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KHAO SAT LU’C MO-MEN XOAN TRU'O'C VA SAU TAI LUC
TRONG PHUC HINH ALL-ON-FOUR HAM DUO'1

TOM TAT.

Muc tiéu: Panh gid ty 1é méat luc mé-men xodn
cla vit phuc hinh trén Multi-unit abutment (MUA) véi
cac goc nghiéng khac nhau (0°, 17°, 30°) trudc va
sau khi tai luc trong phuc hinh All-on-Four ham duéi.
Poi tugng va phudng phap: Nghién ciru in vitro
trén 3 mau ham acrylic toan ham ham dudi khéng
rang (mat do xugng D2-D3). Moi mau gém 4 implant
Osstem TSIII, trong dd 2 implant vlng rang trudc
dung MUA 0°, 2 implant ving rang sau st dung MUA
cd goc nghleng 0°, 17° hoac 30° theo tu’ng nhom
Phuc hinh toan ham dudc thiét k& bang phan mem
Exocad, ché tac tir nhua PMMA bing CAD/CAM va co
dinh vo’| luc siét 20 Nem tren MUA. Luc mo men xo3n
thdo vit dugc do trudc va sau tdi luc mdé phong. D
I|eu dugc xu Iy béng phan mém JASP 0.17.2.1. Két
qua Sau khi tai luc, luc mé-men xoan giam ro rét g
ca ba nhom. Ty Ie mat md-men xodn sau tai luc
(%Rp) ting theo géc nghiéng MUA, [an Iugt 1a 6.19%
(0°), 9.68% (17°), va 16.1% (30°). Phan tich théng
ké cho thdy su khac biét cd y nghia glu‘a nhom 0° va
30° (p = 0. 001), trong khi nhém 0° va 17° cling nhu
17° va 30° khong khac biét dang k& (p > 0. 05). Ty lé
mat m6-men xoan trung binh (%R’) ciing tdng theo
doé nghleng abutment, vai su khac biét dang ké gitra
nhém 0° va 30° (p = 0. 001) Két luan: Goc nghleng
MUA anh hu’dng dang ké dén ty 1& mat luc mo-men
x0an sau khi tai luc. MUA nghiéng 30° [am ting nguy
co Iong vit phuc hinh trong phuc hinh All-on-four ham
dui. Twr khoa.: \uc mé-men xodn, 1dng vit phuc hinh

SUMMARY
ASSESSMENT OF TORQUE VALUES BEFORE
AND AFTER LOADING IN MANDIBULAR
ALL-ON-FOUR IMPLANT-SUPPORTED

PROSTHESES
Objective: To evaluate the percentage of torque
loss in prosthetic screws connected to multi-unit
abutments (MUAs) with different angulations (0°, 17°,
and 30°) before and after mechanical loading in
mandibular All-on-Four prostheses. Materials and
Methods: This in vitro study was conducted on three
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edentulous mandibular acrylic models simulating D2-
D3 bone density. Each model received four Osstem
TSIII implants: two anterior implants restored with 0°
MUAs and two posterior implants with MUAs angulated
at 0°, 17°, or 30°, depending on the study group. Full-
arch prostheses were designed using Exocad software,
milled from PMMA via CAD/CAM technology, and
secured with prosthetic screws torqued to 20 Ncm.
Detorque values were recorded before and after cyclic
loading. Data were analyzed using JASP version
0.17.2.1. Results: Torque values decreased
significantly after loading across all groups. The mean
post-loading torque loss (%Rp) increased with
abutment angulation: 6.19% (0°), 9.68% (17°), and
16.1% (30°). A statistically significant difference in
%Rp was observed between the 0° and 30° groups (p
= 0.001), while differences between 0° vs. 17° and
17° vs. 30° were not statistically significant (p >
0.05). Similarly, the average torque loss (%R'") also
increased with angulation, showing a significant
difference between 0° and 30° groups (p = 0.001).
Conclusion: MUA angulation has a significant impact
on post-loading torque loss. A 30° angled MUA
increases the risk of prosthetic screw loosening in
mandibular All-on-four restorations. Key words:
Torque force, Prosthetic screw loosening

I. PAT VAN PE

Cdy ghép implant nha khoa da mang lai
nhiéu Igi ich trong diéu tri mat rang toan ham,
tuy nhién Iong vit tai giao dién gilta implant va
abutment van la mot bién cerng cd hoc pho
bi€n, dac biét khi sir dung cac abutment c6 goc
nghiéng nhu trong ky thuat All-on-four. Cac dir
liéu truéc day vé implant don 1é ghi nhan ty I€
ldng vit 1én dén 65% trong vong ba nam. Mac du
cac cai tién trong hé théng implant da gép phan
lam giam ty 1€ nay, nhung cac nghién clru gan
day van cho thay ty 1é dao dong kha rong, tur
3% dén 45% d6i véi cac phuc hinh trén implant
ndi chung. Riéng dGi v6i phuc hinh cd dinh trén
implant, ty 1€ 1dng vit dugc bao cdo la 5,3% sau
nam nam s dung. Mot trong nhiing nguyén
nhan chinh gay long vit la sy giam luc tién tai
mo-men xodn theo thdi gian do cac yéu td nhu
vi dich chuyén giita cac bé mét tiép xic, luc nhai
léch truc, chu ky mdi vat liéu va hiéu (ng én
dinh [1].
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Multi-unit abutment (MUA) la thanh phan
then chot trong phuc hinh All-on-four, cho phép
diéu chinh hudng bat vit thuan Igi, dam bao
phuc hinh thu déng va 6n dinh lau dai. Khi st
dung MUA c6 géc nghiéng 16n, luc tac dong Ién
vit cang cé thanh phan léch truc rd rét, lam tang
nguy cé mat luc mé-men xoan, anh hudng dén
kha ndng duy tri két ndi 6n dinh cta hé thdng
phuc hinh [2]. Trong bGi canh do, nghién clu
nay dugc thuc hién nhdm khao sat anh hudng
cla goc nghiéng MUA (0°, 17°, 30°) dén ty Ié
mat luc mé-men xodn cua vit phuc hinh trudc va
sau khi tai luc mé phdéng. Két qua nghién clu
gép phan chocg s@ dir liéu thuc nghiém gilp
nang cao hiéu qua lam sang va do bén cc hoc
trong phuc hinh toan ham trén implant theo ky
thuat All-on-four.

Il. BOI TUQNG VA PHU'ONG PHAP NGHIEN CUU

Thiét ké nghién ciru: Nghién ctu in vitro
c6 nhédm ching

P6i tudng nghién cliru: Ba miu ham
acrylic toan ham ham duédi khong rang, mo
phong nén xudng chat lugng D2-D3 theo phan
loai clia Misch (1985). M&i mau ham dugc cdy
ghép 4 implant theo protocol All-on-four.

Hai implant viing réng trudc dugc dét thang,
két n6i MUA loai 0°, trong khi hai implant vung
rang sau dugc két nGi véi MUA c6 goc nghiéng lan
lugt la 0°, 17° hodc 30° tuy theo tung nhdém
nghién c(ru. Tong cdng cd 3 nhdm tuong (g Vai
3 géc nghiéng MUA vlng rang sau (0°, 17°, 30°),
moi nhdm gom 4 implant, dam bao sy dong nhat
vé thiét k& va phan bé luc gilra cac mau.

Cac implant str dung trong nghién cru thudc
hé thong Osstem TS III SA véi két nGi trong. Cu
thé, implant viing rang trudc c6 dudng kinh 3.5
mm (mini-implant) va vung rdng sau la 4.0 mm
vGi chiéu dai dong nhat 11.5 mm. MUA dugc st
dung V@i chiéu cao nudu la 4 mm va dudng kinh
la 4.8 mm. DGi véi vung rang trudc, st dung
abutment MUA 0°. VUng rang sau sU dung cac
MUA cb gbc nghiéng khac nhau gém: 0°, 17°,
30°. Tat ca MUA nghiéng két nGi véi implant
bdng vit EbonyGold Screw, trong khi vit phuc
hinh clia cylinder str dung vit titan US Esthetic-
Low Ti Cylinder Screw (MTS200).

Tién trinh nghlen clru: bau tién, dir liéu
hinh anh bé mat mau ham dugc thu thap bang
may quét mau ham (tdp tin .STL), va dit liéu
hinh anh xugng ham dugc thu thap qua chup
CBCT (tap tin. DICOM). Cac tap tin dif liéu dugc
nhap va chong khép trong phan mém Exocad,
két hgp gilta bé mat niém mac, cau tric xuong
va thiét k& phuc hinh sau cling dé€ I1&n k& hoach

vi tri va hudng dat implant phu hgp véi phuc
hinh tic_ thi. Tor k€ hoach implant, ba mang
erdng dan phau thudt tuong (ng dugc thiét k&
va in 3D.

Sau do, ti€n hanh dat implant dugc dat vao
ddng vi tri, hudng va do sau dua trén mang, sau
dd gdn MUA. Phuc hinh toan ham tam thgi bang
vat liéu PMMA (Yamahachi, Nhat Ban) dugc thiét
ké dong nhat gilta cac mau va dudc két noi vdi
MUA thong qua cyllnder Thiét k€ phuc hinh
dudc ché tac bang cong nghe CAD/CAM dé€ dam
bao tinh chudn hda giita cadc mau (Hinh 1).

Hinh 1. Phuc hinh tam thuc thi bang PMMA

Sau khi hoan tat phuc hinh, cac vit phuc hinh
dugc siét theo trinh tu’ chéo doi xirng vdi luc tiéu
chudn 20 Ncm bang tua vit dién tr.

Luc md-men xoan thdo vit dugc do tai ba
thdi di€ém: ngay sau siét vit [an dau, 10 phdt sau
khi siét lai lan hai va sau khi tai luc mé phong
nhai chu ky. Mau ham dugc tai luc trén mdy tao
luc lién tuc PHOENIX v@i luc 50-400 N trong
200.000 chu ky & tan s6 5 Hz. Vi tri dat luc la
trling gilta cla rang cGi I6n ham dudi hai bén.
Sau khi két thic tai luc, luc md-men xoan thao
vit sau khi tai luc dugc ghi lai va tién hanh tinh
toan ti 1& méat luc md-men xoan cla vit. Nghién
clru danh gid su' thay ddi luc md-men xodn thao
vit thdng qua ba chi s6: %Ri (sau 10 phut siét vit
ban dau), %Rp (sau khi tai luc chu ky), va %R’
(chénh Iéch gilra hai thdi diém trén).

Phan tich va xi&r ly s0 liéu: Cac s6 liéu
dugc thu thap va x& ly bang phan mém JASP
0.17.2.0. S dung kiém dinh Shapiro-Wilk dé
xac dinh phan phGi dir liéu. Néu phan phdi
chuan, ap dung ANOVA hai chiéu va hiu kiém
Tukey; néu khéng chuén, dung Kruskal-Wallis va
hau kiém Dunn—Bonferroni d&€ so sanh gitta ba
nhom trude va sau khi tai luc.

Kiém soat sai léch thdng tin. Diéu tra vién
dugc tap hudn va dinh chudn bdi giang vién Bd
mon Phuc hinh, Khoa Rang Ham Mat - Pai hoc Y
Dugc TP.HCM. Tat ca phuc hinh trén implant
dugc ché tao theo ky thuat CAD/ CAM tai clng
mot lab, cing mot ky thuat vién. Luc m6-men
xoan dugc do bdi cung mét ky thudt vién cla
Khoa Ky thuat xay dung truGng Dai hoc Bach
khoa -Dai hoc qudc gia Thanh phd H6 Chi Minh.
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Pao dirc trong nghién cltu. Pé cuong
nghién cu da dugc HOi dong Pao dic trong
nghién ciu y sinh hoc — DPai hoc Y Dugc TP. HO
Chi Minh — chap thuan theo ddng quy trinh xét
duyét rdt gon. (SG6: 1814/HDDD-DHYD)

Ill. KET QUA NGHIEN cU'U

3.1.Khao sat ti I&é mat luc mé-men xoan
trudc va sau khi ti€n hanh tai luc. Kiém dinh
Shapiro-Wilk cho thay hai bién %Ri va %Rp & ca

ba nhédm gbc nghiéng abutment (0°, 17°, 30°)
déu c6 phan phdi chudn (p > 0,05), trong khi
bién %R’ khéng tudn theo phan phdi chuén tai
nhom 17° (p = 0,01). Do dd, phan tich ANOVA
hai chiéu dugc ap dung cho %Ri va %Rp, trong
khi %R’ dugc phan tich bang kiém dinh Kruskal—
Wallis.

Sau khi tai luc, moment xoan bi mét luc so
vdi vGi ban dau (Bang 3.1)

Bang 1. So sénh ti Ié méat luc mé-men xodn trudc-sau khi tién hanh tai luc va chénh

léch giita 3 nhom
T~ %Ri %Rp %R’

Bien s0 0° 17° | 30° 0° 17° 30° 0° 17° | 30°
S6 quan sat| 10 10 10 10 10 10 10 10 10
Trung binh | 2.2 472 | 9.05 | 6.19 | 9.68 | 16.1 | 408 | 521 | 7.75

Do léch

o 156 | 229 | 141 | 194 | 255 | 239 | 156 | 1.29 | 2.03

Shapivor | 094 | 093 | 094 | 09 | 094 | 095 | 093 | 08 | 0.94
Giatrip | 061 044 | 062 | 0.27 0.5 0.74 | 0.47 | 0.01* | 0.56
Gia tri nho
| hat 0.1 115 | 7.65 | 3.75 5.8 121 | 211 34 | 472
Glatrilon | 425 | 825 | 1135 | 945 | 134 | 200 | 7.09 | 83 | 10.45
Kiém dinh ANOVA 2 chiéu
i Thdi diém do [Tuong tac (Angle Kruskal-Wallis
Goc MUA (Angle) (Time) x Time)
df 2 1 2 2
s . Gia tri
Giatri F 84.25 99.87 2.87 théng ké 13.16
Gia tri p <0.001% <0.001% 0.067 Gia tri p 0.001%

*Su' khac biét c6 y nghia théng ké khi
p<0,05.

Nhu vay trudc va sau khi tai luc, ti 1€ mat luc
mO-men xodn giam cd y nghia thdng ké théng ké
so VvGi ban dau & ca 3 nhom MUA (p<0,05).

3.2. So sanh ti Ié mat luvc mé-men xoan
trung binh trong tirng cap nhém. Tinh trang
mat luc mé-men xodn trung binh trong tiing cap
nhom dudc trinh bay trong bang 3.2

Bang 2. So sanh ti 1€ mat luc mé-men
xoan trung binh giira tirng cap nhom

Hau kiém Tukey Hau kiém Dunn
, %R’
So sanh hia
cac | %Ri | %Ri p hicu
nhém P chinh
Bonferroni
0° vs 17°]0.0052*|0.0022*| 0.195 0.585
0° vs 30°|<0.001*<0.001* <0.001 0.001*
17° vs 30°| 0.055 |0.0025*| 0.022 0.067

*Sur khac biét co y nghia thong ké khi p<0,05.
Két qua cho thady c6 su khac biét cd y nghia
thdng ké gilta cac nhdm gdc nghiéng (p = 0.001).
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Su khac biét cd y nghia gitra nhém 0° va 17°
(p = 0.0052), nhém 0° va 30° (p < 0.001), trong
khi nhdm 17° va 30° khong cé y nghia thong ké
(p = 0.055).

IV. BAN LUAN

Nghién c(u in vitro nay dugc thuc hién trén
ba mau ham nhua acrylic mt rang toan bé ham
dudi, moi mau dugc phuc hinh véi bon implant
phan bd theo quy trinh cdm ghép All-on-four. Tat
ca cac diéu kién thi nghiém dugc chudn hda gitra
cac nhdm vé loai implant, dudng kinh, chiéu cao
abutment, loai phuc hinh va loai vit s&r dung. Cac
phuc hinh toan ham dudc ché tac tir PMMA bang
cong nghé CAD/CAM—mot vat lieu da dugc
chfng minh c6 d6 bén cd hoc Ién dén 1000 N va
kha ndng thich nghi t6t, phi hgp d€ mé phong
phuc hinh tam trén implant.

Muc tiéu cta nghién clru nay la danh gia anh
hudng clia géc nghiéng MUA (0°, 17°, 30°) dén
ty 16 mdt mo-men xoan sau khi tai luc mod
phong. Tur két qua nghién clru cho thay sy mat
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luc mé-men xodn tang Ién khi tdng gdc nghiéng
abutment. Ty I& mat mé-men xoan trung binh
[an lugt la 6,19% & nhém 0°, 9,68% G nhém
17°, va 16,1% & nhom 30°. Su khac biét co y
nghia thong ké dugc ghi nhan gitra nhém 0° va
nhém 30° (p = 0,001), cho thdy MUA vdi gbc
nghiéng I6n cd nguy cd cao lam giam dod 6n dinh
két nGi vit-abutment.

Cd ché mat mdé-men xoan tdng theo gdc
nghiéng abutment cé thé lién quan dén luc tac
dong léch truc lam tang vi dich chuyén tai viing
ti€p xuc gilra vit va abutment, tir dé lam giam do
6n dinh lyc tién tai. Cac vi chuyén dong va ma
sat khéng dong déu dan dén hién tugng mat luc
va tao khe hd vi mo, anh hudng tiéu cuc dén
kha nang giir vit theo thai gian [3].

Két qua nghién cliu nay phu hgp véi Al-
Zordk (2021) ghi nhan tinh trang mat mo-men
x0dn tdng & cac abutment nghiéng [4]. Tuong
tu, El-Sheikh (2018) khi danh gia anh hudng cta
cac gbc nghiéng va chiéu cao cd khac nhau cuta
abutment Ién hién tugng ldng vit khi sir dung ba
nhém abutment véi géc nghiéng 0°, 15° va 25°
va do ti 1&é mat luc mé-men xodn trudc va sau
khi tai luc, cho thdy su 16ng vit tdng dang ké
theo miic do nghiéng clia abutment, dong thai
chiu anh hudng bdi chiéu cao c6 abutment [5].
Nghién cltu cta Filipova (2024) ciing ung hd xu
hudng trén, phan tich nhiéu nghién ciu in vitro
va in vivo cho thay gdéc nghiéng cang I6n thi ty I€
méat md-men xodn cang cao; cd abutment cang
dai thi mdc db long vit cang nhiéu [6]. Tuy
nhién, mot sd nghién ciu khac lai cho rang
khong c6 mai lién hé nao gilra hai yéu to nay va
hién tugng léng vit sau khi tai luc chu ky. Tham
chi, c6 nhitng nghién ciru lai cho rang implant
dung abutment nghiéng cé kha nang chdng léng
vit t6t hon so vdi abutment thang nhu Eric Hu
(2019) thdy mbé-men xoan cao nhat & géc 10° so
vGi goc 0° va 20° [7]. Nhitng khac biét nay co
thé& bat ngudn tir su’ khéng dong nhét trong thiét
k& abutment, loai vit, vat liéu, hodc phucng phap
do Iudng.

Bén canh nhitng nghién cfu danh gia su ton
that luc md-men xodn, mot nghién clru cda Lin
(2025), s dung mo hinh phan tich phan tir hitu
han (FEM) dé& danh gia phan bd (ing sut trén hé
thdng MUA-implant vdi cac géc nghiéng khac
nhau (0°, 17°, 30°) dudi cac diéu kién tai luc
theo truc va Iéch truc. Két qua cho thdy MUA 30°
chiu (tng suét gan gap 2,5 Ian so véi MUA thang
khi chi chiu luc truc 200 N (1185 MPa so vGi 437

MPa). Khi ap dung luc sang bén 100 N, (rng suat
cuc dai 8 MUA thdng tdng dén 2389 MPa, gdp 8
lan so véGi khong cé luc sang bén [8]. Két qua
nay cho thdy rdng géc nghiéng I6n lam tang (g
suat tai vi tri k&t ndi, tr d6 co thé dan dén vi
dich chuyén va lam gidm luc tién tai cta vit. Day
la mét yéu t6 quan trong gop phan vao hién
tugng mat mo-men xodn, phu hdp vdi quan sat
trong nghién clfu cta ching toi khi ty I&é mat mo-
men xodn tang dan theo mirc d6 nghiéng cla
MUA.

V. KET LUAN

Trong gidi han nghién ciu in-vitro nay, goc
nghiéng abutment MUA anh hudng dang ké dén
ti 1& mét luc luc mé-men xodn sau chu ky tai luc.
MUA 0° cho thdy kha nang gilr m6-men xoan t6t
nhat, cho thdy viéc gidm thi€u géc nghiéng cob
thé lam gidam nguy cd 16ng vit trong phuc hinh
toan ham.
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