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ANA JEFEE HFAAA 5m, F AA
JETEE 15me HFE FAH(Fig. 1).

7z} wj2Ro] Zo] 13mm, 7 3.75mme] Bra
nemark implant(Nobelpharma, SDCA 018,
Sweden) & 9AAI7]1L ol 7} JEFEE
AEo] BF 7AR FHo] HEE Jon
USTE AR 1yt B Ao YA
EiA=8

Zt JEIE Yo ;o] 55me] standard
abutment(SDCA 005, Nobelpharma, Sweden)
£.2 Dal-Ro abutment(3i Implant Innovations
Co, USA)S 443} 20 Nemo] o2 1
ARk 23 AxA= HEE AFAE °
g38ted AAE 1mm, FXF 15m FAZ Xx
AL AHE3A

2. A5 gEZzo| =t

2719) ASHEE YT R¥A= 4 7HAY
v} o ef X 9+ 7FR12] ZHE oA HES
A3t AR FzEL AREPIT 4749

498 mdolE 2 7N o oy
AgEd 43 7EES AR
oA Aol AHgF 2EA ofHAA
5% 03} 2oH(Table 1).
Aol AL 7 A DES B4 o)F
8% ARTFZES euNA Ay of
3o} 2o,

==
=
ES

&
bl
i
9)

m ol b e

1) H|2H2t8 Dolder bar : Dolder bare ¢
dEH vPgF o2 Y F glen nggt
He zo] 2.3mm, & 1.6mmo W3] FF(church
window) 3 ©HE 713 54 ul9} &g 2
A e E T QUL vk} S H Alo]oj
E FA ZAE glol dR dXF Ui
adiE BEEoe 43 A3l 5% b5

2) 2t2t3 Dolder bar : o] Eo] 2.3m, Z
16mme] BZF Z& Agu] =<k g4 nio}
g8 2 FXFEE FAH 3 7F {4
AAE o] & uio} &8 Alold] FTHE Fo
F4 2 373 &%) M3k

3) Round bar : °]= X|& 1.9m2] 43 &

e

12 mm

2-implant supported overdenture

15 w0

SmIn

4-implant supported overdenture

Fig. 1. Implant positions in photoelastic model

Table 1. Overdenture attachment design used in this study

Number of Implant Type of Attachment Code
2 Implants Dolder bar (rigid) Dr
2 Implants Dolder bar (resilient) D
2 Implants Round bar R
2 Implants Hader bar H
2 Implants Dal-Ro attachment S
4 Implants Dolder bar (resilient) D4
4 Implants Hader bar H4
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vt A7l &ejE €2 HF #2 FX=2
TRHY XA e g2 A3}
A2 FHo] Uk

o] 371A8] 5420 2 Ho| & vk T
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5) Dal-Ro HEHX|HE : & = 2] ElojElE
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vations Co., USA) 9} &7 9] 9 B2 A5 o]
Aor gHE JAdE S BE Ad glo] g3l
9 x)gol] HZFA] RFEE BIFEE Hol Qo)
FHAage] ot o] olx AMETHEsaL oF
700g8] FAHE AYL gor FAHY =
ol 7bs st
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2o 29 BAGARANE AHA 7
e H1E 92 Og A Aue
Qstd AR,

L gk

3. 2H{EIF o XM=

dH AL Yt Nz 3
FEAE YA USHES A3E 1Y
dZsn I AFAE 9FE A5 £
B REE AFEHTh AT wgPA
o] 2 7|A R HP3== AA FAX(Ivo-
clar Co., Lichtenschtein) & vl¥3lz 244 %
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Fig. 2. Schematic representation of section line of specimen.

Fig. 3. Measuring points between the implant and the surrounding structure in the me-
sio-distal section (2-implant supported overdenture).

Fig. 4. Measuring points between the implant and the surrounding structure in the mesio-
distal section (4-implant supported overdenture).

o3 & AFHE TR Y I (Fig. 34). 32 SIS FA e S
' £ udl gvrad A (shear-differe-
2) T3l A&t nce method) °J\t 73*}%}/\}2} H (oblique-inci-

A FeAA s B TR A0S dence method)& AFEE & ded B AF
=384l (pure bending) 2| ANME BAYAIZAH S o] 83 S 4Juby e
ste) BTk ARESte JETRESL] 29 BRAMY €S
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Oy, 00
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Al BYRE, No= +6 QAMZHA] FExs O
1 Nwe QAHA] FHAE vehdth &
3 Ce A9 FHASF A5, t5 A9
=7, pe A9 88 BE 0 BAIYA

o2 300 21 ox%} oye A x9 v
gko 2 o] SYPAJFolnt

A(DFH 2(3)& o] 839 ox% oyE T
F Atk =3 FojAW HRE o] &3t HAE
EE S =
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Ty = %(01 —0y) = sin28

N]»—l

Aq71A, tye xyHHANA e A58 (shear
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ZoX 5 4F8EHe FFE Yeayn
AEG AAZeA b FA YeElgtoy ol
g § 27k AETE 71 FFF 3H9
2XE YA

Ay
.

2) 27429 AZRIER} 2128 Dolder bar2
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2 -0.66~-0.80 27} e TE E3] 815359
L4 AR -155 2}, 2AF] 185 A2
S8 o] A TR =3 BjAtF 9 Dol-
der bar®} 20| g5 EFH H)EF5Sd BF &
& go] Uetth :

3) 274e| ERIEL} Round barZE 0|28t
HHEIF|

Round barE ©|83 7% 352 &5
— & AAAA -058~-0.76 =2 Tz
eI H]EFZo e 0.09~040 =19
HarE B Q3-8 S el

—_—

4) 27le| E2EL} Hader barE O|E%!
eElIE
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Table 2. Fringe orders in loaded

side (2-implant supported

overdenture)

Measuring point

Attachment A B ¢ D E F
Dolder bar(rigid) -0.68 -0.66 -0.69 -0.51 -0.56 -0.60
Dolder bar(resilient) -1.55 -1.59 -1.85 -0.68 -0.68 -0.85
Round bar -0.64 -0.62 -0.67 -0.76 -0.58 -0.78
Hader bar -0.82 -0.64 -051 -0.69 -0.87 -0.84
Dal-Ro attachment -0.57 -0.77 -0.67 -0.61 -0.83 -0.87
— compression
Table 3. Fringe orders in unloaded side (2-implant supported overdenture)
Measuring point G q I ] K L
Attachment
Dolder bar(rigid) 047 044 057 094  -084 094
Dolder bar(resilient) -0.81 -0.78 -0.66 -0.89 -0.73 -0.72
Round bar 0.09 0.19 0.26 0.40 0.20 0.18
Hader bar 0.42 0.19 0.39 0.33 0.28 0.07
Dal-Ro attachment 0.45 0.42 1.12 111 0.39 0.44
-+ tension, — compression
Table 4. Fringe orders in loaded side (4-implant supported overdenture)
Code A B C D E F G H I ] K L
D4 -0.33 -0.33 -047 -0.79 -067 -083 -0.76 -0.53 -0.76 -0.59 -0.79 -0.79
H4 -0.87 -089 -0.81 -059 -0.89 -095 -0.81 -0.74 -0.83 -0.74 -0.72 -049
— compression
Table 5. Fringe orders in unloaded side (4-implant supported overdenture)
Code A B C D E F G H I ] K L
D4 -093 -0.78 -0.75 -0.89 -0.73 -0.73 -1.00 -1.00 -092 -0.76 -1.00 -0.74
H4 -0.57 -0.74 -0.89 -0.87 -085 -088 -084 -0.68 -0.77 -0.77 -0.89 -0.62
— compression

M oS FFog 0.07~042 2
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AR SERHEYG $Ho) & Aoz
Bl vEtEEoME A4S X R4 042
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3EE YEVE-Z ARANA -058~-0.87
zte] FX57F vEhg 3 ¥ EE S A 040~1.

E2} Dal-Ro attachment2
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2719 dEvES vFFS 2749
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1.5
—&— Dolder bar{rigid)
- 17
3 —&— Dolder bar(resilient
6 05
o —— Round bar
20
= —>— Hader bar
*054
—X— DalRo attachrrent
_1

Fringe order

Fringe order

Measuring point

Fig. 5. Fringe order at the measuring points in loaded side.
(2-implant supported overdenture)

_ ¢ Delder bar(rigid)
—g— Dolder bar(resilient)
—a— Round bar

—¢— Hader bar

—x— Dal-Ro attachment

Measuring Point

Fig. 6. Fringe order at the measuring points in unloaded side.
(2-implant supported overdenture)

Measuring Point

Fig. 7. Fringe order at the measuring points in loaded side.
(4-implant supported overdenture)

584



Fringe order

ileasuring Point

Fig. 8. Fringe order at the measuring points in unloaded side.
(4-implant supported overdenture)
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(Table 6,7, Fig.9—18).
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Table 6. Principal stresses in alveolar crest(2-implant supported overdenture)

Code A F G L
G -0.029 -0.027 -0.038 -0.066
) -0.147 -0.094 -0.217 -0.109
Dr Ox -0.052 -0.032 -0.170 -0.080
o, -0.124 -0.088 -0.134 -0.095
Ty -0.047 -0.019 -0.062 -0.020
o1 0.912 -0.069 -0.073 -0.095
G2 -0.286 -0.120 -0.190 -0.110
D O 0.910 -0.118 -0.150 -0.110
oy -0.284 -0.071 -0.113 -0.095
Ty -0.050 -0.010 -0.055 0.000
o} -0.024 -0.020 0.169 0.039
e ) -0.117 -0.113 0.013 0.022
R O -0.040 -0.110 0.013 0.030
o -0.101 -0.023 0.169 0.030
Ty -0.035 -0.017 0.002 0.008
o1 -0.004 0.267 0.040 0.115
o2 -0.121 -0.120 -0.027 -0.016
H o -0.111 0.266 -0.027 -0.015
Gy -0.014 -0.119 0.040 0.115
Ty -0.033 -0.021 0.033 0.005
C1 -0.046 -0.058 0.067 0.078
o) -0.095 -0.179 0.051 0.029
S O -0.081 -0.130 0.052 0.068
o, -0.060 -0.106 0.066 0.038
Tay -0.022 -0.059 0.002 0.019
Table 7. Principal stresses in alveolar crest (4-implant supported overdenture)
Code A F G L M R S X
o1 0778 -0.033 -0.051 -0.039 -0.057 -0.056 -0.065 -0.050
o) -0.180 -0.014 -0170 -0.058 -0.204 -0.135 -0.174 -0.189
D-4 Ox 0777 -0.131 -0.090 -0.132 -0.167 -0.103 -0.145 -0.169
o, -0.179 -0.045 -0.131 -0.065 -0.094 -0.088 -0.093 -0.069
Ty -0.038 -0.068 -0.059 -0.022 -0025 -0.055 -0.047 -0.390
o 0019 -0.067 -0.059 -0.058 -0.054 -0.050 -0.066 -0.040
O2 -0.131 -0.207 -0179 -0.139 -0.136 -0.167 -0.187 -0.121
H-4 Ox 0009 -0.152 -0.127 -0.132 -0.167 -0.103 -0.145 -0.169
o, 0121 -0121 -0110 -0065 -0.063 -0.089 -0.088 -0.068
Toy -0.029 -0.035 -0.056 -0.049 -0.064 -0.038 -0.048 -0.048
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Fig. 9. Maximum principal stress(c;) at the alveolar crest
(2-implant supported overdenture)
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Fg. 10. Minimum principal stress(c,) at the alveolar crest
(2-implant supported overdenture)
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10 MPa
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Fig. 11. Principal stress on the x-axis(c,) at the alveolar crest
(2-implant supported overdenture)
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Fig. 12. Principal stress on the y-axis(o,) at the alveolar crest
(2-implant supported overdenture)
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Fig. 13. Shear stress(z,,) at the alveolar crest
(2-implant supported overdenture)
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Fig. 14. Maximum principal stress(c,) at the alveolar crest
(4-implant supported overdenture)
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Fig. 15. Minimum principal stress(c;) at the alveolar crest
(4-implant supported overdenture)
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Fig. 16. Principal stress on the x-axis(c.) at the alveolar crest
(4-implant supported overdenture)
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Fig. 17. Principal stress on the y-axis(c,) at the alveolar crest
(4-implant supported overdenture)
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Fig. 18. Shear stress(t,,) at the alveolar crest
(4-implant supported overdenture)
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—Abstract—

A THREE DIMENSIONAL PHOTOELASTIC STRESS ANALYSIS OF
IMPLANT-SUPPORTED MANDIBULAR OVERDENTURE ACCORDING
TO IMPLANT NUMBER AND ATTACHMENT TYPE

Sang-Hoon Han, Yoon-Sup Tae, Tae-Ho Jin, Hye-Won Cho

Depi. of Prosthodontics, College of Dentistry, Wonkwang University

The purpose of this study is to evaluate the stress distribution in the bone around dental

implants supporting mandibular overdenture according to the number of implant and the
type of attachment. Two or four implants were placed in an edentulous mandibular model
and three dimensional photoelastic stress analysis was carried out to measure the fringe
order around the implant supporting structure and also to calculate principal stress compo-
nents at cervical area of each implant. The attachments tested were rigid and resilient
type of Dolder bar, Round bar, Hader bar and Dal-Ro attchment.

1.

The results were as follows ;

In 2-implant supported overdenture using Round bar, Hader bar, and Dal-Ro attachment,
compressive stress pattern was observed on the supporting structure of implant on loaded
side, while tensile stress pattern in unloaded side.

In 2-implant supported overdenture using Dolder bar, the rigid Dolder bar shared the
occlusal loads between 2 implants in a more favorable manner than was exhibited by
the resilient type, while the resilient type placed a more stress on the distocervical
area of the implant on the loaded side. But compressive stress pattern was observed
in both the loaded and unloaded sides in either case.

. In 2-implant supported overdenture, rigid and resilient type of Dolder bar exhibited

more cross arch involvement than the Round bar, Hader bar, or Dal-Ro attachment.

. In 4-implant supported overdenture using resilient Dolder bar and Hader bar, stress

turned out to be distributed evenly among the implants between loaded and unloaded
side, but ther was no reduction in the magnitude of the stress in the surrounding structure
of implant contratry to 2-implant supported overdenture.

. The stress pattern at cervical area of implant was different with the number of implant

or the type of attachment but the overload, harmful to surrounding structure of implant,
was not observed.
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