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Effect of thermocycling on tensile bond
strength of autopolymerized, heat-
polymerized, milled, and 3D printed denture
base materials bonded to 4 different denture
liners: an in vitro study
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Abstract

Background Digitally fabricated dentures may require relining due to continual alveolar ridge resorption. However,
studies evaluating the tensile bond strength (TBS) of digitally fabricated dentures bonded to denture liners are
lacking. This study aimed to evaluate the TBS of autopolymerized, heat-polymerized, milled, and 3D printed denture
base materials bonded to 2 acrylic-based and 2 silicone-based denture liners, both before and after thermocycling.
Additionally, the impact of thermocycling on the TBS were also evaluated.

Methods The TBS of 4 different denture base materials (Palapress (PL), Vertex Rapid Simplified (VR), Smile CAM

total prosthesis (SC), and NextDent denture 3D+ (ND)) bonded to 2 acrylic-based (GC Soft-Liner (GC) and Tokuyama
Rebase Il (RB)) and 2 silicone-based (Ufi Gel P (UP) and Sofreliner Tough M (ST)) denture liners were tested. Specimens
(n=8) were divided into non-thermocycling and thermocycling groups. Non-thermocycling specimens were tested
after 24-hours water immersion, while thermocycling specimens were underwent 5000 cycle and were immediately
tested. Mode of failure was examined under a stereomicroscope. Data were analyzed using 2-way ANOVA and Tukey
HSD tests (a=0.05), and independent samples t test (a=0.05) for TBS between non-thermocycling and thermocycling
groups.

Results For the non-thermocycling groups, within the same denture liner material, no significant differences

were found between denture base materials, except the ND + RB group, which had significantly lower TBS. For

the thermocycling groups, within the same denture liner material, the TBS in the PL group exhibited the highest
and the ND group exhibited the lowest. Within the same denture base material, in both non-thermocycling and
thermocycling groups, the TBS in the ST group exhibited the highest; in contrast, that in the GC group exhibited the
lowest. No significant differences were observed in TBS between non-thermocycling and thermocycling groups,
except for denture base materials bonded to the ST group, SC+UP, and ND + UP groups.
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Conclusions Milled denture base can be relined with acrylic-based or silicone-based denture liner. However,
cautions should be exercised when relining 3D printed denture base. Thermocycling did not affect TBS between
acrylic-based denture liners and denture bases. In contrast, it affected the bond between silicone-based denture liner

and denture base.

Keywords CAD-CAM, Complete dentures, Denture base, Denture liner

Background

Complete dentures have been a standard treatment for
patients who present with complete edentulism, offer-
ing affordability, simplicity, esthetics, and functionality.!
For fabricating conventional complete denture bases,
polymethyl methacrylate (PMMA) material is commonly
used due to its favorable properties, such as low density,
esthetics, cost-effectiveness, and ease of manipulation
[1]. However, PMMA material has several drawbacks,
such as high polymerization shrinkage, lack of radiopac-
ity, allergic reactions to residual monomers, and low wear
resistance in saliva [2, 3].

Digital technology has gained popularity in many fields
including dentistry [4]. Digital denture workflows can
reduce the number of appointments and chair time, and
enable denture replacement for patients who lose their
dentures by fabricating them from existing data. The
advancement of digital technology has also changed the
approach to denture processing methods. Complete den-
tures can now be produced using computer-aided design-
computer-aided manufacturing (CAD-CAM) techniques,
alongside conventional heat-polymerized and autopo-
lymerization methods [5]. Two main CAD-CAM tech-
niques commonly used for fabricating dentures are
subtractive manufacturing and additive manufacturing
[5]. In subtractive manufacturing, the denture base is
milled from a pre-polymerized PMMA blank, and the
denture teeth are subsequently bonded to the base. Using
the PMMA blank can reduce the denture base’s surface
porosity and polymerization shrinkage. The main dis-
advantage of the subtractive manufacturing technique
is the waste from unused portions of the PMMA blank.
The additive manufacturing, also known as 3D printing,
is a method that utilizes photosensitive thermoset liquid
monomers to polymerize materials layer by layer, form-
ing the object and its supporting structures [6]. Despite
having inferior values for mechanical strength, the addi-
tive manufacturing provides several benefits such as
reducing material waste, minimizing the number of
steps to reach final product, and therefore requiring less
human intervention and reducing possibility for errors
[7, 8]. Moreover, the strength of material produced by
additive manufacturing depends on the printing orienta-
tion [9] and particle incorporation [10].

The dynamic nature of alveolar bone continual remod-
eling requires periodic maintenance for denture adjust-
ments to maintain fit and stability [11, 12]. Therefore,

denture relining procedures have become increasingly
important for solving ill-fitting denture issues. Denture
processing methods have been shown to influence the
surface properties of denture base material, which will
affect the bonding to denture liners [13]. Since CAD-
CAM is a new technique of denture manufacturing, there
are limited information on the bonding properties of dig-
itally fabricated denture bases to denture liner materials.
Denture liner materials can be categorized into 2 groups
based on chemical composition: acrylic-based and sili-
cone-based. Acrylic-based denture liner is produced by
adding plasticizers and alcohol-based liquid to the acrylic
resin. Silicone-based denture liner is a mixture of silox-
ane and silica that remains soft after cross-linking [14].
40% of digital dentures required relining due to loss of
retention during an initial (<4 weeks after insertion) and
functional period (>4 weeks after insertion) [15]. A pre-
vious study also reported that denture relining was the
most common procedure during the maintenance phase
of conventional complete dentures [16].

Thermocycling is a process commonly used in dental
laboratory research to simulate temperature changes in
the oral environment, leading to the continuous expan-
sion and contraction of both the denture liner and the
denture base material. This process creates tension at
the bonded interface and results in thermal volumet-
ric changes [17]. Studies have reported that the tensile
bond strength of denture bases bonded to silicone-based
denture liners, such as Molloplast B and Permaflex,
decreased after thermocycling [18, 19]. Recent stud-
ies have evaluated the bond strength between denture
liner materials to additive-manufactured denture base
compared with subtractive-manufactured, conventional
heat-polymerized, and autopolymerized denture bases
[20-23]. However, these studies had limited denture liner
material tested and tested with individual experimental
setting.

The purposes of this study were that: (1) to evaluate the
tensile bond strength of autopolymerized, heat-polym-
erized, milled, and 3D printed denture base materials
bonded to 2 acrylic-based and 2 silicone-based denture
liners, both before and after thermocycling, and (2) to
evaluate the impact of thermocycling on the resulting
tensile bond strength. The null hypotheses were that: (1)
there would be no significant difference in tensile bond
strength between different denture bases bonded to vari-
ous denture liner materials, and (2) there would be no
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significant difference in the tensile bond strength for each
experimental group (denture base+denture liner group)
before and after thermocycling.

Materials and methods

Four types of denture base materials were used in this
study: PL - Palapress (Haraeus Kulzer, Hanau, Germany);
VR - Vertex Rapid Simplified (Vertex-Dental B.V, Soes-
terberg, Netherlands); SC - Smile CAM total prosthesis
(Pressing Dental, San Marino); ND - NextDent denture
3D+ (NextDent, Soesterberg, Netherlands). Tested den-
ture liner materials in the present study consists of 4
groups, with 2 acrylic-based groups: GC - GC Soft-liner
(GC Corp., Tokyo, Japan); RB - Tokuyama Rebase II
(Tokuyama Dental Corp., Tokyo, Japan) and 2 silicone-
based groups: UP - Ufi Gel P (VOCO, Cuxhaven, Ger-
many); ST - Sofreliner Tough M (Tokuyama Dental
Corp., Tokyo, Japan). All materials details are listed in
Table 1.

Specimen preparation

For each denture liner group, 128 denture base speci-
mens in a size of 25X 25x3-mm and 20X 20X 3-mm were
prepared according to International Organization for
Standardization (ISO) 10139-2:2016. The specimen prep-
aration in each group were described as follows;

+ The PL specimens were fabricated from the resin

polymer mixture at a powder-liquid monomer ratio
equal to 10:7 in silicone molds. Polymerization was

Table 1 Details of materials used
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completed in the pressure curing unit at 55 °C under
2 bar for 20 min.

+ The VR specimens were fabricated from the resin
polymer mixture at a powder- liquid monomer
equal to 2.3 :1 in dental flasks. Polymerization was
completed in the water bath at 100 °C for 20 min.

+ The SC specimens, in a size of 25 x 25 x 25-mm
and 20 x 20 x 25-mm, were milled using a 5-axis
dental milling machine (S2 Milling machine; VHE,
Ammerbuch, Germany) and subsequently cut into
3-mm thickness using a low-speed cutting machine
(Isomet Low Speed Saw; Buehler, Illinois, USA).

+ The ND specimens were designed using a CAD
software program (Solidworks 3D CAD software;
Dassault Systémes, Vélizy-Villacoublay, France),
printed using a digital light processing printer
(Nextdent 5100; 3DSystems, South Carolina, USA),
pre-cleaned for 3 min in isopropyl alcohol using
an ultrasonic bath to remove any uncured resin,
and left for 10 min to ensure that they were free of
residual alcohol. Post-polymerization was performed
for 30 min using a post-curing unit (NextDent
LC-3DPrint Box; 3DSystems, South Carolina, USA).

All specimens were wet ground using a polishing
machine (Minitech 233; Presi, Eybens, France) with P500
silicon carbide abrasive paper, ultrasonically cleaned
in deionized water for 10 min, and stored in deionized
water at 37 °C for 7 days.

Before applying the denture liners, the surface of each
specimen was treated according to the manufacturer’s

Material (Code) Type Composition

Manufacturer

Denture base

Palapress (PL) Autopolymerized den-

ture base

Polymethyl methacrylate

Vertex Rapid
Simplified (VR)

Heat-activated polymer-
ization denture base

Polymethyl methacrylate

Haraeus Kulzer, Hanau,
Germany
Vertex-Dental B.V, Soes-
terberg, Netherlands

Smile CAM total
prosthesis (SC)

NextDent Denture
3D+ (ND)

Denture liner
GC Soft-Liner (GC)

Tokuyama Rebase
Il (RB)

Ufi Gel P (UP)

Sofreliner Tough
M (ST)

Milled denture base

Light-activated polymer-
ization denture base

Acrylic-based soft den-
ture liner
Acrylic-based hard
denture liner

Silicone-based soft
denture liner
Silicone-based soft
denture liner

Polymethyl methacrylate

Ethoxylated bisphenol A dimethacrylate, 7,7,9 - trimethyl-4,13-dioxo
3,14-dioxa-5,12-diazahexadecane-1,6 diyl bismethacrylate, 2-hydroxyethyl
methacrylate, silicone dioxide, diphenyl (2,4,6-trimethylbenzoyl) phosphine
oxide, titanium dioxide

Methacrylate polymer, phthalates plasticizer, ethanol

Polyethylmethacrylate, benzoyl peroxide, titanium dioxide, acetoacetoxy-
ethyl methacrylate, mequinol, nonamethylendiol dimethacrylate
Adhesive: acetone, ethyl acetate

Addition polymerized silicone

Ufi Gel soft adhesive: butanone 50-100% (methyl ethyl ketone)

Addition polymerized silicone

Sofreliner tough primer: polymethyl methacrylate with polyorganosilane in
ethyl acetate 60-100%

Pressing Dental, San
Marino

NextDent, Soesterberg,
Netherlands

GC Corp,, Tokyo, Japan

Tokuyama Dental
Corp., Tokyo, Japan

VOCO GmbH, Cux-
haven, Germany

Tokuyama Dental
Corp., Tokyo, Japan
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Fig. 1 Diagram of testing apparatus. A, Upper and lower metal clamp; B,
Acrylic denture base plates; C, Denture liner material; D, Plastic collar; E,
Plastic plate; F, Direction of tensile force

instructions. A plastic collar (internal diameter 10 mm
and height 3 mm) was then placed at the center of the
25%25x3-mm denture base specimen. Each denture
liner material was prepared according to the manufac-
turer’s instructions and loaded into the hole of the plas-
tic collar. Another 20x20x 3-mm denture base specimen
was then placed on top of the plastic collar, followed by
a 2-kg weight. After complete setting of denture liner
materials, all specimens were stored in deionized water at
37 °C for 24 h and then divided into 2 groups: non-ther-
mocycling (NT) and thermocycling (T). An a priori sam-
ple size calculation was conducted by using a software
program (G*Power v3.1.9.2; Heinrich Heine University
Disseldorf, Diisseldorf, Germany; a=0.05; power=80%).
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According to the data in a previous study [21], an effect
size of 1.57 was identified and used to determine the total
sample size of the study. The sample size for each group
were equal to 8 (n=8). For the N'T group, specimens were
tested immediately after 24 h of water immersion. For
the T group, specimens were subjected to 5000 cycles of
thermocycling in a water bath, alternating temperatures
between 5 °C and 55 °C, with a dwell time of 30 s, and
immediately tested.

Tensile bond strength test

A diagram of the tensile bond strength testing appara-
tus is presented in Fig. 1. The tensile bond strength test
was conducted using a universal testing machine (EZ-S;
Shimadzu, Kyoto, Japan) at a crosshead speed of 10 mm/
min. The maximum force needed to debond the speci-
mens was recorded. The tensile bond strength values
(MPa) were calculated as the maximum load (N) divided
by the cross-sectional area of the interface (mm?).

Mode of failure

The type of failure was observed using a stereomicro-
scope (SZ 61, Olympus, Tokyo, Japan) with a magnifica-
tion of 6.7x and classified into 3 types: type 1 adhesive,
type 2 cohesive, and type 3 mixed failure.

Statistical analysis

The tensile bond strength data were statistically ana-
lyzed by using SPSS version 28.0 (IBM, USA). Normal
distribution of data was evaluated with the Shapiro-Wilk
test. Two-way ANOVA was used to analyze the interac-
tion between the 2 main factors (denture liner and den-
ture base material), followed by the Tukey HSD tests for
multiple comparisons («=0.05). Additionally, the tensile
bond strengths between the NT and T groups in each
experimental group (denture base+denture liner) were
separately compared using the independent samples t
test.

Results
Two-way ANOVA results are presented in Table 2.

The results of the NT group showed significant inter-
actions between denture base and denture liner material

Table 2 Two-way ANOVA showing interaction between variables impact on tensile bond strength in non-thermocycling and

thermocycling groups

Group Source Sum of squares df Mean Square F Sig.

Non-thermocycling Denture base 2.834 3 0.945 5.557 0.001*
Denture liner 56.725 3 18.908 111.237 <0.001*
Denture base x Denture liner 3718 9 0413 2430 0.015*%

Thermocycling Denture base 3417 3 1.139 8.256 <0.001*
Denture liner 112.001 3 37.334 270.621 <0.001*
Denture base x Denture liner 1.654 9 0.184 1.332 0.228

*Statistically significant at <0.05.
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Table 3 Value (mean + standard deviation) of maximum tensile bond strength (N/mm?) in non-thermocycling groups

Group GC RB upP ST

PL 047+008"° 1.50+0.62%° 1594028 250+0.75M¢

VR 043+008"2 167+0514 155+0.23%° 253+065"¢

SC 040+004"2 1440404 1.59+0.24% <P 2.10+066"¢

ND 0.38+004"2 067+0.13%P 162+0.23%¢ 1.99+048"°¢

A8 Indicates statistically significant difference (in column) among four denture bases for each denture liner (P<0.05)

#CIndicates statistically significant difference (in rows) among four denture liners for each denture base (P<0.05)

Table 4 Pooled value (mean + standard deviation) of maximum tensile bond strength (N/mm?) for different categories in

thermocycling groups

Category

Denture base PL VR SC ND
1.66+1.06° 16+1.06°¢ 144+0.97° 123+097°

Denture liner GC RB upP ST
042+0.11° 1.18+0.38° 136+0.34° 2.98+062°

#“Indicates statistically significant differences within the same row (P<0.05)

(P<0.05). In contrast, the result of the T group showed
no significant interactions between denture base and
denture liner materials (P>0.05). However, there were
statistically significant differences in tensile bond
strength in 2 main effects (P<0.05). Descriptive and sta-
tistical results of tensile bond strength for the NT and the
T groups are presented in Tables 3 and 4.

For the NT group, within the same denture liner mate-
rial, no significant differences were found between den-
ture base materials, except the ND+RB group which
showed significantly lower tensile bond strength than the
other denture base material groups (P<0.05). Within the
same denture base material, the ST group exhibited the
highest tensile bond strength, in contrast, the GC group
showed the lowest tensile bond strength significantly
(P<0.05).

For the T group, within the same denture liner mate-
rial, the PL group showed the highest tensile bond
strength, followed by the VR and SC groups. The ND
group showed the lowest tensile bond strength signifi-
cantly (P<0.05). Within the same denture base material,
the ST group exhibited the highest tensile bond strength
significantly (P<0.05). In contrast, the GC group showed
the lowest tensile bond strength significantly (P<0.05).

Figure 2 demonstrates the tensile bond strength com-
pared between the T and NT groups. There were no
statistically significant differences in the tensile bond
strength between the T and NT groups in all experimen-
tal groups except all denture base materials bonded to
the ST group, which exhibited significantly higher ten-
sile bond strength after thermocycling. In contrast, the
SC+UP and ND + UP groups exhibited significantly lower
tensile bond strength after thermocycling (P<0.05).

The mode of failure analysis is presented in Figs. 3
and 4. An adhesive failure was observed in all experi-
mental groups (Fig. 4A) except the PL+GC, VR+GC,

and SC+GC groups, which presented a cohesive failure
(Fig. 4C). Mixed failure was found mostly in the denture
base specimens bonded to the ST group (Fig. 4B).

Discussion

The strength and stability of the bond between the den-
ture base and denture liner are crucial for the long-term
success of complete dentures, as any bond failure may
promote bacterial growth, plaque formation, and calculus
accumulation. The present study aimed to compare the
tensile bond strength of acrylic-based and silicone-based
denture liner materials when applied to digitally-fabri-
cated denture base materials compared with conven-
tional autopolymerized and heat-polymerized denture
base materials. The result demonstrated that there were
statistically significant differences in the tensile bond
strength among different denture bases bonded to vari-
ous denture liner materials (P<0.05). Therefore, the first
null hypothesis was rejected. Moreover, there were statis-
tically significant differences in tensile bond strength for
each experimental group (denture base+denture liner)
before and after thermocycling (P<0.05), leading to the
rejection of the second null hypothesis.

For the NT groups, the printed denture base mate-
rial had the lowest mean tensile bond strength in 3 of
4 denture liner materials tested (GC, RB, and ST) com-
pared with other denture base materials. While, for the
T groups, the printed denture base material also showed
significantly lower tensile bond strength with all denture
liner materials tested compared with other denture base
materials (P<0.05). Our results are consistent with pre-
vious studies [20—22], which reported the lowest tensile
bond strength values in printed denture base materials
when bonded to both acrylic-based and silicone-based
denture liners. This might be explained by the extent of
solubility and swelling of the PMMA material, depending
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Fig. 2 Bar-chart showing the mean tensile bond strength for all groups before and after thermocycling

*Statistically significant at P<0.05

on its cross-linking degree [24]. As a result, the cross-
linked resin in the printed denture bases (ND) which are
less soluble compared with the linearly bonded PMMA
in conventional and milled denture bases (PL, VR, and
SC), resulting in lower tensile bond strength [21].
Comparing acrylic-based denture liner groups, the
tensile bond strength in the GC group was significantly
lower than that in the RB group. The difference in bond
strength may be attributed to the use of a primer in the
RB group, which contains acetone and ethyl acetate,
to swell and penetrate the PMMA material, forming an
improved interpenetrating network. Additionally, based
on Kawano’s criteria as used in several studies [20, 22, 25,
26], minimum bond strength of 0.44 MPa is considered
clinically acceptable for denture lining materials [27].
Even though the VR+GC, SC+GC, and ND+GC groups
did not meet this standard, The GC Soft-Liner, a plasti-
cized methacrylate polymer, has similar chemical struc-
ture to the PMMA denture bases, allowing for chemical
bonding without additional agents [21]. Mode of failure
for the GC group bonded to the PL, VR, and SC groups
showed a 100% cohesive failure (Fig. 4C), indicating a
stronger bond between the denture base material and GC
Soft-Liner than the bond of the GC Soft-Liner itself [13].

In contrast, the GC+ND specimens exhibited an adhe-
sive failure (Fig. 4A), similar to the previous findings [28],
suggesting a weaker bond due to less chemical bonding
between GC Soft-Liner and the printed denture base.
Since the printed denture base is not pure PMMA but
includes various additives, it can be concluded that there
was less chemical bonding, resulting in predominantly
adhesive failure [28].

The UP group displayed significantly lower tensile
bond strength compared with the ST group, despite both
are silicone-based denture liners. The difference in bond
strength can be attributed to the mixing process. The UP
material is mixed by hand, leading to the formation of air
bubbles, reducing the contact area between the materi-
als and weakening the bond. On the other hand, the ST
material is mixed using mixing tips, ensuring no vis-
ible air bubbles inside the material. Additionally, careful
application of the ST material on the denture base mate-
rial prevented air bubbles from forming on the contact
surface between the 2 materials, potentially contributing
to its stronger bond [28, 29].

As a silicone-based resilient denture liner does not
have chemical adhesion to PMMA, the use of an adhesive
is necessary [30]. Therefore, their bonding mechanism
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Mode of failure

RB ST upP

GC
PL VR SC ND PL VR SC ND PL VR SC ND PL VR SC ND
—
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Adhesive

Fig. 3 Results of failure patterns for all groups before and after thermocycling

Cohesive

4 5 6 7 8

Mixed

Fig. 4 Stereomicroscope images of failure patterns (A) adhesive failure (B) mixed failure (C) cohesive failure

seems to rely on treating the surface layer with a primer
and partially impregnating it with a polymer solution,
rather than forming a direct chemical bond between the
denture base and denture liner. The tensile bond strength
values between different denture base materials and the
UP group did not show any statistically significant differ-
ences, consistent with the findings of Wembken et al. [21].
The adhesive primer of the Ufi Gel P contains a solvent,
2-butanone. When the adhesive is applied, the solvent

causes the swelling of upper layers of the denture base.
The adhesive also contains a special silane which con-
sists of a reactive polymer with carbon chains and a reac-
tive silicone component that has Si-H and vinyl groups.
After the solvent evaporates, the carbon chains create a
mechanical bond with the denture base, and the siliceous
part of the primer polymer chemically bonds with the
Si-H and vinyl groups of polysiloxane in the denture liner.
As a result, bonding occurs through the intermediate
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adhesive rather than direct chemical bonding between
the denture liner and the denture base material itself.
Therefore, minor differences in the composition of the
denture base materials are considered insignificant.
Using the adhesive containing coupling agents has been
reported to be successful in improving adhesion to digi-
tally-fabricated denture bases [22].

Regardless of the thermocycling procedure, the ST
group demonstrated the highest tensile bond strength
when bonded to all tested denture base groups. The
adhesive bonding agent in the Sofreliner Tough M con-
tains PMMA and polyorganosilane in ethyl acetate solu-
tion. The presence of polymethyl methacrylate enhances
bonding to the denture base material by strengthening
the connection between the methacrylate groups in the
adhesive and the pendant methacrylate groups of the
PMMA resin on the bonding surface. In combination
with polyorganosilane, the methacrylate groups of the
silane serve as a cross-linker, aiding the bond between
the denture liner and the denture base resin surface [13].
This may elucidate the high bond strength observed in
the ST group with PMMA denture base resin across all
groups. In the NT group, the ST group displayed higher
tensile bond strength to the PL and VR group than the
SC and ND group, possibly due to varying quantities of
pendant methacrylate groups present on the surface of
the denture materials.

The effects of 5000-cycle thermocycling on the bond
strength of denture liners bonded to denture bases were
also examined in this study, which were correlated with
a simulated intraoral exposure equivalent to 6 months
of use [17]. Thermocycling causes continuous expan-
sion and contraction of both the denture liner and den-
ture base material, resulting in stress accumulation at
the bonded interface and thermal volumetric alterations
[31]. Moreover, thermocyclic stress on acrylic-based
denture liners results in water absorption and leach-
ing out of plasticizers, leading to rapid hardening of the
material [19, 31]. The result of the present study showed
that thermocycling had no effect on the bonding of the
acrylic-based denture liner (GC and RB); in contrast, it
affected the bond of the silicone-based denture liner
(UP and ST). The tensile bond strength in the UP group
decreased after thermocycling, especially when bonded
to in the digitally-fabricated denture base materials (SC
and ND), similar to a previous study [19]. This result
could be due to the impact of hydrolysis and differences
in swelling behavior between the denture base and the
denture liner material, which creates stress on the bond-
ing surface [21]. This result contradicted with previous
studies [25, 30], that reported no significant difference
after thermocycling for Ufi Gel denture liner. However,
the previous studies conducted less thermal cycle com-
pared with the present study, making a direct comparison
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challenging due to differing protocols. A silicone-based
denture liner does not contain a plasticizer; however, it
does contain filler. Water absorption by the filler could
lead to increased softness when stored in water, result-
ing in more elasticity, lower bond strength, and prone
to a cohesive failure [19]. However, direct comparisons
with these studies are challenging due to differences in
the denture liners, denture base materials, and number
of thermocycling applied. Interestingly, the ST group
showed an increased bond strength with all tested den-
ture base materials after thermocycling. This result might
be explained by ongoing polymerization processes within
the denture liner material. The authors are unaware of
previous studies that have investigated the effect of ther-
mocycling on the tensile bond strength of Sofreliner
Tough M and the denture base, preventing direct result
comparisons.

The limitations of this study include the use of tensile
test set up for bond strength measurement regarding
ISO 10139-2:2016, making direct comparisons challeng-
ing due to different testing methods compared with other
studies. Future studies should compare printed denture
bases from various brands to ensure consistent results.
Additionally, conducting long-term studies in real oral
environments would provide valuable insights into the
practical durability and performance of denture liners
over extended periods.

Conclusion
Based on the findings of this in vitro study, the following
conclusions were drawn:

1) Regardless of the tested denture base, Sofreliner
Tough M exhibited the highest bond strength and
mostly presented adhesive failure. In contrast, GC
Soft-Liner exhibited the lowest bond strength and
presented cohesive failure.

2) Milled denture bases can be relined with either
acrylic-based or silicone-based denture liner, similar
to autopolymerized and heat-polymerized denture
bases, however, cautions should be exercised when
relining 3D printed denture base.

3) Thermocycling did not affect the bond strength
between acrylic-based denture liner and denture
base material. In contrast, it affected the bond
strength between silicone-based denture liner and
denture base material.

Abbreviations

TBS tensile bond strength
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