TAP CHI NGHIEN ClPU Y HOC

PHAN TiCH AP LU'C HO HAP TREN CAC SAI HINH
XUONG SO MAT KHAC NHAU
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Céc nghién ctru trude day chi yéu tép trung vao méi lién hé gitka hinh thai duong thé va hinh thai so mét, nhan
manh nhiéu hon vao chiéu truéc—sau so véi chiéu doc. Tuy nhién, méi lién quan gitra cac dang sai hinh xwong
va churc ndng hé hép van chuwa duoc lam 6. Méc du céc nghién ctru ba chiéu ghi nhéan sw gia tang kich thuéc
duong thé sau diéu tri chinh nha, nhiing thay déi hinh thai khéng nhét thiét phan anh cai thién chirc nang. Chirc
nédng duong thé phu thudc vao strc can lubng khi va hoat déng co hé hép, trong dé ap luc hé hap toi da (RMS) Ia
chi s6 quan trong. Nghién ctru ndy nhdm danh gia RMS & bénh nhén cé céc dang sai hinh xuong khéc nhau va
khéo sét méi lién quan véi kich thudc duong thé trén CBCT. RMS trong nghién ciru nay dung dé chi mire do thay
déi &p luc dong khi thu duoc ttr mé phéng CFD clia dudng thé trén, khong phéi strc manh co hé hép (respiratory
muscle strength) trong sinh ly hé hdp.Két qué cho thdy RMS cao nhét & nhém hang Il (5,8 % 5,5), tiép theo la
hang I (4,6 + 4,3) va thdp nhat & hang Il (3,9 + 3,0), v6i sw khéc biét c6 y nghia gitra hang Il va hang Ill. Nhiing
phét hién nay cho thay sw khac biét vé chirc ndng hé hép gilta céc dang sai hinh xuong, goi y rdng két hop
danh gia RMS va hinh thai dwong thé cé thé hé tro chdn doan va lap ké hoach diéu tri chinh nha hiéu qué hon.

T khéa: Puwong ho hap trén, hinh thai so mat, strc manh co hé hap, CBCT, chirc ning dwong thé, ap

lwce hit vao.

. DAT VAN BE

Pudng hd hap trén dong vai trd quan trong
trong viéc duy tri thong khi va 6n dinh chirc
nang hé hap. Trong linh vuc chinh nha va chinh
hinh xwong mét, nhiéu nghién ctru da ching
minh méi lién hé gitra hinh thai so mat va kich
thwdc duwdng hd hap trén, dic biét theo chiéu
trwdc — sau. Cac dang sai hinh xwong (skeletal
malocclusion), bao gdm hang |, Il va lll, c6 thé
lam thay déi vi tri twong quan ctia xwong ham
trén, xwong ham dwéi va mdé mém ving hau
hong, t d6 &nh hwdng dén hinh thai va do
théng thoang ctia dwong thé. "2
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Cone-beam computed tomography (CBCT)
hién dwgc str dung rong rai trong danh gia
dudng hdé hdp nhd kha nang tai tao hinh anh
ba chiéu v&i do chinh xac cao. Cac nghién ctru
trwéc day chi yéu tap trung vao céc théng sb
hinh thai nhw thé tich dwong thé, dién tich mét
cat ngang téi thiéu hodc chidu dai dwong thé.
Tuy nhién, sy thay dbi hinh thai khéng déng
nghia v&i céi thién chic nang hd hap. Mot
dudng thé cé kich thwéc Ién hon chwa chac
phan anh kha nang thong khi hiéu qua hon hoac
strc can ludng khi thap hon. Néi cach khac, cai
thién morphology khoéng nhét thiét dan dén cai
thién function.®*

Trong nhitng nam gan day, déng lwc hoc
chét lwu tinh toan (computational fluid dynamics
— CFD) da dwoc ng dung d& mé phéng dong
khi trong dwérng ho hap trén, cho phép danh gia
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van tbc dong khi, phan b ap suét va strc can
duwdng théd. Thong qua mé phéng CFD, ap lwc
hé hap toi da (maximum respiratory pressure
— RMS) dwoc xac dinh dwa trén chénh léch ap
suét gilra clra vao va clra ra clia dwdng hd hap
trong diéu kién dong khi 6n dinh, tlr d6 phan
anh mirc d6 can tré ludng khi va d&c diém chirc
nang clda dwong thd.5¢

Mac du da cé nhiéu nghién clru danh gia
hinh thai dwong thd bang CBCT, sb luong
nghién ctu két hop CBCT véi CFD dé phan
tich chirc nang hé hdp & cac dang sai hinh
xwong van con han ché. Pac biét, méi lién
quan gitra RMS va kich thwéc dwong thé trén
& bénh nhan cé cac dang sai hinh xwong khac
nhau chwa dwoc lam rd day da. Nghién ciu
nay dwoc thye hién nham: 1) So sanh ap luc ho
hép tbi da (RMS) gitra cac nhém bénh nhan co
sai hinh xwong hang |, Il va Ill; 2) Phan tich méi
twong quan gitta RMS va kich thwéc dwdng hd
hép trén do bang CBCT.

Il. DOI TWONG VA PHUONG PHAP
1. Déi twong

Cac bénh nhan dén kham va diéu tri nan
chinh rang, cé chup phim X-quang tai Vién Bao
tao Rang Ham Mat — Truwdng Dai hoc Y Ha Noi
va Vién Rang Ham Mat Trung wong Ha Noi
dwoc duwa vao nghién ciru. Dbi twong nghién
ctu 1a ngudi Viét Nam trong do tudi tir 18 — 35,
da moc day du 28 rang va tw nguyén déng y
tham gia nghién ctru. Cac déi twong bij loai triy
khéi nghién ciru bao gém phu nir mang thai;
nguwdi co chi sb khéi co thé (BMI) > 22,9; ¢c6 di
tat bAm sinh viing ham mat ho&c hong hau; c6
tién st phau thuat ham mét hodc da tirng diéu
tri chinh nha; mac cac bénh man tinh nhw déng
kinh, viém da khép, réi loan chuyén héa; cé tinh
trang hd hap hoac huyét dong khéng 6n dinh;
hoéc c6 tén thwong, khéi u viing hong hau.

D@ liéu dwoc lwa chon khi phim dat chét

lwong chan doan, da dwoc an danh va st dung
cho muc dich nghién ctru sau khi dwoc Hoi
ddng Dao drc phé duyét.

2. Phwong phap

Thiét ké nghién ciru

Nghién ctru thuc hién theo thiét k& mo ta cat
ngang, trén phim CBCT

Thoi gian va dia diém nghién cieu

Dja diém: Chup phim CBCT tai Vién Dao tao
Réng Ham Mat, Trwong Pai hoc Y Ha Nbi va
Vién Rang Ham Mat Trung wong Ha Néi.

Do kich thwéc dweng hd hdp va ap lwc ho
hap bang phan mém phan tich 3D tai Trudng
Dai hoc Y Ha Noi

Thoi gian: T thang 05/2025 dén thang
02/2026

C& mau nghién ciru

C& méu t6i thiéu duoc tinh toan la 341 déi
twong dwa trén nghién ctu trwdc dé voi dd
manh théng ké 80% va sai sb alpha 5%.*

Phwong phap nghién ctru

D lieu CBCT dwoc xuat dwdi dinh dang
DICOM va nhap vao phan mém Anatomage dé
tai tao mo hinh ba chiéu duwong ho hap trén.
Vung duong thd dwoc phan doan tr nén so
dén thanh quan dwa trén nguwéng xam tiéu
chuén. Sau khi tai tao hinh hoc, mé hinh duwéng
h6 hap dwoc chuyén sang dinh dang STL va xt
ly bé& mé&t nhdm loai bd nhiéu, lam muwot hinh
hoc va stra 16i lwoi trwdc khi nhap vao phén
mém ANSYS Fluent d& mé phéng CFD.

M6 phéng CFD cung cap phan bb ap suét
va van téc khi trong toan bd duwéng hé hap trén.
Ap lwc ho hép téi da (RMS) dwoc tinh tir chénh
léch &p suét gitra clra vao va clra ra clia duong
hé hap trong trang thai dong chay én dinh. D
liéu &p suét thu dwoc tr ANSYS Fluent sau khi
hoi tu md phéng 1000 l1an I&p, dwoc x&r ly dé
xac dinh gia tri ap lwc cwc dai va trung binh
twong (rng v&i tvng bénh nhéan, phuc vu danh
gia chirc nang ho hép.
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Khong khi dwoc gia dinh la mot chét 16ng
Newtonian, ddng nhat va khéng nén duoc. Sy
can tré dwdng hdé hdp I1&n hon trong qua trinh
th ra so v&i khi hit vao trong qué trinh hé hap
tw nhién. Nhw vay, can thiét 1ap mo hinh vaoi:

Diéu kién bién tai phan khi vao: Lwu lwong

TAP CHi NGHIEN CU’U Y HOC

dong chay la 200 mL méi gidy, vuéng goc voi
mat clra vao.

Diéu kién bién tai phan khi ra: Ap suét khi
quyén chuén.

Diéu kién bién tai cac bé mé&t xung quanh:
Cac bé mat con lai khong tron truot

Bang 1. Bién s6 nghién clru

x x Binh nghia - Lz . % R R
Bien so i L. Loai bién Chi so Cong cu thu thap
Cach xac dinh
Gioi Nam/n{y Dinh tinh Bénh an
Tubi Nam Binh lvong SD Bénh an
. Géc tao bdi Sella, _ Phim CBCT, phan
Gobc SNA . \ ez Binh lwgng SD N
Nasion va diém A mém Anatomage
G6c tao bai Sella, Phim CBCT, phan
Goc SNB aobot - Pinhlwong  SD ! P
Nasion va diém B mém Anatomage
) SNA- SNB(°) Khac biét i Phim CBCT, phan
Goc ANB . . Binh lvong SD N
gilra SNA va SNB mém Anatomage
] o . _ Phim CBCT, phan
Ap suat I&n nhat Po CFD Binh lwvong P/a

mém Ansys

Sé liéu dwoc thu thap va xt ly theo chuong
trinh Epi-info 6.0 bdng phan mém SPSS 22.0
va thuat toan théng ké.

3. Pao dirc nghién ctru

Cac thong tin clia ngwoi bénh cé hinh anh

X-quang dwoc st dung trong nghién ctru déu
dwoc ma sb héa va bado mat, chi st dung voi
muc dich nghién ctu va chi cung cép cho cac
co quan c6 thdm quyén.

Ill. KET QUA

Bang 1. Két qua phan bé ti Ié gi&i tinh va sai hinh xwong theo chiéu trwéc sau

Sai hinh xwong

Gi&i tinh p
Hang | Hang Il Hang lll
Nam 49 (34,3%) 44 (30,8%) 50 (35,0%)
N 74 (37,4%) 80 (40,4%) 44 (22,2%) 0,027
Téng 123 (36,1%) 124 (36,4%) 94 (27,6%)

Bang di¥ liéu cho thdy sy phan bb gidi tinh
gilra cac nhém sai hinh xwong hang |, Il va lll.
Trong s6 143 bénh nhan nam, nhém hang Il
chiém ty 1& cao nhat (35,0%), tiép theo & hang
| (34,3%) va hang Il (30,8%). Trong khi do, &

198 bénh nhan nir, nhdm hang Il chiém ty 1&
cao nhat (40,4%), tiép theo la hang | (37,4%) va
hang Il (22,2%).

Téng s6 bénh nhan trong nghién ciu la
341, trong d6 nhém hang |l chiém ty 1& cao nhét
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(36,4%), tiép theo la hang | (36,1%) va hang Il
(27,6%). Phan tich théng ké cho thay c6 sw khac
biét cé y nghia v& phan bé gisi tinh gitra cac

nhém sai hinh xwong (p = 0,027), cho thay ni
gi&i xuét hién nhiéu hon & nhém hang Il trong
khi nam gi&i chiém wu thé hon & nhém hang Il

Bang 2. Két qua anh hwéng cuia do tudi theo cac nhém sai hinh xwong
theo chiéu trwéc sau.

Do tudi

Sai hinh xwong trung binh Do léch chuén p
Hang | 22,3 34
Hang I 22,5 3,4 0,102
Hang llI 21,6 3,1

Bang di¥ liéu cho thay d6 tudi trung binh clia
cac nhém bénh nhan theo sai hinh xwong hang
I, Il va lll twong d6i ddng déu: hang | 14 22,3 +
3,4 tudi, hang Il 1a 22,5 + 3,4 tudi, va hang I
la 21,6 + 3,1 tudi. Két qua théng ké cho thay

khong cé sw khac biét dang ké vé do tudi gitra
cac nhém (p = 0,102), cho thay dd tudi khéng
phai la yéu t6 phan biét cac nhém sai hinh
xwong trong quan thé nghién ctru nay.

Bang 3. So sanh cép ap suét I&n nhat cac sai hinh xwong theo chiéu trwéc sau

Hang | Hang II Hang Il
(1) (2) 3) p (So sanh gitra p (One way
cac nhom) ANOVA)
X *SD X *SD X + SD
Ap suét 16 p,,= 0,08
Ap suat lon
nhat 46+43 58155 3,9+3,0 p,,= 0,006* 0,005*
P,,= 0,641

Két qua nghién ctvu cho thay ap lwc hé hép
t6i da (RMS) c6 sw khac biét gitra cac nhom sai
hinh xwong. Nhém hang Il c6 gia tri RMS cao
nhét (5,8 £ 5,5), tiép theo 1a nhém hang | (4,6
+ 4,3) va thip nhét Ia nhém hang 1l (3,9 + 3,0).
Phan tich ANOVA mét chiéu cho thdy suw khac
biét tdng thé gitra cac nhdm cé y nghia théng
ké (p = 0,005).

So sanh tirng cdp nhém bang phan tich hau
nghiém cho thdy sw khac biét cé y nghia théng
ké gitra nhdm hang Il va hang Il (p = 0,006),
trong khi sw khac biét gitra hang | v&i hang Il
va gilka hang | v&i hang lll khdng c6 y nghia
théng ké.

Két qua nay cho thay cac dang sai hinh
xwong khac nhau cé thé anh hwéng dén dic
diém dong hoc dong khi va ap luc trong duwong
hé hap trén. Gia tri RMS cao hon & nhém hang
Il c6 thé phan anh sy gia tang strc can dwong
thd va ting chénh léch ap suét can thiét dé duy
tri lwu lwong khi trong qua trinh hé hép.

Ngoai ra, phan tich twong quan cho thay
RMS c¢6 xu hwéng twong quan nghich véi thé
tich dwong thé va dién tich mét cét ngang tdi
thiéu, goi y réng sw thu hep dwong thé cé thé
lam tang pressure drop va thay dbi d&c diém
dong khi trong dwérng ho hép trén.
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IV. BAN LUAN

Nghién clu nay danh gia ap luwc hd hép
duwong thd trén bdng moé phéng dong lwc hoc
chét Iwu tinh toan (computational fluid dynamics
— CFD) trén nén di lieu CBCT & cac bénh nhan
¢6 sai hinh xwong khac nhau. Két qua cho thay
gia tri ap lwc ho hap tdi da (RMS) khac nhau
gilka cac nhém sai hinh xwong, trong dé nhém
hang Il c6 RMS cao nhét (5,8 + 5,5), tiép theo
la nhém hang | (4,6 + 4,3) va thap nhat & nhém
hang Ill (3,9 + 3,0). Phan tich ANOVA cho thay
sw khac biét tbng thé gitra cac nhém cé y nghia
thdng ké (p = 0,005), dac biét gitra nhdm hang
Il va hang Il (p = 0,006).

Tuy nhién, RMS cao hon khéng ddng nghia
véi chire nang hd hap tét hon. Trong mé phéng
CFD, RMS phan anh chénh léch ap suét can
thiét dé duy tri dong khi di qua dwérng hd hap
trén. Khi khdu kinh duwong thé gidm, strc can
ludng khi tang lén, dan dén tang pressure drop
doc theo duwdng thé va lam tang RMS. Do do,
RMS cao c6 thé phan anh tinh trang tang stc
can duong thd hodc tang nhu cau tao ap lwc ho
hap dé duy tri théng khi, thay vi biéu hién chirc
nang hd hap “tét hon”.

O bénh nhan sai hinh xwong hang I, dac
diém ham dw6i Ui (mandibular retrognathism)
c6 thé lam lwdi va mé mém vang hau hong
dich chuyén ra sau, lam gidm dién tich mét cat
ngang duwong théd va tdng strc can ludng khi.
Theo nguyén ly Bernoulli:

1
P+5 pv2 = constant

Khi dong khi di qua vung hep, van téc khi
tang 1&n sé kéo theo thay dbéi ap suat khi dong
hoc va lam tang chénh léch ap suét trong
dudng thd. Diéu nay co thé gidi thich RMS cao
hon & nhém hang Il trong nghién ctru hién tai.
Ngwoc lai, bénh nhan hang Il thwdng cé xu
hwédng ham dwdi nhé hoac ham trén kém phat
trién, trong mot sé trwdng hop cé thé 1am tang

khong gian hau hong va gidm mirc do can tré
ludng khi, tlr d6 dan dén RMS thap hon.

Két qua nghién clru cho thdy hinh thai
duwdng thd khong phan anh hoan toan chirc
nang hd hap. Mac du nhiéu nghién ctu trudc
day st dung CBCT dé danh gia thé tich duwong
thd hodc dién tich méat cat ngang téi thiéu, cac
thdng sé hinh thai don thuan chwa thé hién day
da dac diém khi dong hoc ctia dong khi. Mot
duwdng thé co thé tich I1én hon chwa chac déng
nghia v&i strc can ludng khi thdp hon hodc
thong khi hiéu qua hon. Diéu nay nhdn manh
khodng tréng gitka morphology va function
trong danh gia dwong thé trén.

Phan tich twong quan trong nghién ctru cho
thdy RMS c6 xu hwéng twong quan nghich véi
thé tich dworng thé va dién tich méat cat ngang
tdi thiéu, goi y rang s thu hep dwong thé cé
thé 1am tang strc can ludng khi va téng pressure
drop trong qua trinh hd h4p. Ngoai ra, mé hinh
hdi quy da bién cho thdy dang sai hinh xwong
van 1a yéu tb lién quan doc lap véi RMS sau khi
hiéu chinh cac yéu t6 nhiéu nhw tudi, gidi tinh
va BMI. Nhirng két qua nay cho thay chirc nang
dwong thd khéng chi phu thudce vao kich thwéce
hinh thai ma con lién quan dén ddng hoc dong
khi va co ché bu trir ciia hé ho hap.

Ngoai cu tric xwong so mat, hoat dong
cla co hau hong ciing déng vai trd quan trong
trong duy tri dd 6n dinh cla dwong thé trén. O
bénh nhan c6 dwéong thé hep, co hadu hong c6
thé ting hoat ddng nham han ché xep dwéng
thd trong qua trinh hd hap, tir d6 lam thay dbi
ap lwc va dac diém dong khi. Diéu nay cé thé
gop phan giai thich sw khac biét RMS gitra cac
nhém sai hinh xwong mac du thé tich duwong
thé khong khac biét qua Ién.

Cac két qua cla nghién ciru nay phu hop
v&i nhitng nghién ciru trwéc day vé CFD
duong thd trén. Mihaescu va céng sw cho thay
CFD c6 kha nang moé phéng chinh xac dac
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diém dong khi va phan bd ap suét trong dudng
hé hép trén & bénh nhan ngung thé khi ngu.'
Zhao va cong s cling ghi nhan rdng CFD c¢6
thé danh gia hiéu qua sy thay déi chirc nang
duwdng thd sau diéu tri bang khi cu nang ham. "
Cac nghién ctru ctia Vos, De Backer va Xu cho
thay pressure drop va airflow resistance ¢4 lién
quan chat ché dén mc dd hep dudng théd va
hinh thai so méat.”®

Ngoai ra, viéc st dung thudt nglr RMS
trong nghién clru nay can dwoc hidu la ap
lwe hd hap dwoc tinh toan tir mé phéng CFD,
phan anh dac diém khi dong hoc ctia dong khi
trong dwong thd trén, chir khéng phai phép
do trwc tiép strc manh co hd hap sinh Iy nhw
MIP (maximum inspiratory pressure) hoac MEP
(maximum expiratory pressure). Theo huéng
dan cta American Thoracic Society/European
Respiratory Society, MIP va MEP 1a cac chi sé
danh gia strc manh co hd hap dwoc do bang
ap lwc miéng téi da trong diéu kién 1am sang.2°
Do do6, RMS trong nghién cltru hién tai chu
yéu phan anh dic diém airflow resistance va
pressure gradient hon la sirc manh co hd hap
thwe sw.

Tuy nhién, nghién ctru hién tai van con mot
sb han ché can duwoc xem xét khi dién giai két
qua. M6 hinh CFD duoc xay dwng dwa trén
hinh &nh CBCT tinh nén chwa phan anh dwoc
céac yéu tb chirc ndng dong ctia duwéng thd nhuw
tw thé lwdi, hoat ddng co hau hong hodc sw
thay ddi mé mém trong chu ky hd hap. Ngoai
ra, nghién ctru cling chwa két hop cac di liéu
chtrc ndng hd hap Iam sang nhw da ky gic ngu
(polysomnography) hodc cac thong sb théng
khi thuc té. Do do, cac két qua vé ap lwc dong
khi va strc cdn dwong thé trong nghién cltru nay
can dwoc hiéu nhw cac dic diém khi déng hoc
mo6 phdng tlr hinh thai duwdng thé, thay vi dai
dién trwc tiép cho chirc nang hé hap l1am sang.

Nghién ctru nay cé mét s6 han ché. Md hinh
CFD dwoc xay dung trong diéu kién dong khi

4n dinh va gia dinh thanh dwdng thé cieng, do
dé chwa phan anh hoan toan sy thay déi dong
hoc cia mé mém trong qué trinh hé hap sinh
ly. Ngoai ra, cac yéu té nhw tw thé ludi, hoat
dong co hau hong, tinh trang hé hdp va dic
diém md mém chwa dwoc danh gia day da. Cac
nghién clru tiép theo nén sir dung md hinh CFD
dong hoc, két hop dir liéu polysomnography
ho&c spirometry nham danh gia toan dién hon
chlrc nang dwdng thé trén trong diéu kién sinh
ly thuc té.

Nhin chung, nghién ciru nay goi y rang viéc
két hop CBCT v&i mé phéng CFD c6 thé hd
tro danh gia ddng thoi hinh thai va chire nang
duwong thd trén & bénh nhan sai hinh xwong.
Tuy nhién, can thém cac nghién clru da trung
tam v&i & mau Ién hon va md hinh CFD chuén
héa dé xac nhan gia tri trng dung lam sang cla
phwong phap nay.
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Summary

ANALYSIS OF RESPIRATORY PRESSURE ACROSS
DIFFERENT CRANIOFACIAL SKELETAL PATTERNS

Previous studies have primarily focused on the relationship between airway morphology and
craniofacial structure, with greater emphasis on sagittal rather than vertical dimensions. However,
the association between skeletal malocclusion patterns and respiratory function remains unclear.
Although three-dimensional studies have reported increased airway size following orthodontic
treatment, morphological changes do not necessarily reflect functional improvement. Airway
function depends on airflow resistance and respiratory muscle activity, with respiratory muscle
strength (RMS) being an important parameter. This study aimed to evaluate RMS in patients with
different skeletal malocclusion patterns and to investigate its relationship with airway dimensions
measured by CBCT. The results showed that RMS was highest in Class Il (5.8 £ 5.5), followed
by Class | (4.6 + 4.3), and lowest in Class Ill (3.9 + 3.0), with a significant difference between
Class Il and Class lll (p = 0.006; ANOVA p = 0.005). These findings indicate differences in
respiratory function among skeletal patterns, suggesting that combining RMS assessment with
airway morphological analysis may improve orthodontic diagnosis and treatment planning.

Keywords: Upper airway, craniofacial morphology, skeletal pattern, CBCT, airway function,
inspiratory pressure.
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