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Table 1. Mechanical properties of given materials
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Fig. 1. Finite element model of a mandible with
a complete denture.
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Material Modulus of elasticity(N / m') Poisson’s ratio Reference
Mucoperiosteum 0.3x10’ 045 29)
Cortical bone 0.1x10" 0.3 25)
Trabecular bone 0.5x10° 0.3 25)
Nickel chrome alloy 0.2x10" 0.33 6)
Denture base acrylic 0.38x10° 0.35 8)
Acrylic resin tooth 2.689x10° 0.35 53)
Porcelain tooth 0.828 x 10" 0.28 36)
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Table 2. Compositions of materials in denture specimens

Specimen No, Artificial tooth

Denture base material

1 resin block
porcelain block
resin tooth
porcelain tooth
resin tooth
porcelain tooth

resin tooth

X~ OO e W N

porcelain tooth

resin

resin

resin

resin

metal lined
metal lined
soft-liner lined

soft-liner lined
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Fig. 2. Schematic drawings of the metal jig and

fabricated denture specimens.
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Fig.3. Schematic drawing of a two-dimensional
photoelastic model with a specimen

mounted on the photoelastic instrument,
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sions of the experimental specimens.

T B (Ticonium premium 100, Ticonium Co.,, o2t M Fe FImA 25me 7ol

NY, U.S.A)S, A4AMZE Super-Soft (Coe A H 01208 AstE B FPow, o
Labotatories Inc., Chicago, U.S. A.)E F7 lum, el Hatel e FAHAEES HAFT
% 7mm, 2 0] 20mmE o] F3H ) ZrpzE WReAe HoF-& 8 (Maximum

Table 3. Equipment used for electrical measurement.

Equipment Model Description Manufacturer
1. Strain gauge = KFC-5-Cl-11  Gauge length ! 5mm Kyowa electronic
Gauge resistance : 120.0Q instruments Co. LTD.
Gauge factor © 2.11 Tokyo, Japan
2. Adhesive TML—CN Tokyo Sokki, Japan
3. Dynamic Strain 2310  Gauge resistance=120,350 0 Measurement group
Amplifier Gain : 80dB Raleigh, U.S. A
Frequency : 10kHz, WB
4. Digital Tektronics  500MHz Tektronix, Inc.,
Storage 2440 2 channels Beaverton, Oregon
Oscilloscope U.S A,
5. X-Y Plotter HP-7470 A. A4 Hewlett Packard, U. S. A,
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Fig.5. Testing apparatus and block diagram of measurement system.
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Table 4. Maximum principal stress at each layer depending on the variation$ of tooth material and denture

base material.

(Unit : MPa)

material Thick mucosa Thin mucosa

layer RR* PR™ RM™ RR" PR™™ RM™
Trabecular
bone layer -1.03 —1.02 —0.98 —1.20 -1.19 —1.14
Cortical
bone layer —957 —957 —9.65 —10.98 —10.98 —11.02
Upper
mucosa layer —1.55 —L55 —152 —1.65 —1.65 -—1.67
Denture
base layer 10.96 10.07 24.04 8.35 7.80 19.07

* PR : Denture with resin teeth. ** PR : Denture with porcelain teeth.

** RM : Denture with resin teeth and metal base,
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Fig. 10. Maximum tensile and compresive stresses

at the surface of an edentulous mandi-

bular .photoelastic model.
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Fig. 12. Bar graph showing mean voltage outputs from denture specimens,

Table 5. Mean and S.D. of voltage outputs from thin denture specimens,

. (unit : V)
w Resin (n=50) Porcelain (n=50) .
_- _ p—value
Base X+S.D. X4S.D.
Resin 8.3610.39 1051+£1.48 p<0.01
Metal lined 1.114+0.12 1.1140.09 N.S.
Soft-liner lined 11.58+1.17 12.19+0.83 p<0.01
p—value® p<0.01 p<0.01 »
* I F—test ’
Ol t—test

N. S. : not significant



Table 6. Mean and S.D. of voltage outputs from thick denture specimens

(unit : V)
Tooth Resin (n=50) Potcelain (n=50)
B\ X4s.D. X4S.D. P value™
Resin 6.63+0.21 6.711+0.35 N.S.
Metal lined 0.831+0.10 0.804+0.07 N.S.
Soft-liner lined 9.24+0.40 9.48+0.67 p<0.05
p—value” p<0.01 p<0.01 '
* I F—test
1 t—test
N. S, I not significant
Table 7. Mean and S.D. of voltage outputs from denture specimens wth resin teeth,
(unit : V)
Thickness Thin (n=50) Thick (n=>50)
BN X45.D. X45.D. pvalue™
Resin 8.36+0.39 6.63+0.21 p<0.01
Metal lined 1114012 0.83%0.10 p<0.01
Soft-liner lined 11.58+1.17 9.2440.40 p<0.01
p—value® p<0.01 p<0.01
* I F—test
1 t—test
Table 8. Mean and S.D. of voltage outputs from denture specimens with porcelain teeth
(unit : V)
Thickness Thin (n=50) Thick (n=50)
B\ X4s.D. X+8.D. p—vahue™
Resin 10.51+1.48 6.71£0.35 p<0.01
Metal lined 1.1140.09 0.83+0.10 p<0.01
Soft-liner lined 12.19+0.83 9.48.:i: 0.67 p<<0.01
p—value” p<0.01 p<0.01
* . F—test
I t—test
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A STUDY OF THE STRESS TRANSMISSION OF VARIOUS ARTIFI-
CIAL TEETH AND DENTURE BASE MATERIALS TO THE UNDER-
LYING SUPPORTING TISSUES

Hyun Gun Chung, D.D.S., M.S.D., Moon Kyu Chung, D.D.S., M.S.D., Ph.D.

Ho Yong Lee, D.D.S., M.S.D., Ph.D.
Department of Dental Science, College of Dentistry Yonsei University

The purpose of this study was to investigate material differences in stress transmission among
various artificial teeth and denture base materials.

For this study, a two-dimensional finite element model and a two-dimensional photoelastic
model of a mandible with complete denture were made. A resin tooth and a porcelain tooth were
used as artificial teeth, and a resin base, a metal lined base, and a soft-liner lined base were used
as denture bases. An occlusal load was applied and principal stresses generated in the supporting
tissues were compared.

To test the impact stress transmission, strain gauge attached to the denture base specimens
made of the different materials were made in thick and thin groups. Voltage outputs from hitting
the specimen with a steel ball were compared,

The results were as follows :

1. In FEM, increasing the mucosal thickness reduced the maximum principal stresses in the
supporting tissues, but altering the tooth materials and the base materials induced no difference
in the stresses,

2. In photoelastic model study, no difference in fringe order among the specimens were observed,
but the thick mucosa group and the soft-liner lined group revealed a more uniform distribution
of the load,

3. In strain measuring, the impact force transmission was highest in the soft-liner lined group,
and was the lowest in the metal lined group(p<0.01).

4. In the thin group using the resin base, the porcelain tooth showed higher impact stress
transmission than the resin tooth(p<0.01), but no difference was observed between them in the
thick group.

In the soft-liner lined group, the porcelain tooth showed higher impact stress transmission than
the resin tooth(p<(0.01), but no difference was observed between them in the metal lined group.

5. The thick group showed lower impact stress transmission than the thin group(p<0,01).



EXPLANATION OF PICTURES

Picture 1 through Picture 8 show isochromatic fringe patterns with denture specimens No, 1 through
No. 8 in the thick mucosa group.
Picture 9 through Picture 16 show isochromatic fringe patterns with denture specimens No. 1
through No. 8 in the thin mucosa group.
The first order fringe running below the ridge of the thick mucosa group shows more gradual
curvature and is farther from the ridge than those of the thin group, which indicates the thick
group has more uniform stress distribution than the thin group.

In each group, the soft-liner lined cases (Picture 7 and Picture 8, and Picture 15 and Picture

16) reveal more uniform stress distribution than the rest of the group.









