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ABSTRACT

Aim: To investigate the effect of repair techniques, surface treatment, and repair space design (3 mm
space and no repair space) on the transverse, and tensile strengths of repaired denture base. Materials
and methods: Four hundred and sixteen samples of two brand heat cured acrylic resin were repaired
by four different techniques (water bath, microwave, thermo press, and chemically cured acrylic resin),
treated and untreated with monomer, and repaired with 3 mm space, or no space at fracture area. The
samples were tested to measure transverse, and tensile strengths, of repaired, and intact (control)
samples. Results: Showed that transverse strength of acrylic denture base repaired by chemically cured
acrylic resin was significantly lower (P<0.001) than that of water bath, microwave and thermo press.
Transverse strength of repaired acrylic denture base was significantly improved (P<0.001) by monomer
surface treatment for 180 seconds, and no space repair design showed the lowest transverse strength
compared to 3 mm space repair design. The tensile strength of acrylic denture base repaired by
microwave was significantly higher than that of water bath, thermo press, and chemically cured acrylic
resin. Acrylic denture base treated with monomer for 180 seconds showed the highest tensile strength
compared to untreated acrylic denture base. Conclusion: Acrylic denture base with 3 mm space and
treated with monomer that repaired with microwave and water bath techniques were better than other
techniques. The samples repaired by chemically cured acrylic resin without surface treatment showed
significantly the lowest mean tensile strength. And microwave repairing technique was more time
saving and more clean process than water bath technique.
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INTRODUCTION

Heat cured Poly methyl methacrylate
resin is the most common ‘plastics’ used
in the production of denture bases and the
repair of dentures. The curing is carried
out through polymerizing the liquid mono-
mer (MMA) to a solid (PMMA). In this in-
stance the polymerization is brought about
the application of external heat by hot wat-
er bath or microwave.*?

Acrylic resin denture base materials
are brittle and susceptible to fracture after
periods of clinical use or accidentally.®*

The repair of the fractured acrylic de-
nture base can be accomplished using acr-
ylic resins that are light—polymerized, auto

polymerized, or heat—polymerized (by wa-
ter bath or by microwave).®®

Many studies have been conducted to
compare several properties of acrylic dent-
ure base repaired by different repairing te-
chniques. These studies showed that acryl-
ic denture base repaired by heat cured acr-
ylic resin (processed by water bath and mi-
crowave) had higher properties to that rep-
aired by chemically cured acrylic resin."®
Denture bases processed with conventional
heating and microwave energy exhibited
the same level of accuracy. ©

An effective repair procedure should
restore the original strength of denture ba-
se, avoid further fracture, have a short dur-
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ation of curing, possess high strength and
durability, and should be simple to use, ch-
eap, good aesthetics, non-allergenic and
does not distort the existing denture.®®
So, the study of transverse strength, and
tensile strength of repaired acrylic denture
base cured by different curing techniques
has valuable clinical implications.

MATERIALS AND METHODS

Four hundred and sixteen heat cured
denture base samples were prepared. Half
of them from major base 2 (Major Prodotti
Dentari S.P.A, ITALY), and the other half
from Quayle Dental heat cured denture ba-
se material (Ouayle Dental, England). The
specimens were prepared by cutting the
hard elastic foil (master model) by electri-
cal saw with 65 + 0.3x10 + 0.03 x2.5 +
0.03 mm (length, width and thickness res-
pectively) for transverse strength test.*
For tensile test the control group dimensi-
ons were 90x10x3 mm (length, width and
thickness respectively).*?

Acrylic resin specimens were prepar-
ed in a mold made by investing a hard ela-
stic foil with specific dimensions accordi-
ng to each test as mentioned previously in
dental stone against glass slab which was
considered as the polished surface and the
other side was considered as the tissue sur-
face. The acrylic resin was cured by two
steps polymerization of water bath, 70 °C
for 30 minutes, then proceed at 100°C for
30 minutes (according to the manufactur-
er’s instructions). For repairing procedure
the fractured acrylic denture pieces were
made by preparing a mold for the two frac-
tured denture base pieces as in part | of th-
is research. The selected designs and spac-
es are; lap rabbit with no space (intimate
contact), and 3mm space left between the
two fracture ends. Fractured denture base
pieces were cured by conventional water
bath technique.*® The repair procedure
was done according to the following tech-
niques: -

o Heat cured acrylic resin cured by ther-
mostatically controlled water bath using
metal flask and curing cycle mentioned pr-
eviously."*319

o Heat cured acrylic resin cured by mic-
rowave oven. Iragi fiberglass flask ** was
used to repair the specimens by microwave
oven. The curing cycle of acrylic resin was
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done by placing the fiber reinforcement pl-
astic (FRP) flask in the microwave oven
for 30 minutes at low setting (80 watts), 15
minute presides, followed by 1.5 minutes
at the high setting (500 watts) “®. Then the
flask was left aside for slow bench cooling
before opening.

e Heat cured acrylic resin was polymer-
ized by using thermo press machine (MINI
2000). This device polymerized the heat
cured acrylic resin by pressure (6 bar) at
80°C applied heat for 25 minute (accordi-
ng to manufacturer's instructions).

e Chemically cured resin in which the
cellophane paper was placed above the do-
ugh between the two halves of the flask,
then the flask was pressed and access resin
was removed by a sharp wax knife. The fl-
ask was left in a clamp holder under press-
ure for 15 minutes till the resin set compl-
etely.®”

The repaired acrylic resin specimens

were stored in distilled water at 37 + 1 °C
for 48 hours.™” The following tests were
done: - Transverse strength, and tensile st-
rength.
Transverse Strength: Two hundred seven-
ty two acrylic denture base specimens we-
re prepared from two different brands of
heat cured acrylic resin cured by water ba-
th. These acrylic denture bases were divid-
ed into, one control group and sixteen rep-
aired groups each subgroup contains eight
samples. The samples of transverse streng-
th test were prepared from two fractured
acrylic denture base parts which were rep-
aired by different curing techniques (conv-
entional water bath, microwave oven,
Thermo press, and chemically cured
resin), with, or without surface treatment
with monomer, and with, or without space
(3 mm space, and no space).

The two fractured acrylic denture bas-
es were placed in a stone mold which had
been prepared previously for control group
and repair procedure was carried out as
mentioned above to form acrylic resin spe-
cimens for transverse strength with dimen-
sions 2.5 + 0.03 x 10 + 0.03 x 65 + 0.3mm
(thickness x width x length respectively)
(Figure 1). All specimens were incubated
in distilled water for 48 hours at 37 + 1°C.

The transverse strength of the repair-
ed acrylic resin was measured by three—
point transverse testing machine.™ The
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sample was supported at each end by a rol-
ler of 3.2 mm diameter. The distance bet-
ween the two rollers was 50 mm (represse-
nting the average molar to molar distance).
The load was measured by using compres-
sion machine (Inc. Model CN, 472 EVA-
NSTON 111-USA) at cross—head speed of
0.5 cm per minute.“® Transverse strength

32.5mm \—'—‘ 32.5 mm

- 65+03
mm

No space repair

2.5+ 0.03mm
thickness

(TS) was calculated according to the follo-
wing equation: TS = 3WL/2bd? @ (TS: Tr-
ansverse strength (MPa), W: Maximum lo-
ad at midpoint of the sample (Kg), L: Dist-
ance between the supports (50 mm), b:
Width of the sample (10mm), d: Thickness
of the sample (2.5mm)).

31mm L‘ ’—‘31 mm

A 4
3mm Space repair

J 10 mm + 0.03

width

A 65 + 0.3mm length ?

—

Figure (1): Dimensions for control and repaired acrylic resin specimens for
transverse strength test

Tensile Strength: One hundred forty four
specimens were prepared from two differ-
ent brands. These acrylic denture bases
were divided into one control group, and
eight repaired groups each one contains 16
samples.

The dimensions of acrylic resin speci-
mens prepared for tensile strength were 3
x 10 x 90 mm (thickness x width x length
respectively).

These specimens were prepared from

two heat cured acrylic denture base (each
piece was prepared separately with 3 x
10x 43.5 mm thickness x width x length
respectively), and stored in distilled water
at 37 + 1°C for 48 hours in an incubator.
Then the two pieces were placed in a stone
mold prepared for control group with mai-
ntaining 3 mm gap between two prepared
acrylic denture bases at the midway,
(Figure 2).

P 90 mm
/1‘ 10 mm width

3mm -
Thickness { ew

A Material &

v

3 mm New Material

Fiaure (2) Diaaram of tensile test samples

These two acrylic denture bases were
treated, or untreated with monomer at the
two faced surfaces. Then a new acrylic

chemically cured resin) was pressed at the
midway to replace the 3 mm space. The
specimens were stored in distilled water at

resin material cured by a different
technique (conventional water bath,
microwave oven, thermo press, and

37 + 1°C in an incubator for 48 hours. Th-
en Instron tensile testing machine was us-
ed to test the specimens. The samples were
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grasped by the two arms of the universal
tensile testing machine and the tension for-
ce was applied in opposite direction till the
fracture occurred at cross head speed of 5
mm/minute. The values were recorded fr-
om clock like gage for each specimen and

RESULTS
Transverse Strength (TRS): The mean of
transverse strength and standard deviation
of samples repaired by water bath, micro-
wave energy, thermo press, and chemicall-
ly cured acrylic resin (irrespective to surfa-

the tensile bound strength was calculated
by the following equation."® Tensile stre-
ngth= F (N)/ A (mm?2) (F: Tension force,
A: Cross section of the specimens).

ce treatment and repair space design) are
shown in Table (1-3) and Figure (3).

Table (1): Means and Standard deviation of transverse strength for two brands of acrylic resin
curd by different curing techniques.

Materials

Major base QD

Curing technique

Mean + SD (MPa) Mean + SD (MPa) Number

Number
Control group 81.3+3.33 8 81.06 + 1.37 8
Water bath 64.2 + 4.97 32 64.016 + 0.59 32
Microwave energy 64.7 + 4.93 32 64.355 + 0.59 32
Thermo press 60.4 + 3.17 32 59.867 + 0.38 32
Chemically cured 47.3 +2.99 32 46.961 + 0.38 32

resin
MPa: Mega Pascal; SD: Standard deviation.

Table (2): Means and standard deviation of transverse
strength for acrylic denture base material repaired with
or without surface treatment.

Surface treatment  Mean + SD (MPa) Number
Control group 81.219 +3.474 16
Treated 60.937 +7.803 128
Untreated 56.666 +7.888 128

MPa: Mega Pascal; SD: Standard deviation.

Table (3): Means and standard deviation of transverse
strength for repair space design of heat cured acrylic denture

base resin.
Repair space design  Mean + SD (MPa)  Number
Control group 81.219 +3.474 16
3 mm space 61.226 +8.120 128
No space 56.337 +7.358 128
MPa: Mega Pascal; SD: Standard deviation
Al-RafidainDentd 1175
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Figure (3): Mean transverse strength of control group and different repair techniques of
acrylic denture base.

Analysis of variance (ANOVA), Ta-
ble (4), showed that there was a significant
difference (p < 0.001) in TRS of samples
repaired by water bath, microwave, thermo
press, and chemically cured acrylic resin.
There was a significant difference (p <
0.001) in TRS of untreated, and treated sa-
mples.

Duncan’s multiple range test for the
four curing techniques, Table (5), showed
that intact (control) acrylic denture base
has significantly higher mean than all rep-

aired denture bases. The acrylic denture
base repaired by microwave, and water ba-
th had significantly higher mean TRS, foll-
owed by thermo press, then chemically cu-
red resin show the lowest mean.

The mean TRS and standard deviate-
on of 3 mm space samples was significant-
ly higher than mean of no space samples
Table (3). Analysis of variance (ANOVA),
Table (4), showed that there was a signify-
cant difference (p <0.001) in TRS of no
space and 3 mm space repaired samples.

Table (4): Analysis of variance (ANOVA) for curing techniques, surface treatment, repair
space, and their interaction.

Source of variance DF Sumofsquare Meansquare F-value P -value
Curing technique 4 38503.094 9625.773 1643.95**  0.0001
Surface treatment 1 913.952 913.952 156.09** 0.0001
Repair space design 1 1251.362 1251.362 213.09** 0.0001
Curing technique x Surface 250.279 62.569 10.69**  0.0001
treatment
Curing technigue x repair 460.563 115.140 19.66**  0.0001
space design
Surface treatment x repair 56.784 56.784 9.70**  0.0002
space design
Curing technique x surface
treatment x repair space 4 102.459 25.614 4.37** 0.0019
design
Error 280 1639.472 5.855
Corrected total 299 43177.97

**&* Mean significant at 0.01& 0.05 respectively; DF: Degree of freedom.
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Table (5): Duncan’s multiple range test for interaction between curing techniques, surface treatment, and

repair space design.

Treated Untreated
Curing technique No space 3mm space No space 3mm space
Mean + SD (MPa) Mean +SD (MPa) Mean +SD (MPa) Mean + SD (MPa)
Water bath 64.81+3.35 D 68.96 + 2.30 A 5775+ 2.04 F 65.62+2.15BC
Mg:nrg;’;;"e 6481 +259DC 6859 +1.60 A 57.35 + 2.03 F 66.65 + 2.04 B
Thermopress 59.75+1.79E 63.37 +1.50D 56.12 +1.85 F 59.81+1.36 E
Chemically cured 47 o5, 4 341 50.59 + 1.56 C 4350 + 1.54 | 4650 + 1.44 F

resin

MPa: Mega Pascal; SD: Standard deviation; Means with different letters horizontally and vertically are

statistically different.

Tensile Strength TS: The mean of tensile
strength and standard deviation of samples
repaired by water bath, microwave, thermo
press and chemically cured acrylic resin
techniques, (irrespective to surface treatm-

(4), and demonstrated that the mean TS
and standard deviation of samples repaired
by microwave technigue was significantly
higher than mean TS of samples repaired
by chemically cured acrylic resin.

ent) are shown in Table (6, 7), and Figure

Table (6): Means and Standard deviation of tensile strength for major base2 and QD acrylic denture
base resin repaired by different curing techniques.

Materials
Curing technique Major base QD
Mean + SD (N/mm?) Number Mean + SD (N/mm?2)  Number
Control group 74.90 + 1.26 8 75.36 + 1.27 8
Water bath 64.83 +1.33 16 63.36 + 2.03 16
Microwave energy 67.27 + 2.16 16 67.20 + 2.13 16
Thermopress 59.42 +1.95 16 60.90 + 1.88 16
Chemically cured resin 52.47 +1.90 16 51.42 +1.86 16
SD: Standard deviation;
Table (7) Mean and standard deviation of tensile strength for
control samples, treated and untreated samples.
Surface treatment  Mean + SD (N/mm2)  Number
Control group 75.13 +1.252 16
treated 60.383 +5.687 64
untreated 46.739 +6.539 64
SD = standard deviation.
R Pt
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Figure (4): Mean tensile strength of control group and different repair techniques of acrylic
denture base.

Analysis of variance (ANOVA), table
(8), shows that there was a significant diff-
erence (P< 0.001) in TS of treated and unt-
reated samples. Duncan’s multiple range
test of TS for different curing techniques
Table (9), showed that samples repaired by
microwave with surface treatment afforded

N/mm3). While the samples repaired by
chemically cured acrylic resin without sur-
face treatment showed significantly the lo-
west mean TS (39.4 + 0.621 N/mm?), foll-
owed by water bath and thermo press, and
the chemically cured resin (45.72 + 6.69
N/mm2) is the lowest.

significantly higher mean TS (67.2+ 0.520

Table (8): Analysis of variance (ANOVA) for curing techniques, surface treatment and their

interaction.
Source of variance DF  Sum of square Mean square F-value P—value
Curing technique 4 13121.542 4030.385 1294.29** 0.0001
Surface treatment 1 6216.295 6216.385 1996.26** 0.0001
curing techniques x 4 1983.009 495,752 159.20*  0.0001
surface treatment
Error 140 435.956 3.113
Corrected total 149 24756.804

**&* Mean significant at 0.01& 0.05 respectively.

Table (9) Duncan’s multiple range test of tensile strength for the interaction
between different curing techniques, and surface treatment.

Surface treatment
Treated Untreated
Mean + SD (N/mm?)  Mean + SD (N/mm?)

64.1 + 0.457 B 44.7 + 0.379 F
67.2 + 0.520 A 54.4 +0.228 D
Chemically cured resin 51.9 + 0.476 E 39.4 + 0.621 H
Thermopress 60.1 + 0.501 C 424+0532 G
SD: Standard deviation; Means with different letters horizontally and vertically are
statistically significant.

Curing technique

Water bath
Microwave energy

120S Al-Rafidain Dent J
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DISCUSSION

Transverse Strength (effect of curing
technique): The result of this study show-
ed that transverse strength of acrylic dent-
ure base repaired by water bath and micro-
wave has no significant difference and bo-
th were significantly higher than thermo
press and chemically cured acrylic resin.

The heat conduction of conventional
water bath, and energy conversion of micr-
owave heating would cause high degree of
MMA conversion to PMMA and give rise
to minimum, or no porosity, and stiffer re-
sin. In addition to that the low plasticizer
content of heat cured acrylic resin polymer
beads results in good adherence between
two similar acrylic resins.(? %

The Effect of Surface Treatment with
Monomer: The effect of surface treatment
of the acrylic denture base with monomer
for 180 seconds before repair procedure si-
gnificantly enhanced the transverse and te-
nsile strengths.

Painting the surface of acrylic resin
by monomer softens and dissolves the acr-
ylic resin surface to enhance the bond of
repair material dough to the acrylic dentu-
re base material. Such surface treatment
causes a superficial crack propagation, as
well as formation of numerous pits. This
surface morphologic change may enhance
the mechanical retention between fractured
surface and repaired material.® 2 ?

Surface treatment is important to
achieve acrylic denture base surface clean,
and free of contamination of dental labora-
tory such as wax, and separating medi-
um.(23, 24)

The Effect of Space Repair Desi-
gn: The result of this study showed that fr-
actured acrylic denture base repaired with
3 mm space at the fractured site significan-
tly revised its transverse strength. The pos-
sible explanation for this result is related
to the greater area of old resin to be broug-
ht into contact with the new material than
if only reduction with no space repair bet-
ween the two fractured denture base.* %)
Tensile Strength (the effect of curing tech-
nigues): Microwave heating is energy con-
version, in which the resin absorbs energy
and converts it to a local heat, rising the te-
mperature of the resin quicker and higher
than that of conventional water bath techn-
ique.®?)

Al-Rafidain Dent J
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Therefore, the rate of monomer diffu-
sion could be higher in microwave techni-
ques that provide higher bond strength of
repaired acrylic denture base. In addition,
these results can be attributed to high rate
of cross—linking between similar resin ba-
se materials.®#

CONCLUSION

All repaired samples had lower trans-
verse strength and tensile strength than co-
ntrol (intact) samples. Microwave repairi-
ng technique had superior tensile strength
than other curing techniques. Microwave
and water bath repairing technique showed
higher transverse strength than thermo pre-
ss technique and chemically cured resin.
Acrylic denture base repaired with surface
treatment by monomer exhibited repair str-
ength that was superior to those repaired
without surface treatment. Repairing acryl-
ic denture base with 3-mm space at the fra-
cture site has a superior transverse strength
than those without space.
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