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Effects of periodontal ligament thickness on mesial movement of
mandibular first molar in lingual orthodontics

LIU Wang-yu', WU Hua-feng', CAI Bin’ (1. School of Mechanical and Automotive Engineering,
South China University of Technology, Guangzhou 510640, China; 2. Key Laboratory of Stomatology of Guang-
dong Province, Guanghua School of Stomatology, Hospital of Stomatology, Sun Yat-sen University, Guang-
zhou 510055, China)

Abstract: Objective To study the effects of the various thickness of periodontal ligament on stress and displace-
ment of mandibular first molar and periodontal tissues during mesial movement of tooth in lingual orthodontics.
Methods Based on the reverse engineering technology, the three-dimensional assembly models of the teeth,
periodontal ligament and alveolar bone with the same height of alveolar bone were constructed, and thicknesses
of the periodontal ligament was 0.15, 0.2, 0.25, 0.3 and 0.35 mm, respectively. The stress and displacement of
periodontal ligament, root and surface of alveolar bone were analyzed under the condition of lingual tipping, rota-
tion and translation movements. Results For the maximum stress of periodontal ligament, root and surface of
alveolar bone due to different periodontal ligament thickness, the ratio of the maximum value to the minimum val-
ue was 1.46, 2.06 and 6. 72, respectively. For the maximum displacement of root and the surface of alveolar
bone, the ratio of the maximum value to the minimum value was 1.65 and 1.50, respectively. Corresponding with
different thickness of periodontal ligament, the location of the maximum stress of root and periodontal tissues
would change at root, periodontal furcation and tooth neck. Conclusions In clinical practice, changes of tooth
neck, periodontal furcation and root should be observed carefully, and the translation movement is more condu-
cive to the health of teeth and periodontal tissues for patients with thin thickness of periodontic ligament.

Key words: Lingual orthodontics; Periodontal ligament; Finite element analysis; Stress; Displacement

%5 HH.2012-06-30; &[E] HHA:2012-08-20
BEE&WHE ) REHE W #0454 H (2010B080701101)
BIEEE 256, E-mail: bincai37@ gmail. com,



ER4HMA% $28% H$2H 20135£4A
224 Journal of Medical Biomechanics, Vol. 28 No.2, Apr. 2013

T O 1A H AR BT AR o B X 26 L Fr i
SR, RIS 2 AR AE W A ) 7 2 B A 280, LI PR
IO A 2 AR BB T, 4 T 2 48 T B 3 vh o 9 B
TR LY S LR R AT iR AR
TV RS B O R AL SO i 4 5, T R R o %
TIR S — RIS, R A 1 PR i i AL E) o
T, T b A PR AL 5 3 R AR, MR i R
P T Al e S B SRR R R, S U
WIE, 5 1 B 2P A B 04 o P o B o Y S PO s
T, AR BORIL X T4 o iR g B mE Y
SRIMT, 6 T FARES 1 B 35 0% 3 14 A ) 1 2 TR 5
MARZ L,

A BRIEAHE Sl —Fh SR AR AL &
B BRSO, 1973 AEgE SE5 | S0 0 i g2
J , B2 RN 1B R ) 1 2 B 5 S50 — A Y
SEME TN T AR SR 2 17 B A BR T 45 D
X T WA 490 3 2 R AT B I, A 2 06 T O gt B
£ R 2 PRI T o 15 B 30 1 AR S R R L, % A
R — B B 0. 2 mm' 7 50, 25 mm™™ 5 SR T
TR R R AR R O UG i S REIR S 5, OF
7E0.15 ~0.38 mm"” A5 5y, 76— 26 Jo) ik R4 &
AR T I 5 A IR A A 4 B F R M JE i
SO T L X A [ i R, H I R
HRAZES . X" TRy, BENE T F
JE R 5 3 R PR 5 ) 2 D S PR 9 3 43
BRIl N4 S B, o S R B A — E PR, A ]
e A ) 5 38 A A B B A — o AR 3 (A 47 g
IS % 5 FC I o RSP B A L 5 BRL O , 3  2F J  J
£ PR 20 T I i i AR PR R AR 1 S R S i R
175 L EL AT B F I A 7

1 B %

1.1 RIS

piiit S WA | et 7 B B AN o A vy e )
I 725 A B P R A R e A0 42, 3 3 R é CT
XL 1T s % S, W Mimies 300X 45148 1) — 4k
W2 MR T AR B, BRICTR A 1 8 2 a5 = i
SRIG , T AF Geomagic " 14T il 17 8 2, 1 FH L il
AT F% D BE 2 U e 6 1T 43501 1m) AMIR % 0. 15,0, 2
0.25.0.3.0.35 mm, 193] — R TS HEHH
i, DU B AR B AR fE . U5, FES A Solid-

works AT INESZARAL AL B, 5 A 3] Workbench JL
AR o TR A 2 R R R S A i) 14 A R 45 A Ak
B, AT ST 2 ] B JEE B 430 2 0. 15.,0..2.,0. 25,
0.3.0.35 mm {155 R 55 B2 ) 2 5 — 4 A s —2F
P =R (LR D)

E1 =4E5

Fig.1 The three-dimension model
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Fig.2 Stress curve of the periodental ligament

TEURIES ST L K AT, 2 A
RS 3 AN AN 23 DR F o S T 8 A 2 e e A B, 2
G PSR AT T B SF ST S TR R RS sh 2 R IR RS Sl
AMVERITR , X6 AN R] 64 24 Jo PR RE AL, e RV ) 4
AR AL AE L 2 S AR R A RAF AR AR B
2.2 FREIMARABIESR

FERBIAZ S 1 T, A MR AR R g Bl A T
I JRE L M8 A 14728 e i 5y — B, D 2F ) B {1
7E0.25 mm LL_F I, SFAR B R N ) fRL Rl 2 Fo S 2

{3 KB A B, AR b A o JR R (7R
0.25 mm LU FE, MR 8 K 77 6 A J B 58 3 1
WNAER LT (WLE 3) o FERER: RS sh FTEAR L 3
B, A AR fe KON 7 AR AE N e K 1 B4 e AR
X b TEABURE RS Bl B, O AR R RN T M K AE
1 441.7 kPa, #/ME N 699. 3 kPa, K {H 9 # /ME
(19 2. 06 15 ; 7EIE K IIERTT , S R0 i KAE
72 095.5 kPa, #/ME Sy 1 152. 2 kPa, # {8
MBI 1. 82 i o AR A AT K IR R, 2
KRR FEAEAE 0. 15 ~ 0.2 mm T, e KN 13
SEPTE AR L 78 A R IR BB AE 0. 25 mm D) |
Jei s BRI TR e A BIAR 43 L, B o R R
FXAHIRAS BT AR ) KNG A B2 ma 5K

22r
2.0F
- JEHKFES
1.8 —o— R
£ 1.6 —— JiEER )
2 —— BB
_R ]4_
B .l
= 12
R 1.0F
0.8
06 vroow L
04 1 1 1 J

1
015 020 025 030 035
7 AR R B /mm

B3 ZFIREIFI %k

Fig.3 Stress curve of the root
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Fig.4 Stress curve of the alveolar bone surface
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