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ABSTRACT  

Purpose: This study investigated the effect of adding diamond powder fillers from 5% to 20% by weight on 

thermal diffusivity of conventional heat polymerized acrylic resin. 

Materials and method: 63 samples of heat- polymerized acrylic resin were fabricated in present study. The 

samples were divided into three groups (n=7) coded TC, TS (TS5, TS10, TS15, TS20), TL (TL5, TL10, TL15, TL20). Group 

TC was the control group (i.e., non-reinforced conventional heat- polymerized acrylic resin samples). The 

samples of the groups TS and TL were reinforced with diamond powder fillers to achieve loadings of 5%, 10%, 

15%, and 20% by weight. Cylindrical resin samples containing an embedded thermocouple were used to 

determine thermal diffusivity over a physiologic temperature range (0
0
C- 70

0
C). 

Results: The mean thermal diffusivity values of the heat- polymerized acrylic resin (in cm
2
/sec) were 7.61, 8.94, 

8.94, 9.11, 8.99, 8.70, 9.03, 8.77 and 10.34 for groups TC, TS5, TS10, TS15, TS20, TL5, TL10, TL15 and TL20 respectively. 

Thermal diffusivities of the reinforced acrylic groups were found to be significantly higher than the unmodified 

acrylic resin group. Thermal diffusivity of TL group was significantly higher than TS group. 

Conclusion: The thermal diffusivity of conventional heat- polymerized acrylic resin was increased by the 

addition of diamond powder fillers. Improving the heat transfer characteristics of the conventional heat- 

polymerized acrylic resin could lead to more patient satisfaction when used as a denture base material. 

Key words: Thermal diffusivity; diamond powder fillers; PMMA; taste perception. 

 

INTRODUCTION 

The loss of teeth is a matter of great concern and their replacement by artificial substitutes, such as dentures is 

vital to the continuance of normal life. A wide array of materials and products are available for the dentist to aid 

in complete rehabilitation of lost structures. Many a skillful clinicians often had to accept defeat due to 

inadequacies in the materials used to fabricate the prosthesis. With the introduction of poly (methyl 

methacrylate) (PMMA) resin in the year 1936,
1,2  

the dental fraternity thought that this material was the final 

answer to its search of an ideal denture base material. The main reasons that accounts for the popularity and 

universal use of PMMA resin are its simple molding and processing techniques, excellent aesthetics and easy 



International Journal of Early Childhood Special Education (INT-JECSE)  

 

  

 

 

1391 

 

Vol 14, Issue 02 2022  PP:1390-1397 

“ 

DOI: 10.9756/INT-JECSE/V14I2.122 ISSN: 1308-5581 

repair.
1 

However with the continued use of PMMA resin it was realized that this material is still far from ideal in 

fulfilling the mechanical requirements of a prosthesis since it has got certain disadvantages like low strength and 

low thermal diffusivity.
3 

Thermal conductivity is the important parameter when steady-state transport conditions are present.
4
 Braden,

5
 

however, has shown that, for the transient thermal gradients encountered orally, thermal diffusivity is a further 

significant factor. The sense of touch and temperature are closely allied with the sense of taste. Heat and cold 

influence the taste of certain foods. This reaction is usually perceptible through the palatal area. A full palatal 

coverage, well insulated, may preclude this reaction. Because a barrier obstructing the palatal taste buds is 

present in full denture construction, it necessarily follows that some loss of taste must be resultant.
6 

Yoshinaka 

FM et al
7
 examined how coverage of the hard palate by an experimental palatal plate influenced 

thermosensation and observed that a denture covering the hard palate obstructs thermal perception.
 
A high value 

of thermal diffusivity may be an important factor in determining patient satisfaction and readily acceptance of 

the prostheses.
8
 Over the years several additives were added to heat-polymerized acrylic resin to improve 

thermal conductivity such as metal powder fillers (gold, chromium and cobalt alloys), thermally conducting 

ceramics (aluminium oxide, silica nitride, boron nitride, aluminium nitride).
8
 

One approach to improving thermal diffusivity of heat- polymerized acrylic resin is to introduce a more 

thermally conducting phase within the insulating acrylic resin matrix, which creates a composite denture base 

material. Others have attempted to add particles of a conducting material, to the powder or liquid resin and 

polymerize according to established procedures, increasing thermal conductivity modestly.
9
 

Numerous studies have been conducted on methods to improve conventional heat- polymerized acrylic resins. 

Little information is available on the effect of addition of diamond powder fillers in conventional heat- 

polymerized acrylic resin, on its physical and mechanical properties. This study was designed to evaluate the 

reinforcement of diamond powder fillers in various percentages on the thermal diffusivity of heat- polymerized 

acrylic resin and to conduct a comparative study between small particle and large particle size incorporation of 

diamond powder fillers on the thermal diffusivity of heat- polymerized acrylic resin. 

 

MATERIALS AND METHOD 

SAMPLE PREPARATION  

63 cylindrical resin samples that contained an embedded thermocouple were fabricated. The samples were 

divided into three groups coded Tc, TS and TL. Tc was the control group [i.e., non- reinforced conventional heat- 

polymerized acrylic resin samples (Trevalon, Dentsply India Pvt. Ltd., New Delhi, India), TS was the small 

particle size (0.1-1 micron) diamond powder (Advanced Abrasives, Venus Enterprise, Surat, India) reinforced 

conventional heat- polymerized acrylic resin. TL was the large particle size (5-10 micron) diamond powder 

reinforced conventional heat- polymerized acrylic resin. The samples of groups TS and TL were reinforced with 

diamond powder fillers to achieve loadings of 5%, 10%, 15%, and 20% by weight (Table 1).  

 

Table 1: Group distribution of samples 

Groups TC 

Group I 

TS 

Group II 

TL 

Group III 

Subgroups - TS5 TS10 TS15 TS20 TL5 TL10 TL15 TL20 

No. of samples 7 7 7 7 7 7 7 7 7 

PMMA (g) 100 95 90 85 80 95 90 85 80 

Diamond powder 

fillers (g) 

0 5 10 15 20 5 10 15 20 

TC-control group 

TS- small particle sized diamond reinforced conventional heat polymerized acrylic resin 

TL -large particle sized diamond reinforced conventional heat polymerized acrylic resin 
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Wax cylinders with dimensions- 9 mm diameter and 9 mm length were formed by pouring melted modelling 

wax (Modeling Wax, Dentsply India Pvt. Ltd., New Delhi, India) in the custom-made cylindrical metal mold. 

Each wax cylinder was attached with a wax sprue at the center to create space for placing the thermocouple bead 

junction. Rectangular wax blocks were prepared by pouring molten wax in the rectangular metal mold with 

dimensions- length 4 cm, width 2 cm and height 2 cm. This was used to create space for placing rest of the 

thermocouple.  

The wax cylinders were invested in dental stone (Fig 1) and dewaxing was done in a dewaxing unit which left 

cylindrical cavities that were used for packing the sample cylinders. A K-type thermocouple was placed with the 

bead junction located at the centre of the cylinder till half of the cylinder’s length and fixed with cyanoacrylate 

adhesive.  

 
Fig 1. The cylindrical and rectangular wax cylinders were invested in dental stone to create cylindrical 

cavity for packing resin and rectangular cavity for placing the thermocouple. 

 

The remaining part of the thermocouple was placed in the rectangular cavity (Fig 2). The powder and liquid 

components of the resin were mixed in the ratio
10

 of 3:1 into a pliable mass and then loaded into the dental stone 

molds and pressed at 200 psi on a bench press to form the resin cylinders with cellophane sheet in between the 

two halves of the flasks. Flasks were then briefly opened to check proper packing of the cylindrical cavities and 

then the flasks were pressed a final time at 4000 psi on a bench press. Samples were cured in the acrylizer for 

approximately 2 hours at 74
0
C, followed by 1 hour at 100

0
C.

10
 After cooling to room temperature in water, 

samples were removed from the molds. Excess acrylic resin was removed by trimming the edges with tungsten 

steel burs using a handpiece at low speed, and with additional hand smoothing using 320-grit silicon carbide 

paper. The samples were accurately measured with a micrometer to determine the radius (R) and length (L) of 

the cylinders. 
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Fig 2. A K-type thermocouple was placed with the bead junction located at the centre of the cylinder till 

half of the cylinder’s length. The remaining part of the thermocouple was placed in the rectangular 

cavity. 

 

 

RADIOGRAPHIC EVALUATION OF PREPARED SAMPLES 

The placement of thermocouple bead junction at the center of the resin cylinder (Fig 3) was verified by taking 

digital radiographs of the samples in- axial view; radial view; and radial view, after an axial rotation of 90 

degrees from orientation (Fig 4).    

 
Fig 3. The placement of thermocouple bead junction at the center of the resin cylinder 

 
Fig 4. Digital radiographs of the samples in- axial view; radial view; and radial view, after an axial 

rotation of 90 degrees from orientation. 

                                                

THERMAL DIFFUSIVITY TESTING 

The sample thermocouple leads were attached to a digital proportional- integral- derivative controller (PID 

controller) (Digital PID Controller, Fy Series, Taie, Taiwan) which was attached to the desktop and transient 

temperature changes at the center of the cylinder were recorded. All samples were equilibrated at 0 ± 1
o
C (To) 

for 30 minutes before testing and then placed at 70± 1
o
C

 o
C (Ts). The temperature at the center of the specimen 

(T) was recorded each second for up to one minute.  

Temperature (T) was converted to a normalized temperature (Tn) according to the equation:- 

                                      Tn = (T- TS) / (T0- TS) 
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Where, T = Transient temperature recorded, Tn = Normalized temperature, TS = 70± 1
o
C

 o
C, T0 = 0 ± 1

o
C. 

lnTn values were calculated. Slope (S) was calculated between Time and lnTn. Applying the following formula, 

the values for thermal diffusivity were calculated.  

Thermal diffusivity (∆) = -S /{(5.7832/R
2) + (π2

/ L
2
)} 

Where, R= radius of cylinder, L= length of cylinder. 

Each sample (n=7) was tested twice under identical conditions, with an equilibration at 0
0
C (30 minutes) 

between trials. Thermal diffusivity for each sample was taken as the mean of the two trials.  

 

STATISTICAL ANALYSIS 

Descriptive statistics, including mean and standard deviation were calculated for each of the three groups. One-

way ANOVA was used to determine whether significant differences existed between the means of the various 

groups. Students unpaired t- test was applied to determine the level of significance in the performance of three 

groups and to assess statistical differences in the thermal diffusivity means amongst them. 

 

RESULTS 

The mean thermal diffusivity and standard deviations for each experimental group are tabulated in Table 2.  

Table 2: Mean thermal diffusivity (10
-4

cm
2
/sec) values for the groups tested 

Groups Subgroups N Mean Standard Deviation 

Group I(TC) - 7 7.61 2.25281 

 

Group II(TS) 

TS5 7 8.94 0.47989 

TS10 7 8.94 0.91708 

TS15 7 9.11 0.60378 

TS20 7 8.99 0.44445 

Group III(TL) TL5 7 8.70 0.61999 

TL10 7 9.03 1.02856 

TL15 7 8.77 0.77642 

TL20 7 10.34 0.68762 

 

It was observed that the mean thermal diffusivity of the groups II (TS) and III (TL) was increased as compared to 

group I (TC). 

The study involved more than two subgroups with one test variable, therefore the data were subjected to one-

way ANOVA as presented in Table 3.  

Table 3: Analysis of variance among groups for thermal diffusivity 

 Sum of Squares df Mean Square F p value Remarks 

Between groups 28.982 2 14.491 12.288 0.000 VHS 

Within groups 145.047 123 1.179    

Total 174.029 125     

df- degree of freedom 

 

The results of the one-way ANOVA revealed a statistically significant (p= 0.000) difference between the mean 

values of the tested groups. 

Students unpaired t- test (Table 4) was applied to determine the level of significance in the performance of 

groups I, II and III.  

Table 4: Statistical comparisons (by Students unpaired t-test) 

 Mean Difference t value p value 

TS5 :TL5 0.24019 1.146 0.262 

TS10:TL10 0.09228 0.251 0.804 

TS15:TL15 0.34091 1.297 0.206 

TS20:TL20 1.35123 6.175 0.000 
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TS5 :TC 1.32686 2.155 0.041 

TS10:TC 1.32449 2.037 0.052 

TS15:TC 1.50193 2.409 0.023 

TS20:TC 1.38120 2.251 0.033 

TL5:TC 1.08667 1.740 0.094 

TL10:TC 1.41677 2.141 0.042 

TL15:TC 1.16101 1.823 0.080 

TL20:TC 2.73243 4.341 0.000 

 

Comparison between small and large particle sized subgroups showed very highly statistically significant 

differences in thermal diffusivity of subgroups of 20% concentration (p= 0.000). Comparison of control group 

with subgroups of small particle sized group showed statistically significant increase in thermal diffusivity in 

small particle sized subgroups at concentration of 5%, 10%, 15% and 20%    (p= 0.041, 0.052, 0.023, 0.033 

respectively). Comparison of control group with subgroups of large particle sized group showed very highly 

statistically significant increase in thermal diffusivity at concentration of 20% (p= 0.000) and statistically 

significant increase for subgroup at concentrations of 10% (p= 0.042) and non significant difference among 5% 

and 15 % concentration subgroups (p= 0.094, 0.080 respectively). Comparison of thermal diffusivity of small 

particle sized subgroups showed statistically non significant differences in thermal diffusivity. Comparison of  

thermal diffusivity of 5% subgroup with 20% subgroup and of 10% and 15% subgroups with 20% subgroup 

showed very highly statistically significant difference in thermal diffusivity (p= 0.000). Comparison of thermal 

diffusivity of 5% subgroup with 10% and 15% subgroups and of 10% subgroup with 15% subgroup showed non 

significant differences. 

DISCUSSION  

A search for alternative materials to PMMA has led to the introduction of several materials which can be added 

to the PMMA to improve its physical and mechanical properties. Thermal diffusivity is a material property 

related to thermal conductivity which measures the rate at which a body with non- uniform temperature reaches 

equilibrium. Thermal conductivity measurements are taken under steady state temperature conditions and 

therefore may not accurately reflect the ability of a material to respond to transient temperature changes 

(namely, thermal diffusivity), such as those present in the oral cavity during food and liquid intake. Thermal 

diffusivity of denture bases affects the ability of these materials to transmit thermal changes from the oral cavity 

to the underlying tissues of the palate. These changes may affect patients’ general satisfaction with dentures. 

Thermal diffusivity of the denture base can be defined as a measure of transient heat flow. Therefore, it is the 

most relevant parameter when considering the patient’s experience with intraoral temperature changes.
11

 In a 

study by Kapur and Fischer,
12

 thermal conductivity, or rather, the transient thermal conductivity (thermal 

diffusivity) of the denture base material was found to have an important effect on parotid secretions, which have 

been shown to be a good approximation of gustatory sensitivity. 

Tissues in the oral cavity are exposed to transient temperature changes. When liquids or foods of extreme 

temperatures are ingested, oral tissues and saliva tend to return those foods to normal temperature. Temperatures 

achievable orally may not be identical to food or drink temperatures. The thermal diffusivity measurement 

required for the measurement in a specific temperature range. Palmer DS et al
13

 established an appropriate 

temperature range by measuring extremes of temperature achieved orally in human volunteer subjects 

suggesting a range of 0
o
C to 67

 o
C appropriate for testing thermal changes in dental materials.  

Metallic powders have been added to conventional denture base resins by Sehajpal SB and Sood VK.
9
 Addition 

of silver, aluminium, or copper powder increased the thermal conductivity by as much as 4.5 times that of 

unmodified acrylic resin; however, the volume fraction of metal filler required to achieve that increase (25% 

metal by volume) significantly decreased the tensile strength of the acrylic resin polymer by as much as 35%.  

As alternatives to metal powder fillers, thermally conducting ceramics may be useful for increasing the thermal 

diffusivity while preserving many of the advantageous qualities of acrylic resins. Recent advances in the 

processing of ceramics have made thermally conducting ceramics, such as sapphire (single crystal form of 
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Al2O3), silicon nitride (Si3N4), boron nitride (BN), and aluminium nitride (AlN) widely available. Interestingly, 

many of these ceramics have thermal conductivities approaching or even exceeding that of some metals.
14

 In the 

current study, diamond powder fillers was used as diamond is considered to be the most hard material on earth. 

Its thermal conductivity is 2000 W/min/
◦
K

15
 which is 200 times more than the conventional heat cure acrylic 

resin (approximately 0.2 W/min/◦K)
9
. Diamond has lower filler density (density of diamond is 3.5-3.53g/cc),

15
 

thus the light weight of acrylic resin denture bases can be retained. In the present study, the large particle sized 

diamond powder in low concentration of 5% retained the pink color of the conventional heat cure acrylic resin, 

and therefore is less likely to alter the finished appearance of the denture base material.  

Various authors
4,5,8,16

 have described methods to measure thermal conductivity and diffusivity of dental 

materials. In the current study, the method reported by Watts and Smith
8
 was used with slight modification by 

capturing the data through a personal computer. This modified method even allowed the study of thermal 

diffusion at different times. Theoretical and experimental data exist to suggest that filler particle shape plays an 

important role in determining the thermal conductivity of a polymer composite.
12

 Specifically, it has been shown 

that elongated (high aspect ratio) particles of thermoconducting filler embedded in a polymer matrix are more 

efficient at increasing thermal conductivity than equiaxed (low aspect ratio) particles, such as spheres. The 

reason for this behavior is believed to be due to the ability of high aspect ratio particles to form continuous 

pathways for the conduction of heat through the insulating matrix;
12

 however, in the current study, using sphere 

particles of diamond powder fillers improved thermal diffusivity significantly. The reason for these results may 

be attributed to proper distribution of diamond spheres within denture base powders. The fine nature and even 

distribution of these powders as was clear during processing possibly form a continuous pathway through the 

insulating polymer matrix. The results of the current study are consistent with those of  Messersmith et al,
11

 

who reported that thermal diffusivity of denture base acrylic resin was increased by the addition of thermally 

conducting sapphire whiskers; however, they did not measure the mechanical properties. 

Further research is needed to evaluate the other thermal and mechanical properties to assess the suitability of 

this experimental composite for use as a denture base material before clinical application.   

 

CONCLUSION 

Based on the observations and results of this study following conclusions were made: 

1. Incorporation of small and large particle sized diamond powder fillers in conventional heat polymerized 

acrylic resin significantly increased the thermal diffusivity.  

2. With the increasing concentration, thermal diffusivity generally increased for both the small and large 

particle size groups. 

3. Large particle size group showed more increase in thermal diffusivity than the small particle size group. 

4. The comparison between small and large particle size subgroups showed non significant differences in 

thermal diffusivity of subgroups of 5%, 10%, 15% except of 20%. 
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