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HEH, ojgfgt 4 AESHE 5ol 7tal
Ae s #Age] WAIdT: s,

Berglundh 5'"& YZHE F9 Hulo] A3
Z7Ae] oA Fao] dasin, dx
2] Fato] RZgk A go AAg %75 g}
7] el A2z F7t HAsH] Wit dF
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7t B s, Aok n A o] AWM
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DUELA]

oo

4

HENM DEMQt ATH | OI0H (2 SR

sttt B RN dETHETL wjxE
9] Al AR = ALEE] 2 4
3 Fa, AXFWoR TR AP
AEHEE Zo| 10m, ZH7te] 27 ¢l 4.0m, 5.0
m 2182 6.0me Y4 §4FEE 7 31 Y
Z & E(3i, Implant Innovations, Inc., USA)E Al-&
StithFig. ). 4749 JEHEE HPPES
|

71 el Aullolo] S o] &ste] A olA 2m,
AZHE Zto|& 3m 7HF 0] HEE XA7] 1
22 A nFA o 9128 T3 (Twist
Lock Impression Coping, 3i, Implant Innovations,
Inc., USA)S 9435a, BAE 22 Z(KE1300,
Shin-Etsu, Japan)2 ©]-8-3}o] 85 #2459 th.
e 7Y} 1YAE AT F AT 79
o AN A7\m, setEn AR By SE
7171 FEd# A (PL-2;  Photoelastic  Division,
Measurement Group Inc. Ralegh. USA)< A Z=Ak
o AR EFete] A2 FPo o e

=

Table 1. Photoelastic simulants

Fig. 2. Photoelastic model

AA AT Ee Fed R ] AR o
gte A obE Al#tety] st shet AR S FA
o AelE FE = AFsta Aokt Ak g4
AFES 7 e @ A (PLM-1, Measurement
Group Inc. Ralegh. USA)< F93to] 2 84A]7] L,
B Yo Ao HAAE HAsAn

& ©
wyge yeo

(Table 1). A|Z¥ FeA T3}
Fgo] glS F=Z TS dAvfsta &8
£ st Mgt thFg. 2).
2) W frAE BAEES AR
FEA o] mjAH dEHE A <
48 A3 (Pick-Up Impression Coping, 3i, Implant
Innovations, Inc., USA)& 43tz A= A4
A (Exafine, GC Co., Tokyo. Japan) 2 <1743 A5
StATh A E & AZSHE o2 IS QA
2

£ FZYof| d4sta, YZHE 9 4
&317] 9 sle] A 2] Z(GiMask, GC America Inc.,

[e]
24<

Tissue E(lPa) v Simulant E(\Pa) %
Tooth 29,000 0.31 PLM-1 2,931 0.36
Alveolar bone 490 0.30 PL-2 207 0.42
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Table . Implant fixtures and abutments used in

this study
Diameter (mm)
Group

Implant fixture Abutment Crown
1 4.0 4.1 7.0
2 5.0 5.0 7.0
3 5.0 8.0
4 4.1 7.0
5 4.1 8.0
6 6.0 6.0 7.0
7 6.0 9.0
8 4.1 7.0
9 4.1 9.0

Alsip, USA)= AH&-stlTh 2133 ol A &3¢t
%742 31(Tuff Rock-Type IV. Talladium Inc. USA)
£ QABA A Fo A9 ZE & A sk
UEZHE FH BHHELS 1A o YAA]
Fo=z 7hedt 7ol 9lE UCLA AtF(3i,
Implant innovation, Inc., US.A)S AA3}9 1L, 7
Zre] ¢ X]O} FEER 9@ A 4
2| ote] P& S Wheeler”2] & 5 Zﬂ'ﬁ el o
ot ‘Eﬂﬁxﬂl/\?ﬂ«l JEHE 7B oz slo] %
o] EolE 85mE FHE AFBIAT) 2 He
49N & 70mm°i g g Ao TR
e S Z7kA1A 7.0mn, 8.0

N

J 3, 27}Xl BFolA 247t o
St A2} 4.1m A5 AF

ZHE 27
g3kl X TS At th(Table ). € HE
o] wHLe FHS AAsH] &) npge] 3

83}/ milling machine(PF-200, CM., Biel-Bienne,
Switzerland) 2.2 &S A &3}

mj=at7] Aol 93 dES e 23
AN 3, AFEe} AW Alolo] #AE &
ot} 48 Fo A|38 & (Aurofluid®

256

Fig. 3. Fabricated superstructures of implant

2PF, Metalor, Switzerland) 2.2 FZE A3}
ow, Fx o A AelE Aldstth 108 &
o 713¢ dAnA R F2A WHS HASa,
A& 24 A (Fit-Checker, GC Co., Japan)Z A}
£alo] FEel A8 23RS FAAATHEg 3.
HEFEQ T SIS F BF A o
ZA3t1 20Nene] EFE 13 AT

o
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Ho
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ClQIR| QIZRIE0IA DRI KICHE ZZ0| Kolol (12 ZEHK 821 2

T 48 BX AFE v B €7] @ 2) e B4
H3l571E o]&3led, 15 b9} 30 be] 52 7} o] Bxel A7 sHA g8y Yete] B
stk e 7He ) kA& A 2ot ol e AHEsITh AAvle B, diffuser,
Y] F#3 A A wIFTH # polarizer, quarter-wave plates, analyzer2 - & o]
round burg ©]-&ato] x| ZA4F A4l 5t A Th(Fig. 5).
e et 289 sksA 99 0.8 m AZHE FIxH9 BE BN Yehte
2739 &8 2wl @6}%7191 ol & HAFAQ SHFEE &k, e TS
A stsEo® 4 dtsa 7HeAthFig. 4). wf gehd 2E el TAste 544 FH =

15 b2} 30 b9 35 7‘7‘4 X Foll 413}, 219 7} 2k(Nikon D100, Japan)S Al-8-3fe] 2
T+, Al 7hekia, kg Tk Felle 5 2 datdth. F9® NG FUYASES
el FA71% ol ARl AAAA & F 24 ¥ welATH(Table M)

o] 8% slglon, Avte AR B9le
7] S8kl Haxgk oW o] wkR AlEstiT
Table II. Isochromatic fringe characteristics
for interpretation

Color Fringe order
™)
Black 0
Gray 0.28
White 0.45
Pale yellow 0.60
Orange 0.80
Dull red 0.90
Purple(tint of passage no.l) 1.00
Deep blue 1.08
Fig. 4. Loading device Blue-green 1.22
Green-yellow 1.39
Orange 1.63
Light Rose red 1.82
Source: H H H H H °e Purple(tint of passage no.2) 2.00
Kl U U U U Green 235
e Spec-imenQ2 - Computer Green-yellow 2.50
:; : :ﬁlaalrizer Red 2.65
Q1,q2: Jj:,'t -wave plate Processor Red/green transition(tint of passage no.3) 3.00
Green 3.10
Fig. 5. Schematic drawing of a circular Pink 3.65
polariscope Pink/green transition(tint of passage no.4)  4.00
Green 4.15
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2914 2719 BAgle]

& oo € Hr S
oz
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o
lo
J

Bo|A 15 b &F&0] 7taAe uf Sk
me 5 mn A E 08032 e 2}
Holub 6 mn LAY 7 Folle Feio
g-2o] 090 2t= Z7}gth 30 Ib FFAA % 15
b 3tFol A 9} A2 4 mn, 5 nn 327 A of] A
© 12224, 22 249 38 S B o 6 m
FAANAE 139 22 o] Zrlelgh W
AT A= 15 b aFzollA 5 mn A Al
A 122 2F, 22 F-9olA 4m A 9] 1.39 A}

1o o ofN ri ot
wu o rld o S o L oofN mo

o 4y o

Group 6 Group 7 Group 8 Group 9
| I I

Fig. 6. Isochromatic fringe order around 6 mm
fixture according to abutment, crown
diameter under central loading 15
Ib(a), 30 Ib(b)
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B} wroka, 5 mm 2P A YANAM 1.63 2, 2
B A 6 mm 2AA S 1.398 T} =9t} 30 Ib
StEo| = 5 m A 24l A 2,00 A, 2
Hoo A 4 mn 2 A 2.35 AFET}; @k, 5
mn A LAl 2,50 2, 2L F9 oA 6 mn
uFA] 1.82 A B} E=SktHFig. 7, 8).

2) A shEE 7k A

15 1b k5] 7kl w, 4 mn g A <] Lol
AE 200 A5 YEMI R, ZE 914 5 m
Ao ZAdAME 1.63 A2 YeRASIT 5
m A 2] 9AME 2,00 A2 JERRSI L, 6
m LFA L] ZAME 1.63 IS UERASITH
30 Ib 8}5°] 7k wl, 4 mm 2 A 2] LAl A
= 3.00 A& e, 22 FollA 5 m L

Group 2 Group 6

Group 1

Fig. 7. Isochromatic fringe pattern around
fixture (left: 4 mm, center: & m, right: 6
m) under central loading with 15 Ib(a)
and 30 Ib(b)
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g m 301b = B 151b
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0
mesial apex distal mesial apex distal mesial apex distal

4mm fixture Smm fixture 6mm fixture

Measuring point

Fig. 8. Mean values of fringe order around
fixture under central loading

A ZAdAE 265 22 JERAQITE 5 m
DAA ] YAgAE 3.00 xS YERNA T, 6
m A AN E 250 S YERAAH
(Fig. 9, 10).

Group 2 Group 6

distla loading  mesial loading distal loading  mesial loading
Fig. 9. Isochromatic fringe pattern around

fixture under mesial and distal loading
with 15 Ib(a), 30 Ib(b)

Group 1 Group 2

a
b
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distal mesial

distal mesial

4mm fixture 5mm fixture 6mm fixture

Measuring points
Fig. 10. Mean values of fringe order around
fixture under mesial and distal loading

=2 =40 (e 8428

=

2. 2= X2

D5 mm A stz 7kt A5

15 3t 5 mm A FFT722 7 m
A% 2 7 Eu] A E A 1.632F, 8 mn
Aol 7S 2,002 YERIITE F3<]
2730l F7eel| webr] X2 F-9fel g o]
7t o, SEFAE S Fo] Wt
71 Aol #AHJ Y. A4 s S
W= Ho 7Y 2Aes 2oy, $3€o Hegst
WA #EE A

30 1b 35S 5 m AL AEFEA 7 m
2 %e] ZAld 7S Ao A 2.652F, 8 mn
2ol 7F S 4ol A 2,502 VERY QLT
SEF A= Z Aol & HolA] sith YAl
stes Hede M e Y Are 2L
u, e WLt WA #EH A ThFig. 11).

2) 6 mm P A 5= 7FE A

151b 3t5< 6 m LAY FFF2A 7 m
282 9 mn 2| #e] ZAlo rhelad, Mt
TERN sF e Aozt gl 29

=g 7HEu+= 7 mn X Tl A
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7}7F VEbst) ek 2k A
As me $ERT He WAVt
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2.502F, 9 mm
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Group 2 Group 3

Fig. 11. Isochromatic fringe pattern around 5
m fixture under 15 Ib(a), 30 Ib(b)
loading

Group 6 Group 7

| II II

Fig. 12. Isochromatic fringe pattern around 6
mn fixture under loading with 15 Ib(a)
and 30 Ib(b)

S7hstSith 15 1bg 30 1b2] ata& Ailol 78l
ol AR A5 I/MIAR % el
2 ztel= Ve °-‘2krﬁr(Fig. 12).
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Group 2 Group 4 Group 3 Group 5

Fig. 13. Isochromatic fringe pattern around 5
mn fixture under mesial loading with 15
Ib(a) and 30 Ib(b)

DEAIQ KICHE=C| 2AXIO 0 (2 SeE®E
1) 5 mm A A Ao

< uf

15 ¢ sta< 7Het &
A A A S g
= 99 S = S F
i
30 b 9 3t5E 7kl S wox=
g Yo, A5 vd EESmm o2 Az
st A Fe] A4S AA 3 7 ol 2.50%
AA 3.002k= o] FrIstHon, 1A 2
o] SHoA EHol HFH e F7F St
319 THFig. 13, 14).

7%, 5 mn LA Aol
Eotal, A #e| £7

Aol 7} JERIA

Al e

2) 6 mm P AANA AUFe] AAE de] A
=
151b 9 35S 7138t9S 4%, 6 mn 2 Ao
A AT A S g F5sta, A #e] 3
< gy sl P E o)z YA
AUt 30 b & 35S 71 S wlol & 232
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Group 2 Group 4 Group 3 Group 5

Fig. 14. Isochromatic fringe pattern around 5mn

fixture under distal loading with 15
Ib(a) and 30 Ib(b)

Group 6 Group 8 Group 7 Group 9

Fig. 15. Isochromatic fringe order around 6 mn
fixture under mesial loading with 15
Ib(a) and 30 Ib(b)

A717F 9 mzE AR wal ¥R
2,507l A 26522 S71ekgl 3, X2
2 g3 Fo] AR ArkFg 15, 16).

2ol
Ho.
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Group 6 Group 8 Group 7 Group 9

Fig. 16.

I[sochromatic fringe pattern around 6
mn fixture under distal loading with 15
Ib(a) and 30 Ib(b).
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Photoelastic Stress Analysis of Single Implant Restoration According
to Implant Fixture Size and Abutment Diameter

Jin-Han Lee, Hye-Won Cho
Department of Prosthodontics, College of dentistry, Wonkwang University

The purpose of this study was to evaluate the pattern and the magnitude of stress distribution in the supporting tissues
surrounding implant fixture with different diameter of implant fixtures(3i implant, ?4.0, ¥5.0, J6.0mm) and UCLA
abutments(J4.1, 5.0, ¥6.0mm) using photoelastic stress analysis.

Photoelastic model was made with PL-2 resin(Measurements Group, Raleigh, USA) and three implants of each diameter
were placed in the mandibular posterior edentulous area distal to the canine. Individual crowns were fabricated using UCLA
abutments. Photoelastic stress analysis was carried out to measure the fringe order around the implant supporting structure
under simulated loading conditions(15 1b, 30 Ib).

The results were as follows;

1. The more the diameter of implant fixture was increased, the less the stress concentration on cervical area of fixture was
observed under loading.

2. Increasing mesiodistal diameter of implant superstructure had no much influence on stress distribution around implant
fixture.

3. The use of smaller abutment had no influence on stress distribution around implant fixture.

The use of smaller abutment diameter than that of implant fixture had no favorable effect on implant supporting tissue
at biomechanical consideration.

Key word: photoelastic stress analysis, stress distribution
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