TAP CHIi NGHIEN ClPU Y HOC

DAC PIEM DUONG HO HAP TREN BENH NHAN
SAI HINH XUONG HANG Il BANG KI THUAT CBCT
VA DONG LUC HOC DONG CHAY (CFD)
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Nguyén Thi Thu Phwong va Lé Pinh Tung™

Trwrong Pai hoc Y Ha Noi

V6i muc tiéu dénh gié dac diém duwong hé hép trén bénh nhén sai hinh xwong hang Il bdng CBCT va ki thuat

CFD. Nhém tac gid da st dung phuwong phép nghién clru mé ta cat ngang trén 124 phim CBCT cta cac dbi

tuong c6 sai hinh xwong hang Il va két luan réng trong sai hinh xwong hang Il, gié tri trung binh cta sai léch giiia

xwong ham trén va ham duéi & nhém bénh nhan nghién ctru nady Ia 5,84°. Ngoai ra, téng thé tich dudng hé hép

trén & nhém nay trung binh la 21,05mm?2trong khi dién tich mét ¢t ngang nhd nhét (CMA) & nhém nay trung binh

14 180,07mm?. Ap luc dong chay I6n nhét trung binh Ia 5,84Pa trong khi van téc dong chay I6n nhét 1a 2,01 m/s.

Tir khéa: Sai hinh xwong loai Il, phim CBCT, CFD.

l. DAT VAN BE

Do déng lwc hoc dong chay duong hd hap
trén (HUA) la mét linh viwc nghién clru quan
trong trong y hoc va ky thuat, dac biét Ia trong
viéc md phéng cac dic tinh cha ludng khong
khi qua cac co quan hé hap trén nhw mii,
hong, va thanh quan. Viéc nghién ctru déng luwc
hoc dong chady nay giup cac nha khoa hoc va
bac si danh gia hiéu qua cua cac can thiép y
té, chang han nhw phau thuat hay diéu tri bang
thudc, ddng thoi cai thién viéc thiét ké cac thiét
bi hd tro ho hép.

Mét trong nhitng phwong phap phd bién
nhét trong nghién clru dong lwc hoc dong chay
duwdng ho hép trén 1a st dung mé phéng dong
lwc hoc chét 16ng (CFD). CFD la mét céng cu
manh mé giup mdé phédng dong chdy khdng
khi trong cac duwdng hd hap, qua dé cung cap
nhi*ng théng tin quan trong vé ap suét, van téc
va sw phan bd dong chay trong cac khoang hd
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héap. Cac mé phdng nay c6 thé giup phan tich
nhirng van dé& nhw tdc nghén dwong thé, anh
hwéng cla di dang c4u truc dworng hé hap, hay
cac tac dong cla diéu tri hd hap. Dac biét, mo
phdng CFD cé thé dwoc két hop v&i phan tich
cAu tric dé nghién ctru sy twong tac gitka dong
chdy khéng khi va cac mé mém clia duwéng hod
hap, dwoc goi la mé phdng twong tac chat 1dng
- cu trac (FSI)."

Mét sb nghién ciru da chi ra rdng CFD c6
thé dwoc st dung d& moé phdng chinh xac
dong chay khéng khi trong cac mé hinh 3D cua
duwéng hd hap duoc tao ra tlr cac hinh anh y
khoa, nhw CT hay MRI. Phdn mém nhu Mimics
dwoc st dung dé& chuyén ddi cac hinh anhy
khoa thanh mé hinh 3D, sau d6 st dung cac
phan mém nhw ANSYS dé phan tich dong chay
va t6i wu hoa thiét ké phau thuat hoac diéu tri.
M6 phéng CFD khéng chi giup nhan dién cac
khu vie bi tdc ngh&n ma con gilp cai thién thiét
ké cac thiét bj hé tro hd hap nhw éng thé hay
may th.2?

DPé& dam bao tinh chinh xac cla cac mé
phéng nay, cac mé hinh déng lwc hoc dong
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chdy can dwoc kiém tra va hiéu chinh qua cac
thi nghiém thwc t&. Nhiéu nghién ctu da tap
trung vao viéc xac dinh cac mé hinh bac thang
hoac mé hinh mé phdng déng lwc hoc cho
dong chay khéng 6n dinh, véi cac loai md hinh
cudn xody va nhiéu loan dwoc ap dung d& moé
td chinh xac hanh vi ctia dong chady khéng khi
trong cac tinh hudng khac nhau.*5

Chinh vi vay, véi muc dich cung cap thém
théng tin giup céac bac si rang ham mat co
nhitng di liéu tham khdo vé kich thudc va
chic nang cia dwong hd hap trén chung toi
tién hanh nghién ctru danh gia dac diém duong
hé hap trén bénh nhan sai hinh xwong hang Il
bang ki thuat CBCT va CFD.

Il. DOl TVQNG VA PHUONG PHAP

1. Déi twong

Phim CBCT cla bénh nhan 18 - 25 tudi va
c6 twong quan xwong loai Il (ANB > 4°).

Loai trtr; bénh nhan c6 tién st diéu tri chinh
hinh rang mat.
2. Phwong phap

Nghién ctru thuc hién theo thiét ké mo ta cét
ngang, trén phim CBCT:

SZ

n=2%_, ———
(X.g)?

1-a/2

n: C& mau.

a: Mirc y nghia théng ké.

a = 0,05 - > hé sb gidi han tin cay Z
1,96.

x: Gia trj trung binh ttr nghién ctru trwéc dé.2

1-a2

S: Do léch chuan 14y tir nghién ctru trwde do.2

£: Mtrc sai léch twong ddi gitra tham sd mau
va tham sb quan thé.

Can c& vao cong thc trén va cac nghién
clru co trwde clia cac tac giad khac, chung toi
tinh dwoc ¢& mau n = 80. Thuc t&, nghién ctru
trén 124 phim CBCT cla déi twong tham gia
nghién ctru co sai hinh xwong hang Il.

Thoi gian nghién ctru

T thang 11/2022 dén thang 04/2023.

Dia diém nghién ctru

Vién dao tao RHM - Pai hoc Y Ha Noi.

Phwong tién nghién citru:

May X-quang ki thuat sé cta hang Sirona
tai Vién Pao Tao RHM. Phén mém Invivo —
Anatomage tai Vién Bao Tao RHM va phan
mém Ansys Fluent (phién ban R2023).

Cédc bwérc tién hanh nghién civu:

- Tap huén chup phim cho KTV X-quang.

- Kham so bod dbi twong nghién ctru theo
tiéu chuan lwa chon va tiéu chuan loai triv.

- Tién hanh chup CBCT, huéng dan dbi
twong nghién clru dirng dung tw thé chup phim.

- Tw thé nguoi dwoc chup: ding thang véi
lwng vudéng géc san nha, mat phéng Frankfort
la m&t phdng tham chiéu. Chup phim & tw thé
réng 1dng mui ti da.

- Doc phim trén may tinh dé kiém tra phim cé
du tiéu chuan cta déi twong nghién ciu khéng.

- Tai thiét lap hé toa d6 clha phirc hop so
mat.

- Do dac cac chi sb trén phim bang cac phan
mém do phim 3D va phan mém déng lwc hoc
dong chay Ansys.
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Cac bién s6 nghién ctru

Cac kich thworc do:

x Pinh nghia — Cach L L« Coéng cu
Bien so oL Loai bién Chi so .
xac dinh thu thap
Gigi Nam/ni{y BPinh tinh Bénh an
Tudi Nam Dinh lvgng SD Bénh an
. Goc tao bdi Sella, _ Phim CBCT, phan
Goc SNA . R Dinh lvgng SD .
Nasion va diém A mém Anatomage
Géc tao bai Sella, Phim CBCT, phan
Goc SNB 120 bot S Binh lwvong sD ! P
Nasion va diém B mém Anatomage
) SNA- SNB(°) Khac biét , Phim CBCT, phan
Géc ANB » . Dinh lvgng SD N
gilba SNA va SNB méem Anatomage
Khoang cach tir A vudn Phim CBCT, phan
Ato N perp i g g Dinh lvgng SD N P
go6c vo&i Na (Mc Namara) mém Anatomage
Khoang cach tir Pog . N
R s . Phim CBCT, phan
Pog to N perp vudng goc voi Na Dinh lwgng SD N
mém Anatomage
(Mc Namara)
Mand length . . » . N
N Khoang cach gitra ) Phim CBCT, phan
Chiéu dai xwong ) . Dinh lvgong SD N
. . Gonion va Menton méem Anatomage
ham dwéi
Facial convexity — Goc tao bdi Nasion, . Phim CBCT, phan
T 2 . . Binh lvong SD 5
Géc 16i mat diem A va Pogonion mém Anatomage
Géc gitra mat phang , .
. e A 2 . Phim CBCT, phan
FMA ham dw&i va mat phang  Dinh lwong SD N
mém Anatomage
Frankfort
Khoang céch gitra _ Phim CBCT, phan
AFH . R Binh lvgong SD N
Nasion va Menton mém Anatomage
PEH Khoang ‘céch gitva Sella Binh lwong sD Phim CBCT, phan
va Gonion mem Anatomage
A e . . Phim CBCT, phan
AFH/PFH Tilé gilta AFH va PFH  DBinh lwvong SD N
mém Anatomage
o . Mé&t phang ngang song , .
Mat phang hau gitra L. N . Phim CBCT, phan
song v&i mat phang FH, DBinh lvgng SD

(Mph plane)

di qua bd khau cai mém

mém Anatomage
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5 Pinh nghia - Cach L . % Céng cu
Bién so e Loai bién Chi so .
xac dinh thu thap
Mat phéng ngang song
Mat phdng hdu dwéi  song véi mat phang FH, _ Phim CBCT, phan
. N Binh lvong SD N
(Lph plane) di qua bo trén cua nap mém Anatomage
thanh mon
L _ . Gi¢ihan b&i mat phang _ Phim CBCT, phan
Thé tich hau phia trén . Binh lvgng SD .
Pna va Uph mém Anatomage
R ; Gi¢i han b&i mat phan Phim CBCT, phan
Thé tich hau gitra AN DOTMALPRANG & 1wong SD ! P
Uph va Mph mém Anatomage
s .. Gi6i han bdi mat phang _ Phim CBCT, phan
Thé tich hau dudi . Binh lvong SD X
Mph va Lph mém Anatomage
. L Tbng thé tich dwdng _ Phim CBCT, phan
Tong theé tich AN N Dinh lvgng SD .
hé hap vung hau (mm?3) meéem Anatomage
CSA ( Cross Section Thiét dién cat ngan Phim CBCT, phan
( SN cangang 5ok lwong ) ! P
Area) nhd nhat ( mm?) mém Anatomage
Ap suét I6n nhét _ Phim CBCT, phan
Pressure max . N i Binh lvgng SD N
cua luong khi - Pa méem Ansys
_ VN . _ Phim CBCT, phan
Velocity Van toc ludong khi - m/sec  Dinh lwgng SD N
méem Ansys

Hinh 1. Tai thiét lap vi tri dang

cua phirc hop so mat

Chung t6i mé phdng dong chay hén loan
dé& woce tinh cac kidu ludng khi do & dwong hod
hap trén. Sau khi xac dinh dwoc khu vuwe can
khao sat, b& mat cac mé hinh ba chiéu cla
duong hd hap trén dwoc tao tir cac file dinh
dang DICOM cua phan loai xwong hang Il sau
do6 dwoc xuat dwdi file dinh dang (STL). Sau

Hinh 2. Cac goc SNA, SNB, ANB dwoc
do dac nham xac dinh sai hinh xwong hang II

dé, cac dinh dang STL dwoc dwa vao phan
mém ANSYS Spaceclaim dé tao dang hinh
hoc. M6t mé phéng dang lwéi véi cac dac tinh
ky thuat cia cac bé mat gi¢i han, dwoc thuc
hién b&i phan mém ANSYS Fluent Meshing
(Canonsburg, PA). Mét lwdi khdng co cau trac
bao gébm cac 6 luc giac va da dién da dwoc
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tao ra va ban CFD thwong mai Ansys Fluent
(phién ban R2023) da duoc sir dung dé tao
ra md hinh nhiéu loan phwong trinh kép tiéu
chuan (k-w). Téc d6 dong thé tich dwoc dat
la 200 mL méi phut va di qua khai dng lién tuc
duoc gid dinh theo cac nghién ciru trwée. Ap
suat khi quyén tiéu chuén 1a 1 atm dwoc gia
dinh & khu vwc dau ra. M6i mé phdng cho mai
bénh nhan duwoc tinh toan thong qua phuwong
trinh Navier-Stokes duy tri & trang thai vo&i
1000 1an Iap, tiéu chi hoi tu nhd hon 1e-4 cho
tat c& cac phan dw. Mé phéng CFD dwoc thuc

hién véi CPU i7-13th, RAM 95Gb. va méi mo
phdng mat khodng 20 phat d& hoan thanh. Do
yéu cau vé sirc manh tinh toan va thoi gian
x& ly khéng 16 cho viéc phan tich va xi ly
trng hinh anh, viéc xay dwng mé hinh 3D mét
khoang 10 phut, tuy thudc vao chéat lwgng hinh
anh. Cac mau dai dién cho tirng buéc duwoc
trinh bay theo cac buwéc:

a- Xac dinh khu vwc nghién ctru

b- Tao dang hinh hoc lwéi

c- Cai d&t diéu kién

d- Phan tich két qua

Hinh 3. M6 phéng dong lwc hoc chat 16ng thwe hién béi phan mém Ansys

Xt Ii s liéu

Viéc thu thap va nhap sé liéu duoc quy wéc
chuén hoa va tap huan cho diéu tra vién truéc
khi tién hanh thu thap.

S6 liéu dwoc x |i trwde khi nhap vao may
tinh

Sé liéu dwoc nhap trén phan mém Microsoft
Office Excel 2007 va dwoc x& ly, phan tich trén

phan mém SPSS 22.0 v&i cac phwong phap
thdng ké y hoc phu hop.

3. bao dirc nghién ctru

Péi twong nghién clru tw nguyén tham gia
nghién ctru. Cac théng tin dwgc gitv bi mat va
chi phuc vu cho muc dich nghién ctru.

Ill. KET QUA

Bang 1. Pic diém cau tric cua nhém sai hinh xwong hang i
dwoc do bang phan mém phan tich phim 3D Anatomage

Hang Il
p-value
Mean SD
SNA (°) 83,1 3,61 < 0,001
SNB (°) 77,67 3,88 < 0,001
ANB (°) 5,84 1,56 < 0,001
Goc ham (°) 120,00 5,83 0,020
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Hang Il
p-value
Mean SD

Ato N perp. (mm) 3,72 3,23 0,002
Pog to N perp. (mm) -3,84 7,04 < 0,001
Chiéu dai xwong ham duéi (mm) 82,08 4,62 < 0,001
Géc 16i mat (°) 12,03 4,01 < 0,001
FMA (°) 24,92 6,52 < 0,001
AFH (mm) 114,35 7,44 < 0,001
PFH (mm) 73,18 14.05 0,007
AFH/PFH 1,51 0,18 0,038
Thé tich dweng ho hap trén & phan doan

N 8,24 3,98 0,100
hau trén (mm3)
Thé tich dwerng hé héap trén & phan d

‘Ae |i wong hd hap trén & phan doan 767 3,05 0,003
hau gitba (mm3)
Thé tich dweng ho hép trén & phan doan

N . 5,84 3,11 0,004
hau duéi (mm3)
Téng thé tich dwong ho hap trén (mmd) 21,05 7,66 0,001
CMA (mm?2) 180,07 80,30 0,002

Nhuw vay, gia tri trung binh cla sai Iéch gilra

xwong ham trén va ham dwéi & nhom bénh
nhan nghién clru nay la 5,84°.

Tbng thé tich dwong hd hap trén & nhém

nay trung binh la 21,05mm?trong khi dién tich
mat cét ngang nhd nhat( CMA) & nhém nay
trung binh la 180,07mm?2.

Bang 2. Dac diém chirc ning dan khi cia nhém sai hinh xwong hang I
dwoc do bang phan mém phan tich Ansys Fluent

Hang Il xwong

p-value
Mean SD
Ap luc dong chay I&n nhét (Pa) 5,84 5,36 0,009
Van téc dong chady Ién nhat (m/s) 2,01 0,99 0,002
Trong sai hinh xwong hang I, ap lwvc dong IV. BAN LUAN

chdy I&n nhét trung binh la 5,84Pa trong khi
van téc dong chay Ién nhat 1a 2,01 m/s.

Tai cAu tric nhirng lat phim so nghiéng

tr hinh anh 3D (CBCT) dwoc st dung trong
nghién ctru nay. Mot nghién clru khac ciling
so sanh dd chinh xac cla cac phép do kich
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thwoc gitka phim so nghiéng truyén théng va
phim CBCT cho thay c6 sw khac biét dang ké
tr kich thwéce that sy cho cac phép do kich
thwéc & phim so nghiéng. Nguwoc lai, trén phim
CBCT, khong c6 sw khac biét dang ké so véi
gia tri thuc té. Didu nay cho thay phim CBCT
dwdng nhw mang lai dé chinh xac cao hon so
v&i phim so nghiéng truyén théng va do do
CBCT dwoc khuyén khich st dung nhw mot
céng cu manh mé va can thiét trong nghién
ctru va chan doan. CBCT tao ra hinh anh 3D
chinh xac vé mat giai phau ma khéng bi phéng
dai hoac bién dang, cho phép do chinh xac &
ca ba chiéu trong khéng gian. Diéu nay cho
phép chung ta hiéu biét toan dién vé& hinh thai
hau hong & tré dang tang trwdng déng thoi
cung cap nhirng hiéu biét cé gia tri hé tro chan
doan va lap ké hoach diéu tri. Theo Nojima va
cong s khi danh gia dwong thé & cac sai hinh
xwong loai Il , goi y rdng thé tich va hinh thai
duwong hd hap trén twong tw nhau & cac dang
xwong khac nhau cua sai hinh xwong hang
[1.7 Chiéu dai thyc t& cla xwong ham trén va
ham dwdi lién quan chat ché hon dén thé tich
va hinh thé dwong thd trén hon 1a cac géc,
diéu nay phan anh vi tri ciia ching so v&i nén
so. Trong nghién ctru ctia ching tdi, chidu dai
xwong ham dudi trung binh la 82,08mm va
tdng thé tich trung binh dwdng hod hap trén la
21,05mm3.

Loi ich cta viéc ap dung phwong phap CFD
so v&i cac phuong phap phan tich co hoc chat
Idng khac 1a tiét kiem dang ké& chi phi va thoi

gian, kha nang phan tich cac hé théng hodc
diéu kién cuc ky phirc tap théng qua mé phéng
thwe nghiém (chdng han nhw trong trwérng hop
duweng hd hap), cling nhw mirc d6 chi tiét gan
nhw vé han. B&i vi phan I&n danh gia hinh thé
théng thuwdng ctia dwéng hd hap trén dwoc thuc
hién truc doc theo chiéu dai dwérng hd hap trén
va dién tich clia mat c&t ngang nhé nhét, diéu
nay khéng phan anh chinh xac.? Cac thanh cla
duwong ho hap trén dwoc tao bdi ciu tric mé
mém ma cu tric nay bj anh hwéng béi dwdng
kinh thanh éng, va c4u tric xwong so mat sé
xac dinh kich thwéc chung cta duwdng hd hap
trén. Ki thuat CFD c6 thé danh gia ludng khéng
khi trong long 6ng phirc tap nay mét cach chinh
xac hon. Do d6, CFD s& dwoc ky vong cho thay
s khac biét I&n hon so v&i cac phwong phap
danh gia hinh thai hoc don thuan khac. Ngoai
ra, ki thuat CFD dwoc st dung dé nghién ctru
dong khi trwdc va sau cac phau thuat nhw nao
amidan va phau thuat ham mat. Nhidu nha
nghién clru da phan tich co ché dong khi qua
cac thdng sb nhw van téc, ap suét va rng suét
cat. Phuwong trinh Navier-Stokes dwoc st dung
dé mo phéng co ché thue té ctia dong khi, giup
hién thij ré rang hon co ché dong chay va nang
lwong déng hoc hdn loan (TKE). TKE va s tiéu
tan nang lwong hén loan (TED) ¢c6 thé cung cap
cac két qua quan trong, nhw (ng suét cat thanh
(WSS), tlr d6 gitip nhan biét tdn thuwong thanh
va kha nang v& cau trac thanh dwdng hd hap
khi thanh khi quan phéng lén hodc Iudi sup
xubng, gay tdc nghén.°

Bang 3. So sanh véi cac nghién clru khac vé
danh gia chirc nang dan khi ctia dworng hé hap trén

Hang Il xwong

Nghién clru ctia ching to6i

Iwasaki va cong sw'°

Ap luc dong chay I&n nhét (Pa)

5,84 + 5,36

49,15+ 7,53

Van téc dong chady Ién nhat (m/s)

2,01 £ 5,36

7,53 +3,19
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Trong bang 3, khi danh gia két qua vé van
tbc va ap suét dan khi Ién nhat & duwong ho
h&p trén nghién ctru ctia ching t6i khac biét véi
cac nghién ctru khac, diéu nay c6 thé duoc gidi
thich do sw khac biét vé chang téc, ¢c& mau ,
Iva tudi va phan loai sai hinh xwong theo chiéu
dirng.™ Taylor va CS da nghién ctru vé sw phat
trién xwong va md mém cla vung hau hong
va nhan ra réng kich thwdc tir gai mii sau dén
thanh hong va tir phia sau khau cai mém dén
thanh hau tang sé day nhanh sy thay déi (6 - 9
tudi va 12 - 15 tudi) va hai giai doan im lang (9 -
12 tudi va 15 - 18 tudi) da duoc xac dinh." Nhw
vay, sw phat trién dworng thé hau hong gan nhw
hoan thién nam 15 tudi.

Nghién clru cla chung t6i tap trung vao cac
ddi twong sai hinh xwong hang Il, mét loai sai
hinh dé& anh hwéng dén chirc ndng thd khi ham
dwdi Iui sau. D& cé mét cai nhin tdng quéat hon,
chung téi dé xuét thwe hién nhirng nghién cru xa
hon mé réng véi c& mau Ién duoc thwe hién trén
céc sai hinh khép cén, sai hinh xwong khéac nhau
(I, I, 1l )nhdm so sanh va danh gia chirc nang
déan khi trén cac sai hinh nay cho nguoi Viét.

V. KET LUAN

Bang cach st dung phim CBCT cla dbi
tweng tham gia nghién ctru véi sai hinh xwong
hang I, nghién ctru cta chung t6i da tinh dwoc
kich thwéc gia tri trung binh cla sai Iéch gilra
xwong ham trén va ham dwéi & nhom bénh
nhan nghién ctru nay la 5,84°.

Tbng thé tich dwdng hé hap trén & nhom
nay trung binh la 21,05mm?trong khi dién tich
mat c&t ngang nhé nhat( CMA) & nhém nay
trung binh la 180,07mm2. Ap luc dong chay
I&n nhét trung binh la 5,84Pa trong khi van tbc
dong chay 16n nhat a 2,01 m/s.

LO1 CAM ON

Nghién cru nay dwoc thyc hién tai Vién
bao Tao Rang Ham Mat - Trwdng Pai hoc Y

Ha Noi. Téi xin chan thanh cam on tat ca cac
dong nghiép, gidng vién va nhirng ngudi da hd
tro t6i trong qua trinh thwc hién nghién ctru nay.
Hy vong nghién ctru nay sé déng gép mét phan
nhd vao sy phat trién cta linh vyc rang ham
mat clng nhw tai mdi hong.
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Summary

UPPER AIRWAY CHARACTERISTICS IN PATIENTS
WITH CLASS Il SKELETAL MALOCCLUSION USING CONE
BEAM COMPUTED TOMOGRAPHY AND COMPUTATIONAL

FLUID DYNAMIC

This study investigated the upper airway characteristics in patient with class Il skeletal using cone-
beam computed tomography (CBCT). We used a cross-sectional descriptive study on CBCT scans
of 124 participants by using STL file; dimensions, CMA, total volume, velocity and max pressure were
calculated by CBCT and CFD softwares. The average value of the deviation between two jaws in this
study group was 5.840. The overall upper airway volume in this group had an average of 21.05mm?,
while the average smallest cross-sectional area (CMA) in this group was 180.07mm3.

Keywords: Class Il skeletal, Cone-beam computed tomography, Computed fluid dynamic
(CFD).

336 TCNCYH 192 (07) - 2025



