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7HAA 29X f A€ 71AF FA Ay
FAZ JE F dod JAF e AR A}
43 A3 FARA G 3o o) FolRrennD,

AF #AFAF FF mREFez AHedHE
clasp= 7+8 A (fiexibility) & 7Fd clasp Hdto] X
oFe] undercuttie] $1X]=e], <tztg AejolA 9
27t € H2 & o claspe) ©AAWEF B8 g
g I FAHLR Sped,

McCracken®-& clasp?] #33& undercut?] %,
survey line?lX clasp AE7AY #3728 ae8xn
clasp arm®] 7k Aol 93l AP QAR 3P o
7He-del Bdhe 24 0E armd] o), A%, &
A¥y 2 AMSAEZE lga d9lh

1895%1 Haynesel] 218 W¥-44 = (corrosion-
resisting alloy) Q] Stellite”} 32 47151 1929
Prange®] <J3l 743X IFA9x9 FZE 9%
Cr-Co ol /N2E ol % Az 2 Aziye) ge
Aol YA, o] Cr-Co FFL AP A&H],
=& A=t AR (rgidity) 22ln A3tE 4=
(density) 59 FHdoz A8 A3&Ex7t F43)
gojuta i@,

Cr-Co &l @ A+ =+ Paffenbargens?,
Lane®™, GrevesS'®, Earnshaw', Taylor**, Pey-
tonS>, Asgar®®, Sowter™, Bates™", Har-
court39& Cr-Co &9 FARES 7143, &
2]3 A dete], Asgar$®, Morris5& Mz
$ &9 g ¢ AA) st} AndersonS?, As-
gars?, Dootz5'0& F221% 10 #AE F49)
4Ae didtd, 18] Elbert* - Harcourt5®&
gAj gl diste] B3l

38 Cr-Co §59 HZ(fatigue) @ B2 5 F
ZA A#(casting body failure)oll thald+ Har-
court'”, Bates”?, Lewis® 5-9] QT H17l Ao,
Morris™® ¥ clasp$ 7]4 plastic pattern®] ==
=717} clasp &8-(clasp behavior) ol vlX1= g 3kei]
&} 71435, claspd FHE 713 A1Ho] under-
cutg Auciuie AFA] claspZt Ald AL oz
<ol Z(minor movement) S HAgH §8—o]
S Y (stress-relaxation testing)-& &3 U433 At
£ 9% 482 st Tomlin® %2 Cr-Co ¥
9 943 AL Aeol st Bag vl gl

28} SdME 934 Cr-Co §3) U3, o

C 24 2IAA, 233 A F A8} a0
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g Qg ARl oA ARG AR BE H
717F AL BeolA {3 A& 4Aold.

ol Az FUA FEHL e HEY F
29X & Cr-Co & 45 A= 382 A 48
=85 @4, circumferential type™ bar typeoll Al
Z}z} Q) Aker’s clasp®t I-bar claspE A1z}
813 o] E Zt FEoll ojA el ke AYAA B
e fXEHsE dYHoe 2Yse JF ¥
A E v} old] Rude wlojt}.

al
=

o, sixi=2 Y =

1. x|z

1. Age A4

A7 AEzE YA Bol AEHL Yt F
2924 Cr-Co 5 F 992 43(A, B, C, DY
AEL £33, WRFo2A nZ TALY s
9] 73& JAE 3o ARY JFAhAXE A4y
F&Z(Table D& AHE-3 L



_Table¢ 1. Composition of Type IV gold alloy
(%)

Au Pt Pd Ag Cu

Type IV

70 5 5 10 10
Gold

2. Master dies] A&}

27 10mme] B4 G¥TE VI AFsz GRd
rest® $1% £3HAL YA, diedH 0.25
mm¢] undercut survey line 3% 3mmel 913
I8 FANZD. died] e AFFAD 2
AND 4 YEE F£HAH FHRE TE] FAL
g8l g B3t #AAEE F7MHH(Fig. 1, 2).

Ll AlEEE

dies) %W} surveyor?] platforme] %H3Y3t%=
£ dieE surveyordol 32812 H survey line 3P
3mm =& &9 001 inch®] undercut® &€
AE clasp® AAA717] $43) shaped block out?
5 E4re] whye] ojdle] 50709 BARFL A3}
A (Fig. 3).

Aker's clasp®t I-bar claspE AAs TALT
=9 #A clasp armo] AE vIEREE A3}
Qem 7238 93l A#=E 714 plastic pat-
tern(‘Cast Forms’, ]. ADERER, INC., NEW YORK-
CHICAGO)E 12mm9] Zoj2 ARg-3lich. old
A 9AA(minor connector) £ 10gauge round waxg
AHstgem 1.5mm 579 A3 plastic & 10X
15mm9] Aoz A3 rest2 AU,
10gauge round waxZ 7 4mme] 2L TE
#3027 rest AWl M$IL dies] FFHT A3t
=% 3Ack(Fig. 4, 5.

BE pattern® AZALe] Al @& F3HY
Zzuhy o 2sled, vE 34 459 Cr-Co &%
FUFo=Z Aker's clasp 5714, I-bar clasp 5784
2% 50709 Al¥L F2F ¥, sand blasting3kiL
g e 2nE SR g @HoA
AAEA 71E9He AAsEeR dAvkes AR
sty BE AlHe GuA(X2) 3telA A8
WS AASIR dieddl 93 AR AE=E
AQ13ta, Z el e diedl & AY3H= Aker's
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Fig. 1.  Master die
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Fig.2.  Schematic drawing of master die

Fig. 3.  Refractory casts of master die



clasp 4714, I-bar clasp 4708 A 40709} AW e
Ag3qck(Figs 6, 7).

ch &3

Tensilon(TOYO BALDWIN Co. LTD. Model
UTM-111-500) 8] %4l diest A|HE 2PA]7)
2eR Fgoe 1.2mm F719 FAL o)&3y
Alge mE)sh AZAA AUE FAA FHERH
U=EF siyon, A|H] dieciA 443 Eel2 o
79 HYRE SHFHH(Fig. 8). old cross
head speedt 3mm/min, full scale load 4kgo.2
s4th. ol 33 ¥HE A3l 1 2] E 7| F3n
Tensilonol 4] A3, Al@e] AY2E wet =

Fig. 4.  The wax pattern for Aker’s clasp

Fig. 5.  The wax pattern for I-bar clasp

302 diedd AY FAHZE 18 903 %
Boxd 4 A ngdE FXe) Al dieE I
AANA(Fig. 9) 83% ethylalcohol® R FE A
oA AYAA 5L wEgen, 103, 308,
50%], 1003], 5003], 10003], 20003 g3l 3000
3|A] Tensilon®] A $A8E ZA3o 715
st

Fig.6.  Specimens for Aker’s clasp

S Y

Fig.7.  Specimens for I-bar clasp

Fig. 8.  Testing specimen in Tensilon



Mechanical device for automatic

Fig. 9.
insertion and withdrawal of the
clasps

A4 AYA W] FAES 18], 23], 33], 103],
303, 503], 1003, 5003], 10003, 20003} 2 3000
3 Anitt A8 wj3 ARG 7 sl o
E9 Y, TZUAE 7391 (Table 2, 3) ©1&
2} clasp typedl dl3d] =X3}ste] vhE A9lEA 3
o W A9 d3tE vzt (Fig. 10, 1D.

#4389 QYF FTEFS Bole J5dMg
ZAAE A28 13), 23], 33159} 10003], 20003),

30008 AN A2l FHATE FHxja,
peated measure) o T3 MANOVA £41-& A)8) 3}
¥ 7 Aker'’s clasp9} I-bar clasp 2594 A, B,
C, D 7 =39 R34 oA EAFY f99
a7t ARATHP>0.05). \

=, Cr-Co ¥ 8l ¥3) Aker's clasps]
735-ole oF 2vl, 1)1 I-bar claspl A= oF 2.54)
A% 48] o & Aoz JeH(Pp<0.05).

Aker’s clasp$t I-bar claspAlol9] #-Agd) glo
x18] Zol& vimd}r] 918t w2 g MA-
NOVAEA & Algs 2, Cr-Co 87 Y
EFA SAHU Fg9 A7t e By 39
2n, (P<0.05) Cr-Co &=l oM ¢ 3u)
Bx, FEB YolME o 2.59 AE Lbar
claspolA e FAEo] o F2 ¢ F Uk

A, B,C,D ¥E 231 FF Aol gloiA v
AY A e FA8e 271 2 BAaLe
7] 913t GA] wiEEA ] tld MANOVAEA
2 N3 B AF Aker's clasplA A, B, D ¥
25 HABA (linearity) & Bo1X YI(P>0.05)
2, 33 F4o] $AE HY o (P<0.05), CH
FIFANAE ARBA7 EAEA FoAM(P>0.
05) 23+ F49] BAE RAFYHP<0.05). -bar
claspolME BE §Fo] 23 FHe o] i

WHE-ZA (re.

et M |

Table 2. Retentive forces of Aker’s clasps
(gm)
Typeof  Count . .
M 1 2 3 10 30 S0 100 500 1000 2000 3000
Metal Speci
pecimen
mean 844 841 839 8S2 876 903 926 868 842 867 792
A
S.D. 16 13 12 20 25 17 19 27 8 23 54
mean 897 894 900 900 874 941 956 908 887 949 801
B ; .
SD. . . 20 20 20 26 51 $S 18 23 29 47 31
mean 861 852 843 822 853 920 872 836 825 778 756
C .
S.D. 7 25 38 30 5t 56 74 78 86 80 100
mean 860 855 852 857 895 923 928 935 890 782 743
D
S.D. 17 14 16 14 35 31 23 50 16 45 37
Gold mean 446 443 437 429 427 415 405 447 466 424 417
{¢}

S.D. 9 11 10 4

12 15 23 24 36 3 10
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Table 3. Retentive forces of 1-bar clasps
(gm)
Typeof  Count
Metal 1 2 3 10 30 50 100 500 1000 2000 3000
Specimen
mean 2513 2465 2485 2510 2631 2661 3034 2851 2383 2256 2025
A s
S.D. 20 71 34 119 199 263 470 431 359 351 32
mean 2794 2619 2615 2493 2664 2754 2950 3063 2545 2202 2237
B
S.D. 187 120 122 182 204 267 243 543 179 257 361
c mean 2727 2685 2683 2912 3099 3109 3209 3256 2619 2301 2055
S.D. 208 246 245 258 227 271 168 227 217 291 360
D mean 2840 2812 2749 2661 2817 2984 3400 3088 2748 2621 2232
S.D. 35 81 123 144 282 344 381 270 104 201 174
mean 1132 1129 1129 1118 1120 1121 1126 1118 1113 1068 1092
Gold
S.D. 12 11 11 11 10 6 13 5 4 11 9
(gm)
1000
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soo-TIN N MY IR \ AR N N
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| T4 A A YA A% i N \ A 1 A N N
oottt N IO T [T A A A e
A PAGN A A T : J A A %
g 60011 fK /w::\ N \A M A A{\ \ ;g NN U /t
A - j LAY AR A /: PRYNERP N AN NN N[ N
g 500—4 N TR R YN ~+1N A N ™~ Q (‘ N AN
= /(\:j“_ RSN NEN AJAN AL N A ASA f NN
P 4-{1-34 ~',{r ERON-ER N N N AAB, AN A
= 400 A SENS 134 | 4 N/NYIREAZNY G IR
T 2 A LR Y 1. R/NZ P NANS \/1\ N3
300_ At 1141 \/ AN - A o \;( REN RS
N A3 ¥ 4 PN REN N TP ~- NN
ORI 2“’ I~ \1 - 1« FRaN a7k \'3 PNZNOIRFRANVIRPRANG
200_ :“-' /«/S'V \5f>‘1 \4\-< L N ~ Al -‘:. 1 (/'AD\ S ~ :’*(
I A T T A R S N
1001144y H14- VBN RN Bi sl il sBuNz ¥
/\;q :>f . ",< e N : \.~.. ‘\)C h /~. ‘...‘
aNaMaNeSs W A A A
0 i ; T 7 T ™ ¢ T 7 g T
1 3 10 30 50 100 500 1000 2000 3000
Count
7] A i~ B 2 C D 0 Gold

Fig. 10. Comparison of changes of mean retentive forces in Aker’s clasps
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(sm)
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3000 § BN
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4N [ s 1] 343 1 o r
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" A2 RN 2 TN RV RN . J7: I
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2 2000Ey [N AW NN A MR S
'E \'; A A A AN J,: ANAN ’ ~ .
= g4 AL ~J AN ENER 4. A -
£ 1500449 A LA N W R/NEEN Z5 \
LI B R N [ MO
tooo4J7A7 03 1l (I Tug fad fug pal
A1 ":;j NN T A N NAM M
A AN s (1 SR Lk AN
500 —141: AN R NI N IR
YAY) YA VIV NAY AN (T :ij (INTS
WS IO YN
/1 N NN -1.3-” \3 P NN
0 T T T 7 T T i T
1 2 3 10 500 1000 2000 3000
Count
2 A B EFC D Gold
Fig. 11. Comparison of changes of mean retentive forces in I-bar clasps
Table 4. Results of MANOVA Test for tendencies in changes of retentive forces
Aker’s clasp I-bar clasp
Alloy Ist order  2nd order 3rd order 1st order 2nd order 3rd order
A .8133 0344* 0233* 2635 0341* 1137
B .4533 .0044* 0046* 0479* 0345* .1283
C .2260 0352* 0722 .0078* 0013* .0096*
D .0683 .0103* .0119* .0058* 0216* 0125%
Gold 3403 0113* 1375 0109* 0042* 0790
* p <0.05
7HeHl AT S A4S oA Azt AU BAE v, & % 1
2 % Q%% C, DT he 34 T4 P2
BoFok. &8 Aker's clasp} I-bar clasp EF =8 712 FA2A 9 claspAEE EF] AREH
A Cr-Co o] EFFETG FAE 52 A=r} 2 ¥ Cr-Co ¥EL F/F M3l ¥ gx
ot FEHAE FE JeEPRH(Table 4). Welq eAdgol 29iv Eot 223 (rigidity) o1 %

s3tm) §AHo| woU B BwIt Yol, A4
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clasp AAA 44 F+d38E 23 Ho] under-
cutd Fol 2L ZolMe ALHHA AR oz}
A AAE B 4 a2, o)t BAlg
2& 93 Osborne®F& clasps] F7 #AE
F7819] 3L Earnshaw'?, Miller®, Morris® 5 un-
dercut¥= 0.25mm7HA FAAZ AE FF3e
5], Bates** & t)F-2 Cr-Co & FAx)A
0.12mm®] unercut® AME-3h= Zlo] &F9] vt
= WolA clasps] FTEEE 4oI1A g4A s
Wo] & £ gloy ol AS 4 AAFE
0.25mm7HA ZEAE & e FXA, Xofe
2859 Z715E olHE claspd) ZolE 7Hs3R
15mm7Hx] @3A7= S FE8HY. 28y
clasp®] FAE ZFAAE B¥ Cr-Co F claspe
s}de 9o] FoAM?, AFX 9 dTEXE A
X2 & 9 715§ claspd Zoi7F 8X12mm<sl F&
ZA3HE A4 15mm o)/3e] 4ol Sk 4o
AMg-3t7] ol¥th

0.5mm<] undercut AH&A] claspdl W& A%
& v g Firtell®] A@olA L-bar claspt Aker’s
claspEt} fAFo] oA Aoz Jeoyd
9] AYAME claspy ZHolg 1A e E
A7t AR} StewartT, F¥HS Ao, under-
cut %, 7t8Ado] FLE 5ol = bar type©l cir-
cumferential typeRTh= -2 8o] Atz stYom,
McCracken bar clasp A< undercutel] 29
clasp arm®] o] 7IARoA RE wd¥S o
g0} o]#o]A 22 circumferential type U= 718
dol dojRAgdn Y. € AHFANMZ  I-bar
clasp Aker’s claspell H]3le] f-A1go] o] & Ho 2
vehton AAA 47t FrtEe St Al
£Ho8 Ege AXNTS B £ Aoy A18d
I-bar claspg] Z°}7} 12mmE A" 715® &
g9 Adigtel gloiM 9 Aele) disiMe o] B
AT 4o "aslez} 2o,

Andersons?, Tomlin$*®9] YFxAle] up==
Cr-Co &F claspe 9] AM2-F Aot Au}A] grobA
claspell 913 AF F-A o) 44AE P ok,
38 Bates*?, Earnshaw™®, McCracken®® 5l ]38}
A, Cr-Co &< FHE1R} YA (grain size) 7t
33 B3 (coarse) 371 W&ol 7137 3H(work ha-
rdening) 7} B 43 dojuA T AMEA &
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FAE9 G clasps] HAEE oAt AE
3tk o2 d AT A/AA B o o] Y &
AA A Cr-Co &5 clasp’} 8T claspith #
Z A% o 22 geoM Ao Frtetirist
A Aadte Fde, 2714 Cr-Co 5 clasp?h
FEF claspEvt § %) JHFAEE doA FA
go] F7hAt 2% 849 ¥2 o] /13733t
&g JoiAy] AZHAREEH HA f-Xgo] Ho
Ae Aoz HAsold & gle Aotk 2 &Y Mc-
Cracken™dl| 9J5}d A& o7 SF5F¢ AF &
AZA e 7hfiAe 92 Y (fatigue type) ) S8
(stress) 1}43F oF 30%t3]0)l o] & oz FAHT
RAojA olZ mlFo] Cr-Co TF clasp?l W 44
FAAN Y KA OGF FEFFEIG 7AE 44
2 oAl dig Aoz Ne & o AYFA sFE
Eelor & 3oz 47dd.

Anderson”, Asgars”, Bates”?, Harcourt'”, Le-
wis? 5 Cr-Co ¥5 Fx4) W] w713 (micro-
porosity), TR(crack) 5ol %9 H29 A4
X Gl uistd Rusded vA7IFo G
#EF0] 349 Y=g W AL "M &
350 9% SAZFHY g JiHee A
L42X 48 3ok ¥ dTdAe -0t
S0 AME3R= oxy-acetylene gass} 94 F
718 o8-8 £, FERAZEER 1
A71F0) HAHUE 7Fs A0l 2ot & 4
E QR F&o], ooz T S e iR Td
ol Qsl, B 43 SHANAY dF BT
FAE Wil Moo} 3t B4,
ol AIFES F tl & A3} YA R
AAGN 7L o] &3 njAT2E F4 @Fo] FHut
2tz 3tejelal Bt

A0
TH=E

=

L

v. 2

A FUA B85 e 7HEAY 49X %
Cr-Co ¥ claspd] ¥HE AYIAAN A3 HirE
23 Hw3}7] 48 439 Cr-Co ¥a& F3 3o
823 37, 0.25mm  undercutolA  Aker’s
clasp$} I-bar clasp?t YEME #+X18& Tensilons
ol g5ty ZAsL ol& BAS A g H FL
AEE dUrh



10.

4%9] Cr-Co &7 claspd] FAHT e A

oz 989 o7t YATHP>0.05).

Cr-Co 59 HA#o] Akers claspdlXe <
2v], I-bar claspiA e ¢F 2. 581 A= ST
e}

2E oA ILbar clasp X80 Aker’s
clasp®t} Ftt.

34 wE f48 ¥sle 2E $8H EE
claspoll X Z7HE7t 24 s 23 34 AgE
=R 1=
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— Abstract—

THE EXPERIMENTAL STUDY ON THE EFFECT OF THE
INSERTION-WITHDRAWAL COUNT TO THE RETENTIVE
CAPACITIES OF SEVERAL Cr-Co ALLOY CLASPS

Jung-Soo Bae, Ho-Yong Lee
Dept. of Prosthodontics, School of Dentistry, Yonsei University

This study was to investigate the retentive force changes according to repeated insertion and
withdrawal of Cr - Co alloy clasps, commonly used in this country, and the differences in retentive
capacities between Aker’s clasp and I-bar clasp. The author selected 4 kinds of Cr-Co alloys and
Type NV gold alloy, and measured the retentive force changes of each clasp type in undercut depth
of 0.25mm and analyzed statistically.

The following results were obtained,

1. In both Aker's and I-bar clasps, there were no statistically significant differencies in retentive
forces among 4 Cr-Co alloys.

2. Cr-Co alloys exerted greater retentive forces than those of gold alloy, 2 times greater in Aker’s
clasps and 2.5 times in I-bar clasps. ’

3. In all test specimens, I-bar clasps exerted greater retentive forces than Aker’s clasps.

4. In all test specimens, there were trends of second order relationships in retentive force changes.
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