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Trong giai doan hién nay, cing véi su phat trién cia cong nghé thong tin,
vat liéu méi, may moc va thiét bi hién dai, cong nghé thiét ké nguoc khong
chi dugc img dung rong réi trong cac nganh cong nghiép ma con duge ing
dung trong linh vuc y té. O d6, no da giap ching ta c6 thé phuc hoi va thay
thé cac bo phan trén co thé, cic cong cu hd trg thich hop véi timg ca nhan.
Bai bao gi6i thi€u qua trinh img dung cong nghé thlet ké nguoc va cong
nghé CAD/CAM dé khoi phuc lai phén ddu xwong ong chan ciia mot bénh
nhéan tir dit liéu hinh anh chup cét 16p vi tinh (chup CT). bay la cong ngh¢
méi, da bat dau duogc tng dung & cac nude cd nén y hoc phat trlen dap Gng
dugc nhu cau 16n ctia bénh nhan, khoi phuc lai cac kha nang vbn ¢c6 clia con
nguoi khi khong may n6 bi mét di do tai nan hay bénh tat, g0p. phan vao su
thanh cong ciia cac ca phiu thuat va giam thoi gian qua trinh diéu tri.

Abstract

Keywords:

Computer tomography; form
restoration; surface
smoothing; Density of mesh;
Rapid prototyping.

Nowadays, with the development of information technology, new materials,
modern of machinery and equipment, reverse engineering is not only widely
applied in the industries but also in the medical field. In that respect, it has
helped us restore and replace the body parts, creating tools that are tailored
to each individual. This article introduces the application of reverse
engineering technology and CAD/CAM technology to restore a patient's
tibiabased on computerized tomography (CT) data. This is a new
technology that has started to be used in countries with developed medicine
to meet the needs of patients, to restore the inherent capabilities of humans
when they are unfortunately lost by accident or illness, contributing to the
success of the surgery and reduces the length of the course of treatment.
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1. GIOI THIEU

Tai tao cac bd phan trén co thé nguot tur hinh anh chup cét 16p vi tinh (CT) dé phuc vu diéu
tri va thay thé da dwoc (mg dung nhiéu & cic nudc c6 nén y hoc phat trién. Cling véi no 1a viée
ung dung ngay cang rong rai cua cong ngh¢ CAD/CAM trong linh vuc y sinh hoc [1].
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Ung dung cong nghé thiét ké nguoc két hop voi cong ngh¢ CAD/CAM va cong nghe tao
mau nhanh, dugc sir dung dé xdy dung cic mé hinh giai phau cho cic chan doan va diéu tri, do
do6 cai thién hiéu qua va do chinh xéc cua phan tich y hoc va chan doan.

Phuong phép tai tao mo hinh 3D bao gdm 4 giai doan chinh: Chon loai dit liéu dau vao;
Thu thap dit liéu dau vao; Phan tich va xir 1y dir liéu; Str dung két qua xu 1y dir liéu dé ung dung
vao y hoc bang cach ché tao md hinh thay thé. K§ thuat xtr 1y dir liéu 1a viéc xdy dung lai mo
hinh giai phau tir dit liéu dau vao, diu nay doi hoi k¥ nang su dung phin mém va cac yéu cau
dac biét lién quan téi y hoc. Trong k¥ thuat dung hinh bé mit, bé mit ciia mé hinh giai phau
dugc dung lai tir hinh dnh chup ct 16p (CT), hinh anh chyup X-quang, hinh anh quét 3D. Phuong
phép biéu dién bé mit 1a dang ludi tam giac, da gidc hodc dang NURBS (Non - Uniform
Rational B-Spline) [2].

Do do, trong nghién ctru nay da str dung cac phan mém CAD chuyén dung dé xay dung lai
md hinh giai phiu xuong 6ng chan & mot bénh nhan tir hinh anh chup cit 16p vi tinh (CT). M
hinh 3D thu dugc qua viéc xu ly dit liéu chup CT dugc dung lam dit I€u ban dau. Sau do, su
dung cac phﬁn mém thiét ké 3D thong dung hién nay dé xay dung lai, [am muot bé mat va tai tao
lai dé dat duoc do chinh xac cho phép. Cudi cung, tr mé hinh da dugc xtr Iy s€ lam dau vao dé
lap trinh CAM cho cong nghé tao mau nhanh. Vat liéu dung cho tao mau nhanh cling dugc lya
chon phu hop véi dic diém hoat dong cua xuong dam bao diéu kién co thé thay thé duoc trong
co thé nguoi.

2.CO SO LY THUYET/PHUONG PHAP NGHIEN CUU
2.1. Cong nghé thiét ké nguoe

Qua trinh sao chép mdt chi tiét, mdt cum hodc san phém hién c6, ma khong c6 ban v&, tai
liéu hodc md hinh may tinh dugc goi 1a thiét ké nguoc. Thét ké nguoc cliing dugc dinh nghia la
qué trinh iy mé hinh CAD hinh hoc tir cic diém 3D thu duoc bang cach quét, sé hoa cac bd
phén, san phém hién c6. Qua trinh thu thap dir ligu s6 cac thuc thé vat Iy ctia mdt thanh phﬁn,
duoc goi 1a k¥ thuat dao nguoc [3]. Cong nghé thiét ké nguoc hién nay di dwoc ung dung rat
rong rii trong moi linh vyc nhu: trong cong nghiép; trong hdi hoa; trong y té [2].

2.2. Cong ngh¢ thiét ké ngwoc trong co'y sinh

'Véi sy doc ddo cua co thé con nguoi da dua thiét ké nguoc vao tng dung trong khoa hoc
doi séng va trong cac nganh cong nghiép thiét bi y té, dac biét 1a trong viéc cay ghép cac bd phén
nhén tao vao co thé con nguoi. Ap dung hinh anh duoc quét voi phan tich phén tir hitu han trong
ky thuat nguoc giap cac ky su xdy dung chinh xdc cac phan tuy chinh phu hop nhit véi timg
bénh nhéan. Cac yéu cau co ban cho cong nghé thiét ké nguogc trong y té 1a dic diém sinh 1y cua
té bao song, co quan trén co thé con nguoi va thong tin lién hé giita ching. Trong cong ngh¢
thiét ké ngugc, cac ky su trude tién phai xac dinh cac vat liéu duoc st dung cho phin can thay
thé va thiét biy té dac trung, sau do6 phai s6 hoa chinh xéac hinh dang hinh hoc ctia b phan co thé
va xac dinh quy trinh ché tao. Thiét ké nguoc dugc st dung trong mot s6 linh vuc y té: nha khoa,
may trg thinh, dau géi nhan tao va tim, dung cu phau thuat va céy mo nhu cot séng, hong va dau
géi[?:], dao tao y hoc, khoa hoc thi giac va do thi lyc; chinh hinh; xuong gia; dung cu hd tro déu
tri va cac van dé k¥ thuat khac [2].

2.3. Cac buéc ing dung thiét ké nguwoc trong co'y sinh

Quad trinh xay dung lai m6 hinh trong co y sinh qua 4 giai doan co ban: (i). Chon dang dir
liéu dau vao; (ii). Thu thap dir li¢u; (iii). Phan tich va xtr Iy dir li€u; (iv).T4i tao lai m6 hinh.
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2.3.1. Chon dang dit liéu

Dir liéu dau vao cho thiét ké nguoc trong co y sinh c6 mot sd dang co ban sau: hinh anh
mdt cdt 2D (dang chup cat 16p vi tinh - CT, hinh anh chup cong huong tir - MRI) va hinh anh
dang dam may diém (Point Cloud) [2].

2.3.2. Thu thdp dir li¢u

Co6 2 phuong phap lay dir liéu 1a: phuong phép tiép xiic va ‘phuong phap khong tiép xiic.
Phuong phép t1ep xtic ¢ thé dung may CMM va may CNC dé s6 hoa bé mit. Dm voi phuong
phap khong tiép xuc, hinh dang cua doi tugng dugce thé hién bang hinh anh mit cit ngang 2D,
hinh anh 3D dang dam may diém. Trong hau het cac umg dung y hoc phuong phap khong tlep
xuc duoc st dung phd bién hon phuong phap tiép xuc. Trong do ciing c6 nhiéu trudng hop bit
budc phai sir dung phuong phap khong tiép xac nhu viée diéu tri va nghién ctru cic bd phan bén
trong da nhu xuong, tim mach. Tuy nhién, d6i voi ung dung ma yéu cau do chinh xac cao,
phuong phap tiép xuc lai duoc sur dung [2]. Mot sb thiét bi duoc st dung ddi voi phuwong phap
khong tiép xuc 1a: Méay chup cét 16p vi tinh, may chup cong hudng tir, cic dong may scan 3D
hién nay.

2.3.3. Phdn tich va xu ly dir li¢u

Qué trinh ché tao cac by phan thay thé trong y té ludn yéu cau xtr Iy anh d6 1 viéc chuyén
d6i anh CT thanh cac mé hinh bé mat 3D. Cac md hinh bé mit 3D nay co thé dugc luu trong mot
loat cac dinh dang khac nhau. Hién nay, dinh dang phd bién nhat duoc sir dung 1a dang * STL.
Mic du, vé mat Iy thuyet c6 thé chuyén d6i hinh anh CT thanh cac dinh dang 14t sau d6 van c6
thé sir dung dugc cho viée tai tao md hinh, nén co thé bo qua qua trinh chuyén d6i sang dinh
dang *. STL [5]. Tuy nhién viéc nay s€ cho ra mot mo hinh khong chinh xac va cac phin mém
CAD hlen nay str dung cho viéc ché tao van yéu cau dinh dang * STL. Budc quan trong nhét
trong quy trinh nay la xur Iy mé hinh 3D. Vi vay, muc ti€u cua nghién ctru nay la tim hiéu va ung
dung linh hoat céc tai li¢u va phan mém hién c6 dé xu 1y hinh anh CT dé tai tao lai mo hinh
xwong 6ng chan & nguoi. ‘

- Ttr dir liéu chup cét 16p vi tinh (CT) st dung phin mém chuyén dung 3D-Slicer dé dung
lai md hinh 3D tir cac mit cit 2D (Hinh 1-a,b). Vi day 1a hinh anh 3D dugc tao 1én tur cac
1at cdt 2D cho nén bé mat cta nd khong duoc nhan, min (Hinh 1-¢) cho nén mé hinh nay
can phai dugc dem di xir 1y bé mat.
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<)

. Hinh 1. M6 hinh 3D ldy tir anh chyp CT ) )
a) Hinh anh qua phan mém 3D-Slicer; b) M6 hinh dang file *.stl 1ay tryc tip tir anh cat 16p CT
qua phan mém 3D-Slicer. ¢) Chat luong bé mat mo hinh.

-Pé lam muot bé mat, dau tién sir dung phﬁn mém Blender dé chinh sira tho bén mit. O
day, co thé cit bo cac phan khong can thiét, v cac bé mat ho. Cudi cung st dung phan
mém Geomagic Studio 2012 dé chinh sura lai kich thude cac mét ludi, dang ludi tam giac
hay da gidc, dé co thé ra mot bé mit gan gidng nhat tinh bé mat trudce khi in 3D (Hinh 2).

Small Edges
Edge Length: 1436 m:

Curent Tnanges: 23,178
Selocted Trangies 0

b)

. Hinh2. Bé& mit cua xuong dwoc xtr Iy qua cac phﬁp mém.
a) Xt ly thoé qua phan mém Blender; b) Chinh stra kich thudc ludi qua phan mém Geomagic Studio 2012

2.3.4. Ché tao mé hinh thay thé

Sau khi xtr Iy, mo hinh thay thé c6 thé dugc ché tao bang phwong phap in 3D sau d6 tuy
vao yéu cau vé do chinh xac ciia bé mit va gi6i han ciia phuong phap in 3D co thé phai xir 1y lai
bang gidy mai, bot danh bong, son hoic gia cong lai trén méy CNC. Tuy nhién, voi cong nghé in
3D hién dai nhu ngay nay va dac biét d6i voi nhirng may in 3D phuc vu trong linh vye co'y sinh
thi san pham in 3D c6 thé sir dung truc tiép ma khong can phai qua budc xir Iy trén may CNC
[6]. May CNC c6 thé duoc sir dung khi vét liéu ché tao khong cho phép in 3D hay sir dung may
CNC dé 1am khuén sau d6 dtic ra md hinh thay thé [7].
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a) b)
Hinh 3. M6 hinh sau khi ché tao bang phuong phép in 3D
a) Mau sau khi in 3D; b) Mau sau khi xir Iy bé mit

M0 hinh thyce sau khi ché tao xong can phai dugc kiém tra d chinh xac so véi mé hinh 3D
bang cach scan lai bé mat trén may scan 3D, sau do xur 1y so li¢u thu dugc dé danh gia sai so.

3. KET QUA VA THAO LUAN

Trong 4 giai doan chinh cta qua trinh tng dung cong ngh¢ thiét ké ngugc trong co y sinh
thi giai doan 3 - giai doan xur ly dir liéu - 1a quan trong nhat. O giai doan nay ngudi dung co thé
linh hoat st dung cac phin mém khac nhau dé xtr ly. Trong bai bao nay, tac gia sir dung 3 phin
mém chuyén dung dé xir Iy mot di liéu chyp CT do la phén mém 3D - Slicer chuyén dung dé
doc va dung 3D trong y hoc; phan mem Blender 13 phan mém xur 1y thd don gian trong thiét ké
dd hoa va cudi cung dung phan mém Geomagic Studio 1a mot cong cu manh dugc Gng dung
rong rai trong thiét ké nguoc khong chi trong y hoc ma con trong hdi hoa va k¥ thuat. Sau khi xir
Iy xong, chit luong bé mat duoc cai thién hon rat nhiu. Sai s6 cia mé hinh sau xir 1y so vOi mod
hinh dugc xay dung lai tir anh chup CT nam trong khoang -1,25 + +1,25mm (Hinh 4). Sai 5O nay
phu hop véi kich thudc cia cac lat cat khi chup CT, chiéu day céc 1at cit thuong tir 0,3mm den
hang chuc mm tuy vao ché d6 chup va thé hé may [8-9]. Tuy theo cac ché d6 chup CT ma sai s6
cua no s& khac. Sai sO trong qua trinh xir 1y anh hudng khong dang ké trong trudng hop nay. Tuy
nhién vé co ban md hinh sau xir Iy duwoc khéi phuc trén co sé hinh anh CT nén yéu ciu vé do
nhdn, min ciia mé hinh 13 quan trong nhét trong budc nay.

Mo hinh 3D sau khi dugc ché tao bang phwong phéap in 3D va xir Iy bé mit bang phuong
phap danh gidy rap va son bé mat, két qua sau khi so sanh voi mé hinh 3D thé hién trong hinh 5
va bang 1. Céc két qua d6 cho thiy sai s6 kha nho mién dung sai mau xanh nam trong khoang
0,04 - 0,06mm. Mot s vi tri c6 hinh dang bé mit phuc tap c6 sai s6 16n hon (khoang 0,15 -
0,6mm). Hinh 5 va bang 1 c6 thé duoc sir dung 1am co so dé danh va dwa ra cac khuyén céo khi
sir dung hodc Iwa chon phwong phép ché tao mau hop 1y hon trong ting truong hop ap dung.
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Hinh 4. Sai s0 cua mé hinh sau xt Iy
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Hinh 5. Két qua so sanh mau sau ché tao va mo hinh 3D
Bang 1. Sai s0 mdt s0 diém trén m6 hinh
Reference Pos. Measured Pos.
Name
X Y 7 X Y z
3D Comparel: 1 0 -50 398.6396 0.0199 49,9869 398.5833
3D Comparel: 2 -15 -45 395.3863 -15.0133 -44.98 395.3338
3D Comparel: 3 -15 -10 406.6187 -14.9949 -9.9968 406.5693
3D Comparel: 4 -25 15 408.2257 -25.1212 15.0308 409.1182
3D Comparel: 5 37.7595 -0.2484 419.5974 37.9738 -0.3021 419.449
3D Comparel: 6 35 10 412.6763 35.4301 9.8704 412.3036
3D Comparel: 7 1.3335 18.0334 437.0328 1.329 17.9991 437.0425 |
Min. 25.0000 -50.0000 395.3863 -25.1212 49,9869 395.3338 -0.0359
Max. 37.7595 18.0334 437.0328 37.9738 17.9991 437.0425 0.5836
4. KET LUAN

Bai bdo da trinh bay phuong phap ng dung cong ngh¢ thiét ké nguoc trong co y sinh. Cu
thé 14 str dung mot md hinh giai phiu xwong nguoi dé lam d01 tuong ung dung va nghién cuu.
Bang viéc thu thap dit liéu dang hinh anh CT, qua 3 phin mém: 3D - Slicer; Blender; Geomagic
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Studio d3 cho ra mdét mo hinh 3D véi chét luong bé mat tot, dam bao d6 nhin, min. Két qua
nghién ctru dugc st dung lam dir li¢u dau vao cho qua trinh in 3D va 1am co s& dé so sanh do
chinh x4c ctia san pham in 3D, tir d6 dwa ra cac két ludn dé c6 hay khong dat tiéu chuan thay thé
1én co thé nguoi.

DANH MUC DANH PHAP/KY HIEU

CT : Chup cit 16p vi tinh (Computed Tomography)

CAD : Thiét ké ¢6 sy hd tro ciia may tinh (Computer-Aided Design)

CAM : Ché tao c6 su tro gitp clia may tinh (Computer-Aided Manufacturing)
NURBS : Dang téng quat cia dudng va mit cong (Non-uniform Rational B-Spline)
MRI : Hinh 4nh chup cdng hudng tir (Magnetic Resonance Imaging)

CMM : Méy do toa d¢ (Coordinate Measuring Machine)
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