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Comparison of shear bond strengths of 
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PURPOSE. To determine the shear bond strengths of different denture base resins to different types of 
prefabricated teeth (acrylic, nanohybrid composite, and cross-linked) and denture teeth produced by computer-
aided design/computer-aided manufacturing (CAD/CAM) technology. MATERIALS AND METHODS. Prefabricated 
teeth and CAD/CAM (milled) denture teeth were divided into 10 groups and bonded to different denture base 
materials. Groups 1-3 comprised of different types of prefabricated teeth and cold-polymerized denture base 
resin; groups 4-6 comprised of different types of prefabricated teeth and heat-polymerized denture base resin; 
groups 7-9 comprised of different types of prefabricated teeth and CAD/CAM (milled) denture base resin; and 
group 10 comprised of milled denture teeth produced by CAD/CAM technology and CAD/CAM (milled) denture 
base resin. A universal testing machine was used to evaluate the shear bond strength for all specimens. One-way 
ANOVA and Tukey post-hoc test were used for analyzing the data (α=.05). RESULTS. The shear bond strengths of 
different groups ranged from 3.37 ± 2.14 MPa to 18.10 ± 2.68 MPa. Statistical analysis showed significant 
differences among the tested groups (P<.0001). Among different polymerization methods, the lowest values were 
determined in cold-polymerized resin.There was no significant difference between the shear bond strength 
values of heat-polymerized and CAD/CAM (milled) denture base resins. CONCLUSION. Different combinations 
of materials for removable denture base and denture teeth can affect their bond strength. Cold-polymerized resin 
should be avoided for attaching prefabricated teeth to a denture base. CAD/CAM (milled) and heat-polymerized 
denture base resins bonded to different types of prefabricated teeth show similar shear bond strength values. [ J 
Adv Prosthodont 2020;12:376-82]
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INTRODUCTION

Debonding of  a tooth from a denture base of  a complete 
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or partial removable denture is the most common clinical 
situation requiring subsequent repair.1 According to studies, 
30% of  all denture repairs are caused by debonding of  pre-
fabricated teeth.2-4 The problem is even greater with implant-
supported overdentures because their higher chewing capac-
ity increases the risk of  tooth detachment from the over-
denture base.5

Denture base resin and prefabricated teeth differ in a 
structure and are fabricated separately. Separated fabrication 
processes are considered to be one of  the main factors that 
can lead to tooth failure, especially in the anterior portion 
of  a removable denture.6,7 The denture base resin that has 
been used most frequently in dental medicine is polymethyl-
methacrylate (PMMA).7 Findings related to the bond 
strength between denture base materials and artificial teeth 
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vary.8-16 As some studies have already reported, different 
types of  prefabricated teeth also showed differences in the 
shear bond strength.4,17

Advancements in technology have ensured digital meth-
ods for denture base fabrication (computer-aided design/
computer-aided manufacturing [CAD/CAM]), including 
subtractive (milling) and additive technologies (three-dimen-
sional [3D] printing).18-21 Digital techniques allow fabrication 
of  a denture base in one block, and they have the ability to 
attach prefabricated teeth or CAD/CAM (milled) teeth with 
an adequate adhesive or to bond them using cold or heat 
polymerization (conventional approach).19 Most manufac-
turers suggest use of  adhesive as a better option.22,23 The lit-
erature findings about the bond strength between digitally 
produced denture base resins and different types of  artifi-
cial teeth (including teeth produced with CAD/CAM tech-
nology) are scarce. To the authors’ knowledge, there are 
only two studies which have included digitally produced den-
ture bases and different types of  denture teeth.9,24 However, 
these studies did not include CAD/CAM (milled) denture 
teeth.

Shear bond strength testing is the most widely used type 
of  testing25 for analyzing the bond strength between den-
ture base resins and artificial teeth.13-17,26 The aim of  this 
study was to examine the shear bond strength of  different 
types of  prefabricated teeth (acrylic, nanohybrid composite, 
and cross-linked teeth) and CAD/CAM (milled) denture 
teeth to CAD/CAM (milled), cold-polymerized, and heat-
polymerized denture base resins. The null hypothesis was 
that different materials would have similar shear bond 
strength values.

MATERIALS AND METHODS

Eighty specimens were prepared from three different types 
of  prefabricated teeth (acrylic [SR Orthotyp S PE, Ivoclar 
Vivadent, Schaan, Liechtenstein], nanohybrid composite 
[Phonares II Typ, Ivoclar Vivadent, Schaan, Liechtenstein], 
cross-linked [SR Orthotyp DCL, Ivoclar Vivadent, Schaan, 
Liechtenstein]), and one type of  milled CAD/CAM denture 
teeth (SR Vivodent CAD, Ivoclar Vivadent, Schaan, 
Liechtenstein). They were combined with three types of  
denture base resins-cold-polymerized acrylics (ProBase 
Cold, Ivoclar Vivadent, Schaan, Liechtenstein), heat-polym-
erized acrylics (ProBase Hot, Ivoclar Vivadent, Schaan, 
Liechtenstein), and CAD/CAM (milled) denture base resin 
(IvoBase CAD, Ivoclar Vivadent, Schaan, Liechtenstein). A 
list of  groups, name of  materials, and the manufacturer is 
shown in Table 1. The specimens were divided into 10 
groups, and each group had eight specimens. Fig. 1 and Fig. 
2 show diagrams of  specimens. 

Specimen preparation was similar to that in a previous 
research.1,26,27 Each prefabricated tooth was immersed in a 
colorless cold-polymerized acrylate (Clarocit Kit, Struers 
Co., Ballerup, Denmark) in a plastic mold (FlexiForm 
round, Struers Co., Ballerup, Denmark) according to the 
manufacturer’s instructions. After cooling, specimens (acryl-
ic cylinder with immersed tooth) were carefully removed 
from the plastic molds. The ridge lap surface of  each tooth 
was exposed with a water cutting machine (IsoMet 1000, 
Buehler, Lake Bluff, IL, USA). No other treatment of  the 
ridge lap surface of  teeth was used. A metallic mold was 
employed to create silicone samples (Optosil Comfort Putty, 

Table 1.  Groups, name of materials and manufacturer

Group Name of materials Manufacturer

Cold-polymerized denture base resin and 
acrylic teeth

Probase cold and SR Orthotyp S PE Ivoclar Vivadent, Schaan, Liechtenstein

Cold-polymerized denture base resin and 
nanohybrid composite teeth

Probase cold and Phonares II Typ Ivoclar Vivadent, Schaan, Liechtenstein

Cold-polymerized denture base resin and 
cross-linked teeth

Probase cold and SR Orthotyp DCL Ivoclar Vivadent, Schaan, Liechtenstein

Heat-polymerized denture base resin and 
acrylic teeth

Probase hot and SR Orthotyp S PE Ivoclar Vivadent, Schaan, Liechtenstein

Heat-polymerized denture base resin and 
nanohybrid composite teeth

Probase hot and Phonares II Typ Ivoclar Vivadent, Schaan, Liechtenstein

Heat-polymerized denture base resin and 
cross-linked teeth

Probase hot and SR Orthotyp DCL Ivoclar Vivadent, Schaan, Liechtenstein

CAD/CAM (milled) denture base resin and 
acrylic teeth

IvoBase CAD and SR Orthotyp S PE Ivoclar Vivadent, Schaan, Liechtenstein

CAD/CAM (milled) denture base resin and 
nanohybrid composite teeth

IvoBase CAD and Phonares II Typ Ivoclar Vivadent, Schaan, Liechtenstein
 

CAD/CAM (milled) denture base resin and 
cross-linked teeth

IvoBase CAD and SR Orthotyp DCL Ivoclar Vivadent, Schaan, Liechtenstein

CAD/CAM (milled) denture base resin and 
CAD/CAM (milled) denture teeth

IvoBase CAD and SR Vivodent CAD Ivoclar Vivadent, Schaan, Liechtenstein
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Kulzer, Hanau, Germany) with a 25.0 mm diameter × 2.5 
mm height. Each sample had a circular opening in the cen-
ter, with a 5.0 mm diameter × 2.5 mm height, for prepara-
tion of  the denture base resin cylinders. Silicon samples 
were fixed with an instant adhesive (Loctite, Henkel, 
Düsseldorf, Germany) on the exposed surface of  the acrylic 
cylinders, which comprised of  the embedded prefabricated 
tooth. The circular opening in silicone was filled with wax 
before the flasking procedure to secure space for heat-
polymerized acrylics. Specimens of  prefabricated teeth and 
heat-polymerized cylinders were obtained via the flasking 
procedure. The lower part of  the flask was filled with gyp-
sum, and the specimen was immersed. The gypsum was 
coated with separating medium (Separating Fluid, Ivoclar 
Vivadent, Schaan, Liechtenstein), the upper part of  the flask 
was positioned, and the second layer of  gypsum was placed, 
followed by complete closure of  the flask. After gypsum 
induration, the flask was opened, and the wax was removed. 
The packing stage followed, and polymerization was carried 
out according to the manufacturer’s instructions in an 
appropriate polymerization unit (EWL Typ 5509, Kavo, 
Biberach, Germany). Each flask was left for cooling at 
room temperature. Then, the specimens were carefully 
deflasked and cleaned. Cold-polymerized cylinders were 
obtained in a similar manner by inserting cold-polymerized 
acrylics into a circular opening of  the silicon mold. 
Following the manufacturer’s instructions, polymerization 
was carried out in a pressure device (Ivomat IP2, Ivoclar 
Vivadent, Schaan, Liechtenstein) at 40°C and at 6 bar pres-
sure for 15 minutes. CAD/CAM cylinders (5.0 mm diame-
ter × 2.5 mm height) were constructed (Netfabb Premium 
2019, Autodesk, San Rafael, CA, USA) and saved as a stan-
dard tessellation language (STL) file. A milling machine 
(Ceramill Mikro 5X, Amann Girrbach, Koblach, Austria) 
was used to obtain CAD/CAM cylinders (IvoBase CAD) 
according to the attained STL file. The cylinders were glued 
with a PMMA-based bonding material (IvoBase CAD Bond 
Kit 10, Ivoclar Vivadent, Schaan, Liechtenstein) to the 

exposed surface of  the teeth (SR Orthotyp S PE; Phonares 
II Typ; SR Orthotyp DCL; and SR Vivodent CAD). CAD/
CAM tooth cylinders of  25.0 mm diameter × 12.0 mm 
height were milled from CAD/CAM discs (SR Vivodent 
CAD, Ivoclar Vivadent, Schaan, Liechtenstein) using the 
same software (Netfabb Premium 2019) and the milling 
machine (Ceramill Mikro 5X). In the center of  each CAD/
CAM (milled) tooth cylinder, a CAD/CAM (milled) denture 
base resin cylinder (5.0 mm diameter × 2.5 mm height) was 
glued with a bonding agent (IvoBase CAD Bond Kit 10). 
The specimens appeared like denture teeth embedded in 
acrylic (first mandibular molars) bonded to denture base 
resin cylinders with 5.0 mm diameter × 2.5 mm height.1 All 
specimens were stored in distilled water at 37°C for 48 
hours before testing.

The shear bond strength between denture base resins 
and prefabricated teeth and teeth produced by CAD/CAM 
(milled) was determined using a universal shear bond 
strength testing machine (model LRX, Lloyd Instruments, 
Fareham, Great Britain) at a 1 mm/min crosshead speed. 
The load at fracture was recorded and presented by the soft-
ware of  the testing machine (Nexygen, Lloyd Instruments, 
Fareham, Great Britain). Failure was classified by using a 
stereomicroscope (Olympus SZX10, Olympus, Tokyo, Japan) 
at a magnification of  120× as adhesive, cohesive, or mixed. 
Adhesive failure (Fig. 3) refers to complete detachment 
between the denture base resin and a prefabricated tooth; 
cohesive failure (Fig. 4) refers to a complete fracture in the 
denture base resin or tooth; mixed failure (Fig. 5) refers to 
both occurring simultaneously.7 Normality of  distribution 
was tested with the Shapiro–Wilk test. Analysis of  variance 
(one-way ANOVA) and Tukey multiple comparison test 
were used to compare the obtained values among different 
groups of  material (normal distribution). The analysis was 
carried out using a statistical software package (SPSS 
Statistics 17.0, IBM, Armonk, NY, USA) on the Windows 
platform. The significance level was set at 5%.
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Fig. 1.  Diagram of the specimens for groups 1-9. Fig. 2.  Diagram of the specimens for group 10.
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RESULTS

Descriptive statistics for shear bond strength values of  dif-
ferent groups are presented in Fig. 6. The minimal and max-
imal shear bond strength values (in MPa) of  the tested 
groups were 0.90 and 6.49 for group 1, 5.58 and 13.18 for 
group 2, 5.73 and 18.27 for group 3, 13.02 and 20.45 for 
group 4, 5.53 and 19.07 for group 5, 7.20 and 19.89 for 
group 6, 8.54 and 16.03 for group 7, 12.66 and 17.71 for 
group 8, 9.26 and 18.92 for group 9, and 8.28 and 22.54 for 
group 10.

One-way ANOVA showed significant differences in 
shear bond strength values among the tested groups (P < 
.0001). The results of  the Tukey post-hoc test are shown in 
Fig. 6. Modes of  failure are presented in Table 2.

DISCUSSION

The present study investigated the shear bond strength 
between different types of  denture base resins and different 
types of  prefabricated and CAD/CAM (milled) denture 
teeth, with an emphasis on digitally produced denture base 

Fig. 3.  Adhesive failure. Fig. 5.  Mixed failure.Fig. 4.  Cohesive failure.

Fig. 6.  Means and standard deviations of shear bond strength for groups. Similar uppercase letters denote no significant 
differences between groups (Tukey post-hoc test, P > .05). CPA - cold-polymerized acrylics; HPA - heat-polymerized 
acrylics.
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resins. The null hypothesis was rejected because the statisti-
cal analysis showed differences among the study groups.

Shear bond strength is the strength of  a material or 
component against the type of  yield or structural failure 
when the material or component fails by shear force. Since a 
tooth can detach from a denture base for various reasons, it 
is important that the shear bond strength is as high as possi-
ble. In this study, the highest shear bond strength values 
(18.10 ± 2.68 MPa) were observed in group 4 (heat-polym-
erized denture base resin and acrylic teeth; Fig. 6). Because 
acrylic teeth can chemically bond to PMMA denture base 
resins,7 these findings were expected, and they are compara-
ble to the results of  other studies.8,11 

The results of  the present study determined the lowest 
values in cold-polymerized denture base resins (Fig. 6). This 
finding is similar to previous studies, which compared the 
shear bond strength of  heat-polymerized and cold-polymer-
ized denture base resins with prefabricated teeth.8,11,26,28 
Although cold-polymerized denture base resins have been 
promoted as an alternative to heat-polymerized ones,2 they 
are not capable of  diffusing effectively into the denture 
tooth surface. According to Chung et al.,20 their shear bond 
strength can only reach one-quarter of  the strength of  heat-
polymerized denture base resins. The closest investigation 
to the present study is the investigation by Choi et al.9 These 
authors followed the same scientific question and compared 
heat-polymerized, CAD/CAM (milled), and 3D-printed 
denture base resins with four types of  commercial denture 
teeth. They determined that the highest bond strength val-
ues were present in heat-polymerized denture bases, fol-
lowed by CAD/CAM (milled), while 3D-printed resin 
showed the lowest bond strength values. The results are 
opposite of  those of  the present study, in which differences 
in CAD/CAM (milled) and heat-polymerized denture bases 
were not determined (Fig. 6). It must be considered that the 
study by Choi et al.9 had a different experimental design; the 
authors used different combinations of  materials and differ-
ent bond strength tests (flexural bond strength), making 

comparison difficult. Different adhesives are used to over-
come the difficulty in achieving adequate chemical bond-
ing,29 and their ability to bond various materials is well 
known.30,31 In a study by Rosca et al.,29 the authors obtained 
adequate shear bond strength values between light-polymer-
ized composite and PMMA using a universal adhesive. 
Yanikoglu et al.10 examined the shear bond strengths of  
light-polymerized composites and cold-polymerized acrylics 
to acrylic teeth and reported that, if  an adequate bonding 
agent is used, enhanced bonding can be attained with a 
composite material. In a systematic review, Mine et al.32 con-
cluded that materials containing methyl methacrylate 
improved the bonding of  CAD/CAM PMMA resin materi-
als. Previous research10,17,32,33 and the present study results 
(Fig. 6) suggest that PMMA-based bonding material is an 
option for denture teeth placement that is comparable to 
processing with heat polymerization.

Prefabricated teeth can be attached to a 3D-printed den-
ture base using different techniques, including bonding with 
a light-polymerized bonding agent11 or with cold or heat 
polymerization.19,21 Since attaching of  prefabricated teeth to 
the 3D-printed denture base using cold or heat polymeriza-
tion is a customary way of  finishing 3D printed digital den-
tures, in the first six groups of  the present study, it was also 
aimed to evaluate the shear strength of  different types of  
prefabricated teeth to the 3D-printed denture base. Conse-
quently, from the present (Fig. 6) and previous studies9,11,26 
results, it is recommended to bond 3D-printed denture base 
resins and prefabricated teeth with heat polymerization to 
obtain optimal shear bond strength values. In average, lower 
bond strength values are expected with prefabricated teeth 
bonded to cold-polymerized acrylics (Fig. 6).8,11,20,26,28 Therefore, 
such acrylics should be avoided when attaching prefabricat-
ed teeth to a 3D-printed denture base.

The mode of  failure has been used as a measure of  the 
performance of  bonding.12 Adhesive failures have been con-
sidered the least acceptable, mixed failures acceptable, and 
cohesive failures perfect.12 In this study, it was found that, 

Table 2.  Number of tested groups, combination of materials, number of specimens and mode of failure

Group Combination of materials n
Adhesive 

failure
Cohesive 

failure
Mixed 
failure

1 Cold-polymerized denture base resin and acrylic teeth 8 7 - 1

2 Cold-polymerized denture base resin and nanohybrid composite teeth 8 5 2 1

3 Cold-polymerized denture base resin and cross-linked teeth 8 5 3 -

4 Heat-polymerized denture base resin and acrylic teeth 8 1 7 -

5 Heat-polymerized denture base resin and nanohybrid composite teeth 8 2 6 -

6 Heat-polymerized denture base resin and cross-linked teeth 8 1 7 -

7 CAD/CAM (milled) denture base resin and acrylic teeth 8 3 5 -

8 CAD/CAM (milled) denture base resin and nanohybrid composite teeth 8 - 8 -

9 CAD/CAM (milled) denture base resin and cross-linked teeth 8 1 6 1

10 CAD/CAM (milled) denture base resin and CAD/CAM (milled) denture teeth 8 3 5 -
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with higher shear bond strength values, higher percentages 
of  cohesive and mixed failures were also evident, which is 
in accordance with a study by Akin et al.13 CAD/CAM 
(milled) and heat-polymerized denture bases had similar 
percentages of  cohesive and mixed failures, while cold-
polymerized acrylics showed mostly adhesive failures (Table 
2). Similar results to our study were obtained by Jain et al.5 
and Neppelenbroek et al.,6 who stated that the cohesive fail-
ure mode between heat-polymerized denture base resin and 
acrylic teeth occurred in 100% of  instances. The prevalence 
of  cohesive failures suggests that the bond strength 
between denture base acrylics and prefabricated teeth was 
higher compared with the resistance of  each material 
alone.14

The comparison between the results of  the present 
study and previous studies is difficult because there has 
been no standardization of  testing techniques in the litera-
ture, as well as because of  the diversity of  dental materials 
that were used.2 With emerging technologies, there are dif-
ferent ways of  processing and finishing removable dentures. 
The present study aimed to compare different types of  
removable denture base materials and has included 10 dif-
ferent combinations with different denture teeth. Still, due 
to inaccessibility, not every possible combination was 
included, which is a limitation of  the present study. In 
future, building on the present study results, similar studies 
could estimate the bond strength between the 3D printed 
denture base resin and artificial teeth, and also determine 
the most favorable option for attaching teeth to an appro-
priate denture base.

CONCLUSION

Shear bond strength significantly depends on the selected 
combination of  a denture base material and a denture tooth 
material. Materials with higher shear bond strength values 
(heat-polymerized resins and CAD/CAM [milled] denture 
base resins) show mostly cohesive and mixed modes of  fail-
ure compared with cold-polymerized resins, which mainly 
exhibit adhesive modes of  failure. Denture teeth glued to a 
CAD/CAM (milled) denture base using a PMMA bonding 
agent show similar bond strength compared with denture 
teeth attached to heat-polymerized denture base resin.
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