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Stress Analysis of Abutment and Supporting Tissues by Changing Angles

and Heights of Konus Telescope Inner Crown

Mong-Sook Vang: Lawrence Gettleman

Department of Prosthodontics, College of Dentistry Chonnam National University

Department of Prosthodontics, School of Dentisry University of Louisville

This study was to evaluate and to compare the compressive strength and the displacement effecting the abutment
or the residual ridge which are transformed by the angle and the heights of the konus denture inner crown when
restorating the unilateral konus denture by using the mandibular canine and the 1st premolar as an abutment. The
author made 9 different models for different inner crown heights and konus angles. The inner crown height were divided
to Smm, 6mm, and 7mm and konus angles was divided to 4°, 6°, and 8°. And then in each model, Skg of 15° mesial
load was stressed on the central fossa of the Ist premolar and the 1st molar. The stresses and displacement were
measured using the finite element analysis.

The results were as follows

1. The maximum compressive strength was shown on the connective area of the abutment and the denture base.

2. As the angle of the inner crown becomes increased, the compressive strength was shown smaller.

3. As the height of the inner crown becomes increased, the maximum compressive strength was shown smaller
while the compressive strength of the root apex and the residual ridge showed larger.

4. When the stress was loaded only on the 1st premolar, the more compressive strength was concentrated on
the root apex area of the Ist premolar.

5. When the stress was loaded only on the Ist premolar, the compressive strength was concentrated uniformly
on the abutment and the residual ridge.

6. When the stress was loaded only on the 1st molar, the maximum displacement was shown on the distal part
of the residual ridge.

Key words : finite element analysis, konus telescopic partial denture, konus angle , height of inner crown
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Table 1. Mechanical

2SI T (Fig 1) A THH| 9} o 443}

property of each material

type
Material type Young's m02dulus Poiss?n‘s

(Kg/mm") ratio
Oral mucosa 0.35 0.45
Cancellous bone 1.53%10 0.30
Cortical bone 1.53x10° 0.30
Dentin 1.224x10° 0.30
Periodontal ligament 2.04 0.45
Gold casting alloy 8.46x10° 0.33
Titanium 1.122x10* 0.35
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Fig. 1 Finite element mesh of model and stress

measuring points

L1

L2 :

0 : connector area

1 : mesial of canine

2 . apex of canine root

3 @ distal of canine

4 mesial of 1sr premolar
5
6
7
8
9

apex of 1st premoalr

. distal of 1lsr premolar
: under 2nd molar
: under 1st molar
: under 2nd molar

. load to premolar
load to molar

. H+Zn

1. M127%] SHSA|(Table 2,4.)
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Table 2. von Mises Stress on each point under 1st premolar load (unit : Kg/mm®)
) Model
point

5-4 5-6 5-8 6-4 6-6 6-8 7-4 7-6 7-8
0 11.210 10.000 9.156 10.800 11.000 10.400 9.200 8.430 8.101
1 0.147 0.145 0.144 0.144 0.147 0.145 0.151 0.149 0.147
2 0.265 0.264 0.265 0.263 0.257 0.258 0.252 0.252 0.253
3 0.067 0.067 0.065 0.068 0.067 0.066 0.071 0.069 0.068
4 0.050 0.050 0.050 0.053 0.054 0.053 0.061 0.060 0.059
5 0.890 0.878 0.875 0.926 0.927 0.917 1.010 0.990 0.974
6 0.213 0.211 0.208 0.214 0.220 0.217 0.246 0.240 0.235
7 0.098 0.097 0.096 0.100 0.104 0.102 0.121 0.117 0.115
8 0.050 0.050 0.049 0.050 0.051 0.051 0.055 0.054 0.054
9 0.020 0.020 0.020 0.019 0.021 0.021 0.023 0.023 0.023
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Qi o7l emm¥ WE  0.263Kg/mm’, 0.257
Kg/mm’, 0.258Kg/mm*e] S B3 o Tmmd wj=
0.252Kg/mm’, 0.252Kg/mm” 0.253K g/mm’*¢] #+& B
Ak AA S AE F99 A2zl §8e A
A 8] =ol7F smm ©]aL Z}E7) 4%, 67, B 8°Q A
0.147Kg/mm’, 0.145Kg/mm’ 2 0.144Kg/mm’S B
i =ol7F emme Wi 0.144Kg/mm’, 0.147K g/mm’,
0.145Kg/mm®?] & BIoem TmmY o=
0.151Kg/mm®, 0.149Kg/ mm* 2 0.147Kg/mm’ 2] <
RO A YH5 A 5] Axze] S8
AA ] Fol7F smm o]il ZtEv} 47, 6%, 2 873l
7% 0.0673Kg/mm’, 0.0675Kg/mm’ 2 0.0657Kg/mm”
S B %7 emm¥ W 0.0685Kg/mm’,
0.0675Kg/mm’, 0.0666Kg/mm’®] #t-S B 0™ 7mm
A o= 0.0711Kg/mm’, 0.0698Kg/mm’, 0.0687
Kg/mm’e] gH& BT A1 2723 27 H99
Az=0] 8 AR 9] o7k Smm o]i 7%
7b 4%, 6%, 2 8791 A9 0.890Kg/mm”, 0.878Kg/mm’
2 0.875Kg/mm’ & B3 H0]7} emme wj= z+z}
0.926Kg/mm’, 0.927Kg/mm?, 0.917Kg/mm’] #H< B
9o Tmm% W= 1.01Kg/mm’,0.99Kg/ mm® 2
0.974Kg/mm’e] #& HATy. Al 27% K5 3
g 5919 Axze] §8e AR |7l Smm
ol ZEr} 4%, 6%, % 8% A 77

7}
0.0502Kg/mm®, 0.0509Kg/mm® = 0.0502Kg/mm*S H.

Table 3. von Mises Stress on each point under 1st molar load

Qi Fol7b emm< wiE= Z7Zb 0.0531Kg/mm’,
0.0540Kg/mm® 2 0.0538Kg/mm” ¢] #< Hglow
Tmm¥ = ZH2} 0.0614Kg/mm’, 0.0603Kg/mm’® &
0.0597Kg/mm’ 9] gt& WA A 2723 Y5 3]
Z B9 A xze) 8 AhA9 o7l Smm
ola A%t 4, 67, 2 891 A 0.213Kg/mm’,
0.211Kg/mm* 2 0.208Kg/mm’S ¥.9 3L %0]7} 6mm
d o= 77 0214Kg/mm’, 0.220Kg/mm’, 0217
Kg/mm®e] #tS 2o Tmme v 0.246Kg/mm’,
0.240Kg/mm” 2 0.235Kg/mm’¢] #< Bk g2
72| Spre] AAFHF-9 o N xze] S A
2]9] 0|7} smm o) =7} 4%, 67, L 872 A
0.0988K g/mm’, 0.0973Kg/mm® 2 0.0961Kg/mm*S H.
AL o7} emmY W= 0.1Kg/mm®, 0.104Kg/mm’
2 0.102Kg/mm’ ¢ #HE BFon mm¥ wE
0.121Kg/mm’, 0.117Kg/mm’ 2 0.115Kg/mm” ¢] %<
R Al gl afpe] A EH F9e] Nz
o] & A A 9] Fo]7} Smm o]l 7T} 47, 6°
2 g%l A$ 0.0505Kg/mm’, 0.0502Kg/mm’ 2
0.04998Kg/mm’S HGil %017} mmY W&
0.05Kg/mm’, 0.0516Kg/mm® 2 0.0512Kg/mm* 2] %k
S HYoer mm¥  wWiE 0.0557Kg/mm’,
0.0547Kg/mm’ 2 0.0540Kg/mm’® ¢} S BTk A
f7 A spge] AR =X F-919] A x=e] 38 A
) x1¢] #o]7} Smm ©]3 ZFE7} 4%, 67, B 872 A F-

(unit © Kg/mm® )

Model
Point
5-4 5-6 5-8 6-4 6-6 6-8 7-4 7-6 7-8
0 0.645 0.626 0.569 0.698 0.649 0.575 0.746 0.727 0.687
1 0.062 0.062 0.062 0.063 0.063 0.063 0.063 0.063 0.063
2 0.109 0.109 0.109 0.111 0.111 0.111 0.112 0.112 0.112
3 0.029 0.029 0.029 0.029 0.029 0.028 0.030 0.030 0.030
4 0.019 0.019 0.019 0.019 0.019 0.019 0.020 0.020 0.020
5 0.344 0.342 0.342 0.351 0.351 0.351 0.358 0.357 0.357
6 0.069 0.069 0.069 0.074 0.074 0.074 0.078 0.078 0.078
7 0.026 0.026 0.026 0.026 0.026 0.026 0.026 0.026 0.026
8 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086
9 0.103 0.103 0.103 0.102 0.102 0.102 0.102 0.102 0.102
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0.0206Kg/mm”*, 0.0205Kg/mm® = 0.0204Kg/mm*S H.
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3, AlaTA 245 A £o2 3Ho

Sotleh A oA ol S o] 7k w A
2| 9f of 23 AAFPINA 0 &L A A9 Fol
7F Smm ]l ZFe7t 47 6%, 2 8791 - 747} 0.64
Kg/mm®, 0.63Kg/mm®>, % 0.57Kg/mm*S VEbHaL, 3
o]7}b 6mm¥ Wi 0.70Kg/mm’, 065Kg/mm ‘i—l
0.57Kg/mm’e] #S Bdom TmmY wE 0.75K
g/mm’, 0.73Kg/mm’, 2 0.69Kg/mm’ 2] %l—— B
w3k HAe) A 9 2w 8 A
Z1€] Fol7}F Smm o]l ZFw7) 47, 6%, R 871 -

O:

N, o>

1

H50.109Kg/mm’, & HYI Fol7b emmY w)
0.111Kg/mm* 9] & ®BIoer Tmm¥ v
0.112Kg/mm*®] < Bt A% 2= 37 59
of A zxze] 382 A9 %o]7F Smm o]l 7}
T7b 47 6%, 28 A 27 0.0628Kg/mm’,
00625Kg/mm2 2 0.0625Kg/mm*S B Fo|7}
6emm® W= 27} 0.0637Kg/mm’, 0.0636Kg/mm’,
0.0634Kg/mm*?]  #& 2o Tmm¥ W
0.0638Kg/mm’, 0.0638Kg/ mm® 2 0.0637Kg/mm’ 2]
s BT AX YHS 2 G 599 AxEe
He A9 Eo]7} smm o|i 2T} 47, 6°
8°0l 9 Z+zb 0.0306Kg/mm’, 0.0308Kg/mm’
0.0308Kg/mm’S H 3 =o]7} emmd wE 7+7}
0.0299Kg/mm’, 0.0297Kg/mm’ 2 00286Kg/mm29] %}
< FAYEoRE Yo mmY wWe &
0.029Kg/mm®] #+& BTt A1 2727 R]=2F %ﬂ—ﬂ
o] A zx=9] &9 AA 9] #ol7} Smm ©]aL 7}
=7F 4,60, 2879 A ij 0.344K g/mm’, 0.342
Kg/mm® 2 0.342Kg/mm’ < HQ1 0|7} émme
)= 247} 0.351Kg/mm’, 0.351Kg/mm’, 0.351K g/mm’
o #E HAoW Tmm¥ wWE  0.358Kg/mm’,
0.357Kg/ mm* 2 0357Kg/mm’e] kS Bk A1 &
TR XS AE ] Axze] S8 A9
=017} Smm o]a ZFE7} 4%, 67 B 8°%1 A9 77t
0.0191Kg/mm’, 00195Kg/mm2 2 0.0195Kg/mm*S H.
%L =o]7F emme W= R5F0.0199Kg/mm’, o] %k

S HYom Tmm¥ W 250.0207Kg/mm’ e S
RO A 27F Y5 2 5919 Axzze] &
He AA Y %07} smm o]a ZET} 47, 67, B
8°2l A5 Z+7F 0.0696Kg/mm’, 0.0697Kg/mm2 L
0.0696Kg/mm’S H 3 =o]7} emmd W 7+7}
0.0747Kg/mm?’, 0.0747Kg/mm?, 0.0745Kg/mm’2] <
Bodomw Tmme W 0.0789Kg/mm’,0.0786K g/ mm”
2 0.0784Kg/mm’ ] kS B ATy A2 2% G4k
HRJZ e F-o= = SHE B A Aoix] 9
3017} Smm ©]3L 27} 47 6°, 8791 A9 B 0.263
Kg/mm*S YEP o 6me vl 0.264Kg/mm’,
Tmm% ® 0.267Kg/mm*?] 59 7S ek A
f7*#] efre] AR E A FoAs= S-S A e
A A9 #ol7t smmY W ZtE7} 47 67, 872
7—1% B 0.0868Kg/mm™S HEFNI O 6mY
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Table 4. Displacement on each point under 1st premolar load (unit : 10™°mm)
Model
P
5-4 5-6 5-8 6-4 6-6 6-8 7-4 7-6 7-8

X Y X Y X Y X Y X Y X Y X Y X Y X Y
1 428 -27.8 421 -27.8 41.7 -27.8 425 -273 434 -269 428 -269 46.1 -25.8 45.1 -259 444 -26.0
104 -25.6 -10.2 -25.6 -10.1 -25.6 -10.7 -25.6 -10.7 -249 -10.5 -249 -11.8 -244 -11.5 -244 -11.2 -24.5
59.5 -45.1 58.6 -44.7 58.0 -44.8 59.3 -455 60.6 -4477 59.8 -44.6 64.7 -458 633 -455 -62.2 -45.2
572 -71.0 56.5 -70.5 56.0 -70.5 57.0 -73.2 58.6 -73.2 579 -72.8 64.0 -77.5 62.6 -76.6 61.5 -75.9
-14.0 -653 -13.7 -64.9 -13.5 -64.7 -14.7 -67.3 -14.6 -673 -143 -66.8 -16.3 -71.3 -15.8 -70.3 -153 -69.6

9.6 -26.1 -10.6 -26.8 -114 -272 -64 -233 -63 -239 -75 -247 52 -157 25 -17.6 04 -19.0

2
3
4
5
6 525 -107 51.7 -106 51.0 -105 53.0 -111 545 -111 536 -110 62.1 -120 60.2 -118 58.7 -116
7
8 13.8 -33.1 139 -33.6 140 -340 13.5 -30.5 134 -31.6 135 -322 114 -27.6 11.8 -28.6 12.1 -29.5
9

86 62 90 63 94 64 52 52 72 58 77 60 57 56 64 57 71 59

Table 5. Displacement on each point under 1st molar load (unit © 10°mm)

Model
5-4 5-6 5-8 6-4 6-6 6-8 7-4 7-6 7-8
X Y X Y X Y X Y X Y X Y X Y X Y X Y

1 209 -28 208 -28 21.7 -24 204 -26 212 -27 212 -27 215 -27 214 -27 214 -26
-60 -21 -60 -21 -63 -21 -60 -21 -62 -21 -61 -21 -63 -21 -63 -21 -62 -21
294 -85 293 -54 307 -87 288 -8.6 30.1 -88 300 -87 305 -90 305 -9.0 304 -9.0
249 -234 249 -233 264 -234 27.7 -238 262 -23.6 26.1 -23.6 272 -239 271 -239 27.1 -239
89 -240 -88 -240 -94 -243 -90 -243 -92 -243 -9.1 -242 94 -245 -93 -245 93 -244

AN U B W DN

18.8 -379 188 -37.8 20.2 -38.5 187 -384 203 -385 202 -384 21.6 -39.1 21.5 -39.0 214 -38.9
7 -653 -27.7 -654 -27.8 -65.0 -28.7 -65.5 -27.8 -64.6 -27.7 -64.6 -27.7 -63.6 -27.3 -63.7 -27.4 -63.8 -27.5
& -55 -128 -54 -128 -54 -255 -52 -128 -54 -128 -54 -128 -54 -127 -54 -127 -54 -127
9 104 -108 104 -108 104 -107 104 -107 104 -107 104 -107 104 -107 104 -107 104 -107

= Yeblth A2 o522 afgre] KR Z el Fof & = AR 9] 747t &8 e) 3ol AL dEs v
= o9 A A A Fo]7} Smm o]l A| 4] &Sk ot zol7F Aoj x| ekrhe] FEo] A
2t 47, 67, 8°9) A9 BF 0.103Kg/mm’ S VFER] S YT @& op Kol AX| o} Al AT
Fom em¥d W= 0.102Kg/mm’, 7mm% o] A4 A A2 =o]7f HojH e w7
0.102Kg/mm’ 2] S g ubebinh, F-x]et x| o] AAHE oFghe] g#o] gha shglal A9
ZA | Fets AzaTA Y s F9lolA 4= TAZoI R AllaTA e LA ST AL
o= o] gl o o7t AW o] 2zt RF Fol7b Skl whet S ot S7telal
Z7HE A Ardl R oF Al sk 5] ol A o}, Zh5ol] whEbA = AR 9} Al aTA BF AL
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Fig. 2. Von—mises stress in 5—4 Fig. 3. Von—mises stress in 5—6 Fig. 4. Von—mises stress in 5—8

model under L1 load model under L1 load model under L1 load

Fig. 5. Von—mises stress in 6—4 Fig. 6. Von—mises stress in 6—6 Fig. 7. Von—mises stress in 6—8
model under L1 load model under L1 load model under L1 load

Fig. 10. Von—mises stress In
7—8 model under L1
load

Fig. 8. Von—mises stress in 7—4 Fig. 9. Von—mises stress in 7—6

model under L1 load model under L1 load

Fig. 11. Von—mises stress in . . . Fig. 13. Von—mises stress in
Fig. 12. Von—mises stress in 5—6
5—4 model under L2 5—8 model under L2
model under L2 load
load load
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Fig. 14. Von—mises stress in . . . Fig. 16. Von—mises stress in
Fig. 15. Von—mises stress in 6—6
6—4 model under L2 6—8 model under L2
model under L2 load
load load

Fig. 17. Von—mises stress in . . . Fig. 19. Von—mises stress in
Fig. 18. Von—mises stress in 7—6
7—4 model under L2 7—8 model under L2
model under L2 load
load load

Fig. 20. Displacement under L1 Fig. 21. Displacement under L2
load load
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