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Finite element analysis of the periodontal ligament
according to the I-bar clasp location

on the abutment tooth
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ABSTRACT

Finite element analysis of the periodontal ligament
according to the I-bar clasp location

on the abutment tooth

Shin, Hyun-Dae, D.D.S.
Advisor: Prof. Kay, Kee-Sung, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University.

The purpose of this study was to analyze stress using the 3-dimensional

finite element method for the effect of the position of I-bar clasp on the
lateral and dislodging force occurring at the functional movement of the
distal extension removable partial denture.

The experiment model was composed of the compact bone, the
cancellous bone, the tooth structure, the pulp and the periodontal ligament.
The first and second premolars on the mandible were selected and used
in 3-dimensional finite element analysis model.

The structure of the splinted abutment was simplified for comparison
with independent natural teeth, and the enamel of the teeth was restored
with gold alloy of type Il according to the American Dentist Standards.

The load of BN was applied at 45° toward the occlusal surface to each

of the mesial part, the highest contour of the buccal surface (center) and
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the distal part corresponding to 1/3 of the cervix of the crown of the
abutment. Load of the same condition was also applied to the gold crown

of the splinted abutment.

The results were as follows:

1. Stress on the periodontal ligament of the independent second premolar
was low in the order of the distal part(0.2515 Mpa), the highest contour
of the buccal surface(0.2583 Mpa) and the mesial part(0.2763 Mpa)
according to the position of the I-bar clasp tip.

2. In the splinted teeth, stress on the periodontal ligament of the second
premolar was low in the order of the highest contour of the buccal
surface, the mesial part and the distal part.

3. Stress was much lower and the distribution of stress was also more

better in the splinted abutment than in the independent one.

In conclusion, considering force applied in the direction of the tissue, the
position the I-bar clasp tip resisting force applied in the direction opposed
to the tissue should be the highest contour of the buccal surface of
independent or splinted abutment for the protection of the abutment and
the splinting of abutment is considered significantly advantageous for the

distribution of load.
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Model 1I: Independent natural teeth Model II : Splinted abutment

Fig. 1. Three—-dimensional finite element analysis model
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Fig. 2. Schematic representation of load condition / view of occlusion

(Loading direction: A: mesial part, B: highest contour of the buccal surface, C: distal part)



Fig. 3. Schematic representation of load condition / view of buccal side

(Loading direction: A: mesial part, B: highest contour of the buccal surface, C: distal part)
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Table 1. The number of nodes and elements in this study

Model Number of Elements Number of Nodes
model I 25,295 47,393
model I 26,158 47,689
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Model I: Independent natural teeth Model II : Splinted abutment
Fig. 4. Schematic representation of nodes and elements
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Table 2. Material properties assigned to different material component of

finite element model

Material Modulus of elasticity (kN/m’) Poisson's ratio
Enamel 46.89 x10° 0.30
Dentin 11.79 x10° 0.30
Pulp 0.002 x10° 0.45
Cancellous bone 1.38 x10° 0.30
Cortical bone

Lateral direction 6.90 x10° 0.15
Periodontal ligament

Lateral loading 179.96 0.30
Gold 77.91 x10° 0.30
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Table 3. Maximum von Mises stress of the periodontal ligament (unit: Mpa)

Model / Loading condition A B C
1st premolar 0.01394 0.01156 0.009201
Model 1
2nd premolar 0.2763 0.2583 0.2512
1st premolar 0.01988 0.02117 0.02298
Model 1I
2nd premolar 0.03768 0.03564 0.0527
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Fig. 5. The stress contours of the periodontal ligament in model [ under

loading condition A, B, C
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2nd premolar

Load B
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Fig. 6. Von Mises stress of the periodontal ligament in model I under
loading condition A, B, C
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Fig. 7. The stress contours of the periodontal ligament in model II under
loading condition A, B, C
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Fig. 8. Von Mises stress of the periodontal ligament in model II under
loading condition A, B, C

_13_



7HEA FAhoA o] Ol ARG LR Qlgh o] X|ofef AxA o RS H A3t

7 e B71AQ AAF ZRado] Qojob dhm wEA Bad tiRle] ax

g BEAA} Bk THEA ool FRES pAE AA9 AL o)
Hoz w57 AN Y TRIAANEZRE FRHAOE opHE At o8
AASE AFAe] £42 45 oldaot Wk HAW AF2H Ve
U2 QAo FRAYE @Y W] FREA A F29K9) ofd

@ Pol 8L MALA] taAE s BAR ot P,
2Esh RPI 29227} 74 dudos
gAel weh AnHom g %

A

22 EHAZ ool A RSk Aok 49 Thsdo]l Ha Ao oY &
3

A ol&d & Uk T AU ELAE E9th FAF oF
el

)
ofo
ol
N
fle)
S
o)
o
=
re
re
-
o
o)
T
o
)
=
|
RO
[>
[
N
N
N,
=
=
i)
rlr
olo

=
= @S e A2 A 1 279 58 3 vuE] Boks u, X diA g
Parzol & HAAAHE Wl & A TASE o] RPI S AZoflA Ao 9
Z 5k H2E7F AWAE AFAolE v+ AP 22 HEa I (buttress effect)oll



%=

A

A

949]

=
T

A

=

N,

T (huttress effect)

A oke] M= o}
g

=
-

H

R

-
-

R

ZHA

7] dEH, ojRt}
_z’_«

°

2 719

o

al

A

?j'

A2 7 AgA9 A

9

o g I
OT.M T = = OL _ll_’ : ,OI )
foTTrgdgcEI ogecmers
[ F o o3 ol X = oo A ) B~
Sy FEvLocaTE gdtzoocyti
o = N S Wroms AW TO . LIS
oo o L FR N i s ©oE N T 5! mO
fo Ho MT o o Ho X W= — 1 O N 5= o ol
SE PiEETIcofY DRy izeiis
—_ A T { ° ° R T :
Ty %LM%E%%%% TE.mMerob%woﬂ
_ B- N O# o N ‘HOI st XK ey =
T o T B Moo A iy oo T oxox 3 o4 M =
< B oy - A P S wor o > X
. oo N Moy F 5 H&Gumglwﬂra
o ® W ox g 27 m T ow 2N .
o T 7 xﬂ_ci_zok ﬂ%ﬁwﬂﬂ% B o
~ ! = o s = ‘.L;o r o il _II_ .
= = 7 X 2 = wow ol 4 g W
® W s oew Mo R
o7 B S o) X ol T T ok = Bowmn nK
. r,Aﬁa;%@ﬂ%%ﬂﬂ}fsﬂéEa%ﬁ
o7 oy . <A W B! __w_r - W ok % w A mo o PP ma )M e m..w %
i%ﬂewa_eagm_mwﬂ @maqgﬂﬁ%ﬂnm
of = W = ~ = = & = < _ > =
G Rl 408 MW g 2Tl T oo of © X o
7o AN X X o) m S r F o 5 CEER B A " 0 H o owx
1U1Mﬂozﬂazvﬁ o c @& ETD
Kooy o X { K J T oL om0 _,.%ﬂwﬂq&@
N G B o= I - - 5 i < © g
i %%aw_g%uaﬂ&ﬂﬂ%i%}wwz_ﬁ%xw
—_ 0 il N KX 3
P BT HET T N e x g T Mo wm D
o= ™ KO = X el —_ —
a o < X0 ~ ~o o 1% Q_o o) oH J t X Uﬂ | @ 53 ﬂ.o W ﬁo ﬂ_mo ER
o_movﬂﬂﬂo%mdik&EQ%W@%ﬂﬂﬂﬂﬁ@ﬁ
a —_— 0 ~ ~ T
W G = B T T o) = M:% W,.“ = o)) % Wu ofF 1ﬂrr T X @ %_UW
i = oy R o X - oF o X TR F X il N ]| o K2 )
— = N o A 2N R L do o TN
0 T 0 N 0 o
- R 2 5 & P ®Eox 0 3o
w% ‘_nﬂniM Mﬂ_ rl o# ) Mo = = ;oT _H-w H Z,_ E.o \N, WM M Ml = E._ :.ﬁ Ul oF EE
uaéﬂﬁ_?movﬂl dmcmﬁxﬁﬂiﬂowue_aﬂ
- R TR W E EEN g oW W~ o @ oy W
ﬂﬂ%:ﬂﬂw@h@%ﬁoo@m w T oo N oy Y
oW o m o B O w _!M_c oy ke of ®o B K| N

- 15 -



Ee gt

10]

Kol
=

AT, Ao}l

28

=]

i

ksl

11, WA AheR

°

5]
o ARden I, E

= X

A 2ol Ad] o8

A7 Fojof
7]

B
il

b A Aol dREe] A FEFol A I-bar 2

h Y

AAIAD

o,

T

],O

o

=0

[e]

#e 7Y 4

B
il
T
olo
o
K

£l

sha ok AAl®

5

AM 74 722 =4

o

oju
o

a3
i
T
T

olo

i

ol

14
;o:._

ATl ol &

=

o}

)

i)
-

ol

o

B
file)

R

122} Ate R

Q3%
— 16_

o)
=



o
-

o A7 AjA ] A

hvaA

At W [-bar ZH 2~

ar
=

el

3} 2},

S
=]

o}

A
=

# o) F85-(0.2583 Mpa),

kil

21(0.2515 Mpa),

o

A7}
(0.2763 Mpa)¥d W] =0 & o

o}

Ho
e

BE

Jotell M Al 2 &7-A]9] A

)

o

ke
(0.03564 Mpa), =41(0.03768 Mpa),

ﬂ
T

ko)

Fo072 Yo S B

(0.0527 Mpa)

24

=]

o
BT

AT

i

o)
W

olo

o]
%

2 grol wlg o

<
S

A e 2] of] A

23]

= I-bar

ki

o= BFeze] o A

P

!

of A Z

Ay

AnH o=z RpPI 2~

el

_17_



FuEH

L A7, A9, 7HEA 29029, Al 3%, Y& A 2000.

2. Kydd WL, Dutton DA, Smith. Lateral forces exerted on abutment teeth
by partial denture. J Am Dent Assoc 1964;68:859-863.

3. Ogata K, Ishii A, Nagare [. Longitudinal study on torque transmitted from
a denture base to abutment tooth of a distal extension removable partial
denture with circumferential clasps. I Oral Rehabil 1992;19:245-252.

4. Fisher RL. Factor that influence the base stability of mandibular
distal-extension removable partial denture: A longitudinal study. J Prosthet
Dent 1983;50-167-71.

5. Frechette AR. The influence of partial denture design on distribution of
force abutment teeth. J Prosthet Dent 1956:;6:195-212.

6. McDowell GC, Fisher RL. Force transmission by indirect retainers when
a unilateral loading. J Prosthet Dent 1978;39:616-21.

7. McDowell GC, Fisher RL. Force transmission by indirect retainers when
a unilateral dislodging force is applied. J Prosthe Dent 1982;47:360-5.

8. Manderson  RD, Wills DJ, Picton  DCA. Biomechanics of
denture-supporting tissues. In: Lefkowiz W, ed. Proceeding of the Second
International Prosthodontic Congress. St Louis: The CV Mosby Co, 1979:99.
9. Holt JE. Guiding planes: When and where. J Prosthet Dent 1981;46:4-6
10. Harvey WL, Hoffman W, Hochstetter R. Large edentulous ridges— Are
they better for dentures than small ridge? J Prosthet Dent 1982;47:595-9.
11. George W. Hindels. Stress analysis in distal extension partial denture. J
Prosthet Dent 1957;7:197-205.

12. Kratochvil F. J. Influence of occlusal rest position and clasp design on

_18_



movement of abutment teeth. J Prosthe Dent 1963;13:114-124.

13. Krol A. J. RPI (Rest, Proximal Plate, I Bar) clasp retainer and its
modifications. Dental Clinics of North America 1973;17:631-649.

14. Demer W.J. An analysis of mesial rest-I bar clasp design. J Prosthet
Dent 1976;36:243-53.

15. Farah J. W.,Craig R. G., Merou= K. A. Finite element analysis of three
and four unit bridge. J Oral Rehabil 1989;16:603-11.

16. Hong-so Y., Lisa A. L., David A. F. Finite element stress analysis on
the effect of splinting in fixed partial denture. J Prosthet Dent
1999:81:721-8.

17. Matsushta Y., Two—dimensional FEM analysis of hydroxyapatite implant
. diameter effects on stress distribution. J Oral Implantol 1990;16:6-11.

18. &7¢ 5. SHA & HE S, 1996:227-232.

19. Jepsen A. Acta Odont Scand, 1963;21:35-46.

20. Dempster W. T., Adams W. J., Duddles R. Ann Arbor, Mich.
Arrangement in the jaw of the roots of the teeth. J Am Dent Assoc
1963;21:779-797.

21. Muraki H., Wakabayashi N., Park [., Ohyama T. Finite element contact
stress analysis of the RPD abutment tooth and periodontal ligament. J Dent
2004;32:659-665.

22. Akizumi Araki. Study on the interdental proximal contact relation on
dental arch. J Jpn Prosthodont Soc 1980;24:575-591.

23. Kober K. H. Konuskronen-Telescope. A. Hunthing, Heidelberg: 1969:38.
24. Bregman B, Hugoson A, Olsson CO. A25 vyear longitudinal study of
patients treated with removable partial dentures. J Oral Rehabil
1995;22:595-9.

25. Vermeulen AHBM, Keltjens HMAM, van't Hof MA, Kayser AF. Ten-year

_19_



evaluation of removable partial dentures: survival rates based on
retreatment, not wearing and replacement. J Prosthet Dent 1996;76:267-72.
26. Aviv 1., Benz-Ur Z. Cardash H.S. An analysis of rotational movement of
asymmetrical distal-extension removable partial dentures. J Prosthet Dent
1989;61:211-214.

27. Calsson GE, Hedegard B, Koivumma KK. Studies in partial denture
prosthesis IV. Final results of a 4-year longitudinal investigation of
dentogingivally sipported partial dentures. Acta Odontol Scand
1965;23:443-469.

28. Goodkind RJ. The effects of removable partial dentures on tooth
mobility: A clinical study. J Prosthet Dent 1973;30:139-146.

29. Kratochvil FJ, Tompson WD, Caputo AA. Photoelastic analysis of stress
pattern on teeth and bone with attachment reatiner for removable partial
dentures. J Prosthet Dent 1981;46:21-28.

30. Charkawi HG, Wakad MT. Effect of splinting on load distribution of
extracoronal attachment with distal extension prosthesis in vitro. J Prosthet
Dent 1996;76:315-320.

31. Itoh H, Caputo AA, Wylie R, Berg T. Effects of periodontal support and
fixed splinting on load transfer by removable partial dentures. J Prosthe
Dent 1998;79:465-471.

32. Gobind H. Atmaram, Hamdi M. Estimation of physiologic stress with a
natural tooth  considering fibrous PDL  structure. J Dent Res

1981:60:873-878.

_20_



	Ⅰ. 서론
	Ⅱ. 재료 및 방법
	Ⅲ. 결과
	Ⅳ. 총괄 및 고안
	Ⅴ. 결론
	참고문헌

