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ABSTRACT

Objective: Clear aligner therapy has become increasingly popular due to its esthetic advantages
and patient convenience. However, the effectiveness of tooth movement largely depends on the
fit of the aligner on the dental arch, which is closely related to its retention. This study aimed to
evaluate the effects of trimline design and the presence of attachments on the retention force of
clear aligners under in vitro conditions.

Methods: An in vitro experimental study was conducted using clear aligners fabricated from
thermoplastic material (Zendura, Bay Materials, USA) on standardized 3D-printed maxillary models.
Three trimline designs were investigated: scalloped gingival margin, straight cut at the gingival
zenith, and straight cut above the gingival zenith. Each design was tested under two conditions:
with and without attachments, resulting in six experimental groups. Retention force was measured
using a universal testing machine (UTM) by vertically dislodging the aligners from the dental model
at a constant crosshead speed. Data were analyzed using two-way ANOVA followed by Tukey post
hoc tests, with a significance level set at p < 0.05.

Results: Retention force differed significantly among trimline designs and with the presence of
attachments. The scalloped margin without attachments showed the lowest retention force (3.21
+ 0.97 N), whereas the high trimline with attachments demonstrated the highest retention force
(26.57 = 1.85 N). Within the same trimline design, the use of attachments increased retention,
particularly in the scalloped and high trimline groups. Additionally, both with and without
attachments, the high trimline consistently exhibited greater retention than the straight and
scalloped designs.

Conclusion: Both trimline design and the presence of attachments significantly influence the
retention of clear aligners. The high trimline provides the greatest retention, while the scalloped
design yields the lowest. The use of attachments can enhance aligner retention, especially in
designs with inherently lower retention.
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TOM TAT
Muc tiéu: Chinh nha bang khay trong su8t ngay cang phd bién nhd tinh thAm my va su thuan tién
cho bénh nhan. Tuy nhién, hiéu qua di chuyén rdng phu thudc nhiéu sy khit sat clia khay trén cung
rang va diiéu nay phan anh phan nao vao kha nang luu gilt chia khay trén cung rang. Nghién clru nay
nh&m danh gia &nh hudng cua thiét k& dudng vién cat khay va su hién dién clia attachment dén luc
luu gilr chia khay chinh nha trong diéu kién in vitro.

Phuong phép: Nghién cu thuc nghiém in vitro dugc thuc hién trén cac khay chinh nha trong suét
ché tao tir vat liéu nhua nhiét déo ép nhiét Zendura (Bay, Hoa Ky) trén m&au ham in 3D. Ba thiét
k& dudng vién khay dugc khao sat gom: vién vo so, vien ngang dinh nudu va vién cao trén dinh
nuéu. Mbi thiét k& duoc thir nghiém trong hai diéu kién: cé attachment va khéng cé attachment,
tao thanh sdu nhdm nghién clu. Luc luu gitr cla khay dugc do bang may th nghiém van nang
(Universal Testing Machine - UTM) b&ng céch kéo khay theo phuong thdng diing khdi mé hinh réng
Véi t8c dd khéng déi. DI liéu dugc trinh bay dugc phan tich bdngphép kiém two-way ANOVA két
hap kiém dinh hau nghiém Tukey v6i muc y nghia thdng ké p < 0,05.

Két qua: Luc luu gilt clia khay khac biét dang ké gitra céc thiét k& vién khay va su hién dién
attachment. Nhom vién vo so khéng attachment c6 luc lwu gilt thap nhat (3,21 = 0,97 N), trong khi
nhém vién cao cé attachment cho luc lwu gitr cao nhat (26,57 = 1,85 N). O cling mot thiét ké vién
khay, viéc str dung attachment lam tang luc luu gilr, dac biét ro rét & thiét k& vién vd so va vién cao.
Ngoai ra, trong ca hai diéu kién c6 va khong c6 attachment, thiét k& vién cao cho luc lwu gitr Llén hon
s0 Vdi vién ngang va vién vo so.

Két luan: Thiét k& dudng vién khay va su hién dién clia attachment déu anh hudng dang ké dén luc
luu gilr ciia khay chinh nha trong su6t. Thiét ké vién cao cho luc lwu gitr l&n nhét, trong khi vién vo
s0 cho lye lwu gitr thdp nhat. Viéc sir dung attachment c6 thé cai thién kha nang luu gilr cua khay,
dac biét khi thiét ké vién khay co6 luc luu gilr thap.

Tir khéa: khay chinh nha trong suét, luc luu gitr khay, thiét k& vién khay, attachment, clear aligner.

1. DAT VAN DE

Chinh nha bang khay trong suét (clear aligner) ngay cang
duoc st dung réng rai nho tinh thAm my cao va su' thuan
tién cho bénh nhan. Tuy nhién, hiéu qua diéu tri cla
phuong phap nay phu thuéc nhiéu vao kha nang luu gitr
clia khay trén cung rang, vi luc chinh nha chi dugc truyén
hiéu qua khi khay bam sat va 8n dinh trén rang [8].

Nhiéu y&u t6 c6 thé anh hudng dén luc lvu gilr ctia khay,
trong do thiét k& dudng vién cat khay va sy hién dién cla
attachment dugc xem la haiy&u t8 quan trong [2,6]. Pudng
vién khay c6 thé dugc thiét ké theo nhiéu dang khac nhau
nhu vién vo so, vien ngang hodc vien md réng trén dinh
nuéu, moi thiét k& cé thé anh hudng khac nhau dén dién
tich tiép xuc gitra khay va rang clng nhu kha nang tan
dung céc vung lem tu nhién cla rang [1,7]. Bén canh do,

*Téc gia lien hé

attachment thudng dugc st dung dé cai thién kha nang
truyén luc dé di chuyén rang va tang do luu gilt chia khay [4].
Mac du d& c6 mot sé nghién clru danh gia anh hudng cua
cac yéu t8 nay, nhung bang chirng vé su két hgp gitra thiét
k& dudng vién khay va attachment déi véi luc luu gilr clia
khay van con han ché [3]. Do d6, nghién cltu nay dugc
thuc hién nham dénh gia anh hudng cua thiét ké dusng
vién cét khay va su hién dién clia attachment dén luc luu
gilt clia khay chinh nha trong sudt trong diéu kién in vitro.

2. PHUONG PHAP NGHIEN CcU'U
2.1. Thiét ké nghién ciru

Nghién ctru dugc thiét k& theo dang thuc nghiém in vitro
nhdm danh gia anh hudng cla thiét k& dudng vién cét
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khay va su hién dién clia attachment dén luc luu gitr cua
khay chinh nha trong suét. Cac phép do luc luu gitr dugc
thuc hién bdng may Universal Testing Machine (UTM)
trong diéu kién tiéu chuén hoa.

2.2. Béi twong nghién ciru

D&i tugng nghién cltu la cac khay chinh nha trong suét
dugc chétao trén mo hinh rang ham trén in 3D tiéu chuén.
Céc khay dudc thiét k& véi ba kiu dudng vién cat khay
khac nhau gom:

Vién vd so (scalloped gingival margin)

Vién ngang dinh nuéu (straight cut at gingival zenith)

Vién cao trén dinh nudu (straight cut above gingival zenith)
Mbi thiét ké vien khay dugc thir nghiém trong hai diéu kién:
Khéng c6 attachment

Co6 attachment

Téng cdng c6 6 nhom thir nghiém:

Vién vo so

Vién vd so + attachment

Vién ngang

Vién ngang + attachment

Vién cao

Vién cao + attachment

2.3. Chuan bi mau nghién cttu

Mé hinh rang ham trén dugc thiét k& bdng phan mém CAD
va in bang céng nghé in 3D vdi vat liéu nhua resin nha
khoa. Cac attachment dugc thiét k& va gén vao céc rang
theo k& hoach nghién ctru.

Khay chinh nha dugc ché tao tir vat liéu nhua nhiét déo
Zendura (Bay, hoa Ky) bang phuong phap ép nhiét trén mau
hamin 3D, sau d6 dugc cat theo ba thiét k& dudng vien khay
da xac dinh. Quy trinh ché tao khay dugc chudn héa nhadm
dam bao do day va do khit sat clia khay trén mau ham.

Hinh 1. Céac loai dudng vién khay
A: Dudng vién cat theo vién nudu,
B: Budng vién cét thang ngang dinh nuéu,
C: budng vién cat thang trén dinh nudu 2mm

2.4. Do lye lwu gilr khay

Luc luu gilr chia khay dugc do bang may thr nghiém
van ndng UTM. M3u ham dugc c6 dinh trén bé may thir
nghiém, trong khi khay chinh nha dugc gan véi hé théng
kéo théng qua day hodc moc c6 dinh.

Trong qué trinh thr nghiém, khay dugc kéo ra khdi mau
ham theo phuong thang ding vuéng géc véi mét phang
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nhai véi téc do kéo khong ddi. Luc t8i da can thiét dé thao
khay khoéi mau ham dugc ghi nhan va dugc xem la luc luu
gilr cua khay.

M&i nhém mau dugc do ap lai nhidu lan dé giam sai s8
va gia tri trung binh dugc sir dung cho phéan tich théng ké.

Hinh 2. Thtr nghiém Pull-off Test trén may do van nang UTM,
huéng vuéng géc vGi méat nhai, téc dé kéo 5mm/phat, do
lap lai 3 lan/khay

2.5. Bién sé nghién ciru

Bién s6 doc lap gom:

Thiét k& dudng vién khay (vién vd so, vién ngang, vién cao)
Su hién dién cua attachment (c6 hoac khong)

Bién s6 phu thubc:

Luc luu gitr cuia khay (don vi: Newton, N)

2.6. Phan tich théng ké

D@ liéu dugc trinh bay dudi dang gia tri trung binh = do
léch chu&n (mean + SD).

Su khac biét gitta cac nhém dugc phan tich bang two-way
analysis of variance (two-way ANOVA) nhdm danh gid anh
hudng clia hai yéu to: thiét ké dudng vién khay va sy hién
dién clia attachment. Khi c6 su khéc biét co y nghia théng
ké, cac phép so sanh cap dugc thuc hién bang kiém dinh
hau nghiém Tukey.

Ngudng y nghia théng ké dugc xac dinh la p < 0,05.
3. KET QUA

3.1. So sanh luc luru gilr khay gitra nhom cé va khong
co6 attachment
Bi€u dd 1. So sanh luc luu gitr khay gitta nhém cé va
khoéng cé attachment

Anh hudng cta attachment dén luc luu gilr khay
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e Two-way ANOVA, p<0,05
¢ Kiém dinh hau nghiém Tukey, p<0,05

Bi€u d6 1 so sanh luc luu gilr trung binh cua khay dugc so
sénh gilta nhém co6 attachment va khong cé attachment
@ ba thiét k& dudng vién khay khac nhau (vién vo so, vién
ngang va vién cao). Phan tich théng ké dugc thuc hién
bang two-way ANOVA (yéu t6: thiét k& vien khay va su hién
dién cua attachment), sau dé so sanh c&p bang kiém dinh
héu nghiém Tukey v&i mirc y nghia p < 0.05.

K&t quéa cho thdy & thiét k& vién vé so, luc luu gilt cua
nhém cé attachment (15.62 = 1.65 N) cao hon déng ké so
v@i nhdm khong cé attachment (3.21 £0.97 N) (p <0.001).

& thiét ké vien ngang, luc luu gil gitta hai nhém khong
khéc biét co y nghia théng ké (18.93 = 1.50 N so vdi 18.05
+1.33N; p > 0.05).

Ngugc lai, & thiét k& vien cao, nhom co attachment (26.57
£1.85N) cho lyc luu gilt cao hon cd y nghia théng ké so vdi
nhém khéng coé attachment (23.29 £ 1.19 N) (p < 0.001).

Nhin chung, su hién dién cua attachment lam tang luc
luu gilr clia khay, dac biét ro rét & thiét ké vién vo so va
vién cao, trong khi vién ngang khéng cho thay sy khéac biét
dang ké gitra hai nhém.

3.2. So sanh lvc lru giir khay gitra cac nhém c6 dwong
vién cat khay khac nhau
Bi€u dbd 2. So sanh luc luu gilr khay gitra cac nhém cé
dudng vién cat khay khac nhau

Anh huéng ctia dudng vién khay dén luc luu giit khay
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e Two-way ANOVA, p<0,05
¢ Kiém dinh hau nghiém Tukey, p<0,05

Biéu dd 2 cho thdy anh hudng cla thiét ké dudng vién
khay dén luc luu gilt khay dugc phan tich & hai nhém co
attachment va khéng c6 attachment. D liéu dugc trinh
bay dudi dang gia tri trung binh = dd léch chuén (mean
£ SD). Phan tich théng ké dugc thuc hién bang two-way
ANOVA (hai yéu t6: thiét ké dudng vién khay va sy hién
dién clia attachment), sau d6 so sanh cap bang kiém dinh
hau nghiém Tukey, v&i mlc y nghia thong ké p < 0.05.

Trong nhém c6 attachment, luc lvu gilr tang dan theo
thiét k& dudng vién khay, vdi gia tri lan lugt la 15.62 = 1.65
N di vdi vién vo so, 18.93 = 1.50 N ddi vdi vién ngang va
26.57 +1.85 N d6i vdivién cao. Su khac biét gilra cac thiét
k& vién khay c6 y nghia thong ké (p < 0.001), trong dé vién
cao cho luc luu gilr lén nhat.

Tuong tu, trong nhéom khong co attachment, luc luu gilr
cla c4c thiét k& vién vé so, vien ngang va vién cao lan lugt
1@3.21+0.97N,18.05+1.33Nva 23.29+1.19 N. Su khac
biét gitra cac thiét k& vién khay ciing c6 y nghia théng ké (p
<0.001), v@ivién cao cho lyc luu gilr cao nhét, tiép theo la
vién ngang, trong khi vién vo so cho luc lwu gilr thap nhét.
Nhin chung, thiét k& vién cao cho luc luu gilr khay l&n nhat
& cé hai nhom, trong khi vién vo so cho luc lwu gilt thap
nhét, dac biét ré rét & nhom khong cé attachment.
3.3. So sanh luc lwu gilr khay giira 6 nhéom cé dwong
vién khay va attachment khac nhau
Bang 3. So sanh luc lwu gilr khay gitta cac nhém cé
duong vién khay va attachment khac nhau

So sanh lyc luu gitr gitra céc thiét ké vién khay va attachment
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e Two-way ANOVA, p<0,05
¢ Kiém dinh hau nghiém Tukey, p<0,05

Bi€u dd 3 so sanh luc luu gilt trung binh clha khay dudc
S0 sanh gilra sau nhdm thiét k& bao gom: vién v so, vién
v0 sO + attachment, vién ngang, vién ngang + attachment,
vién cao va vién cao + attachment. DT liéu dugc trinh bay
dudi dang gia tri trung binh = dé [éch chuén va phan tich
bang two-way ANOVA véi hai yéu t6 la thiét k& dudng vien
khay va su hién dién clia attachment, sau do ti€én hanh so
sanh hau nghiém Tukey vé&i mic y nghia théng ké p < 0.05.

K&t qua cho thay luc luu gilr cla khay tang dan theo thiét ké
dudngviénva sy hién dién cua attachment. Nhdmviénvo so
khéng attachment c6 luc luu gilt thdp nhat (3.21 = 0.97 N),
trong khi nhém vién cao c6 attachment cho luc luu gilt cao
nhat (26.57 = 1.85 N). O’ cing mot thiét ké vién khay, viéc bé
sung attachment lam tang luc luu gilt, cu thé: vién vo so +
attachment (15.62 = 1.65 N) cao hon so vdi vién vo so (3.21
+0.97 N); vién ngang + attachment (18.93 = 1.50 N) cao han
vién ngang (18.05 = 1.33 N); va vién cao + attachment (26.57
+1.85N) cao honvién cao (23.29+1.19 N).

Ngoaira, trong ca haidiéukién cé va khéng cé attachment,
thiét ké vién cao déu cho luc luu gitr lén hon so véi vién
ngang va vién vo so. Dieu nay cho thay thiét ké duong vién
khay va su hién dién clia attachment déu c6 anh hudng
déang ké dén luc luu gilr cua khay.

4. BAN LUAN

Nghién ctu ndy nhdm dénh gia 4nh hudng cua thiét ké
dudng vién cat khay va su hién dién clia attachment dén
lue lwu gilr cua khay chinh nha trong sudt. Két qua cho
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thay ca hai yéu t8 déu anh hudng dang ké dén luc luu git,
trong do vién cao cho gia tri l&n nhét, tiép theo la vién
ngang va thap nhat la vién vo so. Viéc sir dung attachment
giup téng luc luu gilt & mot s thiét ké vién khay.

4.1. Anh huéng cta thiét ké duong vien khay

Luc luu gilr tang dan tir vién vo sO = vién ngang = vién cao
& ca hai nhdm c6 va khéng co6 attachment, cho thay muc
dd md& réng vién khay dong vai trd quan trong. Vién khay m&
rong vé phia chop rang lam tang dién tich tiép xuc va kha
nang tan dung céac vung undercut, tir dé cai thién luc luu gid.

K&t qua nay phu hgp véi nghién ctu ctia Cowley (2012),
trong dé vién thdng m& réng cho luc lwu gilt cao hon vién vo
s0 [1]. C4c nghién cltu gan day cling cho thay vién cét m&
rong gilp tang luc va cai thién truyén luc chinh nha [6,7].

V@ co ché, vien khay md rong lam tang do cing tai vung
c6 rang, giam bién dang va tang kha nang bam gitr; ngugc
lai, vién vo so thudng mong hon do qua trinh ép nhiét, dan
dén giam luc luu gilr [5]. Didu nay cling dugc ghi nhan
trong cac téng quan gan day vé hiéu qua sinh co hoc clia
thiét k& vién khay [7].

4.2. Anh huéng cua attachment

Attachment lam tang luc lwu gilr & vién vo so va vién cao,
nhung khéng co y nghia & vién ngang, cho théy hiéu qua
cla attachment phu thudc vao thiét ké vién khay.

Cad ché chinh la tao céac vung lem nhén tao, tdng dién
tich ti€p xuc va giup khay bam chac hon vao cung rang
[4], dBng thi dong vai trd diém tua dé truyén luc hiéu qua
[3,5]. Tuy nhién, khivién khay da du luu gitt, vai trd bd sung
cuia attachment c6 thé khéng dang ké.

K&t qua nay goi y rang t8i uu thiét k& vien khay c6 thé giam
nhu cau st dung attachment, gép phan cai thién thdm my
va su thodi mai cho bénh nhéan.

4.3.Y nghia lam sang

Vién cao cung cép lyc luu gilr t6t nhét, gitp tang dd 6n
dinh va hiéu qua truyén luc, nhung cé thé gay kho chiu khi
théo l&p. Nguagc lai, vién vé so thoai mai va thdm my hon
nhung can ho trg thém bang attachment. Do d6, lua chon
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thiét ké vién khay can can bang gitra hiéu qua sinh co hoc
va su thodi mai clia bénh nhan.

4.4.Han ché

Nghién c(tu in vitro chua phan anh day da diéu kién ldm
sang nhu nudc bot, lwc nhai va bién dang theo thai gian.
Ngoaira, th&r nghiém kéo theo mét huédng khong phan édnh
hoan toan luc da chiéu trong miéng. Vi vay, can cé thém
cac nghién cltu in vivo dé xac nhan két qua.
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