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Comparison of Dimensional Accuracy 
of Acrylic Resin Denture Base using 
Conventional and RS Tension Methods 
of Packing- An In-vitro Study

INTRODUCTION
Acrylic resins were first utilised in dentistry in 1937 and are still 
considered one of the best materials for removable prosthesis denture 
bases. The disadvantages of Polymethyl Methacrylate (PMMA) are 
possible stress problems, low chemical resistance, brittle material, 
and has low impact resistance [1,2]. The dimensional changes that 
happen during polymerisation shrinkage play a significant role in the 
retention of the prosthesis as well as the stability [3].

Furthermore, the base is responsible for artificial tooth attachment 
and force distribution across tissue-bearing regions, and other 
parameters, such as resin flasking method, curing time, and 
temperature correlation during curing procedures, may significantly 
affect the base’s dimensional stability. A combination of factors, 
including polymerisation shrinkage, thermal contraction caused by 
flask cooling, and strain caused by stress release during deflasking, 
results in the denture adapting less to the tissue surface [4]. Later 
stress, water gain or loss, and insufficient denture polymerisation all 
contribute to the dimensional changes that occur after the denture 
is withdrawn from the stone cast and are the most likely cause 
of denture instability [5]. Dimensional changes that occur during 
polymerisation may be difficult to compensate after processing the 
resin base.

Linear shrinkage has the greatest effect on the post dam area of 
the upper denture, creating a space between the supporting region 

and denture base [6]. Release of residual internal tension before 
polymerisation occurs while using the traditional technique of flasking 
PMMA resin, which can result in movement between the flask’s 
upper and lower members upon removal from the bench press and 
placement into the clamp [6].

Consani RXL et al., developed a novel processing technique in 
which the flask is held under constant pressure by two iron plates, 
which demonstrated a significant reduction in the magnitude of this 
gap [7]. Since the flask halves remained connected after the flask 
was removed from the press, the reduced dimensional variations 
in the denture base produced by the RS technique demonstrated 
that the flask closure retained acrylic resin dough under consistent 
pressure. This inhibited the release of residual internal stresses from 
the acrylic resin dough before polymerisation. The adaptability of the 
denture base with the oral tissue increases with increase contact 
between the denture base and cast. This close adaptation between 
the denture surface and the oral mucosa results in a more retentive 
denture [8]. It is necessary to assess whether this novel approach has 
any advantages or disadvantages over the conventional approach.

It is essential to understand the optimal flasking procedure for 
enhancing the dimensional stability of the denture base. This study 
aimed to determine the amount of dimensional changes in the 
denture base during the polymerisation process using the standard 
approach and the RS packing method. The null hypothesis was that 
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ABSTRACT
Introduction: Retention and stability are some of the important 
aspects of a successful denture. Laboratory procedures such 
as methods of packing have a great influence on the outcome 
of the denture. Different methods such as methods of closing, 
impression quality, type of acrylic resin, the processing cycle, 
cooling procedure, and water sorption have been suggested by 
the researchers to reduce the discrepancy in the dimensional 
accuracy of the complete removal dentures. Here, an attempt is 
made to compare conventional and Rafael Saide (RS) Tension 
techniques in the present study.

Aim: The aim of present study was to evaluate and compare the 
dimensional accuracy of the heat cured denture base processed 
by the Conventional and RS (Rafael Saide) tension method of 
packing.

Materials and Methods: The present in-vitro study was conducted 
at the Department of Prosthodontics, Crown and Bridge and 
Implantology, Modern Dental College and Research Centre, and at 
Shri Govindram Seksaria Institute of Technology (SGSITS) Indore 

Madhya Pradesh, India, from September 2014 to October 2015. 
A metal die with the base and counter was used to fabricate 
60 specimens of heat-cured acrylic resin by conventional and RS 
tension method of clamping. After finishing these denture bases 
the samples were decoded. All the samples were assessed for 
the discrepancy in dimensional accuracy when compared with the 
metal die at five different specified locations. The student’s t-test 
was used to compare the measurements of the two methods. 

Results: The average mean marginal gap between all the points 
by the conventional method was 275.42 µm (minimum 264.5 µm, 
maximum 282.7 µm), p-value >0.001 and RS tension method 
was 171.8 µm (minimum 88.66 µm, maximum 248.82 µm), 
p-value <0.001. There was significant difference in dimensional 
accuracy when the mean marginal gaps of the two techniques 
were compared (p-value <0.001).

Conclusion: The RS tension clamping method for the fabrication 
of dimensionally more accurate and more retentive removable 
complete dentures should be recommended in the laboratories.
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The material was placed in the mould in the dough stage. After two 
trial closures using Hydraulic press, the flask was clamped under 
pressure by bench press of 100 kg/cm2, and this pressure was 
maintained for 30 minutes to allow proper penetration of monomer 
into polymer. For Group I conventional clamp was used after removal 
from the hydraulic press. For Group II RS tension clamps [Table/
Fig-3] were used. The whole assembly (flask and RS tension clamp) 
was placed under a hydraulic press and screws of the clamp were 
tightened before removal from the hydraulic press [Table/Fig-4]. For 
curing, the flask was placed in the water bath at room temperature 
and the temperature of the curing unit was then raised to 73°C, held 
for one and half hours, and then raised to 100°C and maintained 
for half an hour.

there was no significant difference in the marginal gap between the 
denture base and the master die in conventional and RS tension 
methods of packing.

MATERIALS AND METHODS
The present in-vitro study was conducted at Department of 
Prosthodontics, Crown and Bridge and Implantology, at Modern 
Dental College and Research Centre, and at Shri Govindram 
Seksaria Institute of Technology (SGSITS), Indore, Madhya Pradesh, 
India, from September 2014 to October 2015 after obtaining the 
Ethical Clearance (S.No./MPMSU/IEC/2014/1179).

Study Procedure
As the posterior palatal seal region is needed for the investigation, 
a metal master die (aluminum alloy) of an ideal maxillary cast was 
fabricated with the base and counter and sectioned half to utilise 
the posterior palatal seal area as reported by Katheng A et al., [9]. 
On the master die, five points were specified and marked: left ridge 
crest (A), right ridge crest (E), in the midline (C), one point between 
the left ridge crest and the midline (B), and another between the 
right ridge crest and the midline (D) [Table/Fig-1].

[Table/Fig-1]: Master die with base and counter and reference points for readings.

According to Consani RLX et al., sample size of 30 in each group 
was determined with 95% confidence interval, 80% power of 
test, with absolute precision of 0.015 [4]. A total of 60 heat-cured 
acrylic resin specimens (trevalon denture base material by Dentsply) 
were made, thirty of which were fabricated using the conventional 
clamping method (samit clamp, India) at the time of flasking, thirty 
using the RS tension method of clamping. The RS tension clamp 
(SL Mestra, Spain) is a uniquely constructed fusion consisting of 
two plates of iron (150×40×8 mm). The lower plate has a 9 mm 
diameter screw with soldered ends, while the upper plate has two 
holes with a cross-section diameter of 10 mm [10].

Gypsum mould was prepared for obtaining all specimens [Table/
Fig-2], whole procedure was followed according to Savirmath A 
and Mishra V, except the metal die was filled with wax and ensures 
the proper closure of the counterpart of the die before the flasking 
procedure [11].

[Table/Fig-3]: RS tension clamp with flask; [Table/Fig-4]: Flask and RS tension 
clamp assembly placed under pressure with the hydraulic press. (Images from left 
to right).

After the completion of the curing cycle, cooling was done by one 
of the three methods [11]:

1. water bath: The flask remained in the water bath for 60 hours.

2. air: The flask was removed from the water bath and bench 
cooled for 12 hours at room temperature.

3. Quenching: The flask was removed from the water bath and 
quenched immediately under running tap water for half an hour.

After finishing these denture bases, the samples were decoded. 
Specimens were kept in distilled water for seven days before being 
evaluated for the marginal gap between the denture base and the 
master die using a traveller microscope (Manufacturer: Optiregion) 
up to the accuracy of 0.001 mm [Table/Fig-5,6]. The measurement 
was made by keeping the specimen on the horizontal table of the 
microscope with die and counterpart. It has two readings: Main 
Scale Reading (MSD) and Vernier Scale Reading (VSD) both were 
recorded and the Total Reading (TR) was calculated with the least 
count of microscope=0.001 cm [11].

[Table/Fig-5]: Observing the gap between the metal die and denture base specimen 
under traveller microscope; [Table/Fig-6]: Measurement of the gap seen between the 
denture base and master die under the travelling microscope. (Images from left to right)

[Table/Fig-2]: Invested metal die for specimen fabrication.

For the preparation of PMMA resin specimens, pre-weighed polymer 
and monomer were mixed in a ratio of 3:1 by weight according to 
the manufacturer’s instruction in a clean porcelain jar under similar 
conditions of temperature.
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Five 
points

Conventional method (group i) RS tension method (group ii)

mean±SD 
(μm)

minimum 
(μm)

maximum 
(μm)

mean±SD 
(μm)

minimum 
(μm)

maximum 
(μm)

A 282.7±54.3 200.2 386.1 155.4±51.5 71.5 243.1

B 274.5±59.3 171.6 386.1 154.9±43.6 71.5 243.1

C 264.5±72 128.7 371.8 195.9±39.4 100.1 257.4

D 282.2±56.2 171.6 386.1 180.2±44.5 100.1 257.4

E 273.2±55.8 171.6 386.1 172.6±45.4 100.1 243.1

[Table/Fig-7]: Mean and standard deviation, minimum, maximum of the marginal 
gap (µm) between the denture base and the master die by conventional (Group I) 
and RS tension method (Group II) of packing.

Points
mean±SD 

(μm)
mean±SD 

(μm) t-test value p-value

A and B 282.7±54.3 274.5±59.3 0.55 0.291

A and C 282.7±54.3 264.5±72 1.10 0.137

A and D 282.7±54.3 282.2±56.2 0.03 0.486

A and E 282.7±54.3 273.2±55.8 0.80 0.212

B and C 274.5±59.3 264.5±72 0.59 0.278

B and D 274.5±59.3 282.2±56.2 0.51 0.305

B and E 274.5±59.3 273.2±55.8 0.22 0.412

C and D 264.5±72 282.2±56.2 1.05 0.146

C and E 265.5±72 273.2±55.8 0.40 0.343

D and E 282.2±56.2 273.2±55.8 0.77 0.226

[Table/Fig-8]: Marginal gap (µm) between the denture base and the master die at 
different points using the conventional method of packing (Group I).
*student’s t-test; p-value<0.05 was considered as significant

Points mean±SD (μm) mean±SD (μm) t-test value p-value

A and B 155.4±51.5 154.9±43.6 0.04 0.484

A and C 155.4±51.5 195.9±39.4 3.42 <0.001**

A and D 155.4±51.5 180.2±44.5 1.99 0.025*

A and E 155.4±51.5 172.6±45.4 1.36 0.088

B and C 154.9±43.6 195.9±39.4 3.81 <0.001**

B and D 154.9±43.6 180.2±44.5 2.22 0.015*

B and E 154.9±43.6 172.6±45.4 1.53 0.065

C and D 195.9±39.4 180.2±44.5 1.45 0.076

C and E 195.9±39.4 172.6±45.4 2.13 0.018*

D and E 180.2±44.5 172.6±45.4 0.66 0.257

[Table/Fig-9]: Marginal gap (µm) between the denture base and the master die at 
different points using the RS tension method of packing (Group II).
*Student t-test; *p-value <0.05 was considered significant; **p-value <0.001 was considered highly 
significant

Points
group i 

mean±SD (μm)
group ii 

mean±SD (μm)
t-test 
value p-value

A and A 282.7±54.3 155.4±51.5 9.32 <0.001

B and B 274.5±59.3 154.9±43.6 8.90 <0.001

C and C 264.5±72 195.9±39.4 4.57 <0.001

D and D 282.2±56.2 180.2±44.5 7.79 <0.001

E and E 273.2±55.8 172.6±45.4 7.50 <0.001

[Table/Fig-10]: Comparison of the marginal gap (µm) between the denture base and 
master die by conventional (Group I) and RS tension method of packing (Group II).
*Student t-test; p-value <0.001 was considered highly significant

STATISTICAL ANALYSIS
The results were statistically analysed by using statistical software 
(IBM Statistical Package for the Social Sciences (SPSS) Statistics, 
version 20.0; IBM Corp.) to assess the discrepancy in dimensional 
accuracy when compared with the metal die at five different specified 
locations with the help of the student t-test.

RESULTS
The RS invented the new press technique to reduce the gap 
between the denture base and tissue surface. To reduce the 
probability of unfavorable dimensional changes in acrylic-based 
denture base resins, shrinkage during polymerisation, flask 
clamping method, time, and temperature correlation are all 
essential. The current study determined that the marginal gap 
between the denture base and the master die using the 
conventional method (Group I) and RS tension method (Group II) 
of packing [Table/Fig-7]. The t-test value and p-value obtained 
between all the points on the master die indicated that there 
was no statistically significant difference between any of the 
points when using the conventional packing method as shown 
in [Table/Fig-8].

DISCUSSION
Many variables play a significant part in the efficacy of treatment 
in complete denture construction. Retention is of the highest 
significance to the patient and a Prosthodontist. Retention not 
only enhances the stability of dentures but also enables the patient 
to deal with various psychological concerns during learning and 
retraining. Retention is related to its base fitting to the tissue bearing 
regions of the prosthesis. The adaptability of the denture base 
depends still on various elements, such as the material utilised and 
the technique of making the complete denture [10].

The most frequently used material in the construction of denture 
bases is PMMA, which is widely renowned for its colour stability, 
transparency, and ease of processing. It is widely and exclusively 
used today. When the methacrylate monomer is polymerised to form 
polymethacrylate, the density of material changes from 0.94 gm/cm3 
to 1.19 gm/cm3. Volumetric shrinkage of 21% occurs, as a result of 
this density decreases [1]. Polymethyl methacrylate resin flashing 
may cause the acrylic resin dough to polymerise with residual internal 
stresses. The pressure related to stress release during deflasking 
may result in a denture that is less adaptive to tissues [10].

When a typical thermal resin is mixed at the suggested liquid ratio, 
approximately one-third of the mass is liquid. The rest of the weight 
is un-polymerised PMMA. Therefore, the volumetric decrease in the 
polymerised mass should be around 7%, with a linear shrinkage of 
2%, leading to the lifting up of dentures following polymerisation 
from the posterior palate [1].

In Consani RLX et al., Takamata T et al., Sanders JL et al., and 
Pasam N et al., studies the greatest discrepancies were seen in the 
post palatal area between the denture base and tissues [7,12-14].

Farhan FA noted the changes in the denture base dimensions of 
the posterior palatal seal, as a relatively flat part of the edentulous 
maxilla is in the centre of the hard palate and an angular slope on 
the residual ridge [15].

Consani RXL et al., have indicated the influence on the dimensional 
stability of denture bases by the new press system (RS system) 
[7]. They suggested that the new press system can generate a 
more precise denture base, thereby decreasing the imprecision 

The marginal gap between the denture base and the master die 
using the RS tension method (Group II) of packing has been shown 
in [Table/Fig-7]. There was a statistically significant difference 
between A and C point, A and D point, B and C point, B and D 
Point, and C and E Point when using the RS tension clamping 
method [Table/Fig-9].

In the present study, the average mean marginal gap between all 
points was 275.42 µm (minimum 264.5 µm, maximum 282.7 µm) 
by using the conventional method and the average mean marginal 
gap between all points was 171.8 µm (minimum 154.9 µm, 
maximum 195.9 µm) by using the RS tension method. A highly 
significant difference was observed when the mean values of both 
the techniques at different points were compared (p-value <0.001) 
[Table/Fig-10].
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associated with traditional clamping. They reported a discrepancy 
of 0.129-0.286 mm between the upper dentures and casts. The 
greatest mean dimension change was observed when packing in 
the post dam area traditionally [7].

According to Consani RLX et al., the traditional packing method 
revealed an overall difference of 0.276 mm between the base of the 
denture and the cast in three distinct locations [4]. In the present 
study, the average mean marginal gap between all points was 
275.42 µm (minimum 264.5 µm, maximum 282.7 µm) by using the 
conventional method.

According to Consani RLX et al., the average mean difference 
between the maxillary denture base and the cast at three distinct 
locations measured using the RS Tension technique was 0.164 mm 
[4]. In the present study, the average mean marginal gap between 
all points was 171.8 µm (minimum 154.9 µm, maximum 195.9 µm) 
by using the RS tension method. When compared Group I and 
Group II, the variances of Group II were found to be relatively less 
than those of Group I. Thus it was discovered that the dimensional 
accuracy of the denture bases fabricated using the RS tension 
technique compared to traditional methods was more.

Abby A et al., noted that there is variance in the denture base 
adaptation to the cast due to planar changes and shrinking in 
the thinnest parts of the denture base [16]. It was observed that, 
although the largest decline regions occurred in the back portion, 
there were differences in the conventional and RS tension methods 
for each location.

Limitation(s)
In the present study, authors only considered the clamping method 
and single testing material; the combination of other factors which 
affect the dimensional accuracy of denture bases should also be 
considered in future studies. In the future, inclusion of more varieties 
of acrylic resins with different heating protocols with different 
clamping methods can be advocated to have all the comparisons 
in a single study.

CONCLUSION(S)
The current study indicated that the marginal gap between the 
denture base and the master die was less in the Rafael Saide (RS) 
Tension way of clamping than in the conventional approach, with 
a highly significant difference identified between both methods at 
five distinct places on the master die. The RS tension clamping 
method for the fabrication of dimensionally more accurate and more 

retentive removable complete dentures should be recommended in 
the laboratories.
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