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Abstract

Objectives: To carry out a comparative evaluation of dimensional stability and flexural
strength of different light cured tray materials with self-cured tray material as control.

Materials and methods: The study was carried out in four groups based on the different
available tray materials. Group A (n=30) — light cured resin (Individo Lux-VOCO™ GmbH
Germany); Group B (n=30)- light cured resin (Profibase-VOCO™ GmbH Germany); Group C
(n=30)- light cured resin (Plague Photo-Willmann and Pein™ GmbH Germany); Group D
(n=30)- control group-self cured resin (Asian special instant tray material Asian Acrylates™,
Mumbai, India). A digital micro-meter was used to measure the length of each specimen first
at 1 hour, 24 hour and 48 hour and three readings were taken up to 0.001 decimal. The values
for flexural strength of each specimen were measured using the 3-point bending technique
with the help of a universal testing machine. The mean values of dimensional stability and
flexural strength were calculated by the one-way ANOVA and Tukey’s post-hoc test for
multiple group’s comparison.

Results The mean change in length (in mm) of light cured resins samples were significantly
lower than self-cured resin samples at all three time intervals. The flexural strength values of
light cured resin samples-Group A (84.46+£13.32 N/mm2), B (83.431£14.52 N/mm?2) and C
(86.80+14.73 N/mm2) was significantly higher than the self-cured resin samples group D
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(41.2947.93 N/mm2) Conclusions: Light
cured tray materials are more
dimensionally stable and have a higher
flexural strength compared to self-cured
tray materials.
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Introduction

A dimensionally accurate

impression is of primary
importance for a precise fitting
dental prosthesis. According to the
Glossary of Prosthodontic Terms-
9, a custom tray is defined as “an
individualized impression tray
made from a cast recovered from a
preliminary impression. Itis usedin
making a final impression.1-2 Ideal
requirements for a custom tray
material are that it must have

dimensional and volumetric
stability in air and in a moist
environment over a period of time,
good rigidity (high modulus of
elasticity), the impression material
must adequately adhere to the tray
and should control the thickness of
layer of impression material.3

Several materials are available
commercially for the construction
of custom trays such as poly methyl
(PMMA),

thermoform sheets, light cured

methacrylate shellac,

acrylic resin, polycaprolactone

materials and printable

thermoplastic resins. Shellac was a

popular tray and temporary
denture base material in the
twentieth  century. However,

Basker et al (1976) and Wilson et al
(1987) reported that it is brittle,
breaks easily and is difficult to trim
and make the periphery smooth
and future heatingis likely to cause
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distortion. Its use as a special tray
material was discontinued as poly

methyl methacrylate  gained
popularity.4
Chemically cured (CQ) /

autopolymerising PMMA resin is
used most commonly for the
fabrication of custom trays due to
its convenience, cost efficiency,
ready availability and favourable
mechanical properties5. However,
acrylicresins have also shown to be
cytotoxic as a result of substances

that leach from the resin. The

primary  cause is  residual
monomer, resulting from
incomplete conversion of

monomers into polymer; which has
the potential to cause irritation,

inflammation and an allergic
response of the oral mucosa6. A
residual monomer content of

about 2-6% has been reported in
self-cured resins. Despite the fact
that poly methyl methacrylate has
low solubility in water, remaining
monomer may spread into the oral
mucosa. Various researches have
that the
shrinkage of chemically cured

shown volumetric
resins is 7%, along with this there is
also some linear shrinkage which
affects the dimensional stability.
These resins also absorb water
slowly over a period of time, which

acts as a plasticizer further
affecting their dimensional
stability.3

The flexural strength of acrylic
resins depend on numerous factors
such as polymer molecular weight
and bead size, residual monomer
plasticizer

level, composition,

cross—linking  agent, internal
porosity of the polymer matrix and
action of chemical agents. One
drawback of PMMA resins during
clinical service is its ability to
fracture, especially when large
undercuts are present and any type
of fracture is a time consuming and
costly problem besides being
inconvenient for patients and
clinicians.7

Taking into consideration all the
PMMA

resins, several newer light cured

drawbacks related to
resins were introduced in the early
1980s and emerged as one of the
promising materials for custom
tray fabrication in removable and
fixed prosthodontics. The light-
curing resin is composed of
urethane dimethacrylate (UDMA)
matrix and a small amount of silica
which adjusts flow characteristics
of this material8. Although they are
in routine use in current clinical
practice, their physical properties
and dimensional accuracy are not
sufficiently reported in current
literature.

Hence, in the present study, the
dimensional stability of three
different commercially available

light cured tray materials was
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evaluated at 1 hour, 24 hour and 48
hour time intervals and compared
to self-cured tray material which

was taken as the control.
Moreover, since custom trays
should exhibit an adequate

stiffness and fracture resistance in

all clinical situations; flexural
strength was also evaluated for
these materials.

The null hypothesis of this study is
thatthere is no difference between
the

flexural strength of the test light

dimensional stability and

cure and autopolymerising custom
The
hypothesis is that light cure tray

tray materials. alternate
materials have better dimensional
stability and flexural strength as
compared to autopolymerising

custom tray materials.

Material and Methods

The study was divided into four
groups as follows:

Group A- Light cured resin
(Individo Lux-VOCO™ GmbH
Germany) / Group B - Light cured
resin (Profibase-VOCO™ GmbH
Germany) / Group C - Light cured
resin (Plague Photo-Willmann and
Pein™ GmbH Germany) / Group D
- Self cured resin (Asian special
instant tray material Asian
Acrylates™, Mumbai, India)

1. Fabrication of template:
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A perspex sheet was used to
prepare the template by laser
cutting and using
RDWorks V7 The
customised template was designed

engraving
software.

in the desired dimensions of 2mm
thickness, 20 mm length and 4 mm
width according to the guidelines
of the American Society of Testing
Materials3. This planning was then
transferred to a laser cutting
machine (CO; laser, Trilok Lasers
Pune, India). The templates were
laser cut with 5 mm extra space on
of the

template was made by placing an

each side. The cover
uncut perspex sheet on top of the
accurately prepared template. A
total of 60
prepared. The sample size was

templates were
determined by Power analysis with
a confidence interval of 95% and p
value <0.05 was considered as
statistically significant.

2. Fabrication of light cured

and self-cured specimens:

A thin layer of petroleum jelly was
the
template as a separating medium

applied on customised
prior to preparation of specimens.
A sheet of light cured tray material
was cut and adapted into the
template. The entire assembly was
then placed into a light curing unit-
bre. LUX Power unit 2 at 230 V, 50
HZ and 28 W and was allowed to
cure for 3 minutes. Once set, the
template was disassembled and

the specimens of the desired
2x20x4 mm dimensions were
retrieved. The specimens were
then separately placed back into
the light curing unit for an
additional 3 minutes to allow
complete polymerization of the
material. The specimens were
checked for any irregularities and
discrepancies or errors in
dimensions and those with visible
discarded

replaced. The specimens were

defects were and

stored in a dry environment (Figure
1).

Fig 1: Preparation of samples using
perspex template

Similarly, the self-cured specimens
were prepared by mixing the
polymer and monomer according
to the manufacturer’s instructions
(3:1 v/v or 2.5:1 w/w) in a silicon
cup and added to the Perspex
template. The specimens were

retrieved after complete
polymerization and stored in a dry
environment.

Total number of specimens
prepared in the study (sample

size):
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15 specimens were prepared for
each group for measuring
dimensional stability (n=60) and
15 specimens for each group for
measuring flexural strength
(n=60).

3. Testing of specimens:

a. Dimensional stability:
Dimensional stability of prepared
samples was evaluated at 1 hour,
24 hours and 48 hours respectively.
A digital micro-meter was used to
measure the length of each
specimen first at 1 hour and three
readings were taken up to 0.001
decimal. The same procedure was
followed at 24 hours and 48 hours
respectively. Average of the three
this
average was subtracted from the

readings was made and

initial length of 20 mm to
determine change in length and get
the dimensional stability at 1, 24
and 48 hours respectively.

Changein length Al = 1- |,

I = initial length

I>= measured length

b. Flexural strength:

Specimens were subjected to a
single compressive load using the
3-point bending technique with the
help of a universal testing machine,
Star Testing System, India. Model
no. STS-248

Accuracy of machine + 1%, cross
head speed 0.5mm/min. (Figure 2)
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Fig 2: Measurement of flexural

strength using universal testing

machine
A centrally located load was
applied until the specimens

fractured. The maximum force (in
N) was recorded and presented by
software program attached to the
universal testing machine. This
maximum force was used to
calculate the Flexural strength in

MPa using the following formula:

FS =3FL
7baz
F = the maximum force

registered during testing

L= length of the support
span

b = width of specimen

d = thickness of specimen

Results

A total of 60 specimens were
prepared and evaluated for
dimensional stability and flexural
strength. (15 samples per group for

each test)

The inter group comparison of
dimensional stability between each

of the four test groups was done by
ANOVA with Tukey’s post-hoc test
for multiple groups comparison. All
p values< 0.05 were considered
statistically significant. The mean
change in length (mm) for Group A
(0.09+0.026), B (0.09+0.028) and C
(0.0940.026) was noted to be
significantly lower than group D
(0.3940.035) at time interval of
1hr. Similarly for the time interval
of 24 hours- Group A (0.11+0.02), B
(0.10£0.02) and C (0.10+0.02) was
significantly lower than group D
(0.43+0.03). As well as for 48 hour
interval- Group A (0.12+0.02), B
(0.11+0.01) and C (0.12+0.02) was
significantly lower than group D
(0.44+0.03).

The inter group comparison of
flexural strength between each of
the four test groups was done by
ANOVA with Tukey’s post-hoc test
for multiple groups comparison.
The p-value corresponding to the
F-statistic of one-way ANOVA is
lower than 0.05, suggesting that
the one or more treatments are
significantly different. The mean

flexural strength of Group A
(84.46+13.32 N/mm?), B
(83.43+14.52 N/mm?) and C

(86.80+14.73 N/mm?) was noted to
be significantly higher compared to
group D (41.2947.93 N/mm?)
(Tables 1.1 and 1.2)
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Table 1.1: Inter group comparison of the four test groups with respect to the flexural strength in N/mm?2:

Groups Mean (N/mm?) Standard Deviation
Individo Lux (Group A) 84.46 13.12
Profibase (Group B) 83.43 14.52
Plaque Photo (Group C) 86.80 14.73
Self-cure (Group D) 41.29 7.93

Table 1.2: Tukey HSD Test:

95% Confidence Interval
Product Difference p value Inference
(Upper and lower limits)

AvsC 2.34 -10.10to0 14.78 0.95 Not significant

AvsB 1.03 -13.47t0 11.41 0.99 Not significant

The mean of self-cure was

AvsD -43.17 -55.61 to -30.72 0.000
significantly lower
CvsB -3.37 -15.81 t0 9.07 0.88 Not significant
The mean of self-cure was
CvsD -45.51 -57.95 to -33.06 0.0000
significantly lower
The mean of self-cure was
BvsD -42.14 -54.58 to -29.69 0.0000

significantly lower
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Discussion

The null hypothesis is not
accepted as there is a difference
between the dimensional stability
and flexural strength of the test
light cure and autopolymerising
custom tray materials. Accuracy of
an impression is the fundamental
aspect of prosthodontic therapy.
Numerous factors governing the
precision of these impressions and
subsequent casts include: type of
impression trays, correct
manipulation of impression
materials, the method used to
make the impression, the
materials used for making casts
and proper time of cast
fabrication. Among the enlisted
factors, the type of impression
tray used plays a significant role in
the fit of the final prosthesis.®

Custom trays and stock trays have
been widely used for making
dental impressions.
Thonthammact et al® noted that
accurate casts can be made with
either stock or custom trays.
However, using a custom tray
represents a dentist’s best efforts
to obtain exact replication of the
teeth and tissues. It exemplifies
rigidity and uniform thickness of
the impression material as
recommended by several other
authors. Therefore, any materials
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used to make custom trays must
be dimensionally stable over time.

Autopolymerising acrylic resins
have been used for the fabrication
of custom trays, but concerns
about the exposure of dental
personnel to acrylic resin
monomer have been expressed.
Distortion from polymerization
shrinkage and residual stress
relaxation makes them a less than
ideal material for custom trays.
Research has suggested that
custom trays should be fabricated
at least 24 hours before
impressions are made, although
some investigators have suggested
different periods (40 minutes to 9
hours) between making resin trays
and using them, to allow the
material to become relatively
dimensionally stable.’®Hamza et
al'! found that autopolymerising
resin continues to shrink, with
significant dimensional change
occurring for up to 180 days.

Light cured resins have gained
popularity as a custom tray
material in the past few years and
hence has been the centre of
research question in this study.
Several studies have focussed on
the properties of the light cured
resins and numerous advantages
have been identified when
compared to the self-cured resins,
such as lack of offensive odour;

improved working time; excellent
dimensional and volume stability;
sufficient rigidity and stiffness;
ease of manipulation and the
immersion in disinfectants with no
effect on the physical or
mechanical properties of this
material.® Its disadvantages
include needs a special light-curing
unit, and difficulty in trimming and
finishing.

A perspex  template  was
constructed and used for the
fabrication of the specimens of
This s
machining  the

equal dimensions.!!
preferred to
specimens since it has been
reported by Neihart et al'? that
grinding may weaken the specimen
by creating multiple cracks and
surface irregularities which can
initiate the fracture process.
Specimens can be fabricated using
a metal, plastic or perspex
template. Since, in the present
study the specimens had to be
placed in a light-curing unit for
polymerization, a light transmitting
template was required. Thus, in
this study, perspex material was

used to prepare the template.

When self-cured

specimens, correct powder and

fabricating

liquid ratios must be adhered to
decrease any source of error. The
ratio of powder to liquid (3:1 v/v or
2.5:1 w/w) by measurement as
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instructed by manufacturers was
used. However, this presented a
relative technique sensitive as well
as time consuming step as the
fabricated
adhering to the

specimens without
recommended
powder to liquid ratio would result
in them becoming dry and brittle.
The light cured materials on the
other hand was less technique
sensitive to fabricate as it comes in
a wafer of uniform thickness and

can be cut to desired size until
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cured in the polymerisation unit. In
this study, the change in length of
the
measured at 1, 24 and 48 hours

four study groups was
respectively with the help of a
digital
accurate, easy to use and readily

micro-meter, since it is
available.

The inter group comparison of
change in length between each of
the four groups at the three time
intervals was done by ANOVA with
post-hoc test (Tukey HSD) for

multiple groups comparison. The
light
greater dimensional stability at all

cure materials displayed
three time intervals compared to
the self-cure material (Table 2.1).
Between the light cured materials,
there was no significant difference
in the dimensional stability at all
intervals  which is in
with  the
conducted by Breeding et al'? and
Wirz et al*4,

three

accordance studies

Table 2.1: Inter group comparison of change in length of the four test groups at different intervals:

Individo Lux Profibase Plaque Photo Self-cure
Treatment (Group A) (Group B) (Group C) (Group D)
(n=15) (n=15) (n=15) (n=15)
Interval ih | 24h | 48h | 1h | 24h | 48h | 1h | 24h | 48h | 1h | 24h | 48h
Mean change in
0.09 /0.11|0.12| 0.09 |0.10|0.11| 0.09 |0.10|0.12 | 0.39 | 043 |0.44
length (mm)
Sample SD 0.026 | 0.02 | 0.02 | 0.028 | 0.02 | 0.01 | 0.026 | 0.02 | 0.02 | 0.035 | 0.03 | 0.03
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Intra group comparison (Table 2.2) showed that the
light cured groups A and B did not show any significant
difference in the three time intervals whereas group C
showed a statistical difference between 1 and 48 hour
time interval. For group D - The mean change in length
of the samples after 1 hour (0.39+0.03 mm) was
significantly lower as compared to after 24 hours
(0.4340.03 mm) and 48 hours (0.44+0.03 mm)
respectively. No difference in the mean change in
length between 24 (0.43+0.03 mm) and 48 hours
(0.4440.03 mm) was seen.

These results show that the self-cured resins when
being kept in a dry environment undergo dimensional
changes up to 24 hours and thus must be stored for at
least 24 hours before they become dimensionally
stable. Thus a waiting period may be recommended
between fabrication and use of the tray clinically. This
is in agreement with various studies by Wirz et al®4,
Rueda et al'®, Burton et al*®*and Anderson et al'’.

Custom tray materials also must not permanently
deform during the impression making procedure
when the filled custom tray is inserted intra orally or
as the completed impression is retrieved from the oral
cavity.}¥The tray materials should be able to withstand
and resist the force required to remove a completed
impression from the oral cavity and the resulting
internal stresses. The mean of flexural strength value
of Group A (84.46+13.32 N/mm?) was significantly
higher compared to Group D (41.29+7.93 N/mm?).
Similarly mean flexural strength of Group B
(83.43+14.52 N/mm?) and Group C (86.80+14.73
N/mm?) were significantly higher as compared to the
control Group D (41.29+7.93 N/mm?). The lower
flexural strength values of the self-cured resins may be
due to the presence of residual monomer (2-6%) and
a lesser interpenetrating polymer network due to its
short curing time which could affect the strength.
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Table 2.2: Intra group comparison of change in length
of the four test groups at different intervals using
Tukey HSD Test:

Treatment pair Tukey HSD (p-value)
1h 24h 48h
AvsB 0.86 0.89 0.84
AvsC 0.89 0.67 0.89
AvsD 0.001 0.001 0.001
BvsC 0.89 0.89 0.88
BvsD 0.001 0.001 0.001
CvsD 0.001 0.001 0.001

The light cured tray materials may exhibit a higher
fracture resistance and can withstand higher forces
due to cross-linking agents though this cannot be
emphatically stated.

The
disadvantage by Smith et al'® as it makes it more
difficult to grind. Khan and Greets3 reported that the
light cured tray materials have a significantly higher

extreme hardness has been labelled a

resistance against bending as compared to the self-
cured material. In the present study, among the light
cured groups, Plague Photo™ (Group C) showed the
highest flexural strength values (86.80+14.73 N/mm?),
it may be partly attributed to the filler particle size and
volume fraction. Flexural strength values may also be
affected by the curing light intensity, time of curing
and temperature.
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Use of light cured materials as a
routine custom tray material can
be advocated not only due to them
exhibiting acceptable strength and
the
conventional and routinely used

dimensional stability over
self-cured materials, but also due
to the relative absence of any
unreacted monomer after their
polymerisation and their ease of
manipulation. Therefore, the use
of light cured tray materials can be
recommended over
autopolymerising resins for
fabrication of custom trays in
routine clinical practice.

Limitations of the study

In-vitro nature of the study
The
replicate the exact shape and

samples do not

anatomy of the custom tray.

Conclusions

Within the limitations of the study,
the following conclusions were
derived:

A) The three different light
cured tray materials showed better
dimensional stability compared to
the self-cured tray material at all
the three time intervals of 1 hour,
24 hours and 48 hours respectively.
Between the light cured materials,
Plague Photo™ (Group C) showed a

significant difference in
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dimensional stability between the
1 hour and 48 hour time interval.

B) The three light cured tray
materials showed greater flexural
strength as compared to the self-
cured tray material. Between the
light cured materials, Plaque
Photo™ (Group C) showed the
highest flexural strength, however
it was not statistically significant
when compared to Individo Lux™
(Group A) and Profibase™ (Group
B).

This highlights that the light cured
tray materials are suitable custom
tray materials and provide a viable
the
results,

alternative to self-cured
These should
however be validated in in-vivo

material.

conditions before clinical use.
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