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ABSTRACT

Aims: To determine the effect of thermal cycling on the fitness accuracy of modified heat cured acrylic
resin maxillary denture base. Materials and Methods: One hundred samples of heat cured acrylic
resin maxillary denture base (Major base 2) were prepared and divided into two groups; Thermal cy-
cling group and without thermal cycling group, each group contain; Control samples (10 samples of
heat cured acrylic resin without additives) and modified samples (40 samples of heat cured acrylic resin
with additives: 1% Chlorohexidine gluconate , 1.5% Nigella oil , 1.5% Thyme oil and 20% Plasticiz-
er& caramel ). The thermal cycling employed in this study was 10 cycle per day at (5-55C°). The fit-
ness accuracy measured after 70,300,900,1800 cycle at immersion periods of (1 week, 1,3,6 months)
respectively. For fitness accuracy measurement , the surface area of the gap occurred between the pos-
terior border of the maxillary denture base and the posterior margin of the stone cast were recorded by
digital camera and measured with AutoCAD program . The collected data of fitness accuracy were
subjected to the descriptive analysis(mean and standard deviation) , one way analysis of variance
(ANOVA), 2 sample t-test and Duncan Multiple range test. Results: The fitness accuracy of thermal
cycling group was less than that of without thermal cycling. For thermal cycling group, the highest
value of fitness was achieved after 6 month of immersion for modified samples, while for control sam-
ples the highest value was achieved before immersion. Conclusion: Thermal cycling adversely affect
the fitness accuracy of control and modified samples. The fitness accuracy of modified samples was

better than that of control samples either with or without thermal cycling.
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INTRODUCTION

Acrylic resin is widely used in dentis-
try for various purposes like orthodeontic
appliances, denture bases and provisional
restoration. “? Since the introduction of
acrylic resin in dentistry in 1937, a certain
lack of dimensional accuracy has been
accepted as one of disadvantages of com-
plete denture construction. ©® The greatest

dimensional changes was found on the
posterior palatal area. ™ Discrepancies in
the adaptation on the cast at the posterior
border of the maxillary record base have
been reported by several investigators and
have attributed to the linear dimensional
change and volumetric shrinkage. ® A va-
riety of methods have been used to evalu-
ate adaptation accuracy of a denture base®
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as weighing impression material cim-

pressed under a denture base™*" and

measuring the posterior border gap. ?*"

The temperature of the mouth varies
considerably by the intake of hot and cold
food and drinks resulting in fatigue or
stress on the denture base from the cumu-
lative effect of shrinkage and expansion,
which might lead to impair some material
properties such as cohesive, compressive,
and shear strength, as well as hardness and
roughness. ® The thermal changes are
simulated in the researches through ther-
mocycling, the effect of thermal cycling
on the hardness, roughness, color stability
, microleakage, water sorption and solubil-
ity and bond strength of acrylic resin den-
ture base to soft lining material have been
discussed by many scientist, “*" however
little was known about the effect of ther-
mal cycling on the fitness accuracy of
acrylic resin denture base.

This study aimed to determine the ef-
fect of thermal cycling (10 cycle per day
(5-55C°)) on the fitness accuracy of the
modified samples ( after the addition of
1% Chlorohexidine gluconate , 1.5% Ni-
gella oil , 1.5% Thyme oil and 20% Plas-
ticizer and caramel) of heat cured acrylic
resin maxillary denture base compared to
that of the control samples ( without addi-
tive materials) . The fitness accuracy
measured after 70,300,900,1800 cycle at
immersion periods of (1 week, 1,3,6
months) respectively and compared to that
of without thermal cycling.

MATERIALS AND METHODS

One hundred samples of heat cured
acrylic resin maxillary denture base (Ma-
jor base 2) were prepared and divided into
two test groups :

1. Thermal cycling group (50 samples)

2. Without thermal cycling group (50

samples).

The samples, within each group are
divided into:
+« Control samples: 10 samples of heat

cured acrylic resin maxillary denture
base without additives.

% Modified samples: 40 samples of heat
cured acrylic resin maxillary denture
base with the addition of :

a- 1% Chlorohexidine gluconate ©® (10
samples).

b- 1.5% Nigella oil ® (10 samples).
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c- 1.5% Thyme oil ®® (10 samples).
d- 20% Plasticiser (dibutylphthalate) and
caramel ©? (10 samples).

A master model of an edentulous max-
illa was duplicated using a ready made
rubber mold and dental stone type Il
(Elite, Seienor, industria, Italy,
GSGIAQ702) to fabricate 100 stone cast.
The thickness of all denture bases was
standardized by using 2mm hard ther-
moformed material and then a Biostar
thermoforming equipment (Du-
ran,Scheu/Dental, Germany) was used in
the fabrication of denture base, ®® then the
casts with denture base were invested us-
ing conventional methods. Acrylic resin
samples were mixed and manipulated ac-
cording to manufacturer directions. Care
was taken to avoid porosities due to en-
trapment of air bubbles. Trail closure was
performed. The specimens were cured in
water bath with conventional curing cycle,
the specimens processed at 74°C for 90
minutes, then the temperature of water
path raised to boiling 100°C for 30
minutes(according to manufacturer in-
structions). ® The flasks left for bench
cooling to room temperature, the flasks
were opened and the resin excesses
trimmed from the edge of resin denture
base, then the resin denture base placed on
respective cast and trimmed to a horizontal
line 5-mm away from the posterior end
using a vertical trimmer under water cool-
ing, then the cut surfaces were cleaned to
allow a visual distinction.” The two
groups (with and without thermal cycling)
were stored in a water bath containing tap
water at a controlled temperature of 37 +
1°C for 1 week, 1, 3 and 6 months respec-
tively. The group of thermal cycling were
subjected to an alternating manual thermal
cycling of +5 £2°C and +55+2° for 10 cy-
cle per day , the duel time at each tempera-
ture was 30 seconds and the transport time
between the water baths was 15 second .
(2221832) The fitness accuracy measured
after 70,300,900,1800 cycle at the immer-
sion periods of (1 week, 1,3,6 months)
respectively.

For fitness accuracy measurement, a
digital camera (Sony, Japan) with a very
high degree of resolution (20 mega pixel)
was used and placed at constant distance
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(30 cm) away from each specimen using
stable horizontal stand, the images then
captured and the surface area of the gap
occurred between the posterior border of
the maxillary denture base and the posteri-
or margin of the stone cast were recorded
and measured in graph using the Auto-
CAD computerized program  with
(00.0000)mm degree of accuracy. "

For statistical analysis, the collected
data of fitness accuracy were subjected to
the descriptive analysis(mean and standard
deviation), one way analysis of variance
(ANOVA), 2 sample t-test and Duncan
Multiple range test.

RESULTS

The result in Table (1) showed the de-
crease in the fitness accuracy of control and
modified samples after thermal cycling as
compared to that without of thermal cy-
cling at the same period of time. For ther-
mal cycling group, the highest value of fit-
ness accuracy of control samples was
achieved before thermal cycling (before
immersion). While for modified samples,
the highest value of fitness accuracy was
achieved after 6 month of immersion . For
without thermal cycling group ,the highest
value of fitness accuracy of control and
modified samples was achieved after 6
month of immersion.

Table (1): Mean and standard deviation of fitness accuracy of control and experimental
groups with and without thermal cycling

6 months
. 1 week 1 month 3months . .
Immer- Material Before . . . . . . immersion
. . . immersion immersion immersion
sion immersion + 1800 cy-
. +70cycle  +30cycle +900cycle
media No. mean *SD. cle
mean #SD. mean £SD. mean xSD.
mean +SD.
control 5 1069 0.01 1564 0016 20.88 013 1245 0.047 1145 0.09
—_— (o) 1di -
g 1%chlorohexidine glu- o ;500 (089 1203 001 1412 009 1103 0014 103 0049
€ 5 conate
o C
£5 1.5% nigella oil 5 1040 0.004 1135 022 1249 0026 1056 0.015 9.26 0.001
c
— O
§ 1.5% thymol oil 5 1048 0.001 1218 011 1447 012 1008 0.012 99 0.01
[0) 1Ci -
20/oplas;|r;:1|ezler&car 5 1022 0.001 1324 017 1569 021 1248 0.03 975 0.118
Material Before 1 week 1month 3months 6 months
immersion immersion immersion immersion immersion
_ No. mean *SD. mean +SD. mean +SD. mean +SD. mean +SD.
g control 5 1061 0.003 1314 0.012 1613 0.012 1075 0.053 976 0.038
S
[T =) 0, idi -
£ 2 1%chlorohexidine glu- o 1545 4100 1103 0011 1201 0011 996 006 9399 0.005
=3 conate
>
2° 1.5% nigella oil 5 1037 0.083 1031 0.027 11.00 0.027 9.85 0011 922 0.001
e}
= 1.5% thymol oil 5 1045 0.282 1127 0034 1239 0034 972 008 955 0.255
0, 1Ci -
Zomplas;ﬁlgler&car 5 1020 0081 11.74 0234 1288 0238 919 017 894 0035

No: number of samples .SD: Standard deviation

Statistical analysis Table (2) revealed a
statistical significant difference in the fit-
ness accuracy of modified samples as
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compared to that of control samples either
with or without thermal cycling.
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Table (2): ANOVA for the fitness accuracy of modified samples as compared to the control
samples for with and without thermal cycling groups.

After 1 week+70 cycle
Sourc

After 1 month +90 cycle

e DF SS MS F* Source DF SS MS

factor 9 56.4372  14.1093 731.36 factor 9 204.961 51.2403 2911.12
=2 Error 40 0.3858 0.0193 Error 40 0.3520  0.0176
S Total 49 56.823 Total 49 205.3133
? After 3 months +300cycle After 6 months +180cycle
g Source DF  SS MS F* Source DF  SS MS F*
E factor 9 24.20659 6.05165 977.27 factor 9 12.2080 3.05201 3333.48
- Error 40 0.1582 0.00619 Error 40 0.18304 0.00915
= Total 49 533.5894 Total 49 12.39107

After 1 week After 1 month

Sogrc DF SS MS F* Source DF  SS MS Fx
> factor 4 21.3266  5.3316  453.14 factor 4 75.3247 18.8312 1417.72
= Error 20 0.12385 0.0118 Error 20 0.2657 0.0133
f>,~ Total 24  24.33044 Total 24 75.5903
= After 3 months After 6 months
E  Sourc N N
o o DF SS MS F Source DF SS MS F
g factor 9 4 5.79458 1.4486 257.85 4 1.1194  0.2798  14.32
2 Error 40 20 0.11236 0.0056 20 0.3909  0.0195
§ 24 5.90694 24 1.5103

*Statistically Significant at p<0.05

Two sample t-test analysis for the
mean values of the fitness accuracy con-
trol and modified samples with thermal
cycling revealed a statistical significant
difference (at p<0.05) in their fitness accu-
racy as compared to that of without ther-

mal cycling Table (3), except that there
was no statistically significant difference
in the fitness accuracy of modified sam-
ples of 1.5% nigella oil with thermal cy-
cling after 6 months of immersion as
compared to that without thermal cycling.

Table (3): Two sample t-test for the effect of thermal cycling on the fitness accuracy of con-
trol and modified samples as compared to that without thermal cycling.

After 70 cycle After 300 cycle  After 900 cycle  After 1800 cycle
Material (1 week immer- (1 month im- (3months im- (6 months im-
DF sion) mersion) mersion) mersion)
t p t p t p t p
control 8 -89.4 0.000 -79.31 0.000 -75.76 0.000 -30.39 0.000
1%chlorohexidine gluconate 8 -6.26 0.000 -52.45 0.000 -111.94 0.000 -13.43 0.000
1.5% nigella oil 8 -1043 0.000 -56.00 0.000 -14.87 0.000 0.3 0.78
1.5% thymol oil 8 -17.14 0.000 -16.49  0.00. -5.87  0.000 -6.15 0.000
20% plasticizer & caramel 8 -1149 0.000 -92.47 0.000 -43.24 0.000 -14.27 0.00

Considering the effect of thermal cy-
cling on the fitness accuracy of control and
modified samples, ANOVA analysis Ta-
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ble(4) revealed a statistical significant dif-
ference (at p<0.05) in the fitness accuracy
of these samples among the different
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thermal cycles (70,300,900,1800 cycle)
that used in this study as compared to that

without thermal cycling.

Table (4): ANOVA for the effect of thermal cycling on fitness accuracy of control and
modified samples.

Control
Source DF SS MS F*
factor 9 533.4312 59.2701 1543.53
Error 40 0.1582 0.004
Total 49 533.5894
1% chlorohexidine gluconate 1.5% nigella oil
Source DF SS MS F* Source DF SS MS F*
factor 9 86.82465 9.64718 2103.27 factor 9 39.9587 4.4399 443.51
Error 40 0.18347 0.00459 Error 40 0.4004 0.0100
Total 49 87.00812 Total 49 40.3592
1.5% thymol oil 20% plasticizer & caramel
Source  DF SS MS F* Source DF SS MS F*
factor 9 108.667 12.0741 566.37 factor 9 205.5712 22.8412 1293.30
Error 40 0.8527 0.0213 Error 40 0.7064 0.0177
Total 49 109.5201 Total 49 206.2776
DMRT analysis Figure (1-5) revealed samples of 1% chlorohexidine gluconate,
a statistical significant difference for the there was no Statistical significant differ-
mean value of fitness accuracy of control ence in their fitness accuracy either with or
and modified samples with and without without thermal cycling after 1 week of
thermal cycling after 1 week, 1,3,6 months immersion.
of immersion, except that for modified
144 T
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figure (1): DMRT for the effect thermal cycling on fitness accuracy of control group.
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DISCUSSION

The close contact between the denture
base and the cast results in better adapta-
tion of the tissue surface of the denture to
the oral tissues which will result in a more
retentive denture® .During clinical use,
the temperature of a dental prosthesis may
vary considerably because of the intake of
hot and cold food and drinks®®, and the
use of warm or hot water in cleaning the
prosthesis . %

The results in Table (1) showed that
the fitness accuracy of modified samples is
higher than that of control samples either
with or without thermal cycling. This can
be explained by the fact that the addition
of chemical materials cause alteration in
molecular resin chain (modify the magni-
tude of inter polymeric gaps) and conse-
quently alter water sorption. ®® For modi-
fied ( with and without thermal cycling )
and control samples (without thermal
cycling )Table (1) ,the highest value of
fitness accuracy was achieved after 6
month of immersion, while for control
samples of thermal cycling group, the
highest value of fitness accuracy was
achieved before thermal cycling( before
immersion). This may be explain by the
fact that the cumulative effect of shrinkage
and expansion as a result of temperature
changes induces a fatigue or stress in the
material®®’ and thereby decreases its fit-
ness accuracy . Statistical analysis (Table
2) revealed a statistical significant differ-

Figure (5): DMRT for the effect of thermal cycling on fitness accuracy of modified samples of 20% plasticizer

ence in the fitness accuracy of modified
samples as compared to that of control
samples either with or without thermal
cycling. Different commercial types of
acrylic resin exhibit significant differences
in residual monomer, water uptake and
ratios of water sorption and solubility
®53)which can change the adaptation of
the denture base.®

Two sample T test analysis revealed a
statistical significant difference (at p<0.05)
in the fitness accuracy of thermal cycling
group as compared to that of without
thermal cycling group Table (3), except
that there was no statistically significant
difference in the fitness accuracy of modi-
fied samples of 1.5% nigella oil with
thermal cycling after 1800 cycles as com-
pared to that without thermal cycling. One
of the possible explanations for the de-
crease in the fitness accuracy of control
and modified samples of thermal cycling
as compared to that of without thermal
cycling may be the continuous polymeri-
zation reaction where residual monomer
molecules are progressively consumed, ¢
leading to more complete polymerization,
the other possible explanation is that ther-
mal changes may be responsible for bio-
degradation( release of unbound/uncured
monomers or and additives from the pol-
ymer network)®*“Y of acrylic resin den-
ture material, in addition to the fact that as
temperature increases, molecular mobility
speeds up. “? which may explain the in-

Al — Rafidain Dent J
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crease in the solubility of acrylic resin
samples which accounted for the decrease
in fitness accuracy of control and modified
samples of thermal cycling group as com-
pared to that of without thermal cycling
group.

Statistical analysis revealed a statisti-
cal significant difference for the mean val-
ue of fitness accuracy of control and modi-
fied samples among the different thermal
cycles(70,300,900,1800 cycle) that used
in this study as compared to that without
thermal cycling (Table 4 and Figures 1-5).
This can be related to the release of resid-
ual stress as a result of difference in ther-
mal coefficient of expansion (due to cool-
ing and heating). "4*¥ Gap formation be-
tween the denture base and cast are gener-
ally attributed to polymerization shrinkage
of resin material and the release of internal
stress that produced thermal expansion of
denture base ® in addition to tendency of
cooling shrinkage. ©

CONCLUSION
Thermal cycling adversely affects the
fitness accuracy of control and modified
samples. The fitness accuracy of modified
samples is better than that of control sam-
ples either with or without thermal cy-
cling.
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