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PHAN TiCH CHONG HiINH MO HINH KHUON MAT BA CHIEU THU NHAN
BO'T1 MAY QUET KHUON MAT VA PHIM CAT LOP PIEN TOAN TREN
BENH NHAN PHAU THUAT CHINH HINH XUONG HAM

Ho Nguyén Thanh Chon', Nguyén Pinh Minh Nhat!,
Huynh Cong Nhat Nam!, Po Tieén Hai2, Hoang Trong Hung!, Ho6 Si Tin!*

TOM TAT

M@ dau: Co6 nhiéu phuaong phap tai dyng hinh
anh khuén mat 3D, trong dé méy quét khuén mat
(Face Scanner — FS) va phim cat I6p dlen toan (CT)
dugc xem 1a nhitng k§ thuat hién dai, c6 d6 chinh xac
cao va hitu ich trong 1ap k& hoach dleu tri phau thuét.
Muc tiéu nghién ciru: Danh gia va so sanh su’ khac
biét gitra mo hinh 3D khudn mét téi tao tir FS va CT &
bénh nhan phau thuat chinh hinh xugng ham thdng
qua phuong phap chéng hinh. Phuong phap:
Nghién c(fu cat ngang so sanh dugc thuc hién trén 10
bénh nhan. Moi bénh nhan dugc chup CT va quét FS
trong cung ngay. Cac md hinh 3D dugc chdng hinh
trén phan mém 3-Matic Research dua vao phucdng
phap Surface-Based Registration - SBR. Sai léch dugc
phan tich bang cac chi s6 RMS, sai biét trung blnh do
lech chuén, sai l&ch ti thidu va toi da. K&t qua: Gia
tri RMS trung binh dat 0,88 + 0,183 mm, khac biét co
y nghia thong ké (P<0 05) nhu’ng van ndm dudi
nguong 1,0 mm, cho thdy mic dé tuang dong cao
gilra FS va CT. Cac chi s6 con lai cé khac biét vé y
nghia thdng ké chi ra c6 sy khac biét 8 mot s6 ving
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giai phau nhu 16ng may, dong tlr, mi mét trén/ dudi,
moi dudi. Két luan: FS la cong cu hitu ich, chi phi
thap han, khdng phat tia ion héa va mang lai su thoai
mai cho benh nhan, dong thai cd the u‘ng dung
chuyén sau dé danh _gid thdm my m8 mém bénh
nhan trudc va sau phiu thuat phau thuat chinh hinh
xudng ham. Ter khoa: Hinh anh khudn mét, Phim cit
I6p dién toan, May quét khuén mat, Phau thuat chinh
hinh xudng ham, Chéng hinh khuon mat.

SUMMARY
SUPERIMPOSITION ANALYSIS OF FACIAL
THREE-DIMENSIONAL MODELS ACQUIRED
BY FACIAL SCANNER AND COMPUTED
TOMOGRAPHY IN PATIENTS

UNDERGOING ORTHOGNATHIC SURGERY

Introduction: Several methods are available for
three-dimensional (3D) facial reconstruction, among
which face scanners (FS) and computed tomography
(CT) are considered modern techniques with high
accuracy and valuable applications in surgical
treatment planning. Objective: This study aims to
evaluate and compare differences between 3D facial
models reconstructed from FS and CT in patients
undergoing orthognathic surgery using
superimposition techniques. Methods: A
comparative cross-sectional study was conducted on
10 patients. Each patient underwent both CT imaging
and FS scanning on the same day. The 3D facial
models were superimposed in 3-Matic Research
software using the Surface-Based Registration (SBR)
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method. Discrepancies were analyzed using root
mean square (RMS), mean deviation, standard
deviation, minimum, and maximum deviation.
Results: The mean RMS value was 0.88 = 0.183
mm, showing statistically significant differences
(P<0.05), yet remaining below the 1.0 mm threshold,
indicating high concordance between FS and CT.
Other indices revealed statistically significant
discrepancies in certain anatomical regions, including
eyebrows, pupils, upper/lower eyelids, and lower lip.
Conclusion: FS is a valuable tool offering lower cost,
absence of ionizing radiation, and improved patient
comfort. It can be effectively applied for detailed
aesthetic soft-tissue evaluation before and after
orthognathic surgery. Keywords: Face image,
Computed tomography, Facial scanner, Orthognathic
surgery, Facial superimposition

I. DAT VAN DE

Trong phau thuat chinh hinh xuang ham, su
thay dai vé xuang va m6 mém sau phau thu’dng
dugc danh gia trén hinh anh hai chiéu bang
cach chéng khép phlm SO nghleng trudc va sau
phau thudt dua vao nhitng cdu trdc xuong on
dinh nhu nén so trudc hodc bang cach so sanh
cac s6 do so mat tuyén tinh va gdc. Cac chi s6
nay phan anh dugc su thay ddi hai chiéu, gidi
han kha nang danh gia thanh cong clia phau
thuat, nhat la vGi nhitng bénh nhan co bat dai
xtng khudn mat trdi-phai.

V4i su' ra dGi clia chup cdt I6p dién toan
(Computered Tomography CT) cho phép thu
nhan hinh anh xugng va moé mém trong khéng
gian ba chiéul.Viéc dinh lugng thay doi phau
thudt bang hinh anh ba chiéu 3D ciing dua trén
nguyén tdc cla phan tich 2D truyén thdng,
nhung c6 thém chiéu th ba (d0 sdu), nhG do
tang lugng thoéng tin thu dudc tUr hinh anh
khuén méat [6,7]. Ngoai chup phim cdt I6p dién
toan, may quét khuén mat (3D Facial scanner —
FS) hién nay la cong cu gilp khao sat hinh anh
m6 mém khudn mat, thuan tién, chi phi hgp ly,
thodi mai va khong chifa tia nang lugng ion hoa
el ngu’dl bénh. Cac vlng g|a| phau khudn mat
6 thé anh hudng dén két qua hinh anh md mém
khuén mat dugc tai dung bgi CT hay FS. Viéc
khao sat mirc do sai cua dir liéu hinh anh mo
mém khudn mdt tai dung bai CT va FS & nerng
ving g|a| phau khac nhau trén khudn mat la can
thiét d€ ggi y nha Idm sang, nhing ving dang
tin cdy va nhiing vung can luu tdm trong qua
trinh thu thap dir liéu Ién k& hoach diéu tri bénh
nhan phau thuat chinh hinh xuong ham.

V@i su tién bd cia khoa hoc cong nghé,
hinh anh 2D cé thé dugc chuyén d6i thanh cac
mo hinh bé mdt 3D bang cac thudt toan todn
hoc nhu thuat toan Marching Cubes?. Cac mo

hinh 3D dugc tai tao sau do cb thé dugc sir
dung dé cd cai nhin tryc quan cac ddc diém giai
phau xudgng hodac mé mém. Chong hinh dua
trén bé mat (Surface Based Registration — SBR)
la phuong phap dau tién dudc mod ta cho viéc
chong hinh anh 3D3.Nguyén ly clia phucng phap
nay bao gém viéc xdp xi hai bé mdt bang cach
chon cac moc tugng rng trén hai hinh anh, sau
dé dich chuyén va xoay mét hinh anh dé cac
maoc nay trung khdp. Ti€p theo la mét qua trinh
lap (thuat toan Iterative Closest Point — ICP)
nham giam thiéu khoang céch gilta hai bé mat.
Phuong phap nay thudng dugc goi la chong hinh
dua trén bé mat. Phuong phap nay da dugc Ung
dung rong rdi trong nhiéu linh vuc y hoc va
nghién clru, bao gdbm chan doan, 1ap k& hoach
diéu tri va danh gia nhiéu trudng hgp khac nhau,
stf dung CT, CBCT, MRI va siéu am 3D*,

Nhdm cung cdp ching khoa hoc cho bac si
lam sang trong lua chon cong cu danh gia, dong
thai ndng cao tinh chinh xac va ca thé hda trong
Ién k& hoach diéu tri phau thuat chinh hinh ham
mat, chdng t6i thuc hién nghién cfu nay nham
so sanh su sai biét hinh anh khuén mét tai dung
b&i CT va FS & nhitng vung giai phau khuén mét
cla bénh nhadn phau thuat chinh hinh xuadng
ham duya trén phudng phap chdéng hinh SBR.

Il. POl TUONG VA PHUONG PHAP NGHIEN
cou

Thiét k& nghién ciru. Nghién clu cit
ngang so sanh thuc hién tai Bénh vién Pai hoc Y
Dugc TP.HCM tir nam 2023-2025. Doi tugng
nghién clfu la nhitng bénh nhan dugc chi dinh
phau thuat chinh hinh xuong ham hai ham va
thda cac diéu kién nhan mau n=10 bénh
nhan/nhém (bang 1).

Bang 1: Tiéu chudn chon méu va loai
trur.

Tiéu chuan chon

mau Tiéu chuan loai trur

Phau thuat chinh hinh ham
ldp lai (revision
orthognathic surgery)

Trén 18 tudi

bugc diéu tri bang
phau thuat chinh
hinh hai ham

Tién sr chan thugng ham
mat

Cac thu thuat phau thuat

thdm my vung ranh mii—

moi (nhu: nang mdii, tiém

botox, tiém filler,...) trong
lGc phau thuat.

Tinh trang toan than
khoe manh

Co6 ho sg CT va FS_ Hién dién di tat so mat, sut
trudc méS va sau mé| moi—hd ham é&ch, hodc réi
6 thang loan khdp thai dugng—ham
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(TMD)

HO6 sc CT va/hoac FS

khdng chinh xac

Tat c@ ngudi bénh déu dong thuan tham
gia. Tuan thd Tuyén b6 Helsinki va dugc phé
duyét bdi HOi dong Pao dirc ctia Pai hoc Y Dudc
TP.HCM (IRB-
VN01002/I0RG0008603/FWA00023448; ]
955/HBHBD-DHYD ngay 16/10/2023 va
1822/HDDD-PHYD ngay 06/08/2024).

Quy trinh chup phim CT. Bénh nhan
dudc tién hanh chup CT ving ham mét bang hé
théng GE Revolution EVO 128 Iat cdt (GE
HealthCare, Chicago, Illinois, Hoa Ky), tuan theo
quy trinh cta Bénh vién bai hoc Y Dugc TP. HO
Chi Minh. Trudc khi chup, bénh nhan dugc giai
thich day du vé muc dich cling nhu cac buéc
thuc hién. Tat ca nhiing vat dung co thé gay
nhiéu hinh anh nhu trang sire, kinh mat, ham
gia thao 13p hay kim loai 6 ving dau — mat — cd
déu dugc thao bo. Trong qua trinh chup, ngudi
bénh ndm nglra trén ban, dau dugc dat vao
khung gqilr va can chinh sao cho dudng
Frankfort vubng goc véi mdt ban; ham dudi
dudc dé & tu thé nghi, bénh nhan tha 16ng toan
than. D& han ché chuyén déng, day dai nhe
dugc s dung cd dinh bénh nhan.

D{t liéu hinh anh thu dugc luu dudi dang
DICOM va dudc nhdp vao phan mém 3-Matic
Research (v.13, Materialise NV) d€ dung md mém
khudn mat. Sau dd, tép dugc chuyén sang dinh
dang STL (standard tessellation language) nham
phuc vu viéc luu trit va ti€n hanh chong hinh.

Quy trinh quét khuon mat. Sau khi hoan
tat chup CT, bénh nhan dugc ti€n hanh quét
khuén mat trong cung ngay bang thiét bi
MetiSmile (Shining 3D, Hang Chau, Trung
Qudc), hoat dong dua trén cong nghé anh sang
cau trac véi do chinh xac £0,05 mm. Trudc moi
lan quét, may dugc hiéu chinh (callbrate) theo
dung hu’dng dan cta hang san xudt nhdm glam
thi€u sai sd. Qué trinh quét dugc thuc hién &
ché do cam tay (handle mode), nghia la bénh
nhan gilr nguyén tu thé trong khi may quét di
chuyé&n quanh khudn mét.

Trong lGc quét, bénh nhan dudc ddt ndm
trén ghé& nha khoa, dau gilr sao cho mat phang
Frankfort vudng géc véi san nha. Bénh nhan
dugc hudng dan tha long toan than, gilt ham
dugi & vi tri nghi tu nhién; toc dugc cai gon dé
khéng che khuat cac méc giai phau. Tat ca dir
liu sau quét dugc xudt ra dudi dinh dang STL
(standard tessellation language) va nhap vao
phan mém 3-Matic Research (v.13, Materialise
NV) dé€ phuc vu dung hinh va do dac ba chiéu.
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Quy trinh chong hinh khuoén mat. Cac
mo hinh dugc tao nén tr may quét khubn mat
3D (Metismile, Shinning 3D) va may CT (GE
Revolution EVO, GE HealthCare) dugc so sanh
trong khong gian ba chiéu bang tinh nang “part
comparation analysis” trong phan mém 3-Matic
Research. Phan mém nay ho trg viéc chong
ghép mo hinh tham chi€u va ting mo hinh so
sanh thdng qua cac budc cin chinh. Cu thé, can
chinh dugc thuc hién bang thudt toan “N points
registration” , tu dong xac dinh su’ can chinh téi
uu dya trén cac diém tham chiéu da dugc thiét
lap san. D&y 1a budc dau dé giam thiéu thdi
gian chdng hinh bang SBR & sau.

Céc diém tham chiéu st dung trong nghién
clru ndy la cac diém mdc gan méi mo xuang, de
xac dinh va khong bi anh hudng trong qua trinh
phau thuat cung nhu su' di chuyén cta xuong
ham duéi, gom:

e N’: Trung diém trén dudng vién md mém
& gbc mii

e EnL: Piém md mém n3m tai gbc trong
khe mat cla mat trai

e EnR: Diém md mém ndm tai gdc trong
khe mat clia mat phai

e ExL: Piém md mém ndm tai goc ngoai
khe mat cia mat trai

e ExR: Piém m6é mém ndm tai gdc ngoai
khe mat ctia mat phai

Sau doé, s dung tinh nang “Global
Registration” dé tinh chinh lai vi tri ctia hai md
hinh 3D khuén mat, quy trinh dugc lap lai cho
dén khi gia tri sai biét la nho nhat va lap lai 3
[an (Surface Based Registration — SBR). Quy
trinh nay tuong tu véi “Best-fit”, dugc st dung
trong nghién c(ru cla Nichakun Tangthaweesuk
va cong su®.

E @/
I-@ ev:

Y )\

Hinh 1: Quy trinh nghién ciau. A thu thap
dir liéu CT va FS. B. Quy trinh chéng hinh.
Phan tich dir liéu. D& danh gid su tucng
dong dinh tinh gilta mo hinh clla may quét khudn
mat (FS) va phim cdt I6p dién toan (CT), phan
mém tao ra ban d6 mau sai biét (color difference
map). Thang mau dugc biéu dién nhu sau:
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e Vung xanh la: khong cé su khac biét
gitfa hai nhém.

e Vung d6: hinh anh FS nam vé phia trudc
so vdi hinh anh CT.

e Vung xanh lam: hinh anh FS nam vé
phia sau so vdi hinh anh CT.

Sau dé, gia tri can bac hai trung binh (RMS)
cla tat ca khoang cach gitta cac cap diém gan
nhat trén mé hinh tham chi€u va mé hinh thar
nghiém dudc tinh toan, nham xac dinh “sai léch
3D" giifa tirng cap mo hinh, ca & toan bd bé mat
khuon mat quét.

Thudt toan cta phan mém sé tu dong tim
va ghép nSi cic cdp diém gan nhat. Trong
nghién cfu nay, do chinh xac 3D t6t cla mo
hinh thir nghiém dugc thé hién qua gia tri RMS
thap, chiing té6 mirc do tuong dong cao gilra cac
mo hinh da chong ghép.

Do tin cdy cia may quét khudn mat ky thuat
s cd thé dugdc phan loai thanh 4 mirc dos:

e R3t dang tin cay (Highly reliable): sai léch
< 1.0 mm

¢ Dang tin cay (Reliable): sai léch 1.0-1.5 mm

e DO tin cdy trung binh (Moderately
reliable): sai lIéch 1.5 — 2.0 mm

e Khong dang tin cay (Unreliable): sai léch
> 2.0 mm

D{t liéu thu dugc dugc trinh bay dudi dang
gid tri trung binh £ d6 léch chudn (SD). So sanh
gia tri gitta hai nhdom CT va FS thuc hién bang
phép kiém Paired T-test. Gid tri P<0,05 dudc
xem la cd y nghia thong ké. Tat ca cac phan tich
thong ké dugc tién hanh sir dung phan mém
SPSS 23.

Ill. KET QUA NGHIEN cUU

Pac diém bénh nhén: MuGi bénh nhan
dén phau thuét c6 tudi tir 19-30. C6 ba bénh
nhan nit (30%) va bay bénh nhan nam (70%).

Trudc phau thudt tat cd cdc bénh nhan déu
dugc chan doan cd sai khdp can loai II theo
Angle do sai hinh xudng ham va tat ca diéu
dugc phau thuat LeFort I 6 ham trén va Bilateral
Sagittal Split Osteotomy (BSSO) & HD. Dac diém
bénh nhan c6 khuén mat nhin nghiéng dang
[0m, IUi ham trén va hé ham dui.

Két qua chong hinh m6 hinh 3D khudn
mat quét béi FS va CT: (Hinh 2)

e Gid tri RMS trung binh la 0.88 + 0.183
mm nam & khoang rat dang tin cay (<1.0mm)

e Gia tri sai biét trung binh: -0.013+£0.4mm
(mean)

e Gia tri d6 léch chuén trung binh 13 0.763
+ 0.308 mm (std)

o Gia tri sai léch tdi thi€u trung binh va: —4.33
+ 0.858 mm thé hién tai mét s6 diém hinh anh FS
nam sau hinh dnh CT ~4.33mm thé hién & cac
vung: dong tr, ranh mdi cdm, cdm (min) (Hinh 3)

e Gia tri sai léch t6i da trung binh: 3.22 +
0.72 mm thé hién tai mét s& diém hinh &nh FS
nam trudc hinh anh CT ~3.21mm thé hién & cac
vung: 16ng may, mi mat trén/ dudi, moi dudi
(max) (Hinh 3)

E= )
=5
=

Hinh 2: A Sai léch trung binh, d6 Iéch
chuén trung binh va gid tri RMS trung binh sau
khi chdng hinh FS va CT. B Sai l&ch t8i thi€u
trung binh va sai léch t6i da trung binh *Gia tri
p<0,05 khac biét c6 y nghia thong k& ns
P>0.05 khac biét khéng cé y nghia thong ké.

Hinh 3: Hinh anh FS va CT sau khi thuc hién chdng hinh dugc minh hoa béng ban d6 khoang
cach ma héa mau. Cac mau thé hién mdc dd thay déi tdi thi€u (xanh lam), trung binh (xanh 13) va

t6i da (do) dugc hién thi.
IV. BAN LUAN

Nghién cfu cla chdng téi sir dung phuaong
phap quét 3D khudn mat bgi may quét khuodn
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mat va phim CT thudng quy, cho d6 chinh xac
cao G kha ndng khao sat mé mém so véi phim
CBCT. Nghién cttu cling st dung phuong phap
ch6ng hinh (Surface Based Registration — SBR)
da dugc sir dung G cac nghién clu trudc dé
danh gia su thay doéi khudn mat trudc va sau
phu thut chinh hinh xuong ham’.

RMS trung binh & m{c 0.883 nam & khoang
rat dang tin cdy (<1.0mm), nghia la hinh anh
mo hinh 3D cua FS va CT gan nhu tugng dong
nhau. Diéu nay mG ra viéc cd thé sir dung FS
thay cho CT dé khao sat dic diém 'md mém tai
nhiéu thdi diém trudc hodc sau phau thudt néu
tinh chat khdng doi hoi phai khao sat moé xuong.
Cac nghién cliu trugc day danh gia dap Ung cua
diéu tri phau thuat chinh hinh xugng ham &
bénh nhan cé sai hinh xuong cling dé nghi
nhiéu thdi diém khao sat khac nhau dé danh gia
dap Lrng md mém véi diéu tri®. May quet khubn
mét véi dir liéu 3D co thé hd trg d&€ md phdng
di liéu bénh nhan &o, 1én ké hoach diéu tri, lam
viéc giao ti€p gilra bac i va bénh nhan tré nén
don gian. Bac si qua d6 ciing hiéu dudc nguyén
vong diéu tri cia bénh nhan, tir do 1én ké hoach
diéu tri hap ly.

Nghién clfu clia ching toi cho két qua khac
v@i nghién cru cla Nichakun Tangthaweesuk va
cdng su® ciling ti€n hanh so sanh hinh anh cua
ba may quet khubén mat vai ph|m Cone Beam CT
gilra cac vung g|a| phau, két qua cho thay gia tri
trueness gilta cac vung bé mat may Planmeca
ProFace ghi nhan gia tri trueness trung binh cao
nhat 1a 0,92 mm tai ving ma trdi. Trong khi do,
vung mii ghi nhan gid tri trueness trung binh
thap nhat (mean = 0,36 mm) dugc tinh bdi
Planmeca ProFace, cho thdy bé mat cuc bd cla
vung miii dat diém trueness cao nhéat. Diéu nay
cd thé do tac gia chi sir dung phép chdng hinh
SBR daon thuan ma khoéng cé budc chong hinh
“N Points Registration”, lam mé hinh 3D thién vé
chong khit & ham duGi, m6i va cdm trong khi
day la nhimg viing dé thay ddi do tu thé ham
dudi clia bénh nhan thay déi.

Trong nghién clfu nay, cac vung sai biét cha
yéu tap trung & vung moi dudi ( xanh lam, mo
hinh FS ndm sau CT) diéu nay c6 thé do su
khdng 6n dinh cta ham dudi trong qué trinh
chup phim va quét khuén mat. TUr dé chdng toi
dé& nghi can phai c mdt thiét bi d€ cd dinh vi tri
ham dudi, tuang tu Zig nhung khong dugc qua
day dé tranh lam thay d6i ddc diém mo mém
vlng moi.

V. KET LUAN
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Nghién clu cho thay tiém nang ('ng dung
may quét khuén mat — FS trong viéc thay thé CT
khi chi can khao sat mé mém khuon mat. Phan
tich théng ké cho thay ti 1€ tuong dong RMS
trong khoang cuc ky dang tin cay. Vé lua chon
trén 1dm sang, FS cd thé st dung thay thé cho
CT khi thdm khdm trudc va sau phau thuat dé
danh gia tham my cling nhu dap Ung clia md
mém vdi phau thuat. bay la phlrdng phap khong
dat do, khong nhiém tia nang lugng ion hda,
thodi mai vdi bénh nhan han phim CT. Nha Iam
sang cling can cha y tu thé ham dugdi sao cho &
trang thai mong mudn vdéi khoang sai biét ~
0.13=-0.39 Khi can khao sat cd mo xuong va
moO mém, viéc két hgp ca CT va FS cho két qua
cai thién dang luu tdm. Cac cau tric Iong, chan
may, téc ¢ thé ghi nhdn dugc trén FS ma CT
khong cd. Ngoai ra, khi dugc quét FS, bénh
nhan cé thé thoai mai mad mat, day la mét mdc
tham chi€u quan trong khi can xac dinh cac
théng s6 tham my. Cong cu FS gop phan ma ra
hudng ti€p can phau thuat ky thuat s6 hién dai,
cai thién trai nghiém diéu tri va tién lugng két
qua diéu tri ldu dai.

LO1 CAM ON

Nghién cltu dugc tai trg mot phan kinh phi
bdi DH. Y Dugc TP. H6 Chi Minh, theo hgp dong
s0 165/2023/HD-DHYD, ngay 14/09/2023
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