k&, thay vi chi nhin bang méat thwdng trén anh X-
quang truyén théng.



X-RAY ELASTOGRAPHY

2D X-RAY X-RAY ELASTOGRAPHY (Color-coded stiffness map)

Stiffness

High
(Stiff)

Stiffer
lesion

Compression

+ Based on tissue displacement under compression
» Red/Yellow = Stiffer tissue

« Blue = Softer tissue Released Compressed




X-ray elastography mach vanh (hay con goi la Radio-elastography mach vanh) la mét bwéc
tién cong nghé dot pha va rat mai trong linh vwe chan doan hinh anh tim mach

Théng thwdng, siéu am dan h0| (Ultrasound Elastography) hodc cdng hwdng tir dan hoi (MR
Elastography) dwoc dung phd bién dé do dé cirng ctiia cac méd tinh nhw gan hay tuyén va. Tuy
nhién, viéc do do6 cung/do dan hdi ciia ddng mach vanh bang X- -quang lai la mét thach thire cuc
Ky Ion vi mach vanh vira nhd, sau, vira di déng lién tuc theo nhip dap cua tim.

Dw&i day la chi tiét vé nguyén ly, gidi phap k¥ thuat va y nghia Iam sang cla céng nghé nay:
1. Nguyén ly va Giai phap Ky thuat dét pha

Phuong phap nay (vua dwoc cac nhom nghlen ctru, dién hinh 1a tai Lyon - Phap, céng bd cac bang
chirng khai niém virng chac) giai quyét rao can ky thuat cua tia X bang mét kham pha vat Iy tha vi:

Han ché cua X-quang thong thwong: Do doé dan hoi dong (dynamic elastography) tiéu chuan
thwdng doi hoi toc d6 1dy mau (khung hinh/giay) rat cao dé bat dwoc cac soéng bién dang (shear
waves) di chuyen nhanh. May chup mach vanh X-quang (X-ray angiography) théng thwdng cé tdc
dd quét qua cham dé 1am diéu nay.

Giai phap tir "Soéng uon' (Flexural Pulse Waves) Cac nha khoa hoc phat hién ra bén trong
mach vanh tén tai mét loai 'song mach thi hai goi la song uodn (flexural wave). Séng nay lan truyén
doc theo thanh mach vé&i tdc dé cham hon rat nhiéu so véi séng mach théng thuong.

Cach thirc van hanh: Khi bénh nhan dwgc chup mach vanh cé bom thudc can quang (coronary
angiogram), thuat toan chuyen dung sé phan tich sy dich chuyen va hinh dang cua thanh mach
dwdi tac dong cua séng udn nay dwa trén hinh anh X- -quang phang 2D. T d6, phan mém tinh toan
ra hé sb Young (Young's modulus) — dai dién cho dd cirng cua thanh mach vanh (vi du & nguoi
bénh, chi s6 nay dao ddng trong khoang vai chuc kPa tuy mc dé xo vira).



2. Y nghia 1am sang trong bénh ly mach vanh

Hién nay, chup mach vanh chuan vang (X-ray Coronary Angiography) chi cung cap théng tin vé
hinh thgi hocp(lc‘)ng mach bi hep bao %rsiéu ‘% vi tri técyn hgéngc’y C?él}/)) chw khégng (?0 duo’gc dac tinh

co hoc clia thanh mach. X-ray elastography ra d&i mang Tai cac gia tri:

banh gia doé cirng thanh mach: Thanh mach cang cirng chirng té tinh trang xo viva ddng mach
ﬁang nghiém trong, giup tién lwong nguy co bién co tim mach s&m ngay ca khi long mach chwa bij
ep nang.

Nhan dién mang xo vira dé bong (Vulnerable Plaque): Viéc xac dinh dwoc dé dan hoi/dd cing
cua trng.phan doan mach mau, giup bac si nhan biét mang xo vira nao c6 nguy co bi nit vé (gay
huyét khoi cap tinh dan dén nhor mau co tim).

Tich hop truc tiép, kh6n%_xém lan thém: Ky thuat nay st du
' P

ich | ( Xam | A : _ hinh d¥ liéu hinh anh tr phong
boi canh chup mach vanh hién tai (Cath-lab), chi can tich ho t e

ng chi
L | : 1N hien tal (Lath-lan), c f tbgn) thuat toan x&r ly phan mem,
khong yéu cau bénh nhan phai chiu thém liéu tia X hay tha thuat xam lan nao khac.

3. Tinh trang phat trién hién tai

Giai doan: Hién tai cong nghé nay dang nam & %igi doan Proof of Concept (Bang chirng khai
niém) va th&r nghiém lam sang quy moé nhé trén bénh nhan.
n

Dinh hwéng twong lai: Cac nha nghién ctru ktyvvong, trong tyong la
hop trug tiep vao he th_qng may chup X-quang tang sang truyén hinh
bac si tién hanh can thiép/chup mach vanh cho bénh nhan, may sé d
cung" (elastogram) cua hé mach vanh theo thoi gian thyec.

Cong nghé nay hirg hen sé la moét trg thd dac lwe bén canh, cac phwong phap,siéu a
mach (IVUS) hay cat I&p quang hoc {OCT) von'co chi phi rat cao va doi héi luon day
dung vao sau trong long mach.

i, thuat toan nay sé duoc tich
(C-arm) cua cac hang I&n, Khi
ong th¢i tra vé maét "ban d6 do

m frong [on
dan cr?uyér?
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X-RAY ELASTOGRAPHY MACH VANH

Panh gig do dan hoi cua thanh mach vanh dé xac dinh tén thuong dé géy bién cé

1 CHUP MACH VANH (DSA) 2 KICH THiCH co HQOC 3 THU THAP TiN HIEU X-RAY 4 BAN DO ELASTOGRAPHY

% Cing
‘.\ %
| \

Pha gian Pha nén

\\ \JA\-JA‘., /

Thai gian Vi tri b B _—
: ‘ ‘ . s quan lam" A ‘W\"’ SAAC e
Kich thich co hoc nhip nhang ‘ _
Hinh &nh DSA tiéu chuén (bom bong / chuyén dong tim) Ban dé do dan héi (Young’s Medulus)

Tin hiéu X-ray theo th&i gian (M-mode)

NGUYEN LY PHAN TiCH 0 DAN HOI Y NGHIA LAM SANG
X-ray elastography do su bién dang mé (strain) : — .
clia thanh mach vanh khi chiu kich thich co hoc 7 NG\ - Mang xo cirng on dinh
va tinh toan mo dun dan hoi (Young’s Modulus). ¢ N

D6 dan héi cao (cung)
< : it nguy co bién cé
CONG THUC
E=cl/¢
E: mé dun dan hdi (do cing)
o: (rng suét
€: bién dang (strain)

-

D& dan hoi thap (mém)
Phan tich dinh lwgng d6 dan hoi Nguy co bién ¢6 cao

tai vung quan tam (ROI)

» X-ray elastography cung c&p théng tin co hoc bd sung ngoai hinh anh long mach.
« H0 tro phat hién mang xo vita dé v, t8i u hda chién lwoc can thiép va didu tri.
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"X-quang dan hoi" (Radio-elastography)

théng qua chup X-quang mach,
hinh anh tién tién dé do sy bién
(yhu mach mau, nhu mé phoi) khi

Y twdng cot 16i cua ky thuat nay la sw d,un% chum tia X ‘
mau hoac cat vi tinh CT) két hgp v&i cac thuat toan xu
dang hoac song udn cua cac cau truc bén trong co thé
co xung lwc tac dong.

Ung dung tiém nang: Gan day, cac nha nghién_ctru (chang han tai Vién Inserm - Phap)
da thtr nghiém ap dung thuat toan dan hoi vao ky thuat chup mach vanh (coronary
angiography) de danh gia do cing cua thanh magch mau. Ky thuat nay ciing dwoc ky
vong mo rong sang do do dan hoi cua nhu moé phoi hoac nao.

Trang thai hién tai: Mac du da c6 nhirng thanh cong byédc dau trén mé hinh gia lap va
mot nhom nho bénh nhan thir nghiém, cong nghé nay van can thém cac nghién ctru
lam sang quy mo I&n dé chirng minh d6 chinh xac, an toan burc xa va tinh kha thi trwéc
khi dwgc phé duyét thanh mét danh muc kham chira bénh chinh thuec.

Thuat ngir "X-quang dan hoi" (Radio-elastography) vé mat ban chat ky thuat st dung
tia X de do d6 gyn% 'do dan hoi cua mo hién tal van dang ¢ giai doan nghién ctru phat
Erlen, thtu; n hlte[n am sang (Proof of concept) va chwa dwoc irng dung réng rai
rong y té dai tra.



