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UNG DUNG CONG NGHE TIA X TRONG THIET KE CHE TAO
MAY B0 DO LOANG KUONG TOAN THAN

D0 VAN VU, TRAN NGOC HUNG, NGUYEN THANH NHAN
NGUYEN HOAI ANH, HO ANH DUNG, TRAN THANH HOANG

PHUNG VAN DONG, PHAM VAN BiNH
Vign May va Dung oy Cong nghiép
Bb Cong thuong

Thdi gian gan ddy, nhitng thanh tyu mai vé khoa hoc va cong nghé nhu: dién ti, tin hoc, tu
ddng hoa, co khi chinh xac da duoc ng dung manh mé trong linh vuc y hoc, tao ra nhirng
thiét bj y t& hién dai, trong d6 co thiét bi do do loang xwong. Hién tai, trén thé gidi va
trong nudc dang st dung mot sd loai may do do loang xwong theo nhiéu phuong phap khéc
nhau. Trong khudn khd bai bdo nay, nhom tac gia tap trung gidi thiéu qua trinh nghién
cifu, thiét k& va ché tao loai may do dd loang xwong toan than béang tia X.

Tir khéa: méy do dé lodang xuong bang tia X, phan mém dinh vi, phuang phap hap thu ndng

lugng kép tia X (DEXA).

ADDLICATION OF X-RAY
TECHNOLOGY IN THE DESIGN
AND MANUFACTURE OF BONE

DENSITOMETRY MACHINE

Summary

Recently, achievements in
electronics, IT, automation and
precision engineering applied in
medicine have created the modern
medical equipment, including bone
densitometry machine.

Nowadays, different methods of bone
densitometry have been used in global
and domestic markets. In this paper,
the authors will focus on the research,
design and manufacture of the X-ray
bone densitometry machine for whole
human hody.

Keywords: X-ray bone densitometry
machine, positioning software,
dualenergy X-ray absorptiometry.

40
CONG NGHE VIET NAM

Tapchi KHOAHOC 55 20 nam 2014

Dat van dé
o

Nhiing n&m gan day, nganh y té Viét Nam da (ing dung nhiéu thiét
bi hién dai, tién ti€n trén thé gidi vao qua trinh kham chiia bénh. Céac
bénh vién I6n déu da dugc trang bi cac thiét bi chan doan hinh &nh y
t€ nhu: may chup X-quang, may do do lodng xudng toan than bang tia
X, may chup cét I6p, may chup X-quang tdng sang truyén hinh.... Nho
dugc trang bi cac thiét bi hién dai, d4c biét 1a nhiing thiét bi chan doan
hinh &nh, nganh y t& nudc ta d lam chd dugc nhiéu cdng nghé tién tién,
c6 kha ning kham va diéu tri nhiéu c&n bénh hiém nghéo. Tuy nhién,
do céc thiét bi trén déu c6 gia cao nén viéc dau tu mua sam chi mdéi tap
trung 6 mot s6 cd s y té I6n; trong khi d6, nhiéu co s6 y t&, dac biét 1a
céc co sd y t& tuyén huyén van chua dugc dau tu c4c thiét bi chan doan
hinh anh néu trén, hoic néu dudc trang bi thi cac thiét bi da cii va lac
hau nén kha nang chan dodn ciing nhu hiéu qua kham chiia bénh con
nhiéu han ché.

Trong khoang 10 nam tr§ lai day, bénh loang xuong mdi dudc chd y
& nudc ta do doi sdng vat chat clia ngudi dan dugc cai thién tling budc,
tudi tho trung binh ngay cang dugc nang cao. Viéc cham séc stc khde
cho ngudi cao tudi dudc quan tam nhiéu hon, trong dé c6 cac bénh vé
xuong khdp.

Tinh dén thai diém hién tai, ty 1& dan s6 Viét Nam méc bénh loang
xuong tuong di cao. Két qué diéu tra trong Chuong trinh kiém tra stic
khde xuong tai chau A clia T chiic Loang xudng thé gidi (IOF) nim
2009 cho thdy, ct 3 ngudi Viét Nam & do tudi 30 c6 1 ngudi cé nguy co
mé&c bénh loang xuong va hon 50% s6 ngudi c6 nguy co méc bénh trude
do tudi 50. Trén thyc t&, & cac co s y té trong nudc, viéc dau tu trang



bi cac thiét bi do do loang xudng hién dai, c6 do chinh xac
cao la chua nhiéu do gia con cao va hoan toan phai nhap
ngoai, gay ra nhiéu han ché trong viéc kham va chiia bénh
lodng xuong. Do do, viéc lam chl dugc cong tac thiét ké,
ché tao céc thiét bi y t€ sl dung cong nghé cao ma G day
la may do dd loang xudong toan than bang tia X trong thdi
diém hién nay la rat can thiét.

Ndi dung nghién ciu
Nguyén ly chung

Hién nay, t,hié:t bi do do lodng xudng dugc s dung tai
céc co sG y té gom thiét bj do loang xuong thong qua got
chan (siéu &m) va do doé lodng xuang bang tia X.

Day cam bién tia X

B6 chuén l’nyc
Hé théng tham chiéu néi tw d()n/g
Nguén phat tia X

B6 truyén déng 2 phwong XY

Hinh 1: mé hinh tiéu biéu clia mdy do dé lodng xuong toan than
béang tia X

Thiét bi do do lodng xuong da dugc lién tuc phat trién, tu
phudng phap dya vao chup X-quang xudng ban tay va cét
séng hodc dya vao mot s8 xét nghiém, cho dén do bang
siéu am, do mat do xuong (BMD) thong qua got chan va
do toan than bang tia X. M6i thiét bi va phuong phap do c6
nhiing uu, nhugc diém va dé chinh xac khac nhau nhung
phudng phap do toan than béng tia X cho két qua chinh xac
nhat. Cu thé nhu sau:

Do dd loang xuong théng qua chup X-quang: day la
phudng phép da dudc sl dung tu lau theo cach: phan tich
mat dd xuong b&ng mat thudng: quan sat bang mat trén
tdm phim X-quang xem xuang clia b&énh nhan c6 bi mdng
di hay khong, co xuat hién hién tugng xuaong xép khong.
Phuong phap nay khéng thé do dinh lugng mat dé khoang
trong xuong va chi khi mat dé khoang trong xuong giam
trén 50% mdi thé hién trén phim X-quang.

Do dé day clia xuong: chup X-quang xudng dot ban tay
hai ngon trd, do dudng kinh than xuong D, dudng kinh phan
tdy xuong d, tinh ra dugc do day clia xuong theo cong thiic
(D-d)/D%; néu chi s& nay dudi 45% thi bénh nhan mac
chuing loang xuong. Phuong phap do dé loang xudng thong
qua chup X-quang khong thé phat hién dugc bénh loang
xuong & giai doan dau va phu thudc rat nhiéu vao kinh
nghiém cla cac béc s¥, do vay thudng dugc st dung & cac
o sG y té nho, vliing sau viing xa.
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Phuong phap do dé hdp thu photon xdc dinh ty trong
khodng chat ctua xuong (Bone Mineral Density - BMD) va
lugng khodng chat cta xuong (Bone Mineral Content - BMC):
phuong phap nay c6 do chinh xac thdp nhung muc do anh
hudng it va gia thanh ha nén thudng dugc sl dung trong
viéc kiém tra stic khde ban dau.

Phuong phdp siéu &m: thudng dung dé do tim ching
lodng xuong & got chan, phudng phap nay cho két qua
nhanh va khéng doc hai nhung do chinh xac rat thap nén
thudng dudc st dung & khau kiém tra ban dau, khi két qué
siéu Am cho thdy méat do xuang thap, thi bénh nhan dugc
dé nghi cho kiém tra bang céac phuong phap c6 do chinh
X&c cao han.

Phuong phép hdp thu nang lugng kép tia X (Dual-Energy
X-ray Absorptiometry - DEXA): day la phudng phap dugc st
dung rat rong rai trén thé gi6i hién nay bdi n6 c6 nhiéu uu
diém nhu: t6c do quét chup nhanh, dé chinh xac va rd rang
cao, lugng tia xa it, c6 thé do mat dd xuang trong xuong
cot séng, xuong vo n&do va xudng toan than, ngoai ra con
sl dung trong chan dodn thong thudng va chan dodn giai
doan dau. Phuong phap DEXA bét dau dugc st dung tur
nam 1980 va nguyén ly clia né la st dung 2 tdm phim chup
béng tia X vdi cac muc nang lugng khac nhau (vi du thiét
bi cia Hang Lunar dung 2 mtic 38 kV va 70 kV dé do), sau
dé sl dung phan mém tinh toan dé tinh ra cac thong s6
clia xuong. Nhd nhiing uu diém néi troi nay, hién nay T6
chiic Y té thé giGi da cong nhan DEXA la thiét bi can thiét
dé chéan doan ching loang xuong va danh gia k&t qua diéu
tri, ngoai ra con 1a “tiéu chudn vang” dé danh gia mdc do
lodng xuadng trong do ludng. Dan vi do mat dé khoang chat
clia xuong (BMD) la chi so T score, tif d6 xac dinh do loang
Xuong trén ca thé con ngudi nhu sau:

45D -33D -25D -13D
| | | |

byl Bill BST  Binh thweng

Chi a8 Tacora:

D8 lndng xuomg: DYV

Hinh 2: so dé dénh gid dé loang xuong trén co thé ngudi

Xudt phat tu tinh hinh thyc t€ st dung trong nudc, sau
khi kh&o sét va phan tich, danh gia cac phuong phép trén,
nhom tac gid da quyét dinh tap trung vao nghién ctiu theo
hudng st dung phuong phap hap thu ning lugng kép tia X
(DEXA). Theo phudng phap nay, hién nay trén thé gidi co
ba loai thé hé may do dd lodng xudng dang dugc st dung,
do la:

- May do do lodng xuong st dung tia X dang but chi: cac
thiét bi nay chi phu hgp véi do do loang xudng G tling vi tri
trén co thé, vi du nhu hong, cing tay, xuong dui... Viéc thuc
hién phép do toan than thudng kho hoac mat rat nhiéu thoi
gian do tinh chat cla chum tia.
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- May do do loang xuong sl dung tia X dang ré quat:
day la thiét b dang dudgc (ng dung rong rai nhat trén thé
gii vi phu hgp véi yéu t6 kiém tra toan than do tinh chét
chiim tia quét, liéu chup nho, hau nhu khong anh hudng
dén stic khde clia ngudi chup, gia ca phai chang.

- Mdy do d loang xuong st dung tia X dang hinh non:
day la phuang phap hién dai nhat hién nay nhung méi chi
dugdc nghién cuu va phat trién bdi cac hang I6n trén thé
gidi, do do con c6 nhiéu bi quyet cong nghé mdi chua phu
hop néu nghién ctiu va phat trién né trong nudc & thai diém
hién nay.

Sau khi khdo sét va phan tich, nhém nghién ciu da
quyét dinh chon mau thiét bi st dung tia X dang ré quat.

Ché tao thiét bi

Vi bé day nhi€u nam kinh nghiém trong viéc thiét k&,
ché tao cac may cong cu ky thuat sé tii don gidn dén phic
tap, nhom nghién cliu nhan thay, két ciu cla thiét bi do
d6 loang xuong toan than béng tia X thuc chét ciing la mot
dang két cdu clia may coéng cu ky thuat sd hién dai nén
ching t6i quyét dinh thiét k& va ché tao phan ca khi clia
may theo hudng trén.

K&t cdu co khi cia may do do loang xudng bang tia X
bao gbm nhiing phén sau:

- Cum truc chinh g&n bd nguén tia X va detector chuyén
doéng theo truc X vudng goc véi giuadng.

- Cum giudng chup chuyén déng theo 2 phuong X va Y
phuc vu cho viéc chup cdc tu thé cling nhu chuyp toan than
ngudi bénh.

- Cum khung may c¢6 gan b6 diéu khién sl dung bang
tay va hop chua day nguon cum bang dién c6 chiia § c&m
két noi may tinh va nguon dién 220 V cling nhu mot sO tam
dd bat cac bang mach diéu khién phuc vu cho cac chuyén
ddng tudng doi theo cac phuong X va Y clia may.

- Cum céac tdm 6p ngoai bao gom céc vd bao che dugc
thiét ké bang nhya duc dé dam bao my quan va chong bui
cho céc thiét bi bén trong cling nhu han ché phan nao tac
ddng cla tia X déi véi mai trudng xung quanh.

Bang diéu khién) «—»

—
Khéi CPI
I v

Khd&i mach
phan phéi

B& thu nhan tin
hiéu tia X (Detector)

Khéi giao
dién C-Arm

E
@@@

Hinh 3: so dé hé théng diéu khién mady do dé loang xuong
toan than bang tia X

May tinh

B& phat tin hiéu
tia X (ngudn, béng
X-quang,...)
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Viéc thuc hién cac phep chup dugc thdng qua may tinh
c6 cai dat phan mém x{ ly hinh &nh chuyén dung két hop
vd| phan mém dinh vi c4c vi tri chup dé tao ra céc hinh &nh
6n dinh trong sudt qué trinh quét va chup. Toan bd phan
thiét ké ky thuat da dugc nhdm nghién ctiu thiét ké hoan
chinh, cac thiét bi co khi clla may dugc gia cong tai cac don
vi thanh vién cua Vién May va Dung cu Cong nghiép (Bo
Cdng thuang).

Hinh 4: bdn vé ky thuat téng thé mady do dé loang xuong
béng tia X

Y 2
Ket qua

Vi cdc thiét bi y t€ cdng nghé cao ma dac biét la cac
thiét bi trong chan dodn hinh anh thi phan mém diéu khién
c6 vai tro cuc ky quan trong. N6 khong nhiing phai tuong
thich v6i phan mém chup hinh &nh chuyén dung ma con
phai phi hop véi két cau ca khi va dién, dién ti cua thiét bi
nhdm dua ra cac lénh chinh xéac, cho phép qua trinh chup
dugc an toan va 6n dinh. Cong doan dau tién dé xay dung
phan mém la phan tich thiét ké hé thong bay la budc tim
hiéu nguyén Iy hoat déng véi cac yéu cau dau vao va dau
ra. Trén cd s6 dd, xay dung cac chiic nang can c6 va phan
tich mai lién hé gitia chung.

Hoat dong cla ban chup dugc thuc hién theo nguyé‘n
ly: ban dugc di chuyén doc theo truc X (vao/ra) dé diéu
chinh vj tri do nam trong vung phat va nhan tia X. Viéc diéu
khién dugc thuc hién tryc tiép trén bang diéu khién hoac
trén may tinh, trén co s do, ching toi xay dung biéu do
trinh ty sau [1, 2, 3, 4]:

Ngudi sir
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May tinh
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Hinh 5: biéu dé trinh tu hoat déng




Biéu db trinh ty chi ra sy tuong tac gilia cac doi tugng
sép x&p theo trinh tu thdi gian. N6 md ta ing x{i clia cac doi
tugng trong hé théng diéu khién, gilp ta hinh dung dugc
khia canh hoat dong clia hé théng.

Budc tiép theo, nhom nghlen cliu da Iap ra biu do truong
hap [2, 4] chi ra trinh ty cac hoat dong c6 thé thuc hién va
diéu d6 mang lai két qua la cac g|a tri c6 thé nhin thay dugc
doi véi mot tac nhan la nguGi su dung. Khi ngugi st dung
thuc hién di chuyén ban bang cach bam nut diéu kh|en lap
tlic 1énh dugc dua vé vi xu 1y. Vi XU ly klem tra néu dun
l&nh thi phét tin hiéu diéu khién céc co c&u truyén dong de
di chuyén. Khi ngu’d| sli dung thoi bam nut hodc ban & vi tri
can dinh vi thi vi x{i ly c&t tin hiéu diéu khién.

@

May tinh
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Nausi sdung Diéu khign ban
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Nhan lénh Phan tich lénh Digu khién dinh v

Hinh 6: biéu dé truong hop

Theo nguyén ly hoat dong, ban dudc di chuyén bi motor
va hé théng truyén dong. Khoang céch di Chuyén clia ban
dugc xac dinh thdng qua toc do clia motor hay sO xung ma
encoder dém dugc. T day, bai toan diéu khién chuyen doéng
theo truc X dUQC xem la bai toan nhan xung va phat xung
[5, 6]. Trén cd sé dd, nhdm nghien cliu da xay dung cac luu
do thuat toan nhan, xG ly va phat xung. Nném nghién ctu
da sk dung ngon ngi 1ap trinh Keil C [7] dé& lap trinh cho vi
xU ly. Phan mém dudc lap trinh vé6i cac méd dun c6 cAu tric
nhu sau:

- M6 dun chinh: day la phan than chuang trinh chiia céac
mo dun chuc nang.

- M6 dun ban phim: ¢6 nhiém vu doc dii liéu ti cdng ban
phim.
- M dun 16i: ¢6 chic nang thdng bao 16i khi ¢4 16 xay ra
(c6 thé 1a 16i ban phim hodc I6i théng s6 hay 16i hé thang).

- M6 dun x{ ly, phan tich: nhan cac gia tri ti mo dun
ban phim chuyén vé, kiém tra xem c6 Iénh ti ban phim hay
khong. Trong truéng hgp ¢6 1énh, mé dun nay tach phan
Iénh trong goi dii liéu nhan dugc va so sanh, néu dung lénh
di chuyén thi né s& yéu cau moé dun dinh vi vi tri thyc hién.

- M6 dun may tinh: trao ddi dii liéu véi may tinh.
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- M6 dun ra: xuét tin hiéu xung ap dé di chuyén ban vao/
ra theo truc X.

Dua vao cac phan tich cdu trdc trén, nhom nghién ctiu da xay
duyng Iuu do thuét todn nhén, x{ ly va phat xung nhu hinh 7.

T Batdda 0

Facie trang rhii

."‘L -

A A i chy S, 8O Ban pld. S,
- hode dimg? -~ Jrai K

=

- Bz chibdes goay
- ez muUmQE

)
- “Tin higu
~ LT
o)
o T

-

|,=_-J"\__"I Pl CLl-\.-E
ks gy

- T
— Conmt——

€ xde thuke 2

Hinh 7: luu dé thudt todn nhan, x( ly va phat xung

Két luan
:

Trén day la mot phan két qua cla dé tai nghién cliu cap
BO Y t€ vdi noi dung “Nghién clu thiét k&, ché tao may do
dd lodng xuong bang tia X” ma Vién May va Dung cu Céng
nghiép (IMI) d& chd tri thyc hién. Thiét b da dugc ché tao,
lap rép, chay thi va dugc Trung tdm Banh gid khong pha
hay thugc Vién Nang Iugng Nguyén ti Viét Nam (Bo Khoa
hoc va Cong nghé) cép gidy kiém dinh an toan. Viéc ché tao
thanh cong thiét bi nay da giup cac can bo cda Vién IMI lam
chl dugc mot cong nghé hién dai (bao gom tir nghién ciu
dén thiét k&, ché tao va van hanh), gitip cho nganh y té trong
nudc tling budc lam chi thiét bi cong nghé, chli dong trong
viéc kham va diéu trj bénh loang xuong cho nhan dan &

Tai liéu tham khao

[1] Nguyén V&n Ba, Phan tich va thiét ké hé théng théng tin, Nxb
Dai hoc Quéc gia, Ha Noi, 2003.

[2] Pang Van Buc, Phan tich thiét k& hudng déi tugng bang UML
(thuc hanh véi Rational Rose), Nxb Khoa hoc va Ky thuat, Ha Néi,
2002.

[3] Oestereich B., Developing Software with UML, Object-Oriented
Analysis and Design in Practice, Addision - Wesley, 2000.

[4] Ngb Dién Tap, Vi x{ ly trong do ludng va diéu khién, Nxb Khoa
hoc va Ky thuat Ha Noi, 2000.

[5] Céc tai liéu clia hang ché tao may do do loang xuong bang tia
X trén thé gigi.

[6. Stephen R. Schach, Classical and Object, Oriented Software
Engineering with UML and C++, 4th ed., McGraw-Hill, 1999.

[7] Ngé Dién Tap, Vi diéu khién vdi lap trinh C, Nxb Khoa hoc va
Ky thuat, Ha Néi, 2006.

Tapchi K“OA HOC 43

S6.20 nam 2014 0N G NGHE VIET NAM





