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ABSTRACT

Photoelastic stress analysis of terminal implant
anchored at the free—end removable partial denture

Park, Sung-Hun, 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 compare and evaluate the
magnitude and distribution of stress around the abutment teeth and on
the residual ridge and on implant produced by three kinds of the
mandibular bilateral free—end removable partial denture and
tooth—-implant supported removable partial dentures.

For this study, a three-dimensional photoelastic stress analysis
method was wused. Mandibular photoelastic epoxy models remaining
mandibular anterior teeth and bilateral free-end removable partial
denture and tooth-implant supported removable partial dentures were
fabricated using clasp with implant(C-IRPD), Konus crown with
implant(K-IRPD). Bilateral removable partial dentures were positioned
on the photoelastic epoxy resin models, and the vertical load of
60Ncm was applied on the central fossa of mandibular right the I1st
molar artificial tooth of the every removable partial dentures. After
photoelastic epoxy resin models with applied stress were frozen in a
stress freezing furnace according to the stress freezing cycle, these

models were sliced mesio-distally with a thickness of 6mm. The sliced



specimens were examined with the polariscope and transmission

photoelastic device to observe the distribution of stress.

The results were as follows :

1. The isochromatic maximum fringe order number from C to M point
was in the decreasing order of CRPD, C-IRPD, K-IRPD

2. On the root apex of the canine, the fringe order number was in the
decreasing order of CRPD, C-IRPD, K-IRPD

3. Under premolar area of artificial tooth and on the residual ridge
just below the loading point, the fringe order number was in the
decreasing order of CRPD, C-IRPD, K-IRPD.

4., On the apex of the posterior implant, the fringe order number of
K-IRPD was more higher than C-IRPD.

5. On the apex of the posterior implant, the fringe order number was
more higher at the mesial side than at the distal side because of

implant placement inclination and torque from occlusal force.

In conclusion, comparing control group with experimental group in
view of stress distribution, occlusal force distribution effect was very
considerable from implant placement at posterior area. in addition,
K-IRPD using konus crown that used non-resilient connection type
between implant and denture base was more favorable than C-IRPD
because less stress concentration was showed on the canine and
residual ridge, but it was unfavorable about implant itself at the stress
distribution aspect because it showed very high stress concentration

on implant.
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I ATAE 2 3

1. AT 2 YRS 4223 AR A

Ade A2 A|FTH PG A+ 7 AotE F4¥ dental study
model(121D-400G, Nissin Dental Products Inc., Japan)& #3}x, 3s}of =4
= AxE AgE AAAe  Exafine putty(GC Co., Japan)® Aquasil LV
Ultra(Dentsply International Inc., USA)Z ¥ WwE F wAL A
(Orthodontic resin, Dentsply International Inc., U.S.A)S 2 &A|3}o] cingulum
rest2 AT F A EAG] 3 setE WHEJAT(Figs. 1,2). T3 A2t 7= B
Yol AYTE JdZHEZAN Dummy fixture(US I 4.0 x 10mm, OSSTEM.,
Korea) 2 setE W3} tH(Fig. 3).

Fig. 1. Dental study Fig. 2.Duplicated Fig. 3. Implant dummy
model. orthodontic resin teeth. fixture.

Dental study model®] %= AAE WAL oz EAg Hof(o]st

AR wAS L #FEEF Al28TFA G AL2 HTFAE AA

<
5
AN Kennedy ¥7 199 she F34 few A wge Fustgc. o w3
)

= 794 FAEF R0 =(Agar) AR S A5 FFSE e F OHY
AAE BYPAA AAsI 7t94d FAIFENE FF AR & 79 1A
3t & &~ (Extra hard wax, Dae-dong Industry, Korea)E o] Fojx &~ B
B AzsAv. o zA 9j9f o] tof 6HAN FEstE g2 RYS

S =
= T
g ALY og, @ 2Pl FF A2FA FHE %094 holed B 3tol

s

dummy fixture® 2] #3d3 impression copings AZAd A 1Ea, AE

_3_



B4 mygo &8 B 95 P A & 5em AL ol gAaE

H7bstol g2~ By S A8 At (Fig. 4).

Kennedy &% [Ho2 AZE thzxs+ 59 g~ 23S 28 ZDublish 15,

Dreve, Germany)¥ 73 4l(Dublish 15, Dreve, Germany)Z 1:1& &3%3lo] <l
S A5 AHE 20T A 1243 & AFAAA S WHEJY. e F
R dEFTEVE AYE AT YL AZsA tH(Fig. 5). @A A=A ¢

2 2o Rubber base adhesive(Kerr Co., US.A)ZS 1-23 =%3to] 2k 0.2mm
7ol AFANE AP F(Fig. 6) A2 539 Az & 719 1A

11l

Fig. 5. Silicone mold.

Aol AL dAXNE 719 12AHSL implant impression coping= < & ol
2AT L o Z A HR(CY 230, Nagase Chemtex Co., Japan)¥} 7 3-A(HY

956, Nagase Chemtex Co., Japan)E 512 7]EZ7F A7]x ¥E2 =& £33}
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Fig. 6. Duplicated Fig. 7. Photoelastic epoxy resin model with

teeth with simulated resin teeth and dummy fixture.

periodontal ligament.

g} |
IRPD(implant-supported removable partial denture)E Ztzte] A Ao wx==2 o}
w7 Zo] A zFskslt

o] Ag, 9" odFA H BEEE AHgE A4A Exafine light
body(GC Co., Japan)®} Exafine putty(GC Co., Japan)® & X z7] HI9= ¥
Seto] QI AMEEL A s Fol FRIFS ALstdrt B, AP A=
fixutre 5ol impression copingg AAT T 99} o] A5 Y
ol FRYS At dEAd B Ax
sk7] fleld FRE IFE AXA FHol 19me S22 dASA reliefd F
FRyS of7t QAR BASA vl = A (Ticonium' " Investic investment,
Ticonium Co., US.A)Z Ho] mEx REFL A& grt. & FXEL Ni-Cr
3 (Talladium™ Vi-Star, Talladium Inc, U.S.A)E Ab&38te] Alzstglnt. OF
A (Livera'" Posterior, Shofu Inc., Japan)& w®jdsla wl&a & o x4 gz

(ISO resin Q°, High-dental Japan Co. Ltd., Japan)e F4 waloz 2339

—_



2| Aol AglZ o] A e Fit-checker(GC Co., Japan)S =%3t1 =XioXZ 3
B B AEsto] #lx o XA Fed 2 Alold mE whEo] £ 1.9mm9

%}
HEE AYE olFAR Aea, did F A= AgF oFAE A

Asta, 9%z Ao AWo|:E cingulum rest=

5o RPA claspg AAS A 14

AN AT AR 24 3ol AHALS o] &
B _

Fig. 8. Bilateral free-end removable partial denture using clasp on the
photoelastic epoxy resin model. A! prepared model, B: completed C-RPD,

C: loading point(arrow).

1 - 2F2ZE 0|43 AZSHVE A A FA2YX(C-IRPD) A%
1 dZ T Eo UCLA plastic abutment(OSSTEM, Korea)E 9 Z3}lo] wax up
9 castings T35t AN HAES AR, AR AAE Ry Y5

A stz T JdZTBEJNAE 0.25mm undercutL ©] €35t mesial rest %

e
do
>
)
i)
=
"=

L

Akers clasp



Fig. 9. Bilateral implant supported removable partial denture using clasp

on the photoelastic epoxy resin model. A: prepared model, B: completed

IRPD(Akers clasp), C: loading point(arrow).

(3) A¥T2 - IY2 ABJE o8 YSTHE AA FA2 X (K-IRPD) A%
T} 9= Eo] UCLA plastic abutment(OSSTEM, Korea)E A& wax up
castingS %£3to] @S AZsAct millinge Fdte] ZE Wol 6x7F HE

2 z7+ebal Ni-Cr @8 (Talladium™ Vi-Star, Talladium Inc., US.A.)S Al43}
of oS Azt ATh gAY a5 F2EY YgAS dFoR Adste] gA &
2+ s 9l ok (Fig. 10).

Fig. 10. Bilateral implant supported removable partial denture using Konus
crown on the epoxy resin model. A: inner crown set, B: completed IRPD

(Konus crown), C: loading point(arrow).

4. 3t
e

o]
92 58 52

ofN
1~N

o,
[e2v}

A+RYE T3y Febd AP X (Photoelastic Division 060 Series,
Measurements group, U.S.A)ol YA AA ZAHFLHo BdHHFEES XA AT
(Fig. 11). 949 A 79 71dA Z2xe z17ro Fetad A rmdo s

)
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o AHoE %A FTL A% & db FEFA 94NN F 29 54

Z(PA-2S, Riken Keiki Fine Instrument Co., Japan)ol % 2 tH(Fig. 12,13).

Fig. 11. Photoelastic Fig. 12. Stress freezing Fig. 13. Loading device

experiment device. furnace. located in the stress
freezing furnace.
<98 A2 U 2EE Ag N T A 60T A 7IEA st
Sl gtel 60N F2stFS Zhekdv. 2" S#He spring back
S dst7l fisto] 2413ko] A Aol AR 4T=E 30C7HA 7TARE &2t

AWAZ B 37z 747 B LEE §A9Y F 15479 FAFIE AA

¢
T
E
M
p 60
E i
R | 8
i i OWCO%QM"C unloading
T 2 )
u 30 5 T
R £ E
= i loading i
[ )
i 1 hr
9

TIME

Fig. 14. Stress freezing cycle for the photoelastic epoxy resin model in the

stress freezing furnace.
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H
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1o,
R
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X

Aol 2 FEA oFA
-
=

Hzet & 180mm macro #=7F FE YAE FHdEH(EOS 20D, Canon, Japan)

=
2 AR #Zogskdvh #9d AR St 2 gstdgrE B dda

C : Canine tooth(mesial, apex, distal side of root)

Pi: Central fossa just below the 1st premolar artificial tooth

P»>: Central fossa just below the 2nd premolar artificial tooth

M: Central fossa just below the 1st molar artificial tooth(loading point)

I : Implant fixture(mesial, apex, distal side of fixture)

Fig. 15. Measuring points of the fringe order number in the sliced

specimen.



A MY HAEA TS a-bromonaphthalene® fFE3ztdS 10 0585=2 42 &

Tobo] HAAZI HPF7E At B T4 (isochromatic line)? 57
A(isoclinic line)e] &7 YeERd FHE 2 & dvh(Fig. 16). 12a Y% Ao
T #FESH FAHE JEVA g #
T ATt

Fig. 16. Stress fringe pattern of the photoelastic sliced specimens under
the wvertical loading. A: CRPD, B: C-IRPD, C: K-IRPD.
Al 2ol wAE s o] AA A H gAY s AxAl, ¥ JETE
FHel 2T ¥ BIE QA Hud ¢ =S Aol A4 Fad oA

A FHAFE S48 F9 2 =2 et (Table T, Fig. 19).
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Table 1. Fringe order number at each measuring point in the 3

photoelastic sliced specimens.

Measuring point

RPD I M P Py C

CRPD 5 6 4.5 4 7

C-IRPD 19 2.5 4 4 5
K-IRPD 25 1.5 3 1 35

CRPD : Bilateral free-end removable partial denture using clasp
C-IRPD : Bilateral implant-supported removable partial denture using clasp

K-IRPD : Bilateral implant-supported removable partial denture using Konus

crown
1. o 54 ¥ FAdS T2 A (CRPD)

Mgl g A B 7A9m, AN e el A gl WEd
Ao vepdth SRR e FHAFE AAAA T, Al 142TA B9elA 4
A, A2 27H BN 457, FEA el d 62 vehda, #Fd A4l
A 5AE Gegth AxAE A2 R A4R Ry o x
e, 2Rt 9439 cingulum restsh FEW FAAA xS S2o] v
stttk ol= W freld FEe] AAd wE A9 I F TR UEue=
A S8 AFAYelM AT Aoz ARG, T, FFH APolE e
8 ATl Yeue gow #AHdn

2. 48+ 1 - 2%

Aol Gend Ao w3
Aoz Yeyth 2450 hE FA5E AANA 54, A 147A F9NA 4
A, A 22T FSNA 4%, EA 5
A= 19708 THA4s HRAHAG. EP, AZAE FARE 247} apex
of e A5t UEdT £ dEGE Age] 4 wEy

AA S} AEAZA 9 L HFH Ay

[»

K
it
o



Fig. 17. Isochromatic fringe pattern of the photoelastic sliced specimens
produced by the bilateral removable partial dentures under the vertical

loading. A: CRPD, B: C-IRPD, C: K-IRPD.

Y @S o8 YZFFE A A FAX(K-IRPD)

o FelA Ao Fo A5t
ety o A - mE FHAFE dAX oA 35xk Al AFA Fel A 1A
FA sweld 1542 dERa, JEaE FeA
HATH olv YFFESLG FA99X 9 friction typed]

=R A ES
A, s Ashwel vEhd 82 @43 i
T L T UARAT, AP 13 vuA JEFFE FHo FFTEHe= Yo ta

ZHEe @ 5 AN YBEAE FURE AYuthE AN, Aol apext
1)
%S
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—=— CRPD
—— C-IRPD
©— K-IRPD
30
_25
[0
Ke]
£ 20
fe
g 15
(o]
o 10
(@)
=
= 5
0 L Q |
| M p2 P1 C
measuring points

Fig. 18. Line diagram of the fringe order number at each measuring point

in the 3 photoelastic sliced specimens.
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o]
6AA T ZESF] ofFo]l wj§- ol 9§, temporal bone?] TA}o] FFEH &=
stress®] A7) AAAQ Do wls] 9-10viy F7he gy W auskddh o #

ozl oFFo HAHA FES Yo v o =AM free—end cantilever fixed partial
denture(CFPD), conventional removable partial denture(CRPD), implant
supported fixed partial denture(IFPD), precision attachment removable
partial denture, implant supported removable partial denture(IRPD) 52| t}oF

< mEe 2 5 Ao 2y, @39 Al gH, AAE 24, A
Ao e ol 1Eete] A PHL Yake AL 44 ¥t} Sogo ¥ o uw
29 [FPDE IRPDel| Hl&] dA% wg oA 339 TMJ stress 429 &7}
grtn s, AzAL AHA AFHT, 289 BHol FaE BAGA
IFPDE @31 A4 e melA we Fa7k wAsA d.

stet &8 S Elw FEjol Al conventional RPD7F 4ol A 74 o =3 wksl X
=

oz ogHx ot 2y, JgAd EToz st W Al Hol A
e o] AbAdeltt”. 71 lever arm?® W uA Y] R Foz oz 3 HLEEFo
HAEA gel wEk AR wF AXNE A7) e, T AxT AHFHA F
T2 A ko]l Ao wel o X9 HimE dAAF] "o A I, occlusal plane
o] AYS HFslA @k w3 99 A QALY HY z4

B3 FAGY QRS A YEFE AL dA £ AmYoz wolsoX
i 9t} Keltjens 72 2% 7M84 F2XAe st AZAEES A HPe
A ZP5S Budtdth. Brudvick™® ¥ Mitrani” & Tl 3o x| o o] X
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