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FaoAe) AYFARA Fehe) B2

3495 F94 $HA A7
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AgrEe P43 vide] A7 o #
Ao Fdie A7ty $£9& AL =3
ao] mE =9 89 IR, A5 FX Y
229 olPAHA FE FX AT} X
3l B AdEd] 3.

& 7249 BiAegUyPoR = JHEA
=4:9]%], 1A cantilever bridge, implantZ
o] &3 Wi o] oy HEAFQI wyoz
7HA FAR 7t Bol Ui .

7HAA FAYRE XA A9
g F2AX7} ledl, Azks ARYe] F2
A=A F99 AFAUE F&f AL=HE v
FAe 59 de 23 & AuHg} F2H
ZI9 g8 AgH ez FAEXNZF F5ro0y
AZIYNF L a9 £3F9 BYE 4§
A A9 Fas AedFe EAE of
713kt

meba] A X of AEX2F Alo] 9] 7)%5H Q)
S8 18 EXE 47 8 BE AET}
O]_—c}—’_qz% %qﬁzvz&:ﬂ-%).

Z AAE JHEA FAeH9 Ade XA
ZHd B2F dxule $EL 1T 2AAA
JZEAG AZE, A2FYe 2E e
o §ASHE § Fogrpswnwsm,

FEg TR A HAAte] IE SHE
43 AR F29 HA3NE AA 715948
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AFo] FoFdi JPuerr® Gaghe]
AZHYE e BFo] gL Ao 7 F28
B_?lo]a}l E_‘ﬂ.% &]E glq,ls.m).

39 SYHEX IFE Fe ez F4
23X Y =9 Je), APFAZXY e,
5, 2= ¥ F¥=, ERRAFAY 994,
HEEL] A} &, 9] JpEAE B,
2okl FRE, AW By, 27 & F,
Zl.éi‘l&% %EH,%_ UH_?_ ]:}_OJ%]_E]J' 15. 16, 18, 20. 21, 23, 25,
26.32, 33. 35.37. 38, 39. 40)

Maxfield® ¢} Tebrock®= At} o
gL F= AL P2z AARY 9
ol FrEjae ZEAZAN deivt F AY
E=tke] FHeddy s

Frechette’, Kratochvil®, Shohet®+ 24
HEEE & 39 AAHAZ 9 A 44
[l U R _

Kos?& Z4lo] 4 2R} fag
SHE Bo)] ALstn g} R}t AFG R4
R $¥L vt stqio.

#H Maxfields? e 94 d2EJ 24 ¥
2ERT ojH zAdME AN e
ol 7Zhfixck g v ok

Thompson$*"& &AL &5o] FXE,
A=, AFFAZA g3 Az AL
HEZ 0|43 Al AU NAzA 9
AL Ak ¥ o1F Fastn syt

7R FTA9AE 43N fEe 2y



72X ete s M delkole Whgeln
o’ AFFAZA7E AR Fae FH
gFg AL YL 1F EHAIIEA A
ZH9 A7) o3 ARH A= grom,
A0 o)A vl A g Y& HA
ﬁ'}\]7]‘€- 1:_“ :Z z@% "—T.‘__ﬂ. gl*qﬁ-lo.lﬂ.zﬁ-%.zﬁ-m.”.
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a5 B HdEEd 93HE I-bar clasp
Fel o] AHFAZA T A=A gt
ij‘]_7}_ 9\19\1‘;‘_6.%.26.36,31.41'42).

QA o] FALAE AFRYH dHS
FA de A5 2 7|FF FRE A
T‘:I’_O_i j_o“ [q,%_ %Q%)ﬁ% Eaé_}&ll.lz-m-lo
olug}, BESE XFEPY, wATHI|
M= ATFHo] g

dvtF oz FHEA WIE brittle coa-
ting'q%*, dial gauge®, strain gauge H#>4
45)’ jg.%}\é %a%)}_ﬂ\gﬂ.d&w) laser %@%46)!
FeaxU9 o] 9laL F ol = stereophotog-
raphE ©]-&3} stereophotogrammatic techni-
quet o] A= I gk

TN E faEld 42X JFFAZR
AAHse] E Fud FEHEAP BT
Ryaessdzl ol o1}l Kennedy £F 28,
& 93A &3] Fote skt BE AL, 29
TR AAA] FEFA AA g% HEY =
2498 AT B¢ AHFAZXY TR/

€ $HEXE vay Fe¢e B4 g,

3397 AEd SEHENYHLE go] sEid
Epoxy resin ZFW 9] Foi3 ojH AHPAM®=
Sgsj4o] 7pssten®,

olo] Aze WEA FIT F4hYR A
Ale}) &3] A8-31= Back-action clasp, Roach
clasp, I-bar clasp, Akers clasp? U] 71A] 3
HAAAZAE o] &3x Az € QAFA 9
FAAZET FEd FEXA ) FA=
289 V|9 EXE 3393 Fe $FE
Aoz FFA3F 7 o]o] Hildl= vlolt).

7
%_H_

=1}
=

T

II. 48Xz

7h AEn=z

527

BRHA DFAEA 2 HAXol FHE
73 stetxjol =¥ (Dental Study Model, Il
Shin Dental Co., Korea)lA #& A1, 2t
TAE LA LR 2HE paraffin wax2 A&
93 =8 piE #4959,

Z 239 F& A1, 2473 L = A2
AT, AIRTFAE W 7HA AHFAZR
Fefoll mat Aix] FHE, Co-Cr o2
Fxa A AR AXAIH
of gg EASA Wl /M9 Epoxy resin
(Araldite CT200, CIBA-GEIGY Ltd., Japan.,
stress optical constant ; 1. 8psi/fringe/inch)
EYHE T U, oJAE YA FASHA o)
7 e fEv 49X E AFEg.

o] frEldt FTAYXE e FEA Ty
FE3e Y FHR B3 A= A1 TR 9
Sl A5 7hete] $89 8 T2/ ¥,
ANAS AFsto] SHEE FHE EA8H .

Lt AlE ghH

1D F&A Tt mygAz

a. U & 8t R T 29 7)Ao
EAE Fe 2y $YEE A8l para-
ffin wax& 4§ FA= HJlsIgd.

Zt 23§ alginate(COE, TYPE 2, Japan) £
A3E AMES Fo) X4 M1(Mg Crystal
Rock, Maruish Gypsum Co. , Japan) & ¥-o}4]
Ul A9 Az 23 Ao

b. ©] A3 28-S silicone(KE-12, Shin-
Etsu Chemical Co., Japan) &2 <¢IAL A=
e §38E HEAC

Z+ 289 o) /e FzdE XNdAjote] X
Holl §EAUE siliconed 1—-23) =X 3}
% 0.2mm FA Y XFANE A& silicone
=39 A & 719 2P

c. 1A/Fe 9] Epoxy resing 120C oAl ¢4
AL HAAE THH) 3112 Yol 7)
X7 A3 AAHA & AL L FF YHa
¥ AMar-V-011(COE) & E=¥3u L§
Epoxy resing F3Wd] £33l 130TE 4
gd SHFTEE <o Wi 3041 A3
NA FL7A] A7t 5CE MYPAD o 1



#2387 Epoxy resing ¥ 3t}

2) AF f2g Fio A3}

vl e BEd 2¥E silicone(Wirosil,
Bego Co., German) 2.2 EA#|A o &) (X-
20, Whip Mix Co., U.S.A.)E %ol ©E
28l AAsA

23 1. JdAe F& A247F A9 Back-ac-

tion clasp

23 2. JdAMe FHZ A247X9 Roach
clasp

2y 3. M= FHZF A2&TFHA [-bar

clasp
23 4, My F= AH24FXd Akers
clasp

=

g AMEEEa, GybEQl ZAofX| A g}
2o°] cross-arch lingual barE o] &3 W3
A24FA et A1) 2] embrasure clasp2
A sA.

2E Ax]2] Y= 0.010inche] under-
cutg 43t fajg X 2A Fehg A @]
&l oF 2mm FAZR reliefd ¥ Cr-Co &
o2 ¢ 72ES HEAN(Fig. 1.).

Fig.l. Removable Partial Denture on the
Epoxy resin model
Ch SIEZ7 U S5

AR AT Aoz AN&EHA HFS
7+ $£49E 31 B E Aeld S
ATAY FAgde] 44 2SS 9
FE o kg o +H5ES o &Y
AW A2 5e) eER AN 4
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SAIA 130CAAM AT AEHAR F AF
5C2 27k MYAA $8& FANAGD
(Fig.2.).

Fig.2. Loading Device in the Stress Freezing
Furnace(Reiken PA-2 Type)

2f, S=sla

D Sy ol ¥ FX

Fede dEle FYdN vYeE RE W
goz AFshe= Fyrt H3wS AupdA
% Wgomylt AF3e A WP Hu
olAo]l A 1/4373Hg AUEA AW F o)
Hed, o] A¥Pe] AHE FHEA o|F
SHELE oA AW 718 o 93]
A &Y BFgo 2 FAFIEA FSYH
Ao 2 Zgshe F ®WHo| Hol AHYE
SHAA FEEr G AlE B3E 4
WA A4AE JERA =Hew o] Y3t
M FHE JeA He ol

%, &Yz} 71 we eaFes
ol 7 FAde] &AdEe oA Ad F
Hel gz JehtA Heaz olag FHA
F7F F&are 271§ JehfA "o

3293 Febd S E YA Epoxy resin
2EWY F4X § AH AN FHAFE 2
Y& FH3te ojd AdHME Fd3lng
HASAM B FHAFE 2d4e 29 g
7Vs 8ttt

£ A9 4= Fig. 3. 3 22 Circular Pola-
riscope(PA300, Ricken Keiki fine instrument
Co. Ltd., Japan)& AM&siA $8& 43}



fart.
2) AlE AF
380l T2 st FHF A1, 20FAV}
AAE BE FX9 Epoxy resin 28] 24
AGE F& M8t 4Fo2 afyEd
FAHA 6719 AHE AL F sand paperZ
Autsted 7 6mm7t HEE ).
HHE AW A5 HqFe= F9= Fig.
4.9} 2o,
NgelE seE g we FHEE
7HA FH7E AR Holmg 6}(}9‘14' Figd4. Region of Slice Specimen
AlHE fEjd Al X228 s Al
Hog EFEed FYAFy 2AH e U= %1 Left 2nd molar center area(the free
EHog ouglE 73S A3l &F3ut end)
(Fig.5, 6.). % 2 : Left 1st molar center area(the free end)
*3 . Left 2nd premolar center area
%4 . Left 1st premolar center area
%5 . Right 2nd premolar center area
%6 . Right 1st molar center area

ol¥

m, 48 MA

671 AW AR E Fig.5, 63 To] §
AF, Ao, AZF 98 3% 74 o]

N

T 2} AJH A M. P. (Measuring Point)4
E THoE & € 459 339 FYsE

M.P.1:L. 7.5mm point above P.C
M.P.2 . L. 50mm point above P.C
MP.3 L. 25mm point above P.C
A MP4:P.C

M.P5 : B. 25mm point above P.C
pC M.P.6 : B. 5.0mm point above P.C
MP.7 . B. 7.5mm point above P.C

* B : Buccal
*L : Lingual * M.P . Measuring Point
* P.C : periapical Center.

Fig.5. Measuring Point of Fringe Order Num-
ber.(Slice Specimen involving root)
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% A.C . Alveolar Crest ¥ B : Buccal
*L : Lingual * M.P . Measuring Point

MP.1: L. 7.5mm point below M.P4
MP.2: L. 50mm point below M.P4
M.P.3: L. 25mm point below M.P4
M.P4: L. 20mm point from A.C

M.P.5 . B. 4.5mm point below M.P.4
MP.6 . B. 7.0mm point below M.P4
M.P.7 . B. 9.5mm point below M.P4

Fig.6. Measuring Point of Fringe Order Num-
ber.(Slice specimen of the free and)

datel o 7R FEaT FEe 294 £y
g7t golshl Bla¥ES Sck(Fig. 25,
26, 27).

>

1. Back-action clasp (Table 1, Fig.7, 8,
9)

1 4Z(Fig.7, 25)

Y27 FE AATR FAE, FHS
fEG A2dTFH F4HE, F& fD A1
T2 FAR, FE A1LTA FHEY €22
viERSETE

2) M.P.4(Fig.8, 26)

FHAE7T 3 A2ATA FHARGA M
A Jelged #& f2d A2o¢A $4
5, #F fgd AdT7HA 4, 35 A
ATR] FHRAME QA2 HxF.

3) ¥&(Fig.9, 27) .

FHae7E A5 GFela A2 TR SR,
FZ {22 A1 TX) FHF, FSF A24 TR
SHAFANAN A JeEg oG AR Fele
s, S AlATH FHARANNE 35
A24T2] FAFEYG 5, 7(Table 13.)9E 3
A3 A,

2. Roach clasp (Table 2, Fig.10, 11, 12)

1) 4dZ(Fig.10, 25)

7 #E5 A24TRA F4YE, FS
FE e AAFA FHAE, 5 T8 A2l

Table 1. Fringe Order Number of Back-action Clasp.

S.S
MP 1 2 3 4 5 6
1 2.8 2.1 2.5 0.5 0.0 0.2
2 1.5 1.5 3.7 0.6 0.2 0.2
3 1.0 0.3 4.5 0.7 0.5 0.3
4 2.0 1.8 8.0 2.0 1.0 0.3
5 3.0 2.5 3.2 0.8 13 0.7
6 3.3 3.8 2.2 0.8 0.3 04
7 3.0 2.8 2.2 0.3 0.0 0.0

*S.S  Slice Specimen

* M. P : Meosuning Point
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10

MP1

|

MP.2

6 MP.3

Fringe Order Number

Region of Slice Specimen

Fig.7. Mesio-istal Fringe Order Number of Lingual side in Back-action Clasp.
* M.P | Measuring Point

MP.4

Fringe Order Number
'S

\
\
/

o T T —T T T T
1 2 3 4 5 6

Region of Slice Specimen

Fig8. Mesio-Distal Fringe Order Number of M.P4 in Back-action Clasp.
* M.P ! Measuring Point
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10
MP.5

MP.6

MP.7

Fringe Order Number

I I I T T |
1 2 3 4 5 6

Region of Slice Specimen

Fig.9. Mesio-Distal Fringe Order Number of Buccal side in Back-action Clasp.
* M.P ! Measuring Point

Table 2. Fringe Order Number of Roach Clasp.

SS
1 2 3 4 5 6
M.P
1 25 35 1.9 0.3 0.0 0.0
2 10 30 3.8 0.3 0.1 04
3 0.7 1.0 5.0 0.3 0.8 04
4 1.0 24 10.0 0.2 15 0.8
5 19 2.6 4.0 0.1 10 1.0
6 22 4.0 3.0 0.0 0.7 0.8
7 23 36 28 0.0 0.0 00
* 8.S ! Slice Specimen * M.P : Measuring Point
10 —
MP.1

5 o :
g MP.2
Z. —_—A—
g ° MP.3
T
© 4
[
&
=

2

0 T | T 1 ! T

1 2 3 4 5 6
Region of Slice Specimen

Fig.10. Mesio-Distal Fringe Order Number of Lingual side in Roach Clasp.

* M.P . Measuring Point
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MP.

-Fringe Order Number

I I
5) 6

Regjon of Slice Specimen

Fig.11. Mesio-Distal Fringe Order Number of M.P.4 in Roach Clasp.

* M.P . Measuring Point

10 —

MP.5

g 8 )

g MP.6

z A

3 ® MP.7

B

o 4 .

1]
. s
) ’ 8 \/:‘<
0 T T T

3

i
a4

1 I

5 6

Region of Slice Specimen

Fig.12. Mesio-Distal Fringe Order Number of Buccal side in Roach Clasp.

* M.P . Measuring Point

TA FHE, #FF ALLTR] FAE ol

2) M.P.4(Fig.11, 26)

FLA7 AE0 2 o2 ey,

3) ¥&(Fig.12, 27)

FHAFZE F5 D AT T4,
HF A2a72] TR, #F D A0
AR o2 Jvegon A& A14TR F
HEA 0.12 71 @A YElsteh
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3. I-bar clasp (Table 3, Fig.13, 14, 15)

1) d%(Fig.13, 25)

FHAF7E FE A2ATA F4AR, F=
FHD AR TH FAR Folx, 2 gL &
FE D A2 TR FHE, A2 A1aTH F
ARE QAR ¥&sA Jepgo.

2) M.P.4(Fig.14, 26)

FHRF7E 3E H24TFA] F4HY, FE A1



Table 3. Fringe Order Number of 1-bar Clasp.

S.S

1 2 3 4 5 6
M.P
1 25 33 2.2 1.0 0.3 0.0
2 1.0 2.8 35 1.0 0.2 0.0
3 0.2 0.9 40 15 0.2 0.0
4 1.7 17 7.0 3.0 0.3 0.5
5 20 2.6 25 1.8 04 0.7
6 29 33 1.8 20 04 04
7 138 3.0 12 2.2 0.0 0.0
* 5.5 ! Slice Specimen * M.P ! Measuring Point
10 ] -
MP.1
g © ’
2 MP.2
g e
Z 6 MP.3
E
=
S 4t * -
)
£

1 2 3 4 5 6
Region of Slice Specimen

Fig.13. Mesio-Distal Fringe Order Number of Lingual side in I-bar Clasp.
* M.P | Measuring Point

10 — =

MP.4

[e4)

6 A
/ N\ 4

VAR
N

0 T 1 T 1
T 2 3 4 5 8

Region of Slice Specimen

Fringe Order Number
»

N

Fig.14. Mesio-Distal Fringe Order Number of M.P4 in I-bar Clasp.
* M.P : Measuring Point
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AT FAR ol A GG AT
SAF9 S fEG AUWTH FHRE 2
;1= 8

3) ¥&(Fig.15, 27)

FHAF7E 325 FEld A1 TR S4571
8.9(Table 13.) 2 74 &4 velton A=
e @ A2 7R F4R, F= A2aATA F
A5, AF A14&TH F4ARE 5.5—-6.7(Ta-
ble 13.)Ate]Z & z}o]7t Q1T

4. Akers clasp(Table 4, Fig.16, 17, 18)

1) 4Z(Fig.16, 25)

FHALE7L H2 A2aTx 24Y, 3=
Y AT F42, 32 589 A20)
TA FAE, FZ A12TA] FAE £k

2) M.P.4(Fig.17, 26)

FHAR7F A&29 22

3) ¥&(Fig.18, 27)

FHATE 35 FE@ AlRTEs 248,
FZ i A2 T FAR, F= A2275)
TAF eolen = A1ATH FAHR
A& 0.6(Table 13.) 2.2 & A2ATx =
AFEG §43] 28,

o8 JERgY,

10

— e —

s MP5
2 8 .
E MP.6
Z —_—————
5 6
3 MP.7
3t
o
v 4
&
-5
£ =

2 w %

0 T I T

f T
5 6

Region of Slice Specimen

Fig.15. Mesio-Distal Fringe Order Number of Buccal side in I-bar Clasp.

* M.P . Measurging Point

Table 4. Fringe Order Number of Akers Clasp.

S.S
MP 1 2 3 4 5 6
1 27 3.5 24 0.4 0.3 0.0
2 10 3.1 4.0 0.4 0.2 0.3
3 0.2 1.5 6.0 0.4 0.6 0.5
4 1.8 24 10.0 04 13 0.8
5 2.0 3.0 3.3 0.3 1.8 1.3
6 24 3.6 2.3 0.2 0.8 0.8
7 3.0 3.2 1.5 0.1 0.0 0.0

*S.S [ Slice Specimen
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+

MPJ

[0:}
1

MP.2

6 .
/\ MP.3

Fringe Order Number

0 | T T T i T
| 2 3 4 5 6

Region of Slice Specimen

Fig.16. Mesio-Distal Fringe Order Number of Lingual side in Akers Clasp.
* M.P : Measuring Point ’

12

MP.4

o
i

Fringe Order Number
[0)]
\
L

Region of Slice Specimen

Fig.17. Mesio-Distal Fringe Order Number of M.P4 in Akers Clasp.
% M.P : Measuring Point

B. ©2AH 22y Akers clasp ¥ Roach-claspol A&

Y 71 SPAZ BF 22 HoATR e} A1 M.P.49} SA FH3571 0.6—2(Table
T F4%Y FY57E F& AATFH 12, 13.)0F 238 F7HH(Table 1, 2, 3,
FARED g2 24y 4. Fig.25, 26, 27).
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10

——
MP5
g .
g MP.6
> —
5'5 6 MP.7
=
o 4
: RN
=
= 2

Region of Slice Specimen

Fig.18. Mesio-Distal Fringe Order Number of buccal side in Akers Clasp.

% M.P . Measuring Point

L, Zt A|HE 8MdE02 | 71X E2lax
gefjol| M2t u|lmst &

A. 3FEAH

1. & FEd A2iTA F45(Table 5,
Fig. 19)

Back-action clasp® T} A 71A] SgA=
Ho AAFHoz A3 w2 FHAFE
Bl M.P.6%1A= Roach clasp2 Tt 1.54)
2 $8HES YT

2. #& FY A1 FX FHF(Table 6,
Fig. 20)

Roach clasp®} Akers claspe- M. P.40lA I-
bar claspEth oF 1.4¥] ¥ FHAFE YE
ot

D
R

3. &3& A24FX) $41%(Table 7, Fig.21)

Roach clasp$} Akers claspt M.P.49} 4
FAA e HEd F& FHAFE JEI,
Back-action clasp®} Roach claspe H&dA]
WAZ =4 YA OY Lbar claspe 43
25 7B e RHASLE JUETh

4. HE A1&FX F4%(Table 8, Fig. 22)

I-bar clasp, Back-action clasp, Akers clasp,
Roach clasp £22 FHx7 A4 Jehst
on Zt clasp@E 53 AlE EHoh

B. $&A1H

F-H2p47b Akers claspilAl tiAE EA
vehti 53] 9& A24T A 459 M.P.5
oA HoFHAE 1.8°] JERgen [-bar

Table 5. Bucco-Lingual Fringe Order Number Compare of 4-Clasp Design in S.S.1.

MP
Clasp 1 2 3 4 5 6 7
Back-action 2.8 15 1.0 20 30 33 3.0
Roach 25 10 0.7 1.0 19 22 2.3
I-bar 2.5 1.0 0.2 17 2.0 2.9 18
Akers 2.7 1.0 0.2 18 2.0 24 3.0

*S.S. . Slice Specimen
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35 [

Backaction
3 /@
25 %\ /% Roach

3

Q

£ =
3

Z 2 \x I—bar

5 \\ / e
el

1.

S8 10 Akers

Q

g

=

T T ! T I
1 2 3 4 5 6 7

Measuring Point

Fig.19. Bucco-Lingual Fringe Order Number Compare of 4-Clasp Design in S.S.1.
%S.S . Slice Specimen

Table 6. Bucco-Lingual Fringe Order Number Compare of 4-Clasp Design in S.5.2

M.P
1 2 3 4 5 6 7
Clasp
Back-action 2.1 15 03 18 25 38 28
Roach 35 3.0 1.0 24 2.6 4.0 3.6
I-bar 33 2.8 0.9 1.7 26 33 30
Akers : 35 3.1 15 24 30 3.6 3.2
*S.S. ! Slice Specimen * M.P . Measuring Point
5 =
g Backaction
€ a4
4 Roach
§ 5l /& ——
g 3 k I—bar
_____.*—.
Eo . 'z Akers
| N

0 T T T T T T T
1 2 3 4 5 6 7

Measuring Point
Fig.20. Bucco-Lingual Fringe Order Number Compare of 4-Clasp Design in S.S.2.
* S.S . Slice Specimen
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Table 7. Bucco-Lingual Fringe Order Number Compare of 4-Clasp Design in S.S.3.

MP
Clasp 1 2 3 4 5 6 7
Back-action 2.5 3.7 45 8.0 32 22 22
Roach 1.9 38 5.0 10.0 4.0 3.0 2.8
I-bar 2.2 35 4.0 7.0 2.5 18 12
Akers 24 4.0 6.0 10.0 3.3 2.3 15
*S.S.  Slice Specimen % M.P ! Measuring Point
12 =
Backaction

O

A\
8 VAN | o=

Fringe Order Number
[9)]

e

3 2 3 4 S5 6 7

Measuring Point

Fig.21. Bucco-Lingual Fringe Order Number Compare of 4-Clasp Design in S.5.3.
*S.S © Slice Specimen

claspe A 3] @ FYA+E Vet (Ta- Cl, 2|Mez Wl 71X E2lA= HEHo
ble 9, 10. Fig.23, 24), o2t Hjwst H<
A, FHZAH

1. 4% (Table 11, Fig.25)
Back-action claspt 35 #ala A2+

Table 8. Bucco-Lingual Fringe Order Number Compare of 4-Clasp Design in S.5.4.

MP
Clasp 1 2 3 4 5 6 7
Back-action 0.5 0.6 0.7 20 08 08 0.3
Roach 03 0.3 0.3 02 - 01 0.0 0.0
I-bar 1.0 1.0 15 3.0 18 20 2.2
Akers 04 04 04 04 03 0.2 0.1
#S.S. . Slice Specimen * M.P . Measuring Point
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35 _ —

3 on Backaction
25 /\ Roach

2 N I—bar
S E—aa =

EE—
Y | T

Measuring Point

Fringe Order Number

Fig22. Bucco-Lingual Fringe Order Number Compare of 4-Clasp Design in S.54.
*8.S ! Slice Specimen

Table 9. Bucco-Lingual Fringe Order Number Compare of 4-Clasp Design in S.S5.5
M.P

1 2 3 4 5 6 7
Clasp
Back-action 0.0 02 0.5 1.0 13 0.3 0.0
Roach 0.0 0.1 0.8 15 1.0 0.7 0.0
I-bar 0.3 0.2 0.2 0.3 04 04 0.0
Akers 0.3 0.2 0.6 1.3 1.8 0.8 0.0
*S8.S. . Slince Specimen * M.P : measuring Point
2 S———
Backaction
3
'g 15 Roach
Z =
f I—bar
-§ 1 — e
© Akers
(5]
o0
Rl
£ 05

Measuring Point

Fig.23. Bucco-Lingual Fringe Order Number Compare of 4-Clasp Design in S.S.5.

*S.S ! Slice Specimen
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Table 10. Bucco-Lingual Fringe Order Number Compare of 4-Clasp Design in S.S.6.

MP
Clasp 1 2 3 4 5 6 7
Back-action 0.2 0.2 0.3 03 0.7 04 0.0
Roach 0.0 04 04 0.8 1.0 0.8 0.0
I-bar ) 0.0 0.0 0.0 0.5 0.7 04 0.0
Akers 0.0 03 0.5 0.8 13 08 0.0
#S.S. : Slice Specimen * M.P : Measuring Point '
1.4 ——
g 12 /}\\ Backaction
E 1 Roach
'z m -
§ 0.8 : I=bar
5 /AN ——
8 Y 7 N =
K=
SN
S /AN

Q f T i T T T Y
1 2 3 4 5 6 7

Measuring Point

Fig.24. Bucco-Lingual Fringe Order Number Compare of 4-Clasp Design in S.S.6.
*S.S | Slice Specimen

Table 11 Mesio-Distal Fringe Order Number Compare of 4-Clasp Design in Lingual

side.
S.S :
Clasp 1 2 3 4 5 6
Back-action 53 39 10.7 18 0.7 0.7
Roach 42 75 10.7 0.9 09 0.8
I-bar 3.7 7.0 9.7 35 0.7 0.0
Akers 39 8.1 124 1.2 1.1 08

*S.S ! Slice Specimen * * Fringe Order Number=M.P.1+M.P.2+M.P.3
* M.P . Measuring Point
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>

——
Backaction

"

B L —

Roach

Fringe Order Number
[09]
EX\

I S

=

e

0 T 7
Tt 2 3

T T
5 6

Region of Slice Specimen

Fig.25. Mesio-Distal Fringe Order Number Compare of 4-Clasp Design in Lingual side.
* * Fringe Order Number=M.P.1+M.P.2+M.P.3

FARANA FHAF 5,322 71 A vE
Wil Akers claspe 5 FE9@ AlldTA
FARAA EHAF 8.1, IS A24TFH F
RN 12.42 71 ¥A YeEtden I-bar
claspe #& A&TR FHFANA T
3.52 7}¢ =A Jerdd.

Roach claspe FHE A|14T3] FAFNA
FHA4 0.92 718 RA JERd.

2. M.P.4(Table 12, Fig.26)

Back-action claspt #& fE|@ #2073
Z AR A FHAE 28 71 B4 e s
Roach clasp®} Akers claspe & (-3¢ A1
7 A] FHFANAN FHRF 2.42 A2 2

TEE Holix FHZF A24TH FHFAME
FHA 1022 A3 24 vl

I-bar claspe= & All&TA FHFAA
JA| ZYx}¢ 302 7H4EA ey

3. ¥= (Table 13, Fig.27)

Back-action claspi= 32 fag A2t 74
FAFAA RHAEL 9.302 71 w3%n
Roach clasp ¥ Akers clasp= &3 e Al
7R SAFAAN FEHAF7E 10,2, 9.89)
T2 2 e o Roach clasp ¥ Back action
claspe #& A2&TX FAF-AA FY71

9.8, 7.69 €42 Ztz} Ve,

Table 12. Mesio-Distal Fringe Order Number Compare of 4-Clasp Design in M.P.4.

SS
Clasp 1 2 3 4 5 6
Back-action 2.0 1.8 8.0 2.0 1.0 03
Roach 1.0 24 10.0 0.2 1.5 0.8
I-bar 1.7 1.7 7.0 30 03 0.5
Akers 18 24 10.0 04 1.3 0.8

*8.S ! Slice Specimen
* M.P : Measuring Point
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12 o
Backaction
10 —_—

Roach

8 A B

//\ =

Fringe Order Number
()]

T\I) H
Kk
f

Region of Slice Specimen

Fig.26. Mesio-Distal Fringe Order Number Compare of 4-Clasp Design in MP4.

Table 13. Mesio-Distal Fringe Order Number Compare of 4-Clasp Design in Buccal side.

S.S
Clasp 1 2 3 4 5 6
Back-action 9.3 9.1 7.6 19 1.6 11
Roach 6.4 102 9.8 0.1 1.7 18
I-bar 6.7 89 55 6.0 0.8 11
Akers 74 9.8 7.1 0.6 2.6 21

% S.5 | Slice Specimen * * Fringe Order Number=M.P.5+M.P.6+M.P.7
* M.P ! Measuring Point

12 ——
. N Backaction

b 10 S E—
- W
Z 8 | T
5 \}\\ I—bar
T 6 ——
qu Akers
%0 4
fz

2

Region of Slice Specimen

Fig.27. Mesio-Distal Fringe Order Number Compare of 4-Clasp Design in Buccal side.
%* * Fringe Order Number=M.P.5+M.P.6+M.P.7
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I-bar claspe F& A1AT7x F4H-0A
2YR7 622 7 T

B. $&A4¥

vl 71X g8taE 2% ¢33 A2ikT A
25 A1GFA FARAM FHASFE vlnF
AA) BQoY Akers clasp’t $F A24TX]
F4%29 ¥EAA HUFHASF 2.6 UE
W [-bar clasp”t A& B 255 713 A
e oH(Table 11, 12, 13. Fig.25, 26, 27).

Donahue’, Kratochvi?*# Caputtot F=
@ F493R] frameworkd A9 FAU oA
AFez 2AHA, 7T T HFFH
AR H2Ed JAFHo] XopFEd] ut
ALHA go=zH A x|} X2 tipping,
torquing actiong A= R A
A Faxe]. SHEX glo] FAF &
Q19 shta 3

QutAEQl fElg FAoA e dAe AHR
AR, REAZZH, FA2ZA, THFA
A, fador TAYY B A7 23
APGAZA A WE FYEE Aol
g3 #Fshe o glens WHRAXNFAE
A AL
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embasure claspg AME3II FE/E Holx ¥
A FA8E 3 A9 23 /A
sl =Yt

Shohet®= AR FAZX} FLFHE
AR wizld @& g9 2 JAX YA
FH A e 89 B FFoA AAXAA Y
8L 10—-35% ZAsHL AAAUAE F
& g $3e gdAdEg Az 3
At .

E Aydinlik¥®, Donahue& vl &

o, AUYXE AZAdNE SR
us A 259 277} 6-78% HAAA
AR QAR £5& AU 3L,
Z18}ol Kratochvils®, Pezolli%®®, White®™ =
AZX A7} FLA X ETh S EAHA A

freEldtta et

2 2L AFYozs) SYEIE 2 1
BE3 ¢duA 3 o oz Bese] gy
A E AHE-5FA )

Firtell'$'®2 Kennedy Class 2-mod.1%} 7
$ XoAAZF AHAUR Y survey line’dol
retentive arm& 7131 Akers clasp9} 0. 010inch
buccal retentive undercut< 7} Akers clasp,
wrought-wire clasp, I-bar clasp, a half T-bar
clasp& ¥ ¥ A3} AR 2] 5| survey
line ‘3ol retentive arm< 73 Akers clasp7t
71t =913 0. 010inch buccal undercut-$
7H3 Akers clasp”t 7F3 B £5& e
Ao Bt

B AYGME ] SF2Z 2% JAHo 2
g 2°]& 0.010inch buccal undercut #
Sk '

White® & F0]7 &5 g 3ol ¥¥x &
¥ Z7|Eg § HEugH 23z 3
gl wel A FFoleo] wlg AGHIL
29 AL gt 2ol gMez AP
HA getil 3191, Rodriquez®t Vazques®
© Yol ol %3 =& uiegl Yo
A= E Aol o1}, physiological fulcrum$
R AEd Yo XIFYd $HEL
T3] FAAIIER ol AT gu|d F
Holgkal F33Ah.

Shohet= §¥dle £3¥, $£3g, 2
g9 3Z 77t dEed YL 24 Xopx ]9
ZRPAA A7z, FHEL 39 2T
AN zHHEY BAEL £3.5£889 A
oA vebdoha 3y

Kydd$”& EE T493 3] faad =
A9 Re 1Al 45 Aol sled,
o] & AFA B JeH&F Ao 28) 7}7}o]
et 7P SuetEe] ALdx 3¢
Hro XAz #AAF Bo| Rz
s e e #3314

o oo £3YEe 1F Bl fsiME
frej e g€3= H3o] g W A, barg
2%, AFRAZANY AgE 2 Bx, o}
R A WA Y ring claspAHE-Al 73 buccal



casp$-9 317}t Badithe Bax Jjoper
38)

Browning5®<& Kennedy Class 2-mod. 19
A frEld ANX7} Akers clasp, I-bar clasp
clasp, wrought wire clasp®] 3% 3@ &
Az, P4, 29435 352 719 streo-
photogrammatic system2.2 43 23 ¥&
dEAlde &L Yox o 5] M
At ¥, FAHFAZAY W= A
P52 e 9L FU 5 LIde
FE FA grvn Busiid.

olm, I-bar claspt} wrought wire clasp”t
A AL 713 F& g A 3
At

Donahue®& QFA9 o] A& A
ZA Q) F7t & &<} B Alo]9] neutral zone©]
7V urgdsga s

B dPdMe AFAe AzAY F
sty AT FAge FIHINETE
7}stAed, Kydds?el £33 e
o] o $YE X Browings®Y F3d 7]
AT Fu& 2 TYLS e 71EH
2HEY FFe gog F u Ho] A7
o}gt Ao E AlgHL).

Kratochvi®# Zach®v #2d X ix]g]
YEES AN 242 olFARd wet
srElere] AN Wtz Qs fEdo] |
zFd &9 F£32 Y& 78 Hol ¢F
el AXE dAH AR 43¢ FH
z3 o] Aleld]] 7]9] E£E 7FsAo] EojETL
3 th.
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Ao Aol XY Ao SHE Folr SHEAS
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stk F33A T

A Ao e FHEEAAL B W B 4
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2ol Wo] Yehtis oA 99 Bz}
HA18ta, o]RAL I-bar claspol AZtel 7t
A Fep2Zrt HAsPe s 394 AR}
H&o] A4=o] XA torquing action®]
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A}gtA)7) dqBoln 24 dAxES FFog
AA2YGA §o] Aoz FeEw7] fFolgka
Ag g

TF I-bar clasp A A& X o}9}e] HZo] /13
A Y& AAAAE 7HeE FAANIY
ADRLATE FAANA FEZ 229 A7
A F& RAoE Y74,

Ax) 2 FEdore SHEXLE E9 &
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EFHoZ v 22 YL ALste o oJRAL&
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Fig.l. Fringe Order Number

S.S.2:
SS3:
SS4:
SS5:
S.S6:

Slice Specimen of Left 1st Molar Center Area(free end)
Slice Specimen of Left 2nd Premolar Center Area.

Slice Specimen of Left 1st Premolar Center Area.

Slice Specimen of Right 2nd Premolar Center Area.
Slice Specimen of Right 1st Molar Center Area.

Fig.1-a. Back-action Clasp, S.5.2  Fig.1-b. Back-action Clasp, S.5.3 Fig.1-c. Back-action Clasp, S.S.4

Fig.2-a. Roach Clasp, S.5.2 Fig.2-b. Roach Clasp, S.5.3 Fig.2-c. Roach Clasp, S.S4
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Fig.3-a. I-bar Clasp, S.5.2 Fig.3-b. I-bar Clasp, S.S.3 Fig.3-c. I-bar Clasp, 5.54

Fig4-a. Akers Clasp, S.S.2 FigA4-b. Akers Clasp, S.S.3 Fig4-c. Akers Clasp, S.5.4

1
l
|
|
|

Fig4-d. Akers Clasp, S.S.5 Fig4-e. Akers Clasp, 5.5.6
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Abstract

THREE-DIMENSIONAL PHOTOELATIC STRESS ANALYSIS OF CLASP
RETAINERS INFLUENCED BY VARIOUS DESIGNS ON UNILATERAL
FREE-END REMOVABLE PARTIAL DENTURES

Byeong Moo Kim, D.D.S., M. S., Kwang Hee Yoo, D.D.S., Ph.D.
Dept. of Dentistry, College of Medicine, Hanyang University

The extent and direction of movement of removable partial dentures during function
are influenced by the nature of the supporting structures and and the design of the prosthe-
sis.

Since forces are transmitted to the abutment teeth through occlusal rests, guide planes
and direct retainers during functional movements, proper design based on the avaialble
research data will maintain the health of abutment teeth and their supporting structures.

The purpose of this in vitro study is evaluating stress distribution clinically around the
abutment teeth prepared following 4-type clasping systems for unilateral free-end removable
partial dentures.

Three-Dimensional Photoelastic Stress Analysis method was used because it shows a
visual display of stresses of the simulated abutment teeth and residual ridges and reveals
stress concentration that can be read at any given points in terms of direction and magnitude.

For this study, the author fabricated 4 mandibular photoelastic epoxy models missing
left 1st and 2nd molar.

Epoxy models were duplicated and 4 unilateral removable partial dentures were construc-
ted in accordance with 4-type direct retainers.

Unilateral free-end removable partial dentures were positioned on their own models.

6kg force was loaded on the every removable partial dentures of the epoxy model on
the central fossa of mandibular left 1st molar vertically by the loading device.

After the stress was frozen in a stress freezing furnace, 6 specimens of 6-mm thickness
were made from every epoxy model and examined with the circular polariscope.

The results were as follows :

1. Generally I-bar clasp revealed the most favorable stress distribution around the abutment
teeth. )

2. At the end portion of the free-end ridge, Back action clasp showed the highest stress
concentration at the bucco-lingual and top portions of the residual alveolar ridge.

3. At the distal area of the abutment teeth, Akers clasp and Roach clasp showed higher
stress concentration bucco-lingually and apically than the others.

4. To the abutment tooth, I-bar clasp showed the least stress distribution bucco-lingually
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but the others showed irregular stress distribution.
5. At the mesial area of the abutment teeth, the order of effective stress distribution was
I-bar clasp, Back-action clasp, Akers clasp and Roach clasp.
There was big difference of stress distribution between them.
6. At the right 2nd premolar and 1st molar, the stress concentration of Akers clasp was
a little high but that of I-bar clasp was low.
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