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THE EFFECTS OF THERMAL STIMULI TO THE FILLED
TOOTH STRUCTURE
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Young-Su Lee, D.D.S., M.S.D., Jeong-Suk Yang, D.D.S., M.S.D., Jae-Gon Kim, D.D.S., Ph.D

Department of Pediatric Dentistry and Institute of Oral Bioscience,
College of Dentistry, Chonbuk National University

The dental structure substituted by restorative materials may produce discomfort resulting from
hot or cold stimuli. To investigate the effects of this stimuli on the human teeth, thermal analy-
sis was carried out by calculation of general heat conduction equation in a modeled tooth using
numerical method.

The method has been applied to axisymmetric and two-dimensional model, analyzing the ef-
fects of constant temperature 4C and 60%C. That thermal shock was provided for 2 seconds and
4 seconds, respectively and recovered to normal condition of 20%C until 10 seconds. The thermal
behavior of tooth covered with a crown of gold or stainless steel was compared with that of tooth
without crown. At the same time, the effects of restorative materials(amalgam, gold and zinc ox-
ide-eugenol(ZOE)) on the temperature of PDJ(pulpo-dentinal junction) has been studied.

The geometry used for thermal analysis so far has been limited to two-dimensional as well as
axisymmetric tooth models. But the general restorative tooth forms a cross shaped cavity which
is no longer two-dimensional and axisymmetric. Therefore, in this study, the three-dimension-
al model was developed to investigate the effect of shape and size of cavity. This three-dimen-
sional model might be used for further research to investigate the effects of restorative materi-
als and cavity design on the thermal behavior of the real shaped tooth.
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The results were as follows:

1. When cold temperature of 4 was applied to the surface of the restored teeth with amalgam

for 2 seconds and recovered to ambient temperature of 20°C, the PDJ temperature decreased
rapidly to 29°C until 3 seconds and reached to 25C after 9 seconds. This temperature decreased
rather slowly with stainless steel crown, but kept similar temperature within 1C differences.
Using the gold as a restorative material, the PDJ temperature decreased very fast due to the
high thermal conductivity and reached near to 25 but the temperature after 9 seconds was
similar to that in the teeth without crown. The effects of coldness could be attenuated with the
ZOE situated under the cavity. The low thermal conductivity caused a delay in temperature
decrease and keeps 4C higher than the temperature of other conditions after 9 seconds.

. The elapse time of cold stimuli was increased also until 4 seconds and recovered to 20C after

4 seconds to 9 seconds. The temperature after 9 seconds was about 2 - 3C lower than the tem-
perature of 2 seconds stimuli, but in case of gold restoration, the high thermal conductivity of
gold caused the minimum temperature of 21°C after 5 seconds and got warm to 23C after 9
seconds.

. The effects of hot stimuli was also investigated with the temperature of 60T. For 2 seconds

stimuli, the temperature increased to 40°C from the initial temperature of 35 after 3 seconds
of stimuli and decreased to 30°C after 9 seconds in the teeth without crown. This temperature
was sensitive to surface temperature in the teeth with gold restoration. It increased rapidly to
417 from the initial temperature of 35C after 2 seconds and decreased to 28°C after 9 seconds,
which showed 13C temperature variations for 9 seconds upon the surface temperature. This
temperature variations were only in the range of 5C by using ZOE in the bottom of cavity and
showed maximum temperature of 37°C after 3 seconds of stimuli.

. In case of 4 seconds hot stimuli, the temperature increased 42C after 5 seconds and decreased

35C after 9 seconds in the teeth without crown. But in gold restoration, showed 49°C after 3
seconds and 31°C after 9 seconds, temperature variation was up to 18°C. Temperature vari-
ation of ZOE base case was only 5.

. In three-dimensional analysis, we could find higher and lower thermal distribution pattern at

the outer layer.
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Table 2-2. Lines in each case

Case 1 : Amalgam filling{no base)

Case 2 © Amalgam filling(no base), S-S crown
Case 3 : Gold filling(no base), Gold crown

Case 4 * Amalgam filling(ZOE base), S-S crown

Table 1-2. Type classification in each case

Line 0 : pulp horn line, center of the pulp

Line 1 : pulp horn line, 0.6mm from center of the pulp
Line 2 : pulp horn line, 1.3mm from center of the pulp
Line 3 © pulp horn line, 2.5mm from center of the pulp

Table 3-1. Thermal diffusibility of various materials

Type 1 : 4T, 2 sec stimuli
Type 2 : 4T, 4 sec stimuli
Type 3 : 60C, 2 sec stimuli
Type 4 : 60C, 4 sec stimuli

Table 2-1. Case classification for 3 dimensional analysis

Case 1 : Amalgam filling(no base), 60T, 2 sec stim-
uli

Amalgam filling(no base), S-S crown, 60,
4sec stimuli

Gold filling(no base), Gold crown, 60,
2sec stimuli

Gold filling(no base), Gold crown, 60T,
4sec stimuli

Case 5 : Amalgam filling(ZOE base}, S-S crown, 60

T, 2sec stimull

Case 2 :

Case 3 :

Cage 4 :

342

Gold 119.0(mm’/sec)
Amalgam 9.6
Enamel 0.469
70R 0.389
Dentin 0.183
4 =K/CpXp

K : thermal conductivity
Cp : specific heat(cal/g - C)
p : density(g/em®)

Table 3-2. Thermal conductivity of various materials

Gold 0.710(cal/sec/cm*(*/cm))
Amalgam 0.055
Enamel 0.0022
ZOE 0.0015
Dentin 0.0011
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4) Case 4 (Amalgam + ZOE + S.S crown)
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