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< [Abstract]
Introduction

The aim of our research was to apply acrylic resin clasps for removable partial denture (RPD) with resin clasps.
Present research evaluated the changes, in retentive forces of resin clasps with different designs made by acrylic

resin and polyester, by measuring initial retentive force and retentive force after fatigue tests.

Study 1
Materials and methods

A comparative study on the material properties of resin and metal clasps for partial dentures was carried out by
measuring the initial retentive force with fatigue testing. Valplast (VAL) and EstheShot Bright (ESB) were
applicated as injection-molded thermoplastics and Pro Impact (PI) as heat-polymerized resin for denture bases. As a
control, a chromium-cobalt (Co-Cr) alloy metal clasp was used. The abutment tooth was fabricated from 18/8
stainless steel in the form of a die with a diameter of 7.5 mm, a height of 8.0 mm, and a radius of curvature of 5.0
mm. For the resin-based clasps, the retentive and reciprocal arms had a length, width and thickness of 7.5, 10 and
1.5 mm, respectively with 0.5mm retentive undercut. The metal clasp was set 1/2 of the tip of the retentive arm of
the clasp for a 0.25mm undercut according to the design principle of the akers clasp. The initial retentive force was
measured using a tensile test apparatus. The retentive force change during the fatigue tests was measured using a
fatigue insertion/removal testing apparatus. The fatigue tests involved 10,000 cycles for each specimen, and the
retentive force was measured every 1,000 cycles. The initial retentive force for each material were analyzed using
one-way ANOVA and a Bonferroni’s multiple comparison test (p = 0.05).
Results

The results indicated that the initial retentive force for PI and ESB was significantly higher than that for Co-Cr
and VAL (p < 0.05). The initial retentive force of Co-Cr only was 5-10 N per tooth is required for the retention
device of a partial denture. PI fractured with 3,000 insertion/removal cycles. These results suggest that for the clasp
design used in the present study, the initial force can lead to the high risk of failure of PI non-metal clasp dentures,

because of retentive force higher than proper value (5-10 N).

Study 2
Materials and methods

Two types of resin clasp design (length: 7.5 mm, widths: 10 mm or 7.5 mm, thickness: 1.5 mm) made by acrylic
resin and polyester were used. A abutment tooth simulating the maxillary first premolar was prepared by 18-8
stainless steel model. The amount of undercut of the retentive arms was set at 0.5 mm, with half of the undercut
area at far zone as the contact surface. The initial retentive force and retentive force after fatigue tests, for each test
specimen, were measured. The changes of retentive force until 10000 insertion/removal cycles were measured by

insertion/removal testing apparatus under 37 °C distilled water and an insertion load to the abutment tooth of 9.8 N.



Results
Initial retentive force was no significantly difference between each test specimens. After 9,000 and 10,000
insertion/removal cycles, the retentive force of width 10 mm of acrylic resin was proper retentive force and was

significantly higher than width 7.5 mm of polyester (p < 0.05).

Conclusion
Present study suggests that PI (length, width, thickness of 7.5 mm X 10 mm X 1.5 mm) with half of the undercut

area at the far zone as the contact area have the potentials to use clinical applications as RPD with resin clasps.
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RO SR R 26 1 (removable partial denture: RPD)I, OISR L 0 KbV - IHEHERE, W5
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> F ¥ —(non-metal clasp denture: NMCD)7%, RIS ST 5 *9,
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EB 1 FEMEZAWE LYV T AT OB OB
1. XEEOMELE TV A

AEBRCRAVE-XAHEIZEES /N AEEZAELL 188 A7 L L AR 5D (HZ 75 mm - & E 8.0
mm - R 5.0mm) ZHAVWE (Fig. 1),

2. fER L7oprkr & RUEH

RYTIRRLI U ELTAATFZ R (=L, B, BA; Valplast: VAL), R = ZF LR L
P LTZATVay b TI54 F® (FA ¥+ A b, 5#, HA;EstheShotBright: ESB), 727V VU v 7
Lo LTFuA w2 K® (P——, B, HA; Pro Impact: PI) M\, ¥/ he—1L D
MC ELTansnvhruebdgd (VY7 —T %%, B, HA; Cobalt-Chromium: Co-Cr) % V7= (Table
Do 7 7 ATHRUEICHAWAIEEERNT, vV a—2 T AHISH (High Silicone <, T 7Y « NAT U4
v, B, BAR)EAWTEBOHSEHEE%, BaEBENewFuji-Rock, ¥V—3—, B, BARWCTRIEL =,
PR T], T—H—RAT TFRATONE— X, VEEMEE E T ready-made wax patterns (% v ¥ —/3%
—Y CR2, JEVTAMEAR, #F. BA) ZHAVWTREL, V UERERERM (tema® dynamic S,
Dentaurum GmbH & Co. KG, Ispringen, Germany)iZ TH& L7z, 23V k7 0 A5& 2 REEE ORI
W, S L7, $EEfRI, 0.5MPaRET TS50 pum D ALOSKIFTH Y R7 TR MLEE L7-, MC X, =
—H—RA7 FATORFEANIHE, S RABRERUEL=(Fig.2-a), 77V v 7 Ly, MEEREORE
TRIZHEV, BIEDOMEAE A TRYE L 72, VAL, ESB | Table 2 [Z/R L2 TIZ T, HH Y 27 4 (MIS-<,
TAx¥ AN, REE, BA) ZRWTHERE L,

3. LYV T ATORBIET VA

EMEOVY 7 T ATX, 7T ATRICERI LR - FHhsoR X 7.5 mm, 8 10 mm, EX
1.5 mm ORBRA L L7z 9, #ERHBIIL 0.5 mm 7> ¥ —h v MERSSEEMT HEEICHREL, & 5RB
fRBUE L7- (Fig. 2-b).,

4. PIEFHELBEER
1). FIEAKER )

PIEHERF 11X, BloR Y RABRBE (EZ-S-200N, B, &8, BA) ZAVWTHIE L, BIEX, X668
WCHRBREAZEEL, 7oA~y FAE—F 50 m/min [Z THELEZBOWMERZ#EREH & Lz, O1HH
A RERIET 15 BRIEEZT, RBEOEHEAEL Lk 199,

2). WHARBRE OMHER

B ARBRIT, FHAMEREM (M 100, Japan Mec., i, AAR)ZHAz, XA ~ORBRMERE AR
EEIZISN L L, 37<DEBEAKPTZ o R~y FAE— K 950 mm/min |Z THEA - BEE{T-7-. FH
BRI RBRIA T 10,000 EIFET L, 1,000 EZ & ZHEREH ZBIE L7z 1919, 1,000 [ Z & O#ER 13915
HMERF DBIE & FBRIC, (EZ-S-200N, B, RS, BA) ZAWVWTERERET 15 BTV, RBREOFHE
EEM L,

5. BEEtHT

BT AT X BB OFHIMERE H O B Z BV T, — BB o217\, ZE#IT Bonferroni %

HAWTHEEKEDP=0.051ZTiTo 7,



6.t A

1). FIHIHER 7

WIWIHERF I MC T85+0.5N, ESB T248+19N, PI T223+13N, VAL C122+12N &L 7=
(Fig. 4), P13 . OVESB O WIHAKER XAk & & MC B X OVWVAL X W A EICEVWMEZ < L7 (P<0.05),
PI & ESB [Hl, MC & VAL [IOAIEIMER DICAH BEEITFR O R0 o T2,

2). ¥ 57 B OHERF 121k

10,000 [F13 57 5B 1% OFERF /11X MC T4.7+1.2N, VAL T84+0.7N % x L7z (Fig. 5), ESB IZ 10,000
[ 57 7k BR 1% £ C 3 ORBRIRITAET 27872 00 7203, 2 fHORBRIAIZ VT 9,000 [A133 LT 10,000 [B] F
CIZHERAIE O $ 8 0 CTHEHT 2 388D 72, PLIZ 3,000 [B19 57 3R & T 423K (R O ME R o £ J5 812 TRk HT
TR,

FBR2 K7 T AT T A ORI X HFEHM
0 TATTHA L ORER
1. XEEOMELE TV A

EER 1 L FERRIC KA RS A AT L 18-8 AT L AL Y (R 75 mm - & E 8.0
mm * {50 mm) ZHW 2 (Fig. 1),

2. R L7kl & R 15

RYTZATNVHRLY L ELTESB, 727UV w7 LY LTPI2ER 1 & RBEOHITEITIECTHW
72(Table 3), 7 7 A7 HUEIZ WD EZEAA & FER 1 & RO FIEIC TRE L 7=,
3. LYV I T AT ORBRET VA v

EMEIO VY7 T AN, 7T ATRICEIE LR - fEtpiil o & 13 7.5 mm, 1&®1% 5.0 mm,
7.5 mm, 10 mm @ 3 FH, &3 1.0 mm, 1.5 mm O 2 FEE O 6 FEORB A L L= ", #EE T 0.5mm
TR =Ty NMERO T 7= — D 12 B DERICERGTE L, & 3 RBRIARE L 72 (Fig. 3),

4. WEFHE L WEER
1). FIHHER: )

WIFAHERE I3 E8R 1 & AR FNECRIE 2T WA RBRIR T 15 BIEE L, SlBRE0 FAmEHH Lz
1618) | F 7= RIEBR O RIHHER ) O IEAEIE 5~10 N'920& L7, = O%fEIE Korber' D45 K 35t O #E7
EEICBTD L EHZ VISR SN DHEFRFNLS~10N L@t L 05 H L,

5. bR
1). FIHHER: )

PI & ESB O4T WA AR D WIHAHERE /113 Tabled (2o L7z, Z O H T 10,000 [ 55 55k 1 & i 1E 72
MEFF N 2R T LW LT EE R TECRL, TOTHA %27 TATTVA L OWREICKET 2R BTV
A& LT,
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1. XAREOMELE T A

EER 1 LRI AW RS N ARE L 18-8 AT L AAM Y (R 75 mm - 5 E 8.0
mm + R 5.0mm) W= (Fig. 1),
2. R L7kl & R 15

RV TAT VARV ELTESB, 77UV U v 7 LY & LT P 2% 1 LEEROFIESIEICTH
W /o(Table 3), 7 7 A7 RUEICH W D EFER G F26k 1 & RAEO FIRIC TRUE L 72,
3. LYV I T AT ORBRIET VA v

BB OV 7 T ATFNX, 77 ARSI LT kERi - #Hii o & 13 7.5 mm, #8iX 7.5 mm &
10 mm, JEE 1.5 mm O 2 FEHORBRK L L2, #ERBIL 0.5 mm 7 > & —0 v MEBEO 7 77—V —
312 B HARICEREH L, & 5 RBRIERYEL 72 (Fig. 3),
4. MEITE L MEHEH
1). FIHHER: )

WIFAHERE I3 E8R 1 & AR FNECRIE 2T WA RBRIR T 15 BIEE L, FlBRE0 FAmEHH Lz

16-18)

o

2). 7B R DOHERE /)

P RBRITFERR 1 & FAROFIATITV, A3ABR(A T 10,000 [A15E4T L, 1,000 [A] 2 & ITHER ) 2 JIE L7z
16-18)

5. weEtobr

FEFH AT IE A BB D PR KERF /) 35 X O 97 3Bk % O#ERF /) C Friedman fR7E # 1TV, ZE LRI
Bonferroni %% HWTHE/KHE p=0.05 (2 TITo 72,

6. i R

1). FIHHER: )

PI OFIHAHERF /1308 7.5 mm, JEE 1.5 mm T9.9+09N, #E 10 mm, JEE 1.5mm T 10.6+23N &2/~ L
72, ESB OHIHAHERF /7138 7.5 mm, E S 1.5 mm T83+09N, #E 10mm, EX 1.5mm T93+13N %
L7 (Fig. 6), &MEEB X OT A U OWMMER DICH B ZITRD o 7o,

2). ¥ 57 B OHERF 121k

PI @ 10,000 [F13% 57 5850 % OHERF /1 I3ME 7.5 mm, EX 1.5 mm T48+1.1N, §F 10 mm, EX 1.5mm T
6.0 0.7 N Z7~ L7z, ESB ™ 10,000 [0]}% 55 iABR 1% O#ERF /11308 7.5 mm, JES 1.5 mm T3.6+ 05N, 1F
10mm, X 1.5mm T4.4+1.1N Z75 L7z, 9,000 [A]35 L T8 10,000 [E19 57351 #% OfE 10 mm, & E 1.5 mm
® PI OHERFF7IEME 7.5 mm, JE S 1.5 mm @ ESB O#Ri /) & it L THEICHEVMEZ 7~ L7z (p < 0.05) (Fig.
7o
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AWFZEE, 7270V v LY OPIEHWTEIELIZ LY V7 I AT ORGF 2 BRI & L CHIHIMER )
¥ O I7 R B OHERF 1) 2 LIRET LT, AR CTHWEZ 7 Z A7 7Y A 2B T, 1\ 10 mm,
JEX1.5mm DY TATTHALUREHTHDLHZ L, 0.5mm T > X —0y NMEBRO 7 77— — W 1/2
filk U 7= 3% 5t BT H D FNRIB S 7z,

FE OHEE BT 5B EDIIZETIE, Korber' I, #BIKFEH OHEFEERE ICR TS 1 HH7- 0 IR
SIBHER L S~10N2O LG LT\ 5B, 7 ARZETIT- 72 10,000 55388k (%, 1 HdH7=v 3@
DOFEBAZE L, 10 FEMOMANEZRH L3 Ve LT 5

2l 1 TIE, WIIKERE 7036 U8 10,000 [R5 55 7 ER 2 DOMERF /178 5~10 N Z2 WHIE & & 12 72 T HBH
RD7eholz, LnLeRns, ar hba—& LTHWE MC IIIPIIHERE /13 X O 7,000 [B1% 55 350 4 &
THERF /173 5~10 N OFEFAN Toh o7, VAL OPIIMER 713K 12N - L7228, MC &bl L CfF 52
BRI hoTlz, 72E 1,000~10,000 [F13 5755w OHERF 11T 5~10 N O CTHREFS N TV, —5,
ESB, Pl OWIHIMERF /I35 BRI HERE D 27 F A2 7 NEIZHPER 288 2 5 i) 2MBh &, #IEZeMERE T (5
~10 N) L0 HEVME\ AR Lz, F72 ESB, Pl ORBRAIIMERE O #0)E 50 CHdr L7=, ESB, PI 2\
WIHARERE D 2R L2 BRE 1, dhIFBEMESRDY VAL X0 b 22408 500 MPa, 9 950 MPa @\ 72 Th
HEEZLND P, &5IZ, ESB, Pl O IABRMILY T A FHEFHGENNC 235 i 1) S SRR 2 18 %
Tl O RERBHER AR L, B LI2rietEned b B2 65,

75D NMCD A B O#ERE I RREHT P4 5 855 T Osada & 1205 mm 7> 4 —h v hETOTZ AT
v a v b (i-cast, 5UKB, HAK; EstheShot: EST) (fE 5.0 mm, JE X 1.5 mm)DFIHIKERF JIL 10N Z#8 2 5
Bz L, 2BRIRA 1,000 [E1E 57308 £ T L7z & #E LT\ 5, EST (X ESB KV &R N
W, FEER 1 OREREFRROERZGT-EEZ 2015, —JF, MCIX, BT HMESRS NMCD HAM L
DEWD, == —227 F A7 ORFFEANCHE, 025mm 7 > F—0 v MOz kit Liz/=, #ikr
I3 5~10 N OHEIPFANTH -T2 B2 b, ERIICBITDHLI VI TATORGHIAZNVT TR

DOEFHERZRD, 0.5 mm 7 ¥ —0y MIEREEML TWAH2D, [fi7 7 AT OFREFOEWV BHERF T
RESEBERFILIZEEZODND, 7 7ATOMFINL, T ¥ —hy b&, ffiOES - BB X
WIE X, MREo il s - %%ﬁﬁﬁ&@%fﬂ%@bfnéiwo%%lfi LUV TATTH
> TH P K DHER MR T0AT 0 V) 2 7 8O 720121 5~10 N O#Ri ) 2 /FFL72 £ T, I
TIHSHPERR P Wi677277ﬁ4/k7625$ﬁ%5T%K@Ltﬂof 7 FATTHA v (I,
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Ot FEBR2 & LTiTo 72,

Fueki B 1%, BEICBII 5LV 027 T 27 %Mz RPD I S B 80EE ik O BRIEZ R L,
Osada & ™%, 3FEEOT 4 —H v F&(0.25mm, 0.5 mm, 0.75 mm)& 4 FEED 7 5 ZA 7 FHF A L(EE:
0.5mm, 1.0mm, 1.5mm, 20 mm)Z X EL CEIELZESTD LY 7 T ATE, EOT o F—h vy M

LIEFRBRPICT XTI TATTFA U THIT LI HME LT D, LnLans, HEICED
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771% 10,000 [\ 57 78B4 £ TR OMERRERICR T 5 1 HH 72 0 12RO LI DR 5~10 N2
T T DB TH DL ENREINT,

UEXY, 7200071 P 0PIV L Y7 7 A7 3ES 7.5 mm, 1§10 mm, EE 1.5 mm
DTHFANTTHEATHHZ &, 0.5 mm 72X —0y NMEHRO 7 77— — 3 1/2 Bl LT3 EHI B0
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vV [F&d

T ATTYA DR, R, HEMERE A ST, T2 — A RO B R AN I HE
BB L2 RFd e, 72700927 L0 OPLIE, LYV TIRAS L L TCOEREHD R
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VIl [Tables and Figures]

Table 1 FERHE

— i 4 7 4 (B R R 72 T BRI 5 ik Ty hFUN—

AENTFTRS a )V rubé 4 (Co-Cr) INY =T Ry gBE K14152
BR, BXE

RITIFRBLYYy A7 F X (VAL) 2=, B H k2 170600
BX, BAX

RIZZAFARLYY ZATFVay b7 54 +(ESB) i-cast 5 H R 7D4761610
=E, BX

TIZUV Vv LYry  FurAg s H(PD GC B EL ¥ 1711172
B, BX & 1709011
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Table 2 VAL, ESB D H 4/t

MEGRECC)  fnZhrE R (5) HHEMPa) 775 RXAZEECC

VAL 240 20~30 1.0 50
ESB 240 25~35 1.0 40
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Table 3 FERHF B

— s B (B3R AR 52 JT B F uy b yoN—

HIVZRAFARLYY TRXRFvay b7 54 (ESB) i-cast 5t H R 7D4761610
R, AE

77V Yvr vy FuA 7 b(PD GC MBE S ¥ 1711172
R, AKX W& 1709011
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Table 4 £ BB X OKT VA iz X D HIHMERE S

promm P TEmm e
(BEX, 18 EX)

(7.5, 5 ,1.0) 4.0 £0.1

(7.5,5,1.5) 43+0.3

- (7.5,7.5,1.0) 4.9 £ 0.5
(7.5,7.5,1.5) 9.9 +0.9

(7.5,10,1.0) 6.3+1.0

(7.5,10,1.5) 10.6 + 0.9

(7.5,5,1.0) 3.7+£0.3

(7.5, 5,1.5) 4.5+0.2

(7.5,7.5,1.0) 4.7+0.2

ESB (7.5,7.5,1.5) 8.3 £ 0.9
(7.5,10,1.0) 5.4+0.3

(7.5,10,1.5) 93+1.3

Mean £+ SD
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<IEH>
Fig. 1 X5
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R . PRA T <7 F—J > b 0.25mm
< \\\ . <. 2 =8
025mmT o F—r 7 b . HMERFBEHOME: 1.3mm
7 7‘5
HEFEEO E‘t ) %%L - HEFRFEE OJE X0 1.0mm
N AN
VS mEmRRoES

- HERBET O R S 7.0mm

< M > < _kifi> <firfn>
Fig.2-a A Z NI FATDTHA v

T »H¥—H# v I 0.5mm

- EX: 75mm
L) - §&: 10mm
N - BEX: 1.5mm
E 203, 0]
< B> < kWi < HEHiRE> < TR > - BEMhTEE: i

Fig.2-b J VA Z NI T AT DTHFA
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Fig. 3R NN BR LI ) VABNT TRAT DT YA
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- B& D 7.5mm

- ¥g: 5.0mm, 7.5mm , 10mm
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MC VAL ESB PI

Fig. 4 S B ZER L7z7 7 2B} 2 AR 7

MC: A XNV 5 A7, VALV FF AR, ESBBmATF v av h 754 K, PL7aA /87 K
*p<0.05, RERAE: N=5, VY EAEFE

PI 3 X OV ESB OWIMIHERF /13 miA kL& & MC B X OV VAL LV FEICEVMEZ R LT (P<0.05),
PI & ESB [, MC & VAL BOWIMIHER )ICH B ZITRBO o T2,
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\? r\V? 039 b‘? 63? b? /\? %? o,? \Q@
B\A/EYA7IL(E)

Fig. 5 S BV Lz 7 7 A 2B DIEFRBRE O HENL
MC:AZNVT7 5 A7, VALV AN, ESB.m AT 3y b 7T A4 b, P.7aA %7 k
AR ASE N =5, P = B AR =

22



[—
N
1

AR D (N
=

h
T

OPI (#87.5mm) @PI (#& 10 mm)
BESB(HE 7.5 mm)  BEESB(E 10 mm)
Fig. 6 FEMEIZHERALIZET VA L DLV 7 T R AR 2 HIHHER
PL7 v A /37 &, BSBi=RAT v ay b7 74 b, BRERAEE:N=5, FHHE L=
TRTCORBKIIES 7.5mm, JEX 1.5mm TH D,
BB L OT WA L ORIIMER A BZAETRD R 72,
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\) S Q Q S ) N QO Q S
N ¥ 8 o o A ¥ of o

BA/EYA2IL(E)
-e-PI (1 7.5mm) -8-PI (& 10 mm)
-4ESB (18 7.5 mm) —¢ESB(i& 10 mm)

Fig. 7 FME 2 ER L72BTHA L DL D0 7 T RAFITEIT B D RBR % O L
PL.7 A7 b, ESBBmAT v a vy b7 T4 b, BRI N=35, FHE U HEE

TRTORBEKITIES 75mm, EE 1.5mm ThH D,
9,000 [A]F3 X O 10,000 [m19 57 3R BR #4 (2 38U C PIGIE  10mm) O#ERF /I3 ESB(IE 7.5mm) DO#EFRF L0 b A

BloE Wiz R L7z (*p<0.05),
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