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Biomechanical analysis on periodontal ligament in dynamic jaw

LIU Wang-yu', CHEN Xue-lin', CAI Bin*, XIANG Lu-sai’, WU Hua-feng',

HE Xu-shun® (1. School of Mechanical and Automotive Engineering, South China University of Technology,
Guangzhou 510641, China; 2. Guanghua School of Stomatology, Hospital of Stomatology, Sun Yat-sen
University, Guangzhou 510055, China)

Abstract; Objective To investigate the influences of loading time and loading angle on the stress, displacement
of human periodontal ligament in dynamic jaw. Methods The three-dimensional assembly model of the mandible
front teeth, periodontal ligament and alveolar bone was reconstructed by using the reverse engineering technolo-
gy. The thickness of periodontal membranes was 0.2 mm. The stress, displacement at different positions of the
periodontal ligaments during different jaw cycles were analyzed under dynamic load in the direction from bucca to
tongue side with 0°, 15°, 30°, 45°, 60°, 75°, 90° angle to the long axis of the tooth. Results During one jaw cy-
cle, the ratio of the maximum to minimum value of the maximum residual stress due to different loading angles
was 5.5, and the ratio of the maximum to minimum value of the maximum displacement was 8. 1. The ratio of the
maximum to minimum value of the maximum displacement which was caused by five jaw cycles was increased in
the range from 1.02 to 1.35 with the increase of loading angles. The ratio of the maximum to minimum value of
the maximum residual stress which was caused by different loading angles was increased in the range from 1. 86
to 3.00 with the increase of jaw cycles. The location of the maximum stress was at the tongue side of the cervical
margin at different loading angles, and the location of the maximum residual stress was distributed at different po-
sitions of the cervical margin. Most stress was accumulated at the root of the periodontal ligament under the 0°
dynamic load. Conclusions The situation of the accumulated residual stresses and the uncertainties in the distri-
bution of the maximum residual stresses should be observed in the clinical choice of mandible incisors fixed by
bridge abutments; large angle force applied to the tooth was harmful to the periodontal ligament and rapid succes-
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sion of chewing hard food should be avoided as much as possible during the clinical treatment.
Key words. Periodontal ligament; Dynamic jaw; Finite element analysis; Load; Biomechanics
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FEAFRMER ST, A AR o, 875
BT 18] o 0° 8R4 T, o, 5 7R 2F Jo] 55 00 25
GG E— I A LR T 15°, 0, AT T IE
9 2 U — 00 5 S A 17 3 B T 43 A B AR A 7 8 J]
HEM S S MAED . d,. 5 0. 500 H L
AU AERBR A RS TR S JA a1 75 ) 3 v 5 s
(R T AL Bl 5 1 AR F7 A2 % AT £ 5 J) i ) 2850
GRAfE o X5 SCHRT L1 ] H o Jl RS g 4 v 7 3 4

E‘Jég%gﬁo
2.2 FREBEZSGEN.EM LR, PER R
TIRBL 53

WE TN 2 RO, IO 3 28 o R i 5 5
JEM A FP AL B R R B R (L& 3 (a) ~

F, N7 7 B P TDE 0 i d 25 b Tt s AR I3 1] 0. 2 ~
0.3 s, i 7 S BUPR I T B B, I rp T I 14 i
A SN2 A LI I s A2 ] 0.3 ~0.875 s,
LS AT S Bl LTSS BN PR (L 2 (a)) .
WG 1 BE BTN, 0 2090 0 1. 13 ,4..00,6. 85,
9.47 12.36,12.47 [12. 67 MPa, H:tf o, M KIEH
W/ MELZEE S 11 25 BRAY R 353 531 0 0. 621, 84
2.72 .3.07.3.25 3.36.3. 39 MPa, 5% 43 J1# KAE
HP/MEZ IS5, R 4, B R
S (ILIE 2(b) ), ARG R d,, 5K
TR /IMERY 8. 1A WA 45 AU Gk A 8 i B (L
FHECIRE 7.2 4% o SO BEXS B R g (fiA%)
FRAYIE ) (LR ) S A BRI R, L5 e BE R #
JEE B s b

030

0.25 -//"/’\

0.10 ‘/,\
T K\\\bm__
s
S -n-un

0 0.2 0.4 0.6 0.8
t/s

(b) FeRAL RS- 1] fih 2%

(a) Maximum stress-time curve, (b) Maximum

(e))o A JE RS M N oy 8RR f R ARG M5 0° 2% far
T, R AR LAY e RAER 0. 91 MPa, £y
/IMERO. 45 MPa; 15° 48545 T, A Ji 53 % 55 0 1o g
F1.31 MPa, JEM 20 2% 4b 1 N S5 : 0028l T, o N
0.86 MPa, fiz/ME K 0. 48 MPa;90° 2k i T, 45 4 J&
AR B il 4t ARk B B KAE 4. 87 MPa; 75° %k faf T,
555 JRHISE AR A9 5 R FR AR I T K2, 69 MPa /)N
AT N, R b 82 AL B ) AR A At
TR P A AERT FE A1 50 5 90° 2ty T, %o 2F Ji] JEE ik v 55
GRAR R 52 W R, R AR N T B KAE K 2. 94 MPa,
WA BTN 360% o 2 JE A in 8, AN [R) B 1)
SN I R AR N IR 55 I3 B Z R e R T
PR AE T 3 R 2 L AE R [ 2 5 | i



MEE,E. HERETFRBENENESH
LIU Wang-yu, et al. Biomechanical analysis on periodontal ligament in dynamic jaw 545

(¥ 17 2 SRR 6 5 A 0 Ay 3 T P 8 T 5 AN TR £
JEE B 5 | A2 9 L 7 A AN [R] 9 s 1o o 32K 31 i K
O P 11 JBE (I8 T3 01

ZF P R i R A AR (IR 3 (d)) st =
0.875 5,304 T HR AN /1 1. 04 MPa g K ;
it s 5 R, O° iy B 8% A% B2 97 403311 Ay 0. 87
0.89.0.89 0. 42 MPa;45°#fif I H PR /1 e KA K
1.5 MPa;90° 1 B S fe K AE 4 0. 86 MPa. (il
A R R AN [ B (8] st o8 07 7 s ] 9 22 1

—— X=0,2--1343
X=-34.76, Z=-129.72 —— X=-129.72, Z=-34.76
—— X=-67.15,Z=-1163 —=— X=-134,2-0
X=-94.96, Z=-94.96
5

X=-1163, Z=-617.15

B — B

I JRIREEARAR B4 02 3 L B A B8 I e > s
BEINCILE 3 (e) ) o HMMZAAE R AZG R o, 57
Jy1.42.1.19.,0.91.,0.74 0. 68.0.6.0.89 MPa, 1
KAAGHMEZ H O 2. 47 ;0° 806 T, 50 2 D
SIS F1 ik 2 e K AE 1. 42 MPa, 5RARY H R K AH
SHMEZ A 1.9, AR N ) — BAL THOE,
T R

3 FRABRAREAE RN S1— 8 #h 2k

(b) JE

0 02 0.4 06 08

(e) MR

Fig.3 Stress-time curves of the periodontal ligament in different positions (a) In tongue side, (b) In bilabial side, (c¢) In mesial side, (d) In

the middle, (e) In the bottom

2.3 FRBEZSNEABNEREE NAORSH
SF AR d,. B Ff E 3 g i, {5 58 i)
AR E 3% AT REAT A A A 5 1 A T B i
BEAS /RS (UL 4) o £ 5 AN JETIU A R ] ff
BT R LR RS R/ MEZ H 75 o 1. 02
1.25.1.33.1.34 1.35 .1.35 1.35, mH&fefmhgs
I 0 o AARKAE, RS TGN 0. 2 puom s 1 AR £ 2
T8 B 7R B A A N R R R R LR A
1.2% ~35% M3, 5Bl 4840 £ J5E B9 388 0, 58 Jon et {EL
> BN A B 1 JE A B SR BUE 1K B
35% , BJm SRR/ 90° Hfr B ALAE RBUR K,
o JEINS s FRRIRA LR B 12 wm , RER R
1K 252% o A JRMEAE Z2 A R A 4 B2 7 AR AR B 55
(LA AL - Bl 8 AR L A S8, 651 F5 391 P4 1)

—— X=0, Z=-1343 X=-116.3, Z=-67.15
X=-34.76, Z=-129.72 —— X=-129.72, Z=-34.76
—— X=-67.15,7=-1163 —— X=-134,7=0

0301 X—_04.96, 7=-94.96

025H .
iA | iq A
Fl i If

020} | {
| | |

0.10F

dpax/mm
IS
o
T

0.05F 4

Cycle
B4 FREEZE&E KGR E

Fig.4 Maximum displacement-time curves of the periodontal liga-

ment during multi-cycle



EREMAE $28% HES5H 20135108
546 Journal of Medical Biomechanics, Vol. 28 No.5, Oct. 2013

RERAY WL I K AE 5 W /IME Z L4 3R 1. 86,
2.37.2.77.2.93.3.00, PRI, 6 ARG T 0 =T
SF Vit 28 ey 1 7 1) X AR AR N T IR RE I AR

FH AN A BE AR A 5 R e S B i 45 R d
(AN, B B0 5 I P 3 v s b 1) 22 [R1R% B B s
BRI E B YE N, d,,. 047 B R R ) ) o
) Es e [ NN e i S 1 2 e ) | E=
JE AR 5 | i KR A 8 14 07 A 8 S B i) S0 % 3
SRS Sy e e N E2 Svivil o = S ) N Sic e g A R i)
O, d.,. B g ) B A Bh . AE
AW, SRR d,, A7 8 AR RS2, fek
BRARNLRE ST AR AE T

3 iFig

ARSCR R CT R 47 8 v 471 41 R S 5000, DA
Dicom #% 2 F7 i 1% i 3] Mimics 344 b it 57 A BR T
RRHY 30 [ B0 o S5 U 28 SRS L B 2l A 7
HEAT AN 43, 50 IR A SR A Fi A, (R UEARE TR 5 52
WA B B TUAT AL 2 o e 45 M 2 LA U A %
S SE YT RIE 2SR AR R, b T AR
{37 (R BRR ) 7 3 A R FE LA Bk i L T
- R T N N B 7 s e i S R
Rl W oF RS U R 0 4 O R
SR R T A (4500 43 T U LR BT SR B AR I A
{1 35 f i ) R A — S0 D2 T A Y
WA AR 5 2 ff I S opabi BT 134.3 N, el e - ik
JEII R 0.2 s, REME R Hb 5l A5 B0 I st 2 & A 7
241 2R ) AR R BB s 1 25 5, in 2
PR B A I A AR BT A 5 2 1 TR AE A AT, X
5 TR A Y A g AR S R R ) 4 e 45
AR S R SR O RZ g R ke VAR S L
Aar TR BN SIS —3 . L, A FROTEL R 2
BB BB B 50 UL AUL I AR RHL I T X R 1A Y
W 15537

R - R AT 245 S BoR , F SRR o 50
A7 Bt A B A3 AR U B, 5 2 R P47 2y
Hoafe AR A 2, o, B A TE B 2%, 31X 5 SRk
[14-15 BT 458 — 3 TR o, 07 B 3T
I T RV i ¥R e, O 28y o 2 S RS2 i) L HCAth 28 1oy
B Sy AME 1508t NS 0.07 mm, EL 46
5 A R AR A5, 2 ke 3 o SR Y 3% 0 1

Ol , T BTN 2 A JE e A o B A Y
AL, TR 0 U AR N 10 SRS B 0 R/
L3 IR I, R B PR R XS ik
A A 2 R S R T I8 ) 43 SR AR R R B K
Z IR R/ VA B 22, n] e SR A FROGEE B 240
12 S LI 5 (L5 BB 26 20 2 RIS 725 007 3 o B0
TE 7 S5 PR B 22 18] A 4518 — B, IR AR 2 AR
SO AW R I A 17738 o e TRl S 4
AUARAFAESR AR N T, BRAR I W R/ INBE G ) JEE A
AR o Bl AR BE B N, Je R T (Fi k%) 5
FRAYIN 3 (1 ) 42 phy 2F JoJE 5 O 18 1oy A B RS 51
it A U B 2 R A% 18 2 D —

TEFEER T 15° B 1T, oF JA IR 89 2 4%
{37 I3 A SRS AR B A AR ) R 1 5 90° 3 fif
IS AR AE , AELAS [] B ] 332 4% 102 7 4 A £ 5
AR BESCHRER /N, 35 2 S ke w280 A i 114 2%
R FARSE ™ SO0 BT T, I 45 49 fih 4% S 247 ] s
(OS2 AT BT, 355 SR [ 15 ] i3l o ol 280 7
BE IR S8 A 2 A R AR e
JE A2 SR B AR IO 4 (/N B I TR] A P 3
HSCIRC 1S J 252 R—2, RARAN AL E N B4
TS TR A, A I R F B O 3 S 3 2 e 3
TF AR R S AL i N g BB o LR
B IR AL R A BRI IG5 13 77 734 G 1 1]
TEF AN R B Bl o, B2 AR TR, Fie RBR AR
B IIAESG B AN R L B, D62 225 T 2 A I
Z IO ARE SRS G BRI A E A LI L
I 2 JEL B ) 32 o SR e ek sh A
SN AR B OL RS, AV BORA SBE N A BERS T, 52
N [ A A AT AR A 2 R IE L R A
STRMERL

4 Ew

(1) fmaff B2 X sh 28w & A I o, 5 0L
Ko 0 T, 2 Jal I A 157 g SRR B A F
WA 5 M A A1 R T 45° 1), o, 3 IR 2% 590° 2%
il I, A R e K A7 LR R R

(2) izt 1] % 24 il A i R BR AL 3 2 Wi
Ko 30755 M &, IF RSG5 M) L Y
JE JJEEH 500 4SBT, 2 R BAR R -5 vh AR AR v i
TIRER 5 Iz A JEE o) 8 J] R AN ) o7 B 1 17 ) R AR
Wi 571N



NEE,%. HERETFARKNEYNZESH
LIU Wang-yu, et al. Biomechanical analysis on periodontal ligament in dynamic jaw 547

(3) BEIMESAMEREK, F AR 0,0, 5 d,n 957

A DXy 2 I 000 4 A1 25 T 1) PR 2 T R 5 Bt
AT VB, R R B A% L 0 A A P57 7 75 I -5 s
Z RSl e KB AR S B A B AT ETE

S Lk

(1]

[2]

[3]

[4]

[5]

(6]

(7]

[8]

[10]

[11]

[12]

Thresher RW. The stress analysis of human teeth [J]. J
Biomech, 1973, 6(5) ; 443-449.

R, RF W, 1R )2 R A BRIT BT BT 5T it R
[J]. dbE R4, 2006, 42(3) : 412-419.

Yamaguchi GT, Moran DW, Sit J. A computationally effi-
cient method for solving the redundant problem in biome-
chanics [J]. J Biomech, 1995, 28(8) : 999-1005.

Van Eijden TM, Korfage JA, Brugman P. Architecture of
the human jaw-closing and jaw-opening muscles [J]. Anat
Rec, 1997, 248(3) . 464-474.

de Groot JH, Rozendaal LA, Meskers CG.
shoulder muscle activation patterns for 3-D planar forces. A

Isometric

methodology for musculo-skeletal model validation [ J].
Clin Biomech, 2004,19 (8) : 790-800.

Osborn JW, Baragar FA. Predicted pattern of human mus-
cle activity during clenching derived from a computer assis-
ted model. Symmetric vertical bite forces [ J]. J Biomech,
1985, 18(8) : 599-612.

Flash T. The coordination of human movements: An ex-
perimentally confirmed mathematical model [ J]. J Neuros-
ci, 1989, 5(7) . 1688-1703.

Medler S, Hulme K. Frequency-dependent power output
and skeletal muscle design [ J]. Comp Biochem Physiol A
Mol Integr Physiol, 2008, 152(3) : 407-417.

Davy DT, Audu ML. A dynamic optimization technique for
predicting muscle forces in the swing phase of gait [J]. J
Biomech, 1987, 20(2) ; 187-201.

RMEA, BEHTBE, XU, FEIFHCH Xl e o b R SO SRy
HAR oA m [ J]. BB AW I 2%, 2007, 22(2)
141-145.

Mu YD, Fan YB, Liu Z. Influence of various abutment num-
ber on stress distribution in the attachment denture support-
ing tissue [J]. J Med Biomech, 2007, 22 (2); 141-145.
Poppe M, Bourauel C, Jager A. Determination of the elas-
ticity parameters of the human periodontal ligament and the
location of the center of resistance of single-rooted teeth a
study of autopsy specimens and their conversion into finite
element models [ J]. J Orofac Orthop, 2002, 63(5); 358-
370.

Iramaneerat K, Hisano M, Soma K. Dynamic analysis for

[14]

[15]

[17]

[18]

[20]

[21]

[23]

[24]

[25]

[26]

[27]

clarifying occlusal force transmission during orthodontic
archwire application; Difference between ISW and stainless
steel wire [ J]. J Med Dent Sci, 2004, 51(1) :59-65.
SN, BB R, FHE, A%, [R5 o 585 B Xk A - 24 AR Ik
AR AR RR R I [ ] AR 1 I BE A AR, 2007,
25(1) : 93-96.

Hobmann A, Kober C, Radtke T. et al. Feasibility Study
about finite element simulation of the dental periodontal lig-
ament in vivo [J]. J Med Biomech, 2008, 23(1) : 26-30.
hik, JESE, WEFEIN. SHASEAT R N AT B E AR O T A
=4 RocE Fr[J]. B0 O EE K, 2007, 25
(6):591-594.

BEA, WOR, HHR. FETA BRITEE AT B A iR
N H1434r[d]. CAD/CAM 5l ¥k {5 B 4k, 2010, 10. 60-
62.

Ward IM. [l A R0 02 EREL M1 /78008, BEatng, i3
2 h. dbnt: Blesim, 1988 92.

ZEUH, 2k, CHETRE, GF. BRI A T R =g
FROCEERI[J]. ST H R A 2r Ak, 2003, 19(2) : 151-153.
JEl A, SRARIEE. N A BRSOV X AU S AN (R e B i
JRLRLUNRL 3 a3 A (], JEIEE S B2, 1984, 16 (4) -
293-298.

WEEEN, Thik, JESE, S PR ST LA LI ]
ST M BE 2265, 2004, 20(6) : 661-664.

Ber. DR AERAE M. deat: ARTA: ML, 2004
250-258

BT, LR, KU, 55 ShA G A R B
R LB = IRIT AT [ J]. R R (B4R
2010, 31(4) . 397-402.

TP, Mo, JHE%. Mimics FiI Geomagic %fi B F &y
58 O AT BROCAR R [ J ] B A9 3%, 2010, 25(6) :
433-438.

Wang YP, Lin XY, Zhou HF. Finite element model of fixed
denture aided by Mimics & Geomagic [J]. J Med Bio-
mech, 2010, 25(6) : 433-438.

BERBE, BOR. FRBA RIC i pr e BRI ]
25T, 2009, 25(2) ; 232-233.

NG, T A EM S BRIk [ ], EFr D s
2puck 2006, 33(4) . 314-316.

BEE, TRIGelE, FEEA . ARG EUMEA T Lairh o A
RELRA) 8 7 0 A6 AT BROTHIFFE [ J ] . AW I~ TR 44K, 1999,
16(1) . 21-24.

BRI DR 154 (], BERA Y J12%, 2007, 22(2) .
119-120.

Fan YB. Dental biomechanics [ J]. J Med Biomech, 2007,
22(2) : 119-120.

g e



