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[Abstract] Deep bite is a common clinical malocclusion that has a great impact on patients’ facial aesthetics and
oral function. Bite opening is the key step in the treatment of deep bite, playing a decisive role in the development of
mandible and the progress of orthodontic treatment. Torque and tip control during the correction of deep bites is a hot
topic in orthodontics. The three-dimensional finite element method can accurately simulate clinical processes and con-
duct dynamic stress analysis, which provides the basis of the biomechanical mechanism. This paper reviewed the finite
element analysis of various orthodontic systems for bite opening to provide a reference for clinical application. The emer-
gence of mini-implants provided a new idea for anchorage control in bite opening. Finite element studies found that high
-positioned mini-implants are beneficial for bodily tooth intrusion and proposed the ideal position for force application.
For the finite element simulation of the reverse curve archwire, it was found that the intrusion and inclination of the an-
terior teeth increased with the curve depth of the archwire. The application of clear aligners has also been flourishing,
but these forces are still difficult to effectively control. Finite element studies on their attachment design and correspond-
ing tooth movement may be helpful to open the bite quickly and effectively. However, the existing studies still have mod-
eling limitations. The structural simplification, linearization and nonstandard parameter definition of the model reduce
model accuracy. Additionally, the existing research mostly focused on initial tooth movement, and studies on long-term

tooth movement after bone remodeling are lacking. These studies are needed in the future.

(YeFs BHI] 2021-11-22; [f&EIBH#I] 2022-01-03

(BE&TA] BE A RPN H (81870743)

(1EE A ) 2K, B 53 E  Email: 857543080@qq.com

[BE1EE) X4, #8521, Email: junliu@scu.edu.cn, Tel: 86-28-85502207



b

AlE&mAE 20226 118 $30% F11H
+ 828 + Journal of Prevention and Treatment for Stomatological Diseases, Nov. 2022, Vol.30 No.l1l http://www.kqjbfz.com

[Key words] deep bite; malocclusion; bite opening; orthodontic tooth movement;  three-dimensional finite ele-

ment method; biomechanics; mini-implant; reverse curve archwire; clear aligner; torque

J Prev Treat Stomatol Dis, 2022, 30(11): 827-831.

[Competing interests] The authors declare no competing interests.

This study was supported by the grants from National Natural Science Foundation of China (No. 81870743).

TRBLH 2 e PR DL ) — PP A AR L, BN
FRTA S T AT KA 173 DL ST AT RS
e BT S E 13 UL E . WERNEIRERE
TE T R85 v e B A IR AR TR LR 1Y
Vo IRIEPO o A ) RIS oSS 31 s -l T
WG YOG R MR TR A AL B IR T AR K
W 0T AA A, BT T 5 X T A Y O
WA R AR IR B IDUR A7 R 2 D E AR T
717K — A 9300 3 2 42 Wl i I 2 e 1 e € 14 [
P SHE ot 81 A R BT | LR AR B R IS S A
KA WHRAT I W G @A A L F SUAT A 1y s
AR, J5 2 T DA AT R 8 T i T
A ARG TTIT S WA A A 5 ARG
58 BRI R bR AT P R R R R 5
B A 1 E O B T R G B . AR
K BRORPRLAR SCHUN T H 45 )32 AT IT WA 1 2
Wi R 3 77 SR ST = A T B IR
A BA XS AR A 2F ROR B4, (5 T 1l PR I []
WL, AR I %, 2 A 2 15 19 F D 7
g, =4 BRICrE B REA R A
IR A B0 50 A L 322 T ) B A, S S R o Al
TR, AL MR B AR A5 A B BEAT RS ik I
AT 150, Oy F A ) 1~ 5 ek
AE BT T H . =4 FRoT A2 AR S0 A1 73
A v — g F J] A AT S 1 7 1 A R A A Y
P RRAAE R o AR SOR AT T I A B9 4% 2 A
K =LA BROCI T A TR —230d , 7 A 453
VERITR 2 14 B 15 1 728 Al B s # a3, Ayt AR 17
"RIEZ%,

1 FEE

TR AR ST — I AR T R R I W S
PUELAR , ATAE Sy 2 0 S Bt il Bl Fs AR AT 24 4T i
B RGN B 1A B S IR S, SEEF
VR B AR TS G AR BT R
TOMRBAR SCHUIT RO T R R BRI S
Kushwah %5 '/ 57 ffOFp A R S U IBE & 3 MR 76 &

G P9 ISR IS A A A BR T AR AL A AT AN ) g
Bl R R S B AR i 2 e SEL A7 A o 34 B iy g AR
b, K SRR R A S BT AR R A2 47 28 30 56 % 1)
PR 72 L RO R R S v B T B A B T B
TG . Shyagali %7/ F FH = 4647 FROT A BT 55 A
[Fi) - J3E B0 AR 1R S Bt 2t B 5 5 06 FRATG b i A sf
B B B R 150 A, 4R 6 mm 1 SR R A S 7R
HERIG RGP A AE . AR A R A
PR A F) T AT A R SRR A RS B, TR B A |
AR R I AR At AT F I S sl O A R
Kojima % Fl = 44 FROG o BT i 55 & B0, % FIK
PR R R ST, B A2 51 I KA B T )
Sl it BB L, A U A 5 SRR R B R
HAk H o T A BURACRT A o KA 22 5 A s o
TR AR AR S B AT BT 2 15 AR RS 3, SR 5 5|
AL MBI A, 3 LR R TS o 6 TR R M LI
B 1 E , Namburi 2842 B BB 568 500 10 mm 7
AE S — NG iE B . Mauricio %@ ST T R[]
A RRIRL A S 5T P L T2 A = 2 AT BR T A B
RRAY | P2 78 U 2R 2 32 vh 25 R A 1 AR A 1k S
PRI AT 7= Az 35 57 () 5F JE IS 7, A0 EL RS A A7
R I PR 2% 1 G 2 A B o 7K T 2

Hedayati 45 "2 37 {3 RloR 1A 2 3 4 1R Py il B
FEAR L AWURT A B 42 5F 51 = 44 BR 040 B s, 4y
BT A AN [R] e B P e A S 40t on AR 1 J5 b
A5 2 (0 A2 ) 1 248000, 2 BRI AR A S bt 5 42
7 | A 8 R X A LB S R TR R A X A sl e
A, A8 A X 5 2 X A R g Asr B 2 At —
T Ifter 61732 FH = 445 BRIT 43 B PEAN SRR A
RS2 B AR 5F B, 2 BAR — i S AR AR IX.
GRS — 5 2F 3T AR AR IX R IO 1 7K 35 1R X 463
PEAEIG PR 1 R 4 40 5 F I AL . Mo 5813k
I = 2 BRIT A T F 5% T ASUfE R A ol A S e
X FH Gable i1, Jo75 7 5 24 K 1255 1 i B AT 2 4R g
WA AR T 28 9 1 450, A5 31 T PHARLAY I R AR
L, ARG PR 75 AT A7 i 7 10— 25 B30I



b

O ERIAE 2024118 305 £118

Journal of Prevention and Treatment for Stomatological Diseases, Nov. 2022, Vol.30 No.11 http://www.kqjbfz.com -+ 829 -
2 ERS B, WE5E CAT A [R] 26 B A% 3y 77 30t 28 o s ) i

FEA 5l o A AR R S R A TR A 1
(9 )5 T T e LR 2F B TR N B /b SR 3T T 0
o Gyawali 5 AL R S 0EA T R MBRG AT IT
WA ) = 4EA BROC AR R A B A 5 T AR 4
Mo SE I A AH 2o i R 2 rhk, o 1 52 31
F1%9 17 3 B AT 5 TR S ) 38 o m B, 9 L5 D05
6T TR, B B i A A B 4, I 2 )
JE o $ R 5 KA BRI AR MR ST A i R ] A
7o B IGEH A ST AR A IS ORI R AR S
PR PO s AR L 85T 2 B9 = 4 A BR T 7 A 28
TR AL PR S0 ) S BT PR R ) 1 B Ay 5 %) b i 2F
it N TG B i) e A, BT T T e, I I 20 AN M 2F
e SR BURE . FERE R 5 A BESE N, B A s 1 B2
FEHEI, WS A B TR AR T2

3 BESmNES

Jar il 5 e S o e £ S 22 EASHLR 1
5 WA B ) gl IS O o LA ST, [
2 i )y DR F 4 0 TR ASRET IR G, U HGE T
R S B S8 AR {EL AT BE S AT F B 1 &
M Ahuja S UHEEST TR ER SO R AR R =
HEA BRIC TR, S0 BT 1 2% 3B 00 I8 1 B A 147 4%
Ji i AR% , A B TR HA— B AR T, (R
I 7 2R R 1A 2F D RS Sl ke 3, e AR o 1Y
SCHUE . B T35 BB, 4575 [0 70 71
B, A O TR UL AY g 8 A P AR 2 e v
AIVE A 25 200, HOPL B i 75 i — 2P R R o De
Brito 5" HE ST T 2 = 4EA FRIT o A A B, i s
FRARHE = B8 5007 B LA STt ) s Hi 2 e AT
FURZIE , A B 25 It 0 s 62 TR A i 1 2 mm
A, T2 S B B g AR T 30 2 v 1) 7 2 2% e
T3 R0 2 T SR S S A T 1) KR 1 R 5 [
e B AR 2F 09 SR 3 B AR T35 — 2
i R BT B N DG T AR — B O S &
KITHOL

4 MEREFIAR

FUEBFIAR H R (clear aligner therapy , CAT ) J2&: 3%
TR 1 25 3z sh B B, F ] — &R 51 1% W]
SRR IR a2 A0 1 3 A 6 RS, I SEWE 7 (8 Y
R M2 B HOR B BE & W5 R IR
0w KRB AR B, WA ST IR A
Gupta %5V @ ST 1 B AR U)o (9 = 4R A R T oA

153 AT B, K R A% Bl I AR 2R 52 B AR 1
J1 5 A AR AR o Kim 5526 R 609 5 54 7
= YA BRIC T, BIFFEA [ 57 B B s AR ZF 1Y
BRSSO RS A ) T B S R A 1 ) 4
il o Hong 25 = HEAT AHALL A AIF 52 0] K2 R4 1] 5 11
OF ek 30T 37 A 1) PR ARl 1) ) e A% X T
1 5 10035 A TR A o Seo 5524 N7 42 I 51 A B
JUAREIY | BIFTE AN [a) JE I BRI 6 3 i 4T O e 5 1 24
W IF SR BB R 3 23 A L, K B 0.75 mm J& R iR
0.5 mm AR BB O HOE IS TR RS
B Liu 5 57 4K bR AR — Fi & 27 J5 6 CAT N
W AR T 24 R AL AR, S0k BRAUF 5 SO AR S 0 i
PEZE SR, & B CAT 76 N ISR 2 i) B i T g
2 18 BT A B T UM iR S DR A ROR AR
PRSI A s Pk 22 51l DL 2 A2 A AR AR
1) A R R A o O Lt T 00 A g A |
AT SRR HIF R

CAT i XfiE A ] 8 147 RS B0 A% 30, X T i F 5%
FEFR SF LT B AR IR 2SR HE AT o Jiang 55>
Xt 2 AT B aUE XA SR = 4B A BROCE
I3 ST BT B A e A0 5 R R A I F A A & TR
%, A BURTZF HBUAS s2 42 AR 3l , R
e AW 7 —EmE b, BTt
FAT N

5 EaEE/AESR

6 A 2 S8 3 R P TS AR AT IR e & i
TS Bk T s b R SRR 1 AN . AR 2
N Sk R RS AT AT S 3D BT T
Ir BT IR S I IR SE o Dai 55 L =
HEAT BROT 0 A 20 25 ML AR AL AF 5 AN () J52 J3E - T %
B R VR, K BRAT IR e & i, R U0 2F 2 2]
20 g HY A Sy fie R BAR 2 1 3 mm JRE A 3 Al RE
B Tl R o

6 OHEE

VAN VAR PSR RPN 5 i B h O N
HIA, AHAH G =484 IR Hr i e 48 = . Maruo
L5 INE A = AT BRI BT ST Sk IR R A
R e, o b AN [R) v B 22 5 | 4 6 T 2F U5 A A
71, R AL F AR 5 i T A K, TR
H &b 55 AT e BT AR o X T 5 2 34 g i i
— R B S RS, FLr P IR 1 Ah 5 R AR



O EmS

b

2022F 118 8305 F11H
+ 830 - Journal of Prevention and Treatment for Stomatological Diseases, Nov. 2022, Vol.30 No.11

http://www.kqjbfz.com

R JEE 1) 2 JE A% I o — s A 9 S it Hh SR Y
fiH

7 HEWMRNBERME
7.1 BEA GG B PR

T A E R E 4%, i =44 FR T /39 52 31
SR SRR AR AR R AT R AR T ELXY T R
S5 B S SURSERT , SRk =22 [8] 19 2 Sl K, A b Lt
15 HH SEAF 5T LATRE 1 067 (58 EURS 8 1) A i . A
1) = AT BI040 B 32 2R FH 2tk o i , AR i
B B SR AT A B IG 0 , ELCME RSt
R SR B R R B, W R0 R I A
T5 ¥E KB B g 25 F R IO 98 A0 T 28 FIRAS , X
R RN SR UL/ AT IR SR N Y A = D)
KA HAEE s, mik A
B AR A 12 DA A2 R H AR
72 AL A 0GB TR

AW 25X TR AR |, A5 2T o] s
SRR TR AR P A 1) U RS sl IR T R Y
TR B I D AR A BR o Jang %53 51 JF A7 A= 4
F12E R U B A B8 L B 5T N T R R Al
JifL A Ak R, 3R ] A G o 3 R Y AR
FH o Kojima %5 4 $ H — i XoF 4k & 3 88 19 0F 5 O
P, AR B O R O T 28 N B E L 38 i
B S B WO RS B 18 5 R Bl
I B o

8 IN 45

= HEAG BRIT 53 A X8 I PR AR 0 R AR 45 R
LS, AT UERR 43 AT 45 0 g 2k v 28 UG 0 S Bl 1 1
2 ] B 1 182 T 43 AT REAE DT 43 B 2 4 4% B i
B, AR THAT T A B AR it T R R T
WIS FTH R A A A BRI Y R R
THEEEENT AR Z I MARER, (HA
WA AE B SR BR 1, Aok A it — 2 58 3%
R AE B AR ) A R A B B

[ Author contributions ] Cheng LX wrote the article. Liu J reviewed

the article. All authors read and approved the final manuscript as sub-

mitted.

£ % 3Lk
[1]  Henick D, Dayan W, Dunford R, et al. Effects of invisalign (G5)
with virtual bite ramps for skeletal deep overbite malocclusion cor-
rection in adults[J]. Angle Orthod, 2021, 91(2): 164 - 170. doi:
10.2319/072220-646.1.

2]

[10]

[11]

[12]

[13]

Yoon S, Lee DY, Jung SK. Influence of changing various parame-
ters in miniscrew-assisted rapid palatal expansion: a three-dimen-
sional finite element analysis[J]. Korean ] Orthod, 2019, 49(3): 150
-160. doi: 10.4041/kjod.2019.49.3.150.

Yenigun S, Ercal PS, Ozden-Yenigun E, et al. Influence of abut-
ment design on stress distribution in narrow implants with margin-
al bone loss: a finite element analysis[J]. Int J Oral Maxillofac Im-
plants, 2021, 36(4): 640-649. doi: 10.11607/jomi.8554.

Lee SR, Lee JW, Chung DH, et al. Short-term impact of microim-
plant-assisted rapid palatal expansion on the nasal soft tissues in
adults: a three -dimensional stereophotogrammetry study[J]. Kore-
an J Orthod, 2020, 50(2): 75-85. doi: 10.4041/kjod.2020.50.2.75.
Becker K, Pliska A, Busch C, et al. Efficacy of orthodontic mini
implants for en masse retraction in the maxilla: a systematic re-
view and meta-analysis[J]. Int J Implant Dent, 2018, 4(1): 35. doi:
10.1186/s40729-018-0144-4.

Kushwah A, Kumar M, Goyal M, et al. Analysis of stress distribu-
tion in lingual orthodontics system for effective en-masse retrac-
tion using various combinations of lever arm and mini-implants: a
finite element method study-ScienceDirect[J]. Am J Orthod Dento-
facial Orthop, 2020, 158(6): e161-e172. doi: 10.1016/j.ajod0.2020.
08.005.

Shyagali TR, Aghera D. Evaluation of stress generation on the cor-
tical bone and the palatal micro-implant complex during the im-
plant - supported en masse retraction in lingual orthodontic tech-
nique using the FEM: Original research[J]. ] Dent Res Dent Clin
Dent Prospects, 2019, 13(3): 192-199. doi: 10.15171/joddd.2019.
030.

Khan J, Goyal M, Kumar M, et al. Comparative evaluation of dis-
placement and stress distribution pattern during maxillary arch
distalization with infra zygomatic screw- a three dimensional finite
element study[J]. Int Orthod, 2021, 19(2): 291-300. doi: 10.1016/].
ortho.2021.03.006.

Kojima Y, Kawamura J, Fukui H. Finite element analysis of the ef-
fect of force directions on tooth movement in extraction space clo-
sure with miniscrew sliding mechanics[J]. Am J Orthod Dentofa-
cial Orthop, 2012, 142(4): 501-508. doi: 10.1016/j.ajodo.2012.05.
014.

Namburi M, Nagothu S, Kumar CS, et al. Evaluating the effects of
consolidation on intrusion and retraction using temporary anchor-
age devices -a FEM study[J]. Prog Orthod, 2017, 18(1): 2. doi:
10.1186/s40510-016-0155-8.

Mauricio MG, Araujo-Monsalvo VM, Murayama N, et al. Mandibu-
lar anterior intrusion using miniscrews for skeletal anchorage: a 3-
dimensional finite element analysis[J]. Am J Orthod Dentofacial
Orthop, 2018, 154(4): 469-476. doi: 10.1016/j.ajodo.2018.01.009.
Hedayati Z, Shomali M. Maxillary anterior en masse retraction us-
ing different antero-posterior position of mini screw: a 3D finite el-
ement study[J]. Prog Orthod, 2016, 17(1): 31. doi: 10.1186/s40510
-016-0143-z.

Ifter M, Sara M. Maxillary posterior intrusion mechanics with mini-

implant anchorage evaluated with the finite element method[J].



b

O ERIAE 2024118 305 £118

Journal of Prevention and Treatment for Stomatological Diseases, Nov. 2022, Vol.30 No.11 http://www.kgjbfz.com - 831 -

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Am ] Orthod Dentofacial Orthop, 2011, 140(5): €233 -e241. doi:
10.1016/j.ajod0.2011.06.019.

Mo SS, Noh MK, Kim SH, et al. Finite element study of controlling
factors of anterior intrusion and torque during temporary skeletal
anchorage device (TSAD) dependent en masse retraction without
posterior appliances: biocreative hybrid retractor (CH-retractor)[J].
Angle Orthod, 2020, 90(2): 255-262. doi: 10.2319/050619-315.1.
Gyawali C, Chao W, Jie Z, et al. Comparison between lingual and
labial orthodontics based on treatment of overbite by using rocking
chair arch wire-a biomechanical study[J]. Int J Endo Health Sci
Res, 2017, 5(2): 8-21. doi: 10.29052/ijehsr.v5.i2.2017.08-20
TR, MR A, RO, S5 SRR i s R A i b B
14 = 245 BROCAS T, A6 74 1010 B2 25 4 3k, 2013, 31(1): 21-25.
doi: 10.7518/hxkq.2013.01.006.

An XL, Chen HW, Si QZ, et al. A three dimensional finite element
analysis on en-masse retraction of maxillary anterior teeth by rock-
ingchair archwire in sliding mechanics[J]. Hua Xi Kou Qiang Yi
Xue Za Zhi, 2013, 31(1): 21-25. doi: 10.7518/hxkq.2013.01.006.
Namrawy MM, Sharaby FE, Bushnak M. Intrusive arch versus
miniscrew - supported intrusion for deep bite correction[J]. Open
Access Maced J Med Sci, 2019, 7(11): 1841-1846. doi: 10.3889/
oamjms.2019.332.

Ahuja S, Gupta S, Bhambri E, et al. Comparison of conventional
methods of simultaneous intrusion and retraction of maxillary ante-
rior: a finite element analysis[J]. J Orthod, 2018, 45(4): 243-249.
doi: 10.1080/14653125.2018.1525928.

De Brito GM, Brito H, Marra G, et al. Pure mandibular incisor in-
trusion: a finite element study to evaluate the segmented arch tech-
nique[J]. Materials (Basel), 2019, 12(17): 2784. doi: 10.3390/
mal2172784.

Khosravi R, Cohanim B, Hujoel P, et al. Management of overbite
with the Invisalign appliance[J]. Am J Orthod Dentofacial Orthop,
2017, 151(4): 691-699. doi: 10.1016/j.ajod0.2016.09.022.

Gupta M, Madhok K, Kulshrestha R, et al. Determination of stress
distribution on periodontal ligament and alveolar bone by various
tooth movements - a 3D FEM study[J]. J Oral Biol Craniofac Res,
2020, 10(4): 758-763. doi: 10.1016/j.jober.2020.10.011.

Kim WH, Hong K, Lim D, et al. Optimal position of attachment for
removable thermoplastic aligner on the lower canine using finite
element analysis[]]. Materials (Basel), 2020, 13(15): 3369 - 3390.
doi: 10.3390/ma13153369.

Hong K, Kim WH, Eghan-Acquah E, et al. Efficient design of a
clear aligner attachment to induce bodily tooth movement in orth-
odontic treatment using finite element analysis|J]. Materials (Ba-
sel), 2021, 14(17): 4926. doi: 10.3390/mal14174926.

Seo JH, Eghan-Acquah E, Kim MS, et al. Comparative analysis of

stress in the periodontal ligament and center of rotation in the

[25]

[26]

[27]

[28]

[29]

[30]

(31]

(32]

(33]

[34]

tooth after orthodontic treatment depending on clear aligner thick-
ness - finite element analysis study[J]. Materials (Basel), 2021, 14
(2): 324. doi: 10.3390/ma14020324.

Liu L, Zhan Q, Zhou J, et al. Effectiveness of an anterior mini -
screw in achieving incisor intrusion and palatal root torque for an-
terior retraction with clear aligners[J]. Angle Orthod, 2021, 91(6):
794-803. doi: 10.2319/120420-982.1.

Jiang T, Wu RY, Wang JK, et al. Clear aligners for maxillary ante-
rior en masse retraction: a 3D finite element study[J]. Sci Rep,
2020, 10(1): 10156. doi: 10.1038/s41598-020-67273-2.
Santamaria - Villegas A, Manrique - Hernandez R, Alvarez- Varela
E, et al. Effect of removable functional appliances on mandibular
length in patients with class I with retrognathism: systematic re-
view and meta-analysis[J]. BMC Oral Health, 2017, 17(1): 52. doi:
10.1186/512903-017-0339-8.

Dai F, Wang L, Chen G, et al. Three-dimensional modeling of an
individualized functional masticatory system and bite force analy-
sis with an orthodontic bite plate[J]. Int J Comput Assist Radiol
Surg, 2016, 11(2): 217-229. doi: 10.1007/s11548-015-1248-4.
Maruo IT, Maruo H, Saga AY, et al. Tridimensional finite element
analysis of teeth movement induced by different headgear forces
[J]. Prog Orthod, 2016, 17(1): 18. doi: 10.1186/s40510-016-0130-4.
Yukio SA, Hiroshi M, André A, et al. Orthodontic intrusion of
maxillary incisors: a 3D finite element method study[J]. Dental
Press J Orthod, 2016, 21(1): 75-82. doi: 10.1590/2177-6709.21.
1.075-082.0ar.

Sifakakis I, Eliades T. Laboratory evaluation of orthodontic biome-
chanics: the clinical applications revisited[J]. Semin Orthod,
2017, 23(4): 382-389. doi: 10.1053/j.s0d0.2017.07.008.

Schmidt F, Lapatki BG. Effect of variable periodontal ligament
thickness and its non-linear material properties on the location of
a tooth’s centre of resistance[J]. J Biomech, 2019, 94(94): 211 -
218. doi: 10.1016/j.jbiomech.2019.07.043.

Jang AT, Chen L, Shimotake AR, et al. A force on the crown and
tug of war in the periodontal complex|[J]. J Dent Res, 2018, 97(3):
241-250. doi: 10.1177/0022034517744556.

Kojima Y, Mizuno T, Fukui H. A numerical simulation of tooth
movement produced by molar uprighting spring[J]. Am J Orthod
Dentofacial Orthop, 2007, 132(5): 630-638. doi: 10.1016/j.ajodo.
2005.07.035.

(458 F#B)



