‘

Avicenna Journal Of

AJDR

Avicenna Journal of Dental Research

Avicenna J Dent Res. 2025;17(1):1-7. doi:10.34172/ajdr.1794

UMSHA Press http://ajdr.umsha.ac.ir

Original Article ™
Comparative Evaluation of Compressive Bond Strength

Between Denture Base and Two Types of Iranian Artificial
and Vita Artificial Teeth

Samaneh Abbasi' ~, Zahra Bagheri' ™, Mobina Dalvandi?, Erfan Ayubi?

'Department of Prosthodontics, Faculty of Dentistry, Hamadan University of Medical Sciences, Hamadan, Iran

’Dentist, Hamadan University of Medical Sciences, Hamadan, Iran

3Social Determinants of Health Research Center, Health Sciences & Technology Research Institute, Hamadan University of
Medical Sciences, Hamadan, Iran

Article history:

Received: February 15, 2024
Revised: July 21, 2024
Accepted: July 28, 2024
ePublished: March 29, 2025

Abstract

Background: One of the challenges of complete prosthetics is to achieve the ideal compressive
bond strength (BS) between the denture base and artificial teeth and reduce the possibility of
teeth separation. Due to the increase in the price of foreign artificial teeth, it is reasonable to
utilize high-quality Iranian brands. Therefore, this study aimed to compare the BS between the
denture base and two types of Iranian artificial teeth and Vita artificial teeth with a combination
of chemical and mechanical surface treatments with orthophosphoric acid.

Methods: In this study, 99 maxillary artificial posterior teeth from Vita, Stone, and Classic brands
were evaluated in 9 groups. Mechanical surface treatment using diamond burs and chemical
treatment with orthophosphoric acid were used at the junction of the tooth and the denture
base. They were mounted in heat-cured acrylic blocks, and then the compressive strength was
evaluated by applying point pressure to each of the samples. The results were analyzed using an
ANOVA statistical test with SPSS software.

Results: The mean compressive strength of Vita teeth was 14.09, 16.09, and 17.90 in the control
group, diamond bur treatment, and orthophosphoric acid treatment, respectively. This value
was measured as 10.72, 13.18, and 12.54 in Stone teeth, as well as 13.27, 14.81, and 15.63,
respectively, in Classic teeth. Diamond burr and orthophosphoric acid treatments significantly
increased compressive strength in Vita (P<0.001), Stone (P=0.002), and Classic (P=0.008) teeth.
Conclusion: Based on the findings, the surface treatments of diamond burr and orthophosphoric
acid could noticeably increase the compressive strength of Classic, Vita, and Stone teeth. However,
the physical treatment of diamond burr was more effective in Stone teeth. Orthophosphoric acid
treatment significantly increased compressive strength in Vita and Classic teeth.
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Background

Oral and dental diseases such as caries, periodontal
diseases, and tooth loss indicate the impact of poor oral
hygiene on tooth loss and reduced quality of life (1).
The main goal of prosthetic treatment for missing teeth
is to restore lost oral function and improve appearance
(2). Complete denture treatment is widely used to
restore oral function in completely edentulous patients
(3). This treatment is one of the most popular and
common prosthetic treatment options for patients who
have systemic, anatomical, or economic limitations (4).
Prostheses are exposed to considerable stress in the oral

environment and during chewing (5). One of the most
frequent issues or problems with dental prostheses is the
artificial tooth detachment from the prosthesis base. Stress
or exhaustion may cause the artificial tooth detachment
from the denture base. Numerous studies were undertaken
to assess the causes of bond failure and strengthen the bond
between the prosthesis base and the artificial teeth (6). Jain
et al emphasized that failures that occur due to cracks and
expansion of cracks in load-bearing areas, in addition to
wasting the dentist’s time and effort, impose more costs
and discomfort on the patient (7). Approximately 26%-
33% of artificial teeth are repaired due to bond loss (8).
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To produce a cross-linked polymer and strengthen
the bond between the denture base and artificial teeth,
both polymers must be mutually soluble. The physical
connection between the denture base resin and the
artificial tooth resin, as well as the ensuing chemical
reaction that creates an interwoven polymer network,
has a substantial impact on the bond between the two
components. The adhesion of two components is one of
the most important elements in achieving the prosthesis’s
best performance and long-term durability (9). The most
frequent causes of debonding are the smaller ridge lap
area gained for bonding, chewing stresses, incompatible
surface conditions, or the presence of impurities, such as
low monomer during polymerization and residual wax
on the surface of the connection between the teeth and
the prosthesis base (10). Implant-supported prostheses
put more force on the teeth by improving the chewing
function. They thereby stand a greater chance of
debonding. Furthermore, the attachment in the anterior
region of prostheses based on implants may cause the
acrylic resin there to be too thin, which may cause the
teeth to separate from the base (11).

To increase the prosthesis’s effectiveness for the patient
and decrease the need for restoration in the future, studies
have investigated the effect of various methods, including
chemical and mechanical treatments, on the compressive
bond strength (BS) between the denture base and the
teeth, which have obtained different and occasionally
contradictory results. Therefore, more investigations
are necessary. Due to the increasing trend in the price of
foreign artificial teeth, it is reasonable to use high-quality
Iranian brands. Thus, Iranian artificial and Vita artificial
teeth with a combination of chemical and mechanical
surface treatments using orthophosphoric acid were
compared for compressive BS in the present research.

Materials and Methods

In general, 99 maxillary posterior molar teeth from three
brands of Stone and Classic (Azindandan, Hamadan,
Iran) and Vita (Vita, Bad Sackingen, Germany) teeth were
used in the current research. The Stone and Classic teeth
utilized in this study were produced in Hamadan Science
and Technology Park and have the national standard
mark of Iran, CE, and ISO 13485:2016 certificate, along
with approval from Hamadan Dental School. Vita teeth
were made of polymer-infiltrated-feldspathic ceramic-
network material and produced at VITA-Zahnfabrik
Company, Germany. None of the three types of teeth
in the control group had their surface treatment. In the
mechanical treatment group, the connection surface
was roughened with a diamond bur; in this way, first,
guiding grooves were cut with a depth cut bur to a depth
of 0.5 mm (Meisinger, 834 Depth Cutter), and then the
islands between the grooves were removed with a flat bur
(Crosstech Multi-Use Diamond Burs 859/012F (a head
size of 1.2 mm and head length of 10.0 mm; Friction Grip
Shank, Fine, Flats). In the chemical treatment groups,

the samples were etched with orthophosphoric acid 85%
(EMSURE® ACS, ISO, Reag. Ph Eur) for 30 seconds at the
tooth-to-base junction, and then the teeth were washed
and dried.

Therefore, the samples were divided into 9 groups, and
each group consisted of 11 samples as follows:

1. Classic teeth

2. Classi teeth + orthophosphoric acid

3. Classic teeth + roughening of the connection surface
with a diamond bur

4. Vitateeth

Vita teeth + orthophosphoric acid

6. Vita teeth+roughening of the connection surface
with a diamond bur

7. Stone teeth

Stone teeth + orthophosphoric acid teeth

9. Stone teeth+roughening of the connection surface
with a diamond bur (Figure 1).

The teeth were placed in wax blocks in such a way that
the longitudinal axis of the teeth was placed at an angle of
45 degrees to the base block (Figure 2).

Plaster type 2 and dental stone type 4 were mixed in
equal proportions, the wax blocks were flasked, and
burnout was performed. Then, the flasks were opened,
and heat cured acrylic resin was mixed based on the
manufacturer’s instructions (Acropars, Tehran, Iran),
packed inside the flasks, and pressed twice under 1.5 bar
pressure. Finally, the acrylic additions were removed in
each step and then heated (Figure 3).

To simulate oral conditions, the samples were subjected
to 10000 cycles of thermocycling in distilled water
between 5 and 55 °C (12), which is equivalent to placing
the samples in the patient’s mouth for 100 days. Point
compressive load was applied using a universal mechanical

u

®

Figure 1. Control Group, Mechanical and Chemical Treatment Groups
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Figure 2. The Teeth Mounted in the Wax Block and the Schematic Diagram
of How the Force is Applied
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Figure 3. Muffling

testing machine (Model 4301, Instron, Canton, MA, USA;
Figure 4).

The compression point on the palatal surface of the
teeth measured 1 mm and pointed in the direction of
the fracture. Each sample was removed after failure, and
the maximum load at failure was measured in Newtons
(N). The compressive stress (in MPa) at the maximum
compressive load was computed using the formula
S=Force/Area, where F is the maximum load necessary to
cause failure and A denotes the test specimen’s interface
area, measured in mm?.

For analysis, all data were entered into SPSS software,
version 24. Inferential statistics and appropriate
statistical tests such as independent t-test, analysis of
variance (ANOVA), and post hoc tests (including LSD)
were used. It should be mentioned that the Shapiro-
Wilks and Kolmogorov-Smirnov tests were initially
utilized to verify the assumption of data normality; if
the normality assumption was not established, the non-
parametric equivalent of the mentioned parametric tests
was considered to use appropriate transformations to
normalize the data. The significance level of the test was
considered 0.05.

Results

Table 1 and Figure 5 show the compressive BS in all
the studied groups. The highest compressive strength
was related to the Vita artificial teeth group with
orthophosphoric acid chemical treatment, while the
lowest compressive strength was related to the Stone
artificial teeth group without treatment. Based on the
results (Table 1), in the groups where the surface treatment
was performed either mechanically or chemically on the
Iranian Classic brand, the average compressive BS with
denture base resin was similar to or more than Vita
artificial teeth, which were much more expensive.

Considering the normality of the distribution of the
compressive stress value, ANOVA analysis was employed
to check the difference in the average value of the
compressive stress according to the groups.

According to the findings (Table 2), the compressive BS
between the teeth and the base of the acrylic prosthesis in
all three types of artificial teeth (Vita, Stone, and Classic)
showed significant differences in the control groups and
the groups that were treated with diamond burs and
orthophosphoric acid.

Figure 4. Universal Mechanical Testing Machine

The results (Table 3) further revealed a remarkable
distinction in the compressive BS between the teeth
and acrylic prosthesis base in Vita, Stone, and Classic
teeth in the control groups (P<0.001) and in the groups
where the mechanical treatment was performed by
roughening the connection surface with a diamond bur
(P<0.001). Moreover, there was a remarkable distinction
in the compressive BS between the teeth and the acrylic
prosthesis base in Vita, Stone, and Classic teeth in
the groups that underwent chemical treatment using
orthophosphoric acid (P<0.001).

Discussion
The separation of artificial teeth from the resin base is
frustrating for both patients and dentists, especially when
the force exerted on the prosthetic components increases;
for example, in cases where the patient has implants, teeth
separation becomes a major clinical problem (13,14).

The compressive BS of Iranian artificial teeth and
Vita artificial teeth with a combination of chemical and
mechanical surface treatments with orthophosphoric
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Figure 5. Boxplot Diagram of Compressive Stress Score Distribution According to Study Groups

Table 1. Compressive BS Score Distribution According to Study Groups

Groups Mean Standard Deviation Minimum Maximum
Vita 14.09 1.04 13 16
Vita under mechanical treatment (diamond bur) 16.09 1.04 14 17
Vita under chemical treatment (orthophosphoric acid) 17.90 1.97 14 20
Stone 10.72 1.67 8 13
Stone under mechanical treatment (diamond bur) 13.18 1.60 11 15
Stone under chemical treatment (orthophosphoric acid) 12.54 1.21 10 14
Classic 13.27 2.05 11 18
Classic under mechanical treatment (diamond bur) 14.81 1.32 13 17
Classic under chemical treatment (orthophosphoric acid) 15.63 1.56 14 18
Note. BS: Bond strength.
Table 2. Comparison of Compressive BS of Control Groups and Chemical and Mechanical Treatments in Each of the Brands

Groups Mean Standard Deviation P Value
Vita 14.09 1.04

Vita under mechanical treatment (diamond bur) 16.09 1.04 <0.001
Vita under chemical treatment (orthophosphoric acid) 17.90 1.97

Stone 10.72 1.67

Stone under mechanical treatment (diamond bur) 13.18 1.60 0.002
Stone under chemical treatment (orthophosphoric acid) 12.54 1.21

Classic 13.27 2.05

Classic under mechanical treatment (diamond bur) 14.81 1.32 0.008
Classic under chemical treatment (orthophosphoric acid) 15.63 1.56

Note. BS: Bond strength.

acid was compared in this study. Based on the results, the
compressive BS of the orthophosphoric acid group and
the group that roughened the connection surface with a
diamond burr was significantly higher than that of the
control group. This can be justified by the fact that the
surface energy of the acrylic resin with different chemical
and physical changes, such as orthophosphoric acid and

roughening of the connection surface with a diamond
burr, is different from acrylic resin without treatment (15).

Sayed et al compared the compressive BS between
acrylic denture base and tooth using a combination of
mechanical and chemical treatments and concluded that
roughing with diamond burs produced the maximum
BS, while grooving and sandblasting led to the lowest BS
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Table 3. Comparison of Compressive BS of Control Groups From Different Brands and Mechanical and Chemical Treatments From Different Brands

Groups Mean Standard Deviation P Value
Vita 14.09 1.04
Stone 10.72 1.67 <0.001
Classic 13.27 2.05
Vita under mechanical treatment (diamond bur) 16.09 1.04
Stone under mechanical treatment (diamond bur) 13.18 1.60 <0.001
Classic under mechanical treatment (orthophosphoric acid) 14.81 1.32
Vita under chemical treatment (orthophosphoric acid) 17.90 1.97
Stone under chemical treatment (diamond bur) 12.54 1.12 <0.001
Classic under chemical treatment (orthophosphoric acid) 15.63 1.56

Note. BS: Bond strength.

(16), which is in line with the results of Stone teeth that
underwent mechanical treatment with a diamond burr
in our study. However, the results related to Vita and
Classic teeth in our study, in which the highest BS was
related to chemical treatment with orthophosphoric acid,
were different, and this difference can be attributed to the
structural differences and type of these teeth. Saliman et
al investigated how much the shear BS between ceramic
teeth and resin denture bases depends on physical and
chemical surface treatments (monomer application,
creating T-shaped holes, and a combination of both). They
concluded that applying monomer to teeth (chemical
treatment) had the highest BS (17). In the present study,
orthophosphoric acid chemical treatments in Classic and
Stone teeth caused a greater increase in compressive BS
than diamond burr treatment.

Sadar et al applied various surface modifications, such as
sandblasting, groove creation, and monomer application,
to compare the compressive and shear BS between acrylic
resin teeth and denture base. The result demonstrated
that a slight mechanical change in the artificial teeth’s
surface changed the compressive and shear BS between
the artificial teeth and the denture base compared to
the teeth that remained intact. However, the maximum
compressive and shear band strength can be increased by
using methyl methacrylate monomer, which is less time-
consuming (18), which conforms to the findings of the
current study, so that orthophosphoric acid (chemical
treatment) increased the compressive strength of Vita and
Classic teeth compared to diamond burs.

Phukela et al found that the BS between denture teeth
and Lucitone 199 heat-cured denture base material was
increased with the mechanical modifications of denture
teeth. In their study, the control group specimens without
any modification prepared by Lucitone 199 heat cure
resin showed the lowest BS value, whereas the specimens
prepared with a T-shaped groove packed with Lucitone
199 heat cure resin indicated the highest BS value.
Therefore, this modification can be a suggested method
to secure denture teeth in denture bases (19), which
corroborates the results of our study. Bhochhibhoya et
al evaluated the effect of surface treatment by painting
the ridge lap surface of the teeth with monomer and

mechanical modifications by sandblasting the ridge lap
surface with aluminum oxide particles and preparing
a diatoric on shear BS between acrylic denture teeth
and heat-cured acrylic denture base resin. This study
suggested the highest BSs for specimens treated with
sandblasting and the lowest strengths for untreated
specimens without extension of acrylic to the cervical
collar (20), which is in conformity with the findings of the
present study. In another study, Phukela et al investigated
mechanically modified heat-polymerized acrylic resin for
shear BS. Their samples were central incisors, which were
divided into 4 groups. Group 1 was the control group,
whereas groups 2, 3, and 4 were experimental groups
modified with half-moon-shaped grooves, Y-shaped
grooves, and a combination of half-moon- and Y-shaped
grooves, respectively. They concluded that specimens
with a combination of half-moon- and Y-shaped grooves
showed the highest shear BS value, while the specimens
without any mechanical preparation represented the
lowest shear BS value (21). Pande et al studied the tensile
BS between artificial teeth and acrylic base before and
after thermocycling. They found that the shear BS was
not significantly affected before and after thermocycling
in heat-polymerized denture base resins (22). In our
study, the effect of thermocycling was also taken into
consideration.

The results of this study would not be directly compared
with the findings of other studies, since the base resin
of artificial teeth, the chemical used, and the chemical
composition of acrylic teeth vary, all of which might have
different effects on the BS. The inconsistent outcomes
observed in different studies examining the impact of
chemical and physical surface treatments on the strength
of the tooth-resin bond could potentially be attributed to
the utilization of distinct denture bases.

Thermocycling is a laboratory process in which the
temperature conditions similar to those in the human
mouth are simulated, so that thermal stresses that occur in
the teeth and dental materials during the treatment of the
patient also occur in the laboratory samples, and the test
conditions will be closer to real and clinical conditions.
In the thermocycling process, the samples are placed in
hot and cold distilled water at certain and predetermined
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times at temperatures similar to those that may occur in
the patient’s mouth. During the thermocycling process,
temperature changes and water absorption by dental
materials alter the properties of these materials. Previous
research showed that thermocycling increases the rate
of abrasion and surface destruction of composites, and
the thermal shock created between the constituent
components of the composite as a result of this process
causes microcracks in it. Therefore, it is crucial to
investigate the mechanical properties of dental materials
subjected to the thermocycling process in a humid
environment (12, 23,24). For this reason, thermocycling
was used in the present study.

The comparison of failure modes demonstrated that
cohesive failure was dominant at the denture base/
tooth interface in groups treated with diamond burs and
orthophosphoric acid, and adhesive failure was dominant
in the control groups. According to the British standard
(25), the BS is satisfactory when the failure is cohesive. In
actuality, a cohesive tooth fracture indicates that the BS
has been successfully reached. In the current study, a large
number of sample failures occurred in all samples treated
with diamond burs and chemically with orthophosphoric
acid in a cohesive way, resulting in artificial teeth leaving a
layer of dental material on the prosthetic base. Conversely,
a small number of teeth displayed a combination of
adhesive failure on the tooth and/or denture base. In
terms of prosthesis efficiency, cohesive fractures can be
considered more favorable compared to other fractures
(26). The use of acrylic teeth or prosthesis bases with
surface treatments of diamond burs and orthophosphoric
acid can prevent adhesive failures and thus prolong the
life of the prosthesis.

Since this study is an in vitro study and does not include
all the conditions in the oral cavity, it is suggested that
it be investigated in vivo as well. It is also suggested that
other types of existing artificial teeth or other types of
prosthetic bases, such as computer-aided design bases, be
examined.

Conclusion

Typically, surface treatment with diamond burs and
chemicals containing orthophosphoric acid can be used
to increase the compressive BS between the prosthesis
base and the artificial teeth. In the teeth examined in this
study without surface treatment, the highest compressive
strength was related to the Vita teeth, followed by the
Classic teeth, while the lowest compressive strength
belonged to the Stone teeth. However, chemical
and mechanical surface treatments can increase the
compressive BS of these teeth, so that in this study, it was
observed that Stone teeth surface treatment with diamond
burr and Vita and Classic teeth surface treatment using
orthophosphoric acid can significantly increase the
compressive BS compared to other treatments.
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