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ABSTRACT

Objective: To evaluate the thickness distribution of thermoformed clear aligners according to
tooth group and different locations on the same tooth.

Materials and methods: An in vitro experimental study was conducted on 10 clear aligners
thermoformed on a 3D-printed maxillary model. The thermoplastic material used was Zendura
FLX with an initial thickness of 0.76 mm. Aligner thickness was measured using an electronic
micrometer at five anatomical locations on the maxillary central incisor (R1) and canine (R3),
including: incisal edge/cusp tip, center of the labial surface, labial cervical region, center of the
palatal surface, and palatal cervical region. Data were analyzed using one-way ANOVA with Tukey
HSD post hoc tests and paired t-tests.

Results: The thermoforming process significantly reduced aligner thickness and produced a non-
uniform thickness distribution across the dental arch. The mean thickness in the incisor region
(344.23 £ 4.06 pm) was significantly lower than that in the canine region (408.97 = 4.94 pm) (p <
0.001). Within each tooth, aligner thickness differed significantly among anatomical locations (p <
0.001). The labial cervical region was the thinnest area, while the incisal edge/cusp tip and palatal
surface tended to be thicker. At most corresponding locations, aligners in the canine region were
thicker than those in the incisor region.

Conclusion: The thermoforming process reduces aligner thickness; however, the degree of
reduction varies depending on the tooth region and location on the same tooth. Overall, aligners
tend to become thinner from posterior to anterior, and within a tooth, the labial cervical region is
the thinnest area.
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TOM TAT
Muc tiéu: Danh gia phan b6 do day clia khay chinh nha trong su6t dinh hinh nhiét theo nhém rang
va vi tri khac nhau trén cung mot rang.

Vat liéu va phwong phap: Nghién clru thuc nghiém in vitro dugc thuc hién trén 10 khay chinh
nha trong su6t dugc ép nhiét trén mé hinh ham trén in 3D, tdm nhya nhiét déo dugc stra dung la
Zendura FLX c6 d6 day ban dau 0,76 mm. D6 day khay dugc do badng Panme dién tir tai 5 vj tri giai
phau trén rdng ctra gitra ham trén (R1) va rang nanh (R3) bao gdm: canh can/dinh mdi, trung tam
mat ngoai, cd rang mat ngoai, trung tdm mat trong va c6 rdng mét trong. DI liéu dugc phan tich
bang ANOVA mét y&u t6 véi kiém dinh hau nghiém Tukey HSD va kiém dinh t-test bt cap.

K&t qua: Qua trinh dinh hinh nhiét lam giam dang ké d6 day khay va tao ra su phan bé dd day khong
dong déu trén cung rang. Do day trung binh tai vung rang ctra (344,23 + 4,06 um) thdp hon cé y
nghia théng ké so v@i vung rang nanh (408,97 = 4,94 um) (p < 0,001). Trong tirng rang, d6 day khay
khac biét dang ké gitra cac vi tri gidi phau (p < 0,001). Vung cd rdng mat ngoai [ vi tri mdéng nhét,
trong khi cac vi tri canh c&n/dinh mui va bé mét trong cé xu huéng day hon. O hau hét céc vj tri
tuwong ng, khay tai vung rang nanh day hon so vdi vung rang ctra.

K&t luan: Qua trinh dinh hinh nhiét lam giam doé day, tuy nhién muc giam tuy thudc vao vung rang
va vi tri trén cuing 1 rang. Xu hudng la khay mong dan tir sau ra trudc va trén cung 1 rang thi co rang

mét ngoai la vi tri mong nhat.

Ttr khéa: Khay chinh nha trong suét, dinh hinh nhiét, d6 day khay, nghién ctu in vitro.

1. DAT VAN BE

Chinh nha bang khay trong suét (clear aligner therapy)
ngay cang dugc st dung rdng rai nhd tinh thAm my, kha
nang thao [3p va sy thodi mai cho bénh nhan. Hién nay,
phan l&n khay chinh nha dugc ché tao bang phuong phap
dinh hinh nhiét (thermoforming), trong d6 tdm nhua nhiét
déo duoc gia nhiét va ép l&én mau ham 3D. Tuy nhién, qua
trinh ndy c6 thé lam thay d6i dang ké do day cua khay so
vGi chiéu day tdm nhua ban dau. Su thay di dd day coy
nghia quan trong vé cd sinh hoc lam anh hudng dén su di
chuyén rang trén lam sang [1], [3].

Céac nghién clu trude day da ghi nhan su gidm va phéan
b6 khong dong déu clia do day khay trén cung rang sau
dinh hinh nhiét. Tuy nhién, di¥ liéu thyc nghiém vé phan
b6 d6 day tai cac vi tri gidi phau cu thé trén tirng rang van
con han ché, va su khac biét gira cac nhém rang trén
cung rang chua duoc lam ré day du. Do do, nghién cliu
nay nhdm danh gia su thay déi va phan bd dé day cua
khay chinh nha trong sudt sau dinh hinh nhiét, dong thoi
so sanh d6 day khay gitra cdc nhém rang va cac vi tri giai
phau dic trung trén tirng rang.

*Tac gia lien hé

2. VAT LIEU VA PHUO'NG PHAP NGHIEN CUU

2.1. Thiét ké nghién ctru

Nghién clru thuc nghiém in vitro.

2.2. Mau nghién ctu

10 khay chinh nha dugc ché tao tir vat liéu Zendura FLX
(Bay Materials, Hoa Ky) c6 do day ban dau 0,76 mm dugc
ép trén 10 mau in 3D vé6i dé dugc chudn hoéa cé chiéu cao
4 mm dé c6 dugc khay chinh nha hoan chinh, sau dé do
do day ctia khay sau ép nhiét.

2.3. Quy trinh thwc hién

-Tao mé hinh ham 3D: cdc m6 hinh ham trén dugc in bang
may in 3D Rayshape Edge E2 (Rayshape, Trung Quéc) st
dung nhya nha khoa (Formlabs Inc., Hoa Ky), vdi dé€ chuén
héa cao 4 mm. Sau khi in, cdc m6 hinh dugc lam sach va
xU ly hau in theo huéng dan clia nha san xuét.

- Dinh hinh khay chinh nha: khay chinh nha dugc ché tao
tir tAm vat liéu Zendura FLX c6 dé day ban dau 0,76 mm.
Téng coéng 10 tam vat liéu dugc ép trén 10 md hinh ham
trén bdng may dinh hinh nhiét Drufomat Scan (Dreve,
Purc). Mbi tdm vat lieu dugc gia nhiét & 220°C trong 50
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giay, sau d6 ép l&n md hinh va dé ngudi trong 60 gidy theo
huéng dan clia nha san xuat.

- Hoan thién khay chinh nha: sau khi tao hinh, cdc khay
dugc cat theo dudng vién nudu va danh boéng ba vién.
Toan bd quy trinh dugc thuc hién bdi cung mot ky thuat
vién da dugc dao tao nhdm dam bao tinh nhat quan.

- Do d6 day khay: d6 day khay sau khi tao hinh dugc do bing
thudc kep dién t&r Panme Syntek (MTM Precision, Trung
Qudc) véi khoang do 0-25 mm va do phan giai 0,001 mm.

Hinh 1. V4t liéu va thiét bi sir dung trong nghién c(tu in vitro

Ghi chu: (a) Tam nhwa Zendura FLX; (b) May in 3D
Rayshape Edge E2; (c) Mdy dinh hinh nhiét Drufomat
Scan; (d) Panme dién t&r Syntek.

2.4. Phuong phéap thu thap sé liéu
Trén mat ngoai R1 va R3 @ khay chinh nha, dung but l6ng
dau dudng kinh 0,3 mm vé 2 dudng tham chiéu gom: (1)
Truc doc & duding thdng tudng tuong ndi diém gitra bd can
(r&ng ctra) hoac dinh mui (rang nanh) va diém cao nhét
dudng vién nudu mat ngoai; (2) Truc ngang ndi hai diém
xa nhéat theo chiéu gan - xa clia than rdng va vuong goc vai
truc doc. Su giao nhau clia cac truc nay & mat ngoai cho
phép xac dinh 3 vi tri gdm: canh can/dinh mui, trung tam
mat ngoai, c6 rang mat ngoai.
Tuong tu vai mat trong sé xac dinh 2 vij tri gom: trung tam
mat trong va cd rang mat trong (hinh 2).

Mat ngoai rang 11 Mt trong rang 11

1 y ’ Y
Duong doc: |
1

buong ngang: - - - -

Hinh 2. Cach xac dinh cac diém méc do

Ghi chud: CRN: c6 rang mat ngoai, MN: trung tdm mat
ngoai, CRT: c6 rang mét trong, MT: trung tm mat trong.

2.5. Bién sé nghién ciru

Bang 1. Téng hop cac bién sé trong nghién ctru

STT| Tén bién Y nghia Pon vi | Loai bién sé
Canh can D06 day khay tai canh Pinh luong
1 canclarangcutagitta | pm A
(R1) N X lién tuc
ham trén
Trlfngtal?j Po davy khaY ‘talytruljg Pinh luong
2 | mat ngoai [tdm mat ngoai cllarang| pm lién tuc
(R1) clra gilra i
CP rang:' bo dvay khejy tey cqrang Pinh luong
3 | matngoai| matngoaicuarang um lién tuc
(R1) clra gilra i
Truvngtam ?o da}/ khay tal,tI’UI:lg Pinh luong
4 | mattrong |[tdm mattrong cuarang| pm lién tuc
(R1) clra gilra i

STT| Tén bién Y nghia Donvi|Loai bién sé
C6 rang Po6 day khay tai c6 )
5 | mattrong | rdng mattrongcla um D!l?éhnl:[ing
(R1) rang clra gitra i
6 binh mui D0 day khay tai dinh mui m Pinh lugng
(R3) cla rang nanh ham trén H lién tuc
Trgngtar\n D? day Ifhay té,}l.trL,lng Dinh lugng
7 | mat ngoai tdm mat ngoai cua pm lién tuc
(R3) rang nanh i
COTaNg | 54 day khay tai c6 rang Pinh lwong
8 | mat ngoai o ey pm i n
(R3) mat ngoai cuia rang nanh lién tuc
Trung tdm | Do day khay tai trung .
9 | mattrong | tadm mattrongcla pm D!l?éhnlﬁjo(’:ng
(R3) rang nanh i
Corang | b4 qay khay tai cé rang Binh lugng
10 | mattrong | y e pm i a
(R3) mat trong clia rang nanh lién tuc

2.6. Phan tich théng ké

Phan ph8i chuin cua dif liéu dugc danh gid bang kiém
dinh Shapiro-Wilk va biéu d6 Q-Q. Tinh déng nhat phuong
sai dugc kiém tra bang kiém dinh Levene khi dit liéu phan
ph8i chuan. Gia tri d6 day dugc mé ta bang trung binh
va do léch chuan (X = SD). Phan tich ANOVA mét chiéu
dugc st dung dé so sanh do day gitra R1 va R3 cling nhu
gilra cac vi tri trong cung mot rang. Khi phat hién su khac
biét ¢4 y nghia théng ké téng thé, kiém dinh hau nghiém
Tukey HSD dugc 4p dung. Kiém dinh t-test bit cap dugc
str dung dé so sanh dé day gitra R1 va R3 tai céc vij tri giai
phau tuwong ¢ng. TAt ca phan tich dugc thyc hién bang
phan mém R (phién ban 4.5.0). Gia tri p < 0,05 dugc xem
la co y nghia théng ké.

3. KET QUA NGHIEN cU'U

3.1. So sanh dd day khay giira nhém rang cira va nhém
rang nanh

Bang 2. So sanh do day khay gitra cac nhém rang

s g Mtrc giam so vé&i do day
Nhomrang | X=SD(um) |\ q3u 760 um (%) p
R1 344,23 + 4,06 54,71 -
R3 408,97 + 4,94 46,19 0,001

D6 day trung binh clia khay chinh nha tai vung rang trudc
(R1) la 344,23 = 4,06 pm, tuong rng véi murc giam do day
54,71% so vdi d6 day ban dau 760 um. Tai vung rang nanh
(R3), do day trung binh ghi nhan la 408,97 + 4,94 um, vdi
murc gidm 46,19%.

Phan tich phuong sai mét yéu td6 (One-way ANOVA) cho
thay su khéac biét c6 y nghia théng ké gilra hai nhém rang
(F=717,78; p <0,001). Phan tich hau nghiém Tukey HSD
xac nhan do day khay tai vung R1 thdp han c6 y nghia
théng ké so véivung R3 (p < 0,001).
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3.2. Phan b6 dé day khay giira cac vi tritrén cung mét rang
3.2.1. Vung rang ctra

Bang 3. Do day khay tai cac vi tri khac nhau trong nhém
rang ctra (R1)

Vi tri X+SD (um) | Mirc giam (%) | p*
Canh cén 395,14 7,80 48,01 <0,05
Trung tdm mat ngoai | 414,43 +7,37 45,47 <0,05
Co rang mat ngoai | 223,71+ 13,23 70,56 <0,05
Trung tdm mat trong | 336,43 = 10,61 55,73 <0,05
C6 rang méattrong | 351,43 £6,35 53,76 <0,05

*Phan tich ANOVA cho thay sy khac biét co y nghia théng
ké gilra cac vj tri trong nhédm R1 (F = 437,73; p < 0,05).
Bang 3 trinh bay dd day khay chinh nha tai céc vi tri khéc
nhau cla rang clra gitra ham trén (R1) sau khi tao hinh
nhiét. K&t qua cho thay doé day khay phan bé khéng dong
déu gitra cac vi tri. Vi tri trung tdm mat ngoai c6 do day
trung binh 414,43 = 7,37 um, la mdt trong nhirng vi tri day
nhat. Vi tri canh can dat 395,14 + 7,80 ym, trong khi trung
tam mat trong mdéng hon véi 336,43 = 10,61 um.

C6 rdng mat ngoai la vi tri c6 do day thap nhéat (223,71 =
13,23 pym) va ciing ghi nhan murc giam L&n nhat (70,56%)
s0 v&i do day ban dau cua vat liéu, cho thay day la vung
chiu sy kéo gian vat liéu manh nhét trong qua trinh tao
hinh nhiét.

C4c vi tri khac cling ghi nhan sy giam do day dang ké, gom
trung tdm mat trong giam 55,73%, canh can gidm 48,01%
va trung tdm mat ngoai giam 45,47%, cho thay qua trinh
tao hinh nhiét lam gidm do6 day vat liéu G'tat ca céc vi tri, véi
murc dd khac nhau tly thudc vao dac diém hinh théi rang.
Su khéac biét vé do6 day gilra cac vitri cd y nghia théng ké (p
< 0,05). Nhin chung, khay c6 xu hudng méng nhat & vung
¢6 rang mat ngoai, day hon & trung tdm mat ngoai va canh
cén, trong khi mat trong c6 dé day trung gian.

3.2.2. Vung rang nanh

Bang 4. Do day khay tai cac vi tri khac nhau trong nhém
rang nanh ham trén (R3)

Vi tri X+SD (um) |Mucgiam(%)| p
Binh mui 414,57 = 11,77 45,45 <0,05
Trung tdm mat ngoai | 374,86 + 4,60 50,68 <0,05
Co rang mat ngoai | 308,86 + 8,07 59,36 <0,05
Trung tdm mat trong | 490,43 + 9,90 35,47 <0,05
C6 rang méattrong | 456,14 = 8,95 39,98 <0,05

Bang 4 trinh bay do day khay chinh nha tai cac vi tri khéc
nhau trén rang nanh ham trén (R3) sau khi tao hinh nhiét.
K&t qua cho thay dé day khay phan bd khéng déng déu
gilra cac vi tri.

Vi tri trung tdm mat trong cé dé day l&n nhat (490,43 =
9,90 um) va muc giam thap nhat (35,47%) so vdi d6 day
ban dau cua vat liéu. C8 rang mat trong cling c6 dod day
tuong déi lén (456,14 + 8,95 pm), véi mic giam 39,98%.
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O’ mét ngoai, dinh mui c6 do day 414,57 = 11,77 pm
(giam 45,45%), trong khi trung t&m mat ngoai dat 374,86
+ 4,60 pm v&i mirc giam 50,68%. C& rang méat ngoai la
vi tri mong nhéat (308,86 = 8,07 um) va c6 muc giam on
nhéat (59,36%), cho thay viing nay chiu su kéo gian vat liéu
manh nhéat trong qua trinh tao hinh nhiét.

Phan tich ANOVA cho th&y su khac biét vé do day gilra
céc vi tri trong nhdom R3 ¢c6 y nghia théng ké (F = 435,95; p
< 0,05). So sanh hau kiém Tukey HSD ciing ghi nhan céac
khéac biét déu c6 y nghia théng ké (p < 0,05).

Nhin chung, sau tao hinh nhiét, khay chinh nha tai rang
nanh cé xu huéng day hon & mat trong va mong hon &
vlung c6 rang mat ngoai.

3.3. So sanh do day khay cung vi tri gitra viung rang clra
(R1) va vung rang nanh (R3)

Bang 5. So sanh do day khay gitra R1 va R3 tai cung vi tri

bo day | Po day |Chénh léch
Vi tri vung R1 [ vung R3 | trung binh 95% ClI p
(um) (um) (R3-R1)

Canhcan/| 595 14 | 41457 | 19,43 6,82+32,04 | <0,05
dinh mui
Trungtam | /1) 43 | 374,86 | -39,57 |-47,70+-31,44|<0,001
mat ngoai

Corang | 55371 | 308,86 | 85,14 | 75,28+95,01 | <0,001
mat ngoai
Trungtam | oo 43 | 490,43 | 154,00 |136,76 171,24 < 0,001
mét trong

COrang | 5oy 43 | 456,14 | 104,71 | 96,08+ 113,35 | <0,001
mat trong

Phan tich t-test ddc lap dugc thuc hién dé so sanh dé day
khay gitta R1 va R3 tai cac vj tri tuong (’ng g6m canh cén/
dinh mui, trung tam mat ngoai, cd rang mat ngoai, trung
tdm mat trong va ¢ rang mat trong. K&t qua cho thay sy
khac biét c6 y nghia thdng ké & tat ca céac vi tri (p < 0,05).
Cu thé, tai canh can/dinh mui, dé day khay & R3 (414,57
pm) cao hon R1 (395,14 pm) v&i chénh léch trung binh
19,43 um (p < 0,05). O’trung tdm mat ngoai, do day khay
tai R1 (414,43 pm) l&n hon R3 (374,86 pm) véi chénh léch
-39,57 um (p < 0,001). Nguagc lai, tai c6 rang mat ngoai,
trung tdm mat trong va c6 rang mat trong, dé day khay &
R3 cao haon dang ké so vdi R1, véi chénh l&ch trung binh
an lugtla 85,14 pm; 154,00 pm; va 104,71 pm (p < 0,001).
Nhin chung, khay tai R3 day hon R1 & hau hét cac vi tri,
dac biét & mat trong va vung cd rang, trong khi tai trung
tam mat ngoai khay & R1 day hon R3 (bang 4).

4. BAN LUAN

Nghién clru nay cho thay cac khay chinh nha sau tao hinh
nhiét cé sy phan bd doé day khéng dong déu doc theo cung
rang va trong tirng rang. Vung rang truéc mdng hon dang
ké so v6i rang nanh, va trong mdi rang, vung cd rang mét
ngoai la khu vic mdng nhét, trong khi bé& mat khau cai/
ludi day hon. Céac khac biét nay déu cé y nghia théng ké.

Sy gidm do6 day c6 thé dudc giai thich bdi ca ché kéo gian
vat liéu trong qua trinh tao hinh nhiét. Khi t&m nhua nhiét
déo thich nghi v@i hinh dang 3 chiéu clia md hinh, céc
vung co chiéu cao theo truc l&n hon, nhu rang trudc, sé
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chiu kéo gidn nhiéu hon va do dé tr&d nén mong hon. Ngoai
ra, hinh thai lem & vung c6 rang mat ngoai lam tdng mic
do kéo gian cua vat liéu, khién khu vuc nay thuang La vi tri
modng nhat clia khay.

Nhitng k&t qua nay phu hop vdi cac nghién cltu trudc da
ghi nhan su gidm d6 day ctia khay sau tao hinh nhiét [1-
2]. Tuy nhién, md'c dd giam cé thé khac nhau tuy thudc
vao vat liéu, d6é day ban dau, nhiét d6 tao hinh va phuong
phéap do. Sy khac biét gilra cac vat liéu nhu PET-G va TPU
cling c6 thé dnh hudng dén dac tinh thu gidn ng suéat va
kha nang duy tri luc cta khay [2], [5].

Tl gbc dod co sinh hoc, do day khay anh hudng truc tiép
dén do cing va hé théng luc tac dong lén rang. Cac
nghién cfu phan tl hitu han cho thay nhitng thay d6i nho
vé do day clng c6 thé lam thay d6i dang ké ty & moment/
lwe [3], [6]. Viéc vung ¢ rang la khu viic mong nhéat cé thé
g6p phan gidi thich kha nang kiém soat chan rang con han
ché, khi cac téng quan hé théng cho thdy muc di chuyén
chan rang cua khay trong su6t chi dat khoang 30-70% so
vGi ké hoach diéu tri [4].

Vé mat ldm sang, két qua nay nhan manh vai trd clia cac
chién lwgc hd tro nhu attachment, power ridge va chinh
6. Dbng thoi, hién nay cong nghé in truc ti€p khay chinh
nha cho phép diéu chinh phan b6 do day theo thiét k&, va
viéc tang dé day vung c6 rang co thé gilip cai thién kiém
soéat chan rang va do én dinh luc [7].

Nghién cttu nay van cé moét s han ché, bao gom viéc chi
sir dung mdt md hinh ham chuén héa va khéng do truc
ti€p hé thong luc. Cac nghién clru tuong lai can két hgp
thir nghiém ca hoc, mé phong phan tr hiru han va dir liéu
ld&m sang dé lam rd han mai lién hé gira d6 day khay va
hiéu qua di chuyén rang.

5. KET LUAN

Qua trinh dinh hinh nhiét lam giam déang ké do day cla
khay chinh nha Zendura FLX so v&i do day ban dau va tao
ra su phan bo d6 day khong dong déu trén cung rang. D6
day khay tai vling réng ctra thdp hon cé y nghia thdng ké so
v@ivung rang nanh. Trong tirng rang, dé day khay khac biét
rd rét gitra cac vi tri giai phau, trong dé vung ¢ rang mét

ngoai la vi tri méng nhat, con céc vi tri canh cén/dinh mui
va mat trong c6 xu hudng day han. Nhirng thay déi nay cé
thé anh hudng dén déac tinh cd sinh hoc va hiéu qua luc
chinh nha cla khay trong suét.
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