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ABSTRACT

Photoelastic stress analysis according to
the design of the mandibular unilateral

free-end removable partial denture

Park, Cheol-Woo, 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 produced by four kinds of the mandibular unilateral free—end
removable partial dentures.

For this study, a three-dimensional photoelastic stress analysis method
was used. Mandibular photoelastic epoxy models missing right the 1st and
the 2nd molars and unilateral free—end removable partial dentures were
fabricated using clasp(C-URPD), Konus crown(K-URPD), resilient
attachment(ReA-URPD), and flexible resin(F-URPD). Unilateral free-end
removable partial dentures were positioned on the photoelastic epoxy resin
models, and the vertical load of 6kg was applied on the central fossa of
mandibular right the 1st 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 to 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. In all of the sliced specimens, Only the compressive stress were
observed.
2. The i1sochromatic maximum fringe order number was in the decreasing
order of F-URPD, C-URPD, ReA-URPD, and K-URPD, and the
location of maximum stress concentration was different from each
other.
3. On the residual ridge just below the loading point, the fringe order
number was in the decreasing order of F-URPD, C-URPD, ReA-URPD,
and K-URPD.
4. On the root apex of the 2nd premolar, the fringe order number was in
the decreasing order of C-URPD, F-URPD, K-URPD, and ReA-URPD.
5. K-URPD showed the most equalized transmission of the vertical loads

to the supporting alveolar bone of abutment teeth and residual ridge.

In conclusion, in view of the stress distribution on the supporting
structures under the vertical loading, K-URPD was the most favorable
design of the four unilateral free-end removable partial dentures tested.
And the other hand, even though F-URPD showed much higher stress
concentration on the residual ridge than on alveolar bone surrounding
abutment tooth, F-URPD can be considerable clinically because of the

advantage without tooth reduction.
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I AFAZ L g

1. &= d72F 3 A9 Az

T Ay A2 fFsy dege AES 7R Aotz FA % dental study
model(121D-400G, Nissin Dental Products Inc., Japan)< A ®dta, = Ax, A
12 2722 AfE AAAe Exafine putty(GC Co., Japan)®t Aquasil LV
Ultra(Dentsply International Inc., USA)Z 23L& wWE T wAE #HA
(Orthodontic resin, Dentsply International Inc., U.S.A)S 2 &A|5}o] 4 setE THE
AtH(Figs. 1,2).

Dental study model®] = 7Ax], A12 2732 AL GRo=z EAF o}

(el3h AAA)Z WA $3 A2 HPAE AAT F 1 PAF G2z A4
N Kennedy #% Ml dlot B3 723 2w A 29 Fulasr) o w

=

T Z 2o =(Agar) A

ol AAs 79 FAERNE FH AAHA & 719 1

1o
&
™
ruim
1-1:1

A%k & ¢~ (Extra hard wax, Dae-dong Industry, Korea)E o] Fo]x &~

=l
F= AAstda. ada Azd ey BYe) 8 S4S st Y] VAR

o+7d 51 9 th(Fig. 3).

Fig. 1. Dental study Fig. 2. Duplicated Fig. 3. Wax model with

model. orthodontic resin teeth. duplicated resin teeth.

2 BV ATRIY AF

Kennedy +# ODwo= #Al&d stet <2~ 23S A2 Z(Dublish 15, Dreve,
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Germany)¥ 7 3-A(Dublish 15, Dreve, Germany)Z 1112 £33l AdAS A S53
BEE 20T oA 12413 St AAAA S8 S AT (Fig. 4. Al 71 2z A
9] 2o Rubber base adhesive(Kerr Co., US.A)E 1-23] =%3lo] 2 0.2mn
FAL AFdtE AT F AYI Y Al & 719 1A s A vk (Fig. 5).
o 2 #RA(CY 230, Nagase Chemtex Co., Japan)¥® 7 3}#l(HY 956, Nagase
Chemtex Co., Japan)& 512 7|27} A7|A s & st Ag2 3
FaL 20C ol A 2441 3+E FA S AsAZ ve A 593 oFA] dds &
gstact A9 2 WHoR BFE o Jfe FerA o FHA] #Hz 2 Az

o} (Fig. 6).

Fig. 4. Silicone mold. Fig. 5. Duplicated teeth Fig. 6. Photoelastic epoxy
simulated perio— resin model with
dontal ligament. resin teeth.

385 w9 AAA ToA Y A

Fa4 59 B2 A BF FUY MY FLIAE A7e) AAe RS

A4 TR A wet gkot 5 dAS A2 AFA Hxl

ol Mo g AbAlek & A QA Exafine light body(GC Co.,

Japan) ¢} Exafine putty(GC Co., Japan)® #& X ZA B2 T3ste] A4 AS

sttt BALE Fol FEIS Az A B xHTE e

A TS Fogstr] Al FERPY IE AxA F-9ol 1.9mo &g F A6t

A reliefdt &, FR P agar® B A A v Z A (Ticonium' " Investic investment,
U

SA)E Fof miEA Ede AAsAT. 55 722 Ni-Cr &

i

Ticonium Co.,
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Z(Talladium™ Vi-Star, Talladium Inc., US.A)& Ab&dte]l Alzatgleh. A&

(Livera™ Posterior, Shofu Inc., Japan)E ®lddtz wlZa = o x4 & 2(ISO

resin Q®, High-dental Japan Co. Ltd., Japan)& F92 @4 oz 3391 dwl

stol ZFEA 4 YAE SAskA. AxAHES Adskr] A Al o x4l

A& o)#&A A2 Fit-checker(GC Co., Japan)E = X331 F429XZ BetA 23
o &

of A#rete] A oA FEA 2 Apofel] vl

BT
2
il

AP oA ASm, AHE F AEG AYD o] FAE A

Fig. 7. Unilateral free-end removable partial denture using clasp on the

photoelastic epoxy resin model. A: model included abutment teeth with
preparation, B: metal framework set on the model(direct retainer: back-

action clasp, indirect retainer: embrasure hook), C: completed C-URPD.

@2 Y2 X#E o83 ASF F@ 72N LY A(K-URPD) A%

A1,2 Ao WHS AFsH7] 98] deep chamfer margin® 2 X o} 5 2}A &
T, ol HelAd mE We] 67 s dE s 2746kl =5 %= (gold 75%, KDM
Inc., Korea)o. 2 Fx3to ©d 5#S 77 A, a2 Al2 A2FAE
Aslo] FTW(AD-48, Alphadent Co., Korea)S A& st A2 A% ¢ 79

i
Al gAY 55 FREs dFANA daH =S AA6 At (Fig. 8).
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Fig. 8. Unilateral free-end removable partial denture using Konus crown on the
photoelastic epoxy resin model. A: inner crown set, B: outer crown with
framework set, C: completed K-URPD.

44 AEHXHEE o] &3 HSE FIA G 7MEA F429 X (ReA-URPD) A #
A2 27X A9 FH(AD-48, Alphadent Co., Korea)E A ztal7] 9

3] A chamfer margin® & X|o}E 2FA sk & tlo] YoM S xZst A2 &
T A4 Y 4 T IJd &5S 8kl AFFA B = et
Wo S [E AFA BYE EAAA stress—breaker LS FtE= AoqE U

zl Dalbo®*S ol B} X H E(CM SA, Biel/Bienne, Switzerland)2] 43S R&ZAAA F
Z 3kt %

Fig. 9. Unilateral free-end removable partial denture using resilient attachment

_7_



on the photoelastic epoxy resin model. A: crown with male part
set(Dalbo™-S, CM SA, Switzerland), B: metal framework with female
part set, C: complete ReA-URPD.

4 &4 AL o]&F ASF Fed M2 L2 A(F-URPD) A%

AL2 A A=A @S A @2 FEHdA S 56t FRES A
Aarolek. e AzA RS el 1.9me] F22 FATA reliefd F FEFE agar
2 SAA mEA REgE AAeAT. EA 2 HelA d52 A2 A7A
A5 AAF ddA F-9ol wrap-around FYAZE A A7 AS5L A2 &

S EF 9stEE dAAste 224 & o Esd Y. A JEEta
Aol Hojy YUR AR drtiaA el Valplast®(Valplast International
)

Co, USA)E FUA Aoz Fdst] @A 2992 S Al vk (Fig. 10).

Fig. 10. Unilateral free-end removable partial denture using flexible resin on the
photoelastic epoxy resin model. A: model included abutment teeth
without preparation, B: flexible denture Set(Valplast®, Valplast
International Co., U.S.A.), C: completed F-URPD.
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o,
32
o

AAZ F &8 FAZ(PA-2S, Riken Keiki Fine Instrument Co., Japan)
5 Wl 2=5 MA3] FsAA 55T JW st Al 6t

of 3 Al gAY FAge AA FHATE A& F dT 6ked FHT}F
Z 5

b 4T R 30C7HA AWAA F 8A7F F9

N

—_
=
:>|J£
!

w
[
A
N
b
>
=
o
>
r\l

Fig. 11. Evaluation of the residual stress prior to the loading. : each model
revealed no significant residual stress. A: C-URPD, B: K-URPD,
C: ReA-URPD, D: F-URPD



Fig. 12. Loading device.

Fig. 13. Stress freezing

Fig. 14. Loading device

located in the stress

freezing furnace.

furnace.

— Loadin
2 g
s y
3 55 + ]
© ! ! Unloading
5 I I
o o ! I {
£+ /5 | | Slow
[ I |Cooling(4“C/hr)I

I I :

] ] I

1 1.5 8

Time(hour)

Fig. 15. Stress freezing cycle for the photoelastic epoxy resin

stress freezing furnace.

model in the

5 BURE AE 2 vw

€8 FAo B¢ AuA oFA HH RIPeA FF e JHEA FThYgAE
AAG F, 34 Aadg 5 o843l N2AHS THo2 F 6m AR FAU
i 294 e s 5 AR, Al2 A7 fFEve] 2FHESE Aostd.
ul 7He AR B dojxl HduAAS duwo] gEstA HEs Anr]E
o] &3l Awntd & a-bromonaphthalene® & IetA S 10 05852 412 &g Ao
A 7N F349 Fad Ad@4Ad Ferdv. ddAHY A12 A5
& A zxA 294 wFor AN FHAFE FAHSH] Ssto] Sl wHEI



% 180mm macro =7} F2dE tXE JhHFH(EOS 20D, Canon, Japan)Z AFxl &
o},
7]

O;

(v
ol
-
pats

]

B8 AR 9 L AR/ BARAL ABAAANN AL £FH Y 2
M, A, 94, A2 2A%, A2, QAE, AL A FAe
S, A2 drAe FAs % 5 8 Ao F4Re Ade $HAEE 2499

t}(Fig. 16).

. Central fossa just below the 2nd molar artificial tooth

. Central fossa just below the 1st molar artificial tooth(loading point)
: Distal side(middle) of the root of the 2nd premolar

: Root apex of the 2nd premolar

: Mesial side(middle) of the root of the 2nd premolar

. Distal side(middle) of the root of the 1st premolar

. Root apex of the 1st premolar

A

B

C
D
E
F
G
H

Fig. 16. Measuring points of the fringe order number in the sliced specimen.

: Mesial side(middle) of the root of the 1st premolar
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m -+ 44

v 7he] A HLS a-bromonaphthalene® 532 8& 1: 05852 4L &%
Aol HAAFZ HF7]E ALEste #F#EeH 52 A (isochromatic line)d 5744
(isoclinic line)e] &4 Ueld FHE &8 4 QIt(Fig. 17). 282 Fd39 doAA
S 5y Fad AFFA 6 AR & #A@ASH TAMALS YEUA @a FEA

PuAsE wo A4S 24 5 s Aede B4 2 4 odvhFig 18)

W b4 AE fEw RN TR g5 A F9 AZT L 9N 5
wo E AzAel WA $H PEE A MY £ AEF R 5o
Fey SAN RYA5E SA5] B9 Td L2 hehfdek(Table 1, Fig. 19).

Table 1. Fringe order number at each measuring point in the 4 photoelastic

sliced specimens

Measuring point

URPD A B C D E F G H
C-URPD 35 8.5 55 6.5 1.5 1.0 3.0 0.5
K-URPD 35 6.0 3.5 4.0 0.5 0.5 2.5 0.5

ReA-URPD 35 6.5 0.5 3.0 1.5 0.5 35 1.0
F-URPD 4.0 11.0 75 6.0 0.5 0.5 2.5 1.5

*

C-URPD : Unilateral free-end removable partial denture using clasp

*

K-URPD : Unilateral free—end removable partial denture using Konus crown

*

ReA-URPD : Unilateral free-end removable partial denture using resilient

attachment

*

F-URPD : Unilateral free-end removable partial denture using flexible resin

g NEA Z29X(C-URPD)S 7%

Ty 92oly Ad 82 3§ &

ZA B Ao ¥EE Aoz eyt A H e Tyt
A4 F

o A1 A Aol A 85, A2 AT AL AA o

1
ol

do 4y ol
flr
S~
X
i
Y
BN
;Y

(2
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TA Y Aed B 657, Al £7A ALy LA 304% ehgeh
oA AN el A2 2TAY FHL Wy AxTe] £H0E AYHE

Hog BAEYD 3F] o) A2 ATXE Al AFX BHr; ] 2o oS w
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Fig. 17. Stress fringe pattern of the photoelastic sliced specimens under the

vertical loading. A: C-URPD, B: K-URPD, C: ReA-URPD, D: F-URPD.

Ag Agel Jeg Ho TYASE 670]



oAlA 6.0, A2 &2TA Ao AW FFFolA 353k, A2 AFA ] AL F
Aol A 4.02F, Al AR A B A 2522 dERE T S Ao Ao bl
shFol A2 aAY FHS wet Az FHORE AYHE o® BEEHUL
stwol g8 A2 27AE Al 27 BY o ge JFgs won o
AZ2nAE Aeolng F AHAZ F9 Az AN & %
2 BFEFHAG B G oE FE A ZA A FHo] FFHE FHOE

a2 Fxsto] AA A FHAFE A B E A

o

Fig. 18. Isochromatic fringe pattern of the photoelastic sliced specimens produced
by the unilateral free-end removable partial dentures under the vertical
loading. A: C-URPD, B: K-URPD, C: ReA-URPD, D: F-URPD.

_14_



_?__
Ak Aol dEbd A R s 7Rl Hd &2 §)
A Ho Fel Hod o yeyt SAHCN e FEA
o] Al TR Aol A 65, A2 AT 2o AW FoFR o)A 052, A2

A TAA 3t
Z[:

= FE X ZA

A
AT AT B A 3.0, Al aTA ATw FelA 35xE UEYT
Tk skFol sl A2 AFA FHol vERE S v e AR FHol Al &
TA FHAANE YERT. T Ao 7telxl stFo] A2 AT FEHES wet
Azzo 402 AdHE Ao ARHAG. ANz e 4 g B
ZAE N Al2 AT FY AFHF BHogs FE XZAC tih 2L Sgo] #F
=t
12
——C-URPD
10 L —s— K-UURPD
ReA-URPD
F-URPD
L8
£
=
=
E B
5
D
24
i /.\
A B & D E F G H

Measuring points

Fig. 19. Line diagram of the fringe order number at each measuring point in

the 4 photoelastic sliced specimens.

_15_



4. g4 d3E& o8 WS HEA FALYXN(F-URPD)Y 73 ¢
Ak Al vepd Ao FHARFE 163kl Ao &9

2 27Ae 9 A JFE Aoz vy SA R w2 7

2 zA e Al WA Asol A 11.0, A2 A7A A+ AAE FFEJolA 75

b, A2 AFAY A 9ol 6,07, Al AFA AT F-$lolA 2532 Y

Ehgkth skl o8 A2 2FAE Al &A7A Bu u Be JFgs =

HREAT AAH R 2 FHo] BAHAN A2 ATFH F9 A

FE AxACd ATHE Hol whE I Aol v g =A dFHAG. £T

Hdl 85Tl stsa Bup Aol A2 A A WEbd A A2 AT A
A Foe =2 S0l UEYE Aow Hop Ao o] osiA A2 ATA

of C-URPDoIA Htt ©f & torque’t 28 U+ AL E AR H T

_16_



% T X
° X
] mﬁ 4 B
il ﬂb ] o E]E e
_ J T % X O o ———
Mﬁeﬂﬁoméﬂm“xwo%
o mvmﬂuﬁ il o
fnogﬂywnvzzemg TET T
- L — f ! ) — _ =
%%E%Wﬂg%@wfﬁ &oémxzmﬂmﬂq
m.wL?%ﬂﬂ? e mxiof %Lzﬁ L
o ! — o
geﬁiiwwﬁﬂﬂl?ﬁaﬂ% mou%umu = Hﬁﬁé
of - o| o B . = Jm.._, o N X o AR MM = o = E Tl oF
S ﬂE NG W_i piﬂ ZT ﬁl A‘M_U_ R o HL 17_.0 ﬂA_.o o %E X = ¢E w ﬂA_l = ﬂm_la ﬂl
%ﬁ%LTM%ﬁEQ%E? muwior%#t@QMﬂﬂ
4 M 4o€jo§ 4 ® = 3 _LLL,_@ ﬂﬁqex}ﬂ
ol = ) -+ I e B HP o’ _ % o A NoX
oawwﬂ.ﬁe 4 _Eﬂmﬂﬁr% * Lo F ol e G 5 wr;w
K m° ] ToR ~ e = ] _ o T %0
1; = w. S F R W N W i = ) B o o W <) mL o oo %o L3 _ma
miﬁ}g#ll%? ﬂoz%iﬁe_g4¢17§ = .
{ o ) > s - e oy I~ 0o r z#o ! o oF N
_I == OL —_ ;OH o ZO ~ — A_I J X —_ T K
e\ il = No - . N ay = ur E ! o o 1 W ~ ‘XI - " S =
- % x = w0 30 o om o o " T R o N
B T i S 5 P N 3 R +ow W
L X N © my X % LT o= W I = ) o o A 5 ~ i oF
m_m ~ X 1_._ N — o q N e =) o GH Llw s o ! = (-
;o_/;.%tﬁ%z ﬂﬁﬁﬁo%ﬂeur%]zr@mwﬁeq ul
EHWW%QE Q#]m?dﬂ%@nﬁo@%&muéét
o ° A M%immoﬁm@g%ﬂw&éz__Uro kurﬂm,c_@
) — — — s A
wamyimwwawmm&mgqgﬂgmx@n G
T = F o % = T M o A Mﬁ oA o - e %_ - o o T e
o = HT o Zﬂ ol - Ea Ny Al < n T on ‘_@r ‘Dr.._ ¥ »A.._ 1 ™ )|
< = LR E oo ~ = ~ A upy / B 3 M o J
ﬂﬂ;éro %uﬂﬂo ilﬂwzﬁ%1_o ime
o T 5> W L | ok o7 o " iy N o— Ty oF oo o
© o T of no T qﬂxaéﬁz%ﬂxol%
o = - N % N ol ® all Y o X7 iy ° ®e - X
= = © Yo y T W w| o E oS B <y <7 _
o AT o oE T ™ = =r S o I SN
_f?_ﬂf;% jfgf;“ )
Y + ® do N v o @ Ao a —_—
S - it W R " ol - 4K o =
R NG = o B ol ] N
_AE J U‘.# HT_ N _,A_l —_ i ‘uwuul _:TI Mﬂ . o
Jow A_m W ) o A 2o O O Ho i k mwr &
ra N B E]L Iy o 1+ Mm i Ml Wo .
) - _— ! o
) < w P Wmoﬂﬂwgo
@}%@Lg_ﬁo
~ < T o o= gy )
Do ~ w
- = o
o ~
gl

- 17 -



Thompson %
Ao 7hal A= YHE AUAAA FAoR AxFTo] AET F oz JA

Fe drERT o & AWE dethn B, Pezoli ¥ AHAAH
= i
al

22 Ht YA o fysttta Bastgnh E AT A= Al
WeHe] P AEE 2t= back-action FHAZE AHGAGXNE, A9} Al AT
=

A E Hgadnt. At F%% back-action FeFxazLo] o] $-o] A A oA
Aoz yEon fet

a , & ATl A= back-action F

T2 FH A yEsten feld & e S| A2 A

A RT B GA BEE o] ofsh Ao AdE wTh EF Ao A 7l
<ol JE AxA B oyt FAAA g A2 2TAE

o da¥= Aoz yenten A2 £7AdA o] AR dEH= A

of

A

FYz A BG o]§d FAAE Korber Vol & sf @ morslon, A
Ao ool gkl WAOR AAHLE AnT AAE AL F ol A
ol AAFHE Fo] Aow A A7t dAsE JE A F2A
Hla A, BA, kel WA Hold oz dEA Yo B dFeNe
A2 Aol s Wde] 6°5 Fojste] ddFHoRE At @S AAL
Aol A AF HEAY F2AE AL [garashi 577 AN AFS
B, FUs Qg 043 TaAE FA DA AUA U= o3P



of #PFUA YJEIRon 53 & AZACdA T2 FaHd B 9 He
Hol #AEAT T FAZE o] a9} HwEH, ZYs A HE o
| FaA g8 A2 AFA FHol TG FHo] FYAZE o] §IF FAi
ofxo os) BAF SR o HA e A z2A F A Ao & H
JFol Sz s o8¢ F29AE FH Ao YeEvs W 2y A
HE o3 HaA = FH Aol vEE oy ZYs XS o] &% =
2oz 7b el sl Al ATAY AARAFH A2 AFAE Yoz o] F A
71 ol FHtaxE o] &T FhgA A Bt o A3 F AgqALE sFS #
Fato]l $Eo] Had Aoz Algdn

of ] 7HA AERAY FAZFAE FHA SHEAMOE Hlwste] Dalbo ©f H
ZA M 2 28S AR AgAdE g 4 Lde
ettt B gt £33 Cecconi 5, White””, Kratochvil 5V 1= =
BEHE Bausdr. 2 dAFelA 44 osAH
|3 F2gAE A&t ARAY FH Ax=
5 #EeAT. e w4 A HvlE Al
2TAY FH AxToNA A2 AFA F9 Az YERG $H v = A
=)

EE G4e nW A $PAF0 #34 wvh Fuol ueun $¥e 2E A
2AG FAA0w ARG BAHE BT A2 2T Az 2 QA R

7} A = torque’t AL Ao & Alm HT}
ey 7l Valplast®= 1950 ol Nagyell 9l&] Andol 7184 Farox2
]

Aed TR gy gER B Adx



d Azt HF Bolu A FEEHA o} A AHor $Leriy dEA
Aol whete] AH AokE A9 AAlstA GFa 7HEA
DA S ol 8F maA = Al o A A E 7
% d Ao AZtE o] A=H ofH7tA o]
of gk AF7F A9 o] FoAAA gtk & Aol A HE o] & 4

ol e = A ] Hl3)
AA F9 Axaw Bos IE AxA o Beo] dase Ao vyt o

o

ARAE AZAnAsE Aol #akel, Glickman 57 FEA A7E B3 42
AT Aol ZFef Xl o] BHtp ¢ AotAHor HEHUE e HAFAH.
Kratochvil 5"& Zwradd a0 Ao A ol AHWE §2 FA7F A" v AF
A& ddngshs sl Fasttha @tk El Charkawish El Wakad™'=
Ao AHAMEES o] &3 FAgX o] oa] A thA o] uyEhd &9 strain

Aol F e Aols dAdnAT AL FHAAG

o Abg oA MES oa YEE P& Folil oHAUES By A4S T

ANZ 5 v sk B ATAAE 4948 oHANES o] 47 FaolAE

ARG w AL2 27 AR ARSAL oHAUNE dARolA &
=

X
2

2 ATl 489 AS FEd HEA wag Ao g JE A 2A A TAT
$8& M= g A3 C-URPD, K-URPD, ReA-URPDE F-URPDE T} &
A zAe LA SHol ¥ AHE& o yEwth ol C-URPD, K-URPD,
ReA-URPD Z& =& A7} Ahx/ e A2 = WAL d2A A9 Ax =
Aol st HAE T F9 Axzel §H& A7) wEel IE Ax

%_
Aol= B} ] AL &

Hol WAss AR Andt. ey F-URPD= i
dEEZE gl AdiA o] AAE Fas] 2A Hehr] Wil vE hEA aa

_20_



QA "okd 3§

=

=

| 278 A A

Fol o)

[

94

79
C-URPD, F-URPDETY Y

244
K-URPD, ReA-URPD

=

=

L

24

2] Z A o]
gﬂ}\E

A2
K-URPD, ReA-URPD

byt

=
.

J

L
SR

Pz

Aol A

H] &

X

ofo} & Ao Amu)

A o]
F-URPDY

—_—

o

o

—_—

w

—_
o

L
T

o]

g4

FAo. 1

=

=

°

P Al o

wol st

bol ula
=

=

=

9

o] F& A2 AFAE B
3} 71

]_

wkoF C-URPD, F-URPD
of A #HF

=

H

oz )

AAdnAG"H Al LA
A zA ] F 3t v 4d

=

=

bol gle

S

al

A& A

ok
5

]

A
p/]

I

o2 e

=
T

o] %

601:
Ea
Asolw sAHRYG A2

=

3

A
‘04

E[l.
A4
2]

o]

3 4]

)

]

Ao

oo tei M= ArE oo & Aow AR EU

g A2 27 o
w 7o 73}

#1 Kydd £
et

=

7]

o
o

-
ol

=
il
N

17ro

N

R

A
o 1

X

ga
A
il

SE RO

AH

af AA el 2

gt BE =z 9

A1 o A

ISP EE

J

=

= feld 7h%

R

3

-

A

Aol

=

Oy e R

o171 o1 70| A

64-68)
A

—

NI

TR

Njo

o —
o

o —
o

4

N

<9< C-URPD, F-URPD, K-URPD, ReA-URPD¢®| +2° =

sy o)

F-URPD, C-URPD, ReA-URPD,

_2‘]_

2 Z A ol

b

A
pui



0E o

)?3]'

A= Hol K-URPD7F & ¢

FE A A 2 x4 9

. o1
o =

foig
=4

4 wadAE A

J

=

2l b

(o)

T

=

=

A

il

i

_L
el
o
=
AJm
=T
o

~
o

~

o}
03
e

&

ol

e

Gl

Aol 3

LS|
=

o] Foae ArH

W

)

—_
o

_22_



v.d £

skt 5 A2 A7 28 Kennedy class O SHlolA 94402 A4

5 g A% feE9 AAY TLIAY FHAZE o FH FhIA, T

1. 2 )
2. 2t dd AEe A4 HAd YA+ F-URPD, C-URPD, ReA-URPD,
(3]

3. =4 Ao »E A XA WA FEyHza4E= F-URPD, C-URPD,
=4 HEEH A
T4 x4+ C-URPD, F-URPD, K-URPD,

=)
[¢]
>
-
=
g
)
o
c
=
e
)
s
o
H

4 A2 2TA ATE] BT
ReA-URPD 2= =4 &

5. K-URPDE 02 B2 felw /A4 FaoAel vs) $4852 A 79
AxE3 wE AzA A 2PUA A9 Aoz ey,

e
M)
)
32
oo

74 |5 fad 7bEA 4294 FolA K-URPD7F 7Hd 2]
. ¥ F-URPD= AWA F9 Axs Bup FE 2 x40

_]
XS BoAFAAR AMAE AAeHA G AR weol dAHem o

=
[jlid
)
&O
© &

T
=)
ol
ol
v

_23_



o=
FaEd

. Park K]J. Survey on the cause of tooth loss in the koreans. ] Korean Acad
Dent Health 1981;5(1):52-54.

. Kim SK, Park HK. Permanent tooth mortality and cause of tooth loss; A
clinical and statistical study. J Kor Oral Maxillofac Surg 1991,17(2):63-82.

. Battistuzzi P, Kiyser AF, Kanters N. Partial edentulism, prosthetic treatment
and oral function in a Dutch population. J Oral Rehabil 1987;14:549-555.

. Berg T, Caputo, AA. Maxillary distal-extension removable partial denture
abutments with reduced periodontal support. J Prosthet Dent 1993;70:245-250.
Son HS, Kay KS. A photoelastic stress analysis in mandibular distal
extension removable partial denture designed unilaterally with different direct
retainers. J Korean Acad Prosthodont 1992;30(1):25-42.

. Park I, Eto M, Wakabayashi N, Hideshima M, Ohyama T. Dynamic retentive
force of a mandibular unilateral removable partial denture framework with a
back-action clasp. J] Med Dent Sci 2001;48:105-111.

. Jin X, Sato M, Nishiyama A, Ohyama T. Influence of loading positions of
mandibular unilateral distal extension removable partial dentures on
movements of abutment tooth and denture base. J Med Dent Sci
2004;51:155-163.

Vang MS. Case reports on the removable partial dentures with Konus
telescope. J Korean Acad Prosthodont 1997;35(1):67-77.

. Kay KS, Shin HD, Song HN. Clinical cases & treatment conception for the
distal extension removable partial denture using the attachment. Oral Biology

Research 2005;29(1):113-134.

10. Shin SW, Ahn W], Jung YJ. A three dimensional finite element stress

analysis on the force distribution by distal extension partial dentures

employing attachments. ] Korean Acad Prosthodont 1998;36(6):878-887.

11. Park CW, Hwang YP, Kay KS. Prosthetic restoration of partially edentulous

_24_



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

patients using the Valplast® flexible partial denture system. Oral Biology
Research 2006;30(2):55-73.
McGivney GP, Castleberry DJ. McCracken’s Removable Partial

Prosthodotics. 9th ed. St. Louis : Mosby Co. 1995.

Ortman HR. Factors of bone resorption of the residual ridge. ] Prosthet
Dent 1962;12(3):429-440.

Atwood DA, Coy WA. Clinical cephalometric and densitometric study of
residual ridge. J Prosthet Dent 1971;26(3):280-295.

Monteith BD. Management of loading forces on mandibular distal-extension
prostheses. Partl: Evaluation of concepts for design. ] Prosthet Dent
1984;52(5):673-681.

Monteith BD. Management of loading forces on mandibular distal-extension
prostheses. Partll: Classification for matching modalities to clinical
situations. J Prosthet Dent 1984;52(6):832-836.

Browning JD, Meadors LW, Eick JD. Movement of three removable partial
denture clasp assemblies under occlusal loading. J Prosthet Dent
1986;55(1):69-74.

Frechette AR. The influence of partial denture design on distribution of
force to abutment teeth. J Prosthet Dent 1956;6(2):195-212.

Demer W]J. An analysis of mesial rest-I-bar clasp designs. ] Prosthet Dent
1976;36(3):243-253.

Thompson WD, Kratochvil F]J, Caputo AA. Evaluation of photoelastic stress
patterns produced by various design of bilateral distal-extension removable
partial dentures. J Prosthet Dent 1977;38(3):261-273.

Kydd WL, Daly CH. The biologic and mechanical effects of stress on oral
mucosa. J Prosthet Dent 1982;47(3):317-329.

Hindels GW. Load distribution in extension saddle partial dentures. ]
Prosthet Dent 1952;2(1):92-100.

Lee RE. Mucostatics. Dent Clin N Am 1980;24(1):81-96.

_25_



24.

20.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Holmes JB. Influence of impression procedures and occlusal loading on
partial denture movement. J Prosthet Dent 2001;86(4):335-341.

Leupold R]J, Flinton R], Pfeifer DL. Comparison of vertical movement
occurring during loading of distal-extension removable partial denture bases
made by three impression techniques. J Prosthet Dent 1992;68(2):290-293.
Weinberg LA. Lateral forces in relation to the denture base and clasp
design. J Prosthet Dent 1956;6(6):785-800.

Pezzoli M, Rossetto M, Calderale PM. Evaluation of load transmission by
distal-extension removable partial dentures by using reflection
photoelasticity. J Prosthet Dent 1986;56(3):329-337.

Kratochvil FJ, Caputo AA. Photoelastic analysis of pressure on teeth and
bone supporting removable partial dentures. J Prosthet Dent 1974;32(1):52-61.
Eick JD, Browning JD, Stewart CD, McGarrah HE. Abutment tooth
movement related to fit of a removable partial denture. J Prosthet Dent
1987;57(1):66-72.

Plotnick 1IJ, Beresin VE, Simkins AB. The effect of variations in the
opposing dentition on changes in the partially edentulous mandible. PartIl:
Tooth mobility and chewing efficiency with various maxillary dentitions. ]
Prosthet Dent 1975;33(5):529-534.

Briede UA. Untersuchungen zur Prosthesendynamik an totalen und partiellen
Prothesen. Deutsch zahanaraztl Z 1970;25:793.

Hirschtritt E. Removable partial dentures with stress—broken extension
bases. ] Prosthet Dent 1957;7(3):318-324.

Levin B. Stresshbreakers: A practical approach. Dent Clin N Am
1979;23(1):77-86.

Reitz PV, Caputo AA. A Photoelastic study of stress distribution by a
mandibular split major connector. J Prosthet Dent 1985;54(2):220-225.
Isaacson GO. Telescopic crown retainers for removable partial dentures. J

Prosthet Dent 1969;22(4):436-448.

_26_



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Crum R], Loiselle R]J. Oral perception and proprioception: A review of the
literature and its significance to prosthodontics. J Prosthet Dent
1972;28(2):215-230.

Langer A. Telescopic retainers for removable partial dentures. J Prosthet
Dent 1981;45(1):37-43.

Igarashi Y, Ogata A, Kuroiwa A, Wang CH. Stress distribution and
abutment tooth mobility of distal-extension removable partial dentures with
different retainers: an in vivo study. J Oral Rehabil 1999;26:111-116.

Preiskel HW. Impression techniques for attachment retained distal extension
removable partial denture. J Prosthet Dent 1971;25(6):620-628.

Cecconi BT, Kaiser G, Rahe A. Stressbreakers and the removable partial
denture. J Prosthet Dent 1975;34(2):145-151.

Kratochvil FJ, Thompson WD, Caputo AA. Photoelastic analysis of stress
patterns on teeth and bone with attachment retainers for removable partial
dentures. J Prosthet Dent 1981;46(1):21-28.

Saito M, Miura Y, Notani K, Kawasaki T. Stress distribution of abutments
and Dbase displacement with precision attachment- and telescopic
crown-retained removable partial dentures. J Oral Rehabil 2003;30:482-487.
Craig RG, Peyton FA. Measurement of stresses in fixed-bridge restorations
using a brittle coating technique. J Dent Res 1965;44(4):756-762.

Cecconi BT, Asgar K, Dootz E. The effect of partial denture clasp design
on abutment tooth movement. J Prosthet Dent 1971;25(1):44-56.

Cecconi BT, Asgar K, Dootz E. Removable partial denture abutment tooth
movement as affected by inclination of residual ridges and type of loading. J
Prosthet Dent 1971;25(4):375-381.

Ogata K, Shimizu K. Longitudinal study on forces transmitted from denture
base to retainers of lower free-end saddle dentures with Akers clasps. J
Oral Rehabil 1991;18:471-478.

Charkawi HG, Wakad MT. Effect of splinting on load distribution of

_27_



48.

49.

50.

51.

52.

93.

4.

55.

96.

57.

58.

extracoronal attachment with distal extension prosthesis in vitro. J Prosthet
Dent 1996;76(3):315-320.

Ahn HY, Kim K]J, Cho HW, Jin TH. Stress analysis of abutment for distal
extension removable partial denture by clasp design and impression method.
J Korean Acad Prosthodont 2001;39(5):547-555.

Ahn HY, Jin TH. Effects of abutment splinting on stress distribution in
unilateral distal extension RPD. J Korean Acad  Prosthodont
2004;42(2):154-166.

Ryden H, Bjelkhagen H, Soder P. The use of laser beams for measuring
tooth mobility and tooth movement: An in vitro study. ] Periodontol
1974;45(5):283-287.

Young JM, Altschuler BR. Laser holography in dentistry. J Prosthet Dent
1977;38(2):216-225.

Browning JD, Eick JD, McGarrah HE. Abutment tooth movement measured
in vivo by using stereophotogrammetry. J Prosthet Dent 1987;57(3):323-328.
Craig RG, Farah JW. Stresses from loading distal-extension removable
partial denture. J Prosthet Dent 1978;39(3):274-277.

Takahashi N, Kitagami T, Komori T. Analysis of stress on a fixed partial
denture with a blade-vent implant abutment. J Prosthet Dent
1978;40(2):186-191.

Wright KW]J, Yettram AL. Reactive force distributions for teeth when
loaded singly and when used as fixed partial denture abutments. J Prosthet
Dent 1979;42(4):411-416.

Kim KS, Kim KN, Chang IT. A 3-dimensional finite element stress analysis
on the supporting tissues of removable partial dentures with various retainer
designs. J Korean Acad Prosthodont 1995;33(3):413-439.

White ]JT. Visualization of stress and strain related to removable partial
denture abutments. J Prosthet Dent 1978;40(2):143-151.

MacGregor AR, Farah JW. Stress analysis of mandibular partial dentures

_28_



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

with bounded and free-end saddles. J Dent 1980;8(1):27-34.

Ko SH, McDowell GC, Kotowicz WE. Photoelastic stress analysis of
mandibular removable partial dentures with mesial and distal occlusal rests.
J Prosthet Dent 1986;56(4):454-460.

Chou TM, Caputo AA, Moore D]J, Xiao B. Photoelastic analysis and
comparison of force-transmission characteristics of intracoronal attachments
with clasp distal-extension removable partial dentures. ] Prosthet Dent
1989;62(3):313-319.

Itoh H, Caputo AA, Wylie R, Berg T. Effects of periodontal support and
fixed splinting on load transfer by removable partial dentures. ] Prosthet
Dent 1998;79(4):465-471.

Thompson WD, Kratochvil FJ, Caputo AA. Evaluation of photoelastic stress
patterns produced by various designs of bilateral distal-extension removable
partila dentures. J Prosthet Dent 2004;91(2):105-113.

Zak B. Photoelastische analyse in der orthodonischenmechanick. A Stomatol
1935;33:22-37.

Stewart BL, Edwards RO. Removable partial denture design: A photoelastic
study. ] Biomedical Materials Research 1984;18:979-990.

Cho HW, Chang IT. A photoelastic stress analysis of bilaeral distal
extension removable partial denture with attachment retainers. ] Korean
Acad Prosthodont 1985;23(1):97-112.

Kim BM, Yoo KH. Three-dimensional photoelastic stress analysis of clasp
retainers influenced by various designs on unilateral free-end removable
partial dentures. J Korean Acad Prosthodont 1994;32(4):526-552.

Son JY, Lee CH, Jo KH. A photoelastic stress analysis in the surrounding
tissues of teeth seated by indirect retainers when applied dislodging forces
on unilateral distal extention partial dentures. ] Korean Acad Prosthodont
1996;34(3):415-430.

Lee SH, Lee CH, Jo KH. Analysis of stress developed within the supporting

_29_



69.

70.

71.

2.

73.

74.

tissue of abutment tooth with indirect retainer according to various designs
of direct retainer and degree of bone resorption. J Korean Acad Prosthodont
1998;36(1):150-165.

Shohet H. Relative magnitudes of stress on abutment teeth with different
retainers. J Prosthet Dent 1969;21:267-282.

Korber KH. Konuskronen—ein physikalisch definiertes telescope system.
Dtsch Zahniarztl Z 23; 619, 1968.

Valplast® Processing Technique. Valplast International Corporation. 1998;
4-9.

Glickman 1. Photoelastic analysis of internal stresses in the periodontium
created by occlusal forces. J Periodontal 1970;41(1):30-35.

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

Kydd WL, Dutton DA, Smith DW. Lateral forces exerted on abutment teeth
by partial dentures. ] Am Dent Assoc 1964;68:859.

_30_



	Ⅰ. 서론
	Ⅱ. 연구재료 및 방법
	Ⅲ. 연구성적
	Ⅳ. 총괄 및 고안
	Ⅴ. 결론
	참고문헌

