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TOM TAT: Séng kién ki thuat tao mé hinh mét sé céu triic ndo bé nguoi tir phim chup MRI theo phuong
phép méi dwa trén nguyén Ii img dung cac phép phan tich va chuong trinh xt Ii hinh dnh dé phén dinh cac
viing ndo. Péu vao la hinh &nh hai chiéu (2D) ndo nguoi & dinh dang DICOM - |a dang chuén thirc dbi véi
hinh &nh y khoa dwoc phan tich qua cac buéc x |i hinh anh, tai cu tric va chuyén dbi dang 3 chiéu (3D)
dbi véi cac ving ndo quan tam (ROIs). Cac ROIs nay tiép tuc dwoc x |i va tao hinh khéi véi dinh dang
twong thich cho (rng dung trong trinh chiéu, giang day va xuét dwoc qua may in 3D dé tao cac mé hinh ciu
tric ndo ngudi. Két qua: Xay dwng thanh cong va hoan chinh quy trinh phan tich, xi Ii hinh nh, tao mé
hinh 3D tir phim chup MRI ndo bé ngudi, gébm: tao dung hinh dnh 3 chiéu mét sé céu tric ndo bo ttr phim
chup MRI ctia nguoi; st dung kT thuét in 3D dé tao ra cac mé hinh (rng dung trong gidng day va mé phéng.

Tw khéa: Tai dwng hinh 3D, xt Ii hinh &nh, mé hinh ndo nguoi.

ABSTRACT: The technical initiative to model some human brain structures from MRI scans according to
new methods based on the principle of applying analysis and image processing programs to identify brain
regions. The input was a two-dimensional (2D) human brain image in DICOM format - the standard format
for medical imaging analyzed through the image management, reconstruction, and three-dimensional (3D)
image transformation. for brain regions of interest (ROIs). These ROIls were further processed and cubed
with a format compatible for application in presentation, teaching, and exported via 3D printers to create
a human brain structure models. Results: Successfully built and completed the procedures of analysis,
image processing, 3D modeling from MRI scans of the human brain, including creating 3-dimensional
images of some human brain structures from MRI scans; used 3D printing technique to create models for
teaching and simulation applications.
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1. DAT VAN DE.

Trong hé théng dao tao khdi nganh y - duoc,
cac mén hoc y hoc co s& (YHCS) déng vai tro hét
strc quan trong, trang bi cho hoc vién nhirng kién
thirc, khai niém co ban vé co thé nguoi. Twr do,
la co s& dé hoc vién nam bat va phat trién dwoc
cac kién thirc chuyén sau vé cac qua trinh bénh va
didu tri khi tiép xtc véi khéi kién thire va thye hanh
trén l1am sang, trén cac bénh nhan cu thé. Nhirng
mon hoc YHCS nhuw giai phau hoc, sinh li hoc, mé
phéi, sinh li bénh... cung cap nhirng kién thirc vé
d&c diém cu trac - chire ndng clia cac co quan, hé
co quan cla co thé ngwdi; mdi twong quan gitra
co thé v&i mdi trwdng va minh chirng cho sw lién
quan chat ché gitra cac [inh vire hinh thai (cAu trac)
va hoat déng (chirc nang). Phuc vu nhirng yéu cau
gidng day cac mon YHCS, cac md hinh minh hoa
vé clu tric, chirc ndng co thé ngudi 1a nhitng
phuwong tién hd tro khéng thé thiéu, dac biét trong
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cac ndi dung gidng day, hoc tap vé hinh thai, giai
phau, sinh li va bénh li nguwoi. Cac phuwong tién nay
c6 thé 1a trén xac nguwoi hién, tiéu ban, tranh hay
mé hinh (hinh 1). Cac cdng cu dé nhdm giup hoc
vién co6 cai nhin trec quan qua st dung thong tin
hinh anh (thi giac) va cdm nhan tiép xuc truc tiép.
Cac cong cu hinh anh hay tranh vé c6 wu diém la
str dung va lwu trir kha thuan tién, cung cép dwoc
khai niém vé hinh khéi va dwdng nét & goc do nhéat
dinh, nhwng van cé nhirng diém han ché khong thé
pht nhan dwgc (chi la hinh anh trong khéng gian
2 chiéu) so v&i viéc dwoc hoc tap truc tiép bang
ph&u tich trén xac hay cac mé hinh md phdng (ciu
tric that, hinh néi phéng theo cau tric gidi phau, 3
chiéu). Tuy nhién, cac yéu t6 vé dinh ché cho viéc
phung hién va van héa cho t&i hién tai nén hién sb
lwvong ngudi hién xac con han ché, dac biét & khu
vic phia Béc. Bén canh viéc han ché vé sb luvong
xac cho nhirng hoat dong y khoa, viéc giang day
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va hoc tap cho sinh vién trudng y trén xac cling cé
nhirng diém khd, nhw khé minh hoa duc_yc nhirng
thanh phan nhd, nam sau trong co thé (mach mau
hay cac cau tric than kinh), kh6 gidp hinh dung dé
woc Iuong duwoc hinh thé thwc té ctiia nhitng cau
tric vén khong dé& xam nhap (cac nhan xam & sau
trong n&o bd, nhitng clu truc khéng cé hinh thé
cu thé nhw hanh nhan, ndo that...). Thém nia, do
hién twong méat nwdc va hién twong hoai t&r md
trén xac, dac biét, & cac co quan cé ti phan nwéc
cao nhw than kinh, mach mau, gan, phéi, than hay
nhiéu tang thudc hé tiéu hoa... thi cac clu tric
phau tich trén xac sé khong thé hién dwoc chinh
xac dac diém gidi phau ctia co quan sdng, nén cac
mé hinh xac cling cé nhirng nét khac biét so voi
dac diém thuc té trén co thé séng.

Hinh 1. Hinh dnh vé mé hinh hé limbic st dung
trong giang day (a) va tranh vé hé nay (b).

Trong chwong trinh hoc tap tai Hoc vién Quan
y, hinh thai gidi phau va sinh li thn kinh trung
wong la nhirtng ndi dung hoc quan trong va phirc
tap (khd). Cac phuong tién bd tro hoc tap chi yéu
Ia cac tranh vé trong cac giao trinh cung cac mo
hinh minh hoa v&i sé lwong chwa nhiéu. Mot s mé
hinh gidng day hién c6 vé& cac co quan, gém ca nao
bd, thwerng chi mé ta hinh anh dai thé, mat ngoai
céac thily cia hai ban cau dai ndo, clu tric so luvoc
ving gian nao, tiéu ndo va than n&o (Hinh 2).

Hinh 2. M6 hinh néo bé,
gidi thiéu mat ngoai (a) va trong (b), str dung tai
B6 mén Giai phdu hoc, Hoc vién Quén y.

Céac md hinh cu truc co thé nguoi dwoc san
xuét theo quy md cong nghiép thuwong cé chi phi
trang bi cao va da s6 chi mé ta dwoc phan nao dic
diém giai phau co ban cla co thé (nhw cac hdi ndo,
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cac thiét dé cat nao nhat dinh va mét sb cau truc
I&n dwoi vo...), ma chwa cé cac md hinh thic binh
thwong hay nhirng bat thwéorng gidi phiu hodc cac
bt thwérng bénh Ii dwoc 1y mau trén moét ca nhan
cu thé dé giup thay rd dac diém hinh thai twong
tw nhw thuc té. Cing la mét trong nhirng céng cu
hé tro cho hoc tap gidi phau, hién da c6 mot sb
chwong trinh may tinh cung cép hinh anh giai phau
3 chiéu hd tro ngudi hoc -ngudi day, nhwng nhirng
hinh &nh nay van chi 1a hinh &nh dang mé phéng
cac mé hinh giai phau.

Hién nay, kithuat chup cong huéng ti (mag netic
resonance imaging - MRI) duwoc s dung dé kiém
tra hau hét cac co quan trong co thé, dac biét, cd
gia tri trong viéc chup &nh chi tiét ndo ho&c cAu tric
than kinh cot sdng. Chup MRI ndo bd cho hinh anh
chét lwong cao c6 dod phan gidi va do tvong phan
tt, giup danh gia chi tiét cac céu tric ndo, trong
nhiéu trwdng hop 1a tot hon so véi cac ki thuat
chan doan hinh &nh khac nhw siéu am, X quang
va chup cét 16p vi tinh, PET... (hinh 3). Tuy nhién,
hinh &nh trén phim chup MRI 1a cac lat c4t ndo 2
chiéu (minh hoa trén hinh 3). Néu c6 thé st dung
céac ki thuat dé phan dinh cac cau tric ndo trén méi
lat cat va tir d6 dwng hinh anh 3 chiéu sé cho ra
hinh anh cac c4u truc véi kich thuwéc thwe & ngudi,
qua do c6 thé khao sat va (rng dung trong giang
day, nghién ctu va hon nira, trong ca céac ki thuat
mo phdng.

Hinh 3. Hinh éanh chup MRI so ndo
trén thiét dé dumng doc.
Thuat nglr in 3D (nhirng thuat nglr khac
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nhw “ché tao in chéng dung phu gia”, “tao mau
nhanh”) dé cap toi s dung cac dir liéu 3 chiéu
dé kién tac cac vat thé theo tién trinh ché tac
trng 16p. Duoc phat trién ti trén 30 nam truwédce
dé san xuét cac vat thé nhd theo yéu cau khach
hang, t&i nay ki thuat in 3D da dwgc s dung dé
lam cac dung cu lap gid (trong phuc héi, chinh
hinh), cdy ghép nha khoa... Ki thuat nay hién nay
cho phép tao nén cac mé hinh vat thé tw cac div

195



liéu hinh anh y khoa hodc cac c4u truc thiét ké
trén may tinh, nhw cac dung cu Iap gia (chi gia...)
va cac moé hinh. St dung viéc tao tac 3D do trong
hinh anh y hoc gép phan lam ting kha nang xac
dinh vé& bénh hoc, mé ta cac lién quan giai phau
phtrc tap va gép phan cho lap ké hoach can thiép
ngoai khoa. Nhw vay, sw tién bd cla phat minhin
3D ciing tac déng tich cwc té&i ca ki thuat giang
day gidi phau, cac bénh hoc phirc tap va ca rén
ky nang thwc hanh s dung cac mé hinh ba chiéu
va mo hinh mé phéng.

Xuét phat tlr nhitng van dé trén, nhém nghién
ctru da dat van dé phat trién mot sé6 mé hinh huén
luyén moé phéng méi st dung kién tao ki thuat s
va ki thuat in 3D tlr hinh anh MRI, v&i yéu cau co
ban cho cac mé hinh la phu hgp cho thwc hién cac
muc dich huén luyén, déng thdi minh chirng cho
mirc d6 hién thuc héa cao va co thé san xuét & gia
thanh hop li cta in 3D. O giai doan nay ching toi
lwa chon tién hanh ki thuat tao mo hinh mot sé cau
trdc ndo bd ngwdi tr phim chup MRI theo phwong
phap m&i nhdm muc tiéu:

- Tao ra hinh anh 3 chiéu mét sé cu truc ndo bd
tr phim chup MRI clia nguoi.

- S dung ki thuat in 3D dé tao ra cac mé hinh
(rng dung trong gidng day va mé phdng.

2. NOI DUNG Ki THUAT:

Ki thuat dwoc tién hanh theo nguyén i (rng
dung cac chwong trinh phan tich, x& li hinh anh
dé phan dinh cac viing ndo (vé ndo, ndo that, mot
s6 c4u tric chinh vung gian n&o, nén n&o va than
n&o). D liéu dau vao vé hinh anh néo bod & dang
2 chiéu (2D) dinh dang DICOM - chuan st dung
trong hinh anh y hoc. Ap dung cac phan mém x&
li hinh &nh, chuyén bd hinh anh DICOM dé tao ra
cac tap dir liéu 3 chiéu (3D) clia cac viing ndo quan
tdm. Cac vung ndo dwoc x( li va tao 1ap hinh anh
3D v&i dinh dang phu hop, cé thé st dung trong
trinh chiéu, gidng day, dwoc xuét ra dang tép in ndi
glri sang may in 3D dé tao cac mé hinh cAu tric hé
than kinh trung wong.

Chup MRI str dung ttr triedng va cac séng radio
dé tao cac hinh anh v&i cac lat cat méng cia mo
(hinh &nh cét I&p). Binh thwdng, cac proton trong
cac md sinh tir tredrng nhd va dwoc sap xép ngau
nhién. Khi dwoc bao b&i mét tr trwdng manh
clia may MRI, cac truc tlr sdp xép doc theo tw
trwng manh nay. Mét xung véi tan sé radio dwoc
st dung lam truc cta nhiéu proton sap xép theo
hang nguoc v&i tir tredng manh & trang thai nang
lwong cao. Sau kich xung, cac proton tré vé sap
xép co ban clia chung trong tlr trwdng clia may
MRI. Cuwéng do va téc do giai phong nang lwong
xdy ra khi cac proton tr& lai sdp xép nay (T1) va
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khi ching xoay (T2) dwoc ghi lai vé& cwéong do tin
hiéu theo dinh vi khéng gian nh& cudn do ciia may
MRI. Cac thuat toan may tinh phan tich cac hinh
anh nay va cho ra cac hinh anh giai phau chi tiét,
véi cac loat hinh theo tirng chiéu trong khéng gian,
nhw: dirng doc (sagittal), dirng ngang (coronal) va
ngang (transaxial) (hinh 4).

Hinh anh MRI cla ngwdi khde manh, binh
thwdng dugc thu thap tai Bénh vién Trung wong
Quan doi 108 trong mot nghién clru dang trién khai
tai BO mon Sinh li hoc, Hoc vién Quan y. Hinh anh
MRI cAu tric ndo theo ba chiéu khoéng gian dwoc
thu thap trén hé théng may quét MRI 1.5 Tesla
(Siemen, Blrc), st dung chudi xung T1W trén mat
phéng drng doc (sagittal) theo quy cach: do day
lat cit 1 mm véi TR = 15 ms, TE = 5 ms, NEX =
1 ms, goc lat = 30°, trwdng quan sat FOV 25 x 25
cm; Matrix = 256 x 256. Mbi dbi twong dwoc chup
trén 300 lat cat d& bao dadm Iy dwoc toan bd to
chirc ndo (bao gdm ca xwong so va cac td chirc
phan mém).

Hinh &nh dwoc tai tao va kiém tra truc quan
trong qua trinh chup, loai trir hoan toan cac yéu
td gay nhiéu do tr tinh va do chuyén déng cla
déi twong. Hinh anh chup so ndo dai thé duoc
bac st chuyén khoa c6 kinh nghiém phan tich so
bd, xac dinh dbi twong khéng méc cac bénh i
hé than kinh trung wong va dwoc lwu triv & tép
d@ liéu hinh anh 2D dinh dang DICOM. D@ liéu
hinh anh cdng hwéng tir tiép tuc dwoc chuyén
dinh dang tr DICOM sang dang nén NIFTI (nii.
gz) bang phdn mém Mango ver 4.0.1. Hinh anh
MRI so ndo theo ba chiéu dyng trén phan mém
Mango dat yéu cau cho phan tich tiép dwoc minh
hoa trén hinh 4.

Hinh 4. Hinh dnh MRI so néo theo ba mét phang:
ngang (A), dieng doc (B) va diing ngang (C).
Tép di¥ liéu dwoc lvu & dang file nén nii.gz roi

tiép tuc dworc dwa vao phan tich bang chwong trinh
FreeSurfer ver 6.0 [1], [2] qua cac budc trén hinh 5
(dwdi):
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Buwoce 1: Nhap divliéu T1.  Budrce 2: Hiéu chinh chuyén doéng, Buwéc 3: Xac dinh céc té chire néo.
truc AC-PC va loai bo té chure
khéng phai chat néo.

Buwéc 4: Chuén héa Budc 5: Xac dinh Buoc 6: Xac dinh vang )
cuwong do tin hiéu hinh anh. vung chat trang. v ndo theo Atlas tham chiéu.

t

WO

Buorc 7: Xéc djnh Budc 8: Ki higu cac ving vé ndo  Buoc 9: Xéc dinh cac chi s vé thé tich,
thé tich bé mat. va tinh toan thé tich cac vung. do day... cua cac vung ndo quan tam.
Hinh 5. Cac budrc xtr Ii dir liéu hinh dnh MRI trén chwong trinh FreeSurfer.

Hinh anh vé& cac phan viing co' ban clia ndo b sau phan tich bang chwong trinh FreeSurfer tiép tuc
dugc dwa vao phan ’tI'Ch bang phan mém Slicer 3D dé tao lap tép hinh énlf] 3 chiéu cac cau trug nép. Cac
phan vung va cac cau tric nao b tiép tuc dwoc lam mwot (smoothing) roi lwu trir riéng ré moi Cé,u tric
6] dang tép .stl hoac .obj (nhw trén cac hinh 6 va hinh 7). Mé,h‘lnh & cac tap dir liéu 3 chiéu céac cau truc
ndo tiép tuc dwoc kiém tra thi cong dé loai cac khiém khuyét con sét va hoan chinh trén chuwong trinh
Meshmixer (hinh 7).

Hinh 6. Cac phan vung ndo b (A) duoc phéan Hinh 7. Hinh anh néo that (mau tbi)
tich, dung hinh bang chuong trjnh Slicer 3D. cung dam rQi magh mac (sang mau)
Hinh anh MRI néo theo mét phang ngang (B), trén phan mém Meshmixer.

dung doc (C) va dirng ngang (D).
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Céac mé hinh nay co6 thé dwoc xuat ra dwdi cac
dinh dang tap anh thong thudng (jpg, png, hay gif)
ho&c dwoc xuét ra dang t&p in ndi (stl) glri qua may
in 3D dé tao cac mau vat v&i dac diém hinh thai
ddng nhat & nao ngudi thé hién trén phim chup
cdng hwéng tr (hinh 8).

Hinh 8. May in 3D FlashForge
dang in mé hinh than néo.
3. CAC THIET BI CHINH THYC HIEN Ki THUAT:
f.)é thwe hién ki thuat nay, can s dung cac trang
thiét bi chinh sau:
- H& thong cac may tinh cau hinh cao dé chay
cac chwong trinh phan tich, x& li hinh anh 3 chiéu.

- May in 3D.
- Phdn mém Mango 4.0.1.

- Phadn mém Freesurfer v6.0 chay trén nén hé
diéu hanh Linux.

- Phan mém Slicer 3D 4.8.1.

- Phan mém Meshmixer hodc cac phan mém cé
chirc n&ng bién tap anh 3 chiéu.

- Vat tw tiéu hao: Cudn nhya in PLA va ABS,
son mau cac loai.

4. TINH MO, TINH SANG TAO CUAKI THUAT:

- Tinh mai, tinh sang tao:

“KT7 thuat tao mo hinh mdt sé ciu trdc ndo bd
ngwoi st dung dwng hinh phim chup MRI theo
phwong phap maoi” 1a ki thuat 1an dau tién dwoc
tng dung thanh cong trong nwéc, tao duoc mo
hinh cac cau trdc ndo bé dang tap d liéu mém
hoac dang vat liéu cieng. Tt do, co thé trng dung
dwoc hiéu qua trong gidng day va nghién cltru, md
phong.

Nhom ki thuat da nghién cru thanh cong, xay
dwng va hoan chinh quy trinh phan tich, x& Ii hinh
anh, tao mo hinh 3D ttr phim chup MRI ndo b6. Cac
md hinh cAu tric ndo thé hién chinh xac dac diém
cu tric ndo bd & ngudi sdng va qua khao sat so
bd thay co nhitng dac diém khong thuc sy tvong
déng véi cac md hinh gidi phau vé ndo thuong
dwoc str dung trong gidng day hién nay.
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Cu thé, khac véi mo hinh giai phau dwoc minh
hoa trong chwong trinh hoc Giai phau, Sinh Ii hién
nay la s& dung cac hinh &nh, mé hinh ché tao cong
nghiép. Qua khao sat ndo that cia 60 nguoi Viét
Nam khde manh, binh thwéng, tir 20-87 tudi thay,
chi c6 4 ngudi co ton tai stvtng chAm moét cach rd
rang. Nhw vay, rat co thé stvng cham chi xuét hién rd
trén hinh anh phau tich ndo bd trén xac hoac trong
céc tinh trang tang ap lwc ndo that ma & nguoi khde
manh, binh thwdng khdng thay xuét hién (hinh 9).

Hinh 9. Hinh &nh thuc té cac néo that (mau
xanh) trén nén hinh anh chup MRI da dwoc lam
mo nhin tir mat bén (lateral AP view).

Khac biét nira c6 thé thay I1a hinh anh clta dbi
thi. Déi thi thwong dwoc mé ta vé hinh thai la mét
cau tric kép ¢ hinh bau duc (hinh 10.1) nhung
thwe t& qua phan tich, dung lai hinh anh thay, dbi
thi c6 dang kép v&i ciu tric mbi bén twong tw mot
hinh ban ciu det (hinh 10.2). Két qua vé hinh anh
ctia dbi thi cling twong tw nhuw trong bao céo cla
Nguyén PT va cdng sw, khi tac gia do dac dac diém
hinh thai ctia déi thi & nguwdi Viét Nam trwéng thanh
binh thwéng bang cong huéng tir khuéceh tan 3.0
Tesla (hinh 10. A, B, C) [3].

Hinh 10. Hinh &nh dbi thi trong hinh minh hoa (1);
céu tric-chirc ndng, trong thuc té séng kién (2)
va trong bao céo ctia Nguyén PT va cs (A: doi

thi phai; B: déi thj trai; C: doi thj nhin tir trén [3]).
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Ki thuat tao hinh anh 3 chiéu cac ciu tric ndo
giup cha dong trong tao dwng cac mé hinh nao bé.
Dé&c biét, 1a mé hinh vé cac cau tric thudc vung
gian nao (di thi, thé chai, hdi hai ma, hanh nhan...)
hay cu tric cla cac ndo that. Ki thuat nay mé ra
mot phwong phap tiép can mai trong viéc gidng
day, nghién ctru vé& cac dac diém ciu trac, chirc
nang cda nao bé & nguwoi binh thwong cling nhw
trong mot sb tinh trang bénh li cta hé than kinh
trung wong. Bén canh dé, song hanh v&i ki thuat
danh gia qua cac phwong phap phan tich bang cac
thuat toan chay trén may tinh,viéc xay dwng quy
trinh va in thanh céng mé hinh cac c4u truc ndo
cling giup do dac dwgc mét cach trwe quan cac dac
diém vé kich thwdc, thé tich cac cau tric nay. Ki
thuat vé hinh anh 3 chiéu khéng chi gop phan lam
ré cac lién hé clia cac cAu truc trong diéu kién binh
thwdng, ma tir d6 con cho thiy dwoc déc diém thay
déi thé tich, kich thwéc ndo bd lién quan t&i cac
d&c diém sinh Ii (tudi, gi¢i tinh, chiing tdc) hay bénh
li (tam than phan liét, sa sut tri tué, Parkinson,...).
Nhirng wu diém cla gidi phap ki thuat nay con cé
thé (rng dung cho lam sang (lién quan quan sat, 1ap
ké hoach can thiép ngoai khoa) va rong rai hon la
mo phédng trong y hoc.

M6 phoéng la mét phwong phap thuwdng duoc
st dung va c6 hiéu qua trong huan luyén nghé
nghiép y khoa dé& thwc hién cac quy trinh trén
ngudi. Nhirtng mé hinh huén luyén & cac mé hinh
c6 do tin cay dwoc thiét ké dé moé phéng thwc hién
cac ki thuat va thwdng dwoc sir dung trong y khoa.
Tuy nhién, cac md hinh ki thuat chuyén dung nay
thwong dat va han ché trén thi trwong. Qua qua
trinh thwe hiénthanh céng nhw dé cap & trén, viva
cho thdy mirc dd hién thwc cao va coé thé san xuét
néi bd cac md hinh cho gidng day trong YHCS, goi
y cho viéc nghién ctru phat trién cac mé hinh huan
luyén mé phdng mai st dung kién tao ki thuat s
ca cho thyc hién cac muc dich huén luyén nghé
nghiép, lam sang v&i kha nang tao tac clia néi bo
co s& dao tao.

- Céc diéu kién thuc hién ki thuat:

+ C6 céc trang thiét bj phu hop dé& chay duoc
cac chwong trinh x li, phan tich hinh anh 3D.

+Doi ngli lam ki thuat c6 kién thirc vé giai phau,
sinh li ndo b6 va d&c biét 1a kién thire v& hinh anh
nao bo trén phim MRI. Déng th&i, c6 ki nang phan
tich, x( li hinh anh 3 chiéu va ché tac, in 3D.

5. KET LUAN.

Nhom Ki thuat da nghién cru thanh cong, xay
dwng va hoan chinh quy trinh phan tich, x& Ii hinh
anh, tao mé hinh 3D tir phim chup MRI ndo bd.
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Cac md hinh ciu tric ndo thé hién chinh xac dac
diém cAu tric ndo bo & ngudi sébng va qua khao
sat so bd thay cé nhitng d&c diém khong thuc
sy twong ddng v&i cac moé hinh gidi phdu vé& nao
thwong dwoc sir dung trong giang day hién nay

Qua nghién ctu, ching t6i dé xuét, kién nghi:

- Tao diéu kién, dau tw dé cé thé ché tao thém
nhiéu mé hinh gidi phau, sinh li, bénh i theo
phwong phap in 3D phuc vu trong gidng day va
trong nghién ctru.

- Nghién ctu tiép vé xay dyng cac md hinh
huan luyén mé phong trén co s& giai phap ki thuét
nay, trng dung trong dao tao ky nang nghé nghiép.
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