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ABSTRACT

Theincreaseduse ofremovable denture in elderly population are followed by the increased use of soft liner for denture
reline duetoboneresorption. However, softliners are found to be bonded poorly to polymethyl methacrylate (PMMA)
denture base. Thus, several methods are developed in order to improve the bonds between denture base and soft
liner,i.e.,mechanicalmethods (sandblast, sandpaper, laser), chemical methods (MMA monomer, acids, acetone,
and plasma), or combination of both. This article evaluates the effectiveness of various surface treatment methods
of PMMA materials in improving the bonds with silicone or acrylic-based soft liner. Itis concluded that surface treat-
ment onthe PMMA ingeneralincrease the bond strength with the soft liners compared to the control group; the use
of Er:YAG laser and MMA monomer show the highest bond strength between the PMMA and soft liner materials.
Several factors such as the duration oftreatment and the laser intensity energy may affect the bond strength bet-
ween PMMA and soft liner. Acrylic-based softlinerin general shows better bond strength than silicone-based soft

liner, nevertheless both materials show improvement in bond strength with PMMA after surface treatments.
Keywords: polymethyl methacrylate, soft liners, surface treatment, bond strength

INTRODUCTION

The increasing number of elderly populations
correlateswiththeincreasing use of dentures due
to edentulism. Conventional removable dentures
made of polymethylmethacrylate (PMMA) are still
widely used because they are relatively inexpen-
sive andthetreatmentproceduresare lessinvasive
than fixed denture treatments. However, the use
of removable dentures is often accompanied by
jawboneresorptiondueto excessiveloadand this
condition may causethedentureto become loose
when worn by the patient. Furthermore, these ill-
fitted denturesalso causeirritationandinjurytothe
oral mucosa. To overcome this problem, relining
the denture base with a soft liner is often perform-
formed to avoid excessive load on bones.'?

A soft liner can be defined as a soft (viscoelas-
tic) material that used as a way to distribute the
functionalload of adenture more evenly sothatthe
concentration of the load at one point on the mu-
cosa can be avoided.>*Soft liners can be divided
into short-term (tissue conditioner) and long-term
soft liners. Several articles concluded that long-
termsoftliners canlast for about 3-6 years.3®° Soft
linerscan also be classified as heat-polymerized or
auto-polymerized softliners; heat-polymerized ma-
terial, whether silicone oracrylic, is recommended
as it is more stable and has better durability.*

Silicone or acrylic soft liners have advantages
anddisadvantages; forexample, silicone material
hasagood elasticity butbonds poorly with the den-
ture base, causing itto easily come off. Onthe other

hand, the acrylic soft liner easily loses its elastici-
ty over time but this material bonds very well with
the PMMA. Thus, no materialis truly superior as a
soft liner,namely agood resilience/flexibility, may
last for a long time, and bonds optimally with the
PMMA denture base.®°Adequate bonding bet-
ween soft liner and PMMA is very important be-
cause poorbonding may result in a space formed
betweenthe two materials, which it be a potential
site for microorganism growth and overall softliner
failure.°Inaddition, the plasticizers contained inthe
material may be released over time from the soft
liner, causing the material to become harder.3

Several methods have been developed to im-
prove the bond between the PMMA denture base
andthe softliner,especially for silicone materials.*
Modification of the denture base surface, either me-
chanical or chemical, often used as a way to in-
crease the contact surface area with the soft liner
and thus improving the bond.** The mechanical
surface treatment methods of the PMMA can be
performed through sandblasting, sandpaper, or a
laser.31215Meanwhile, the chemical surface treat-
ment may use either monomer, phosphoric acid,
acetone, or modifying the PMMA structure with
plasma.615:17

Science related to soft liners continues to de-
velop, especiallyin the effort to increase the bond
strength with a removable denture base. Several
studies showthatthe bond of silicone materialwith
acrylic resin is still below the acrylic soft liner ma-
terial even when adhesives have been applied to
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the denture base material.5“Thus severalmethods
have been developedtoimprovethe bond strength
between softlinerand PMMA, especially for the si-
licone material.5121° The purpose of this review is
toevaluate the effectiveness of various PMMA sur-
facetreatmentmethodsinincreasing the strength
of the bond with soft liner materials. Through this
scoping review, it is hoped that the clinicians will
understandvarious methodstoincreasethe bond-
ing between soft liners and denture base and be
able tochoose the bestsurface treatmentmethod.

LITERATURE STUDIES

This paper is written as a scoping review that
follows the Arksey's staging framework and the
preferredreportingitems for systematic review ex-
tension for scoping review (PRISMA-ScR) guide-
lines.?®2 As previously mentioned, the scope of
this paper discusses the bond strength between
softlinerand PMMA after surface treatment. Asco-
ping review composition starts with determiningthe
topic questions and establishing the population,
concept, and context of the topic. The topic quest-
tionis Howdoes the surface treatment of denture
base material on the bonding strength of the soft
liner? The population will be denture base mate-
rial that is relined by a soft liner. The concept de-
termined is the surface treatment of the denture
base material, withthe bond strength betweenthe
denture base and the soft liner determined to be
the context in this paper.

The literature relevant to the research
guestions in this scoping review was searched
using the internet. Two source databases were
used: PubMed and EBSCOhost. The keywords
were (“Denture” AND “Surface Treatment” AND
“Soft Liner” AND “Bond Strength”). The articles
will follow a set of inclusion and exclusion criteria
that are listed in Table 1.

The literature search was performed on Pub-
Medand EBSCOhostdatabasesyielded a total of
28articles, of which 15 articles were obtained from
PubMed and 13 articles from EBSCOnhost. Dupli-
cated literature from both sourceswas checked; 8
articles were excluded and left a total of 20 arti-
cles. Furthermore, 4 articles were irrelevant to the
topicquestion andthusalso excluded from this re-

Table 1 Inclusion and exclusion criteria

view. The remaining articleswere then checked for
theinclusion and exclusion criteriathat have been
set for this scoping review by reading the full-text
articles; 5 articles did not meet the requirements.
The final screening results gave 11 articles that
will be reviewed in this scoping review.

A summary of the results of the articles used
inthis paper;table 2 presentsthe demographic da-
taof the articles while table 3 presents the testing
methods, surface treatment groups andresearch
results. All research articles used in this scoping
review are in vitro studies, of which 9 studies are
designed as cross-sectional studiesand 2 studies
are designed as prospective studies. All studies
used auniversaltestingmachine (UTM)fortesting
the bond strength between PMMA material and
soft-liner material.

DISCUSSION

This scoping review aims to summarize there-
sults of existing studiesregarding the comparison
of various methods of surface treatment of acrylic
resin base materialonthe bond strength of soft Ii-
ners. Thearticles showninthis paperareallin vitro
studies using heat-cured PMMA specimenblocks
as research samples. Of 11 articles discussed in
this paper, 9 articles are cross-sectional studies
and2articles are prospective studies with afollow-
up period of 24 hours, 1 week, or 1 month.1112

Basedonthe 11 articles, several variations exist,
namely the surface treatment methods, soft liner
types, and the testing machine speed. Different
types of soft-liner were used in the studies: seven
studies used silicone, three studies used silicone
and acrylic soft liner3614, and one study used acry-
lic softliner.*2Various surface treatments were also
observed: particle sandblasting, MMA monomer,
laser, plasma, acid etching, sandpaper, or combi-
nation method. Furthermore, the Universal Test-
ingMachine (UTM)used in the studies performed
with varying speed; 8 studies used 5 mm/min, 2
studies used 20 mm/min®*, while 1 study used
10mm/min.®Thosedifferencesmayhave caused
a variety in the results shown above.

The sandblasting method was the most studied
methodamong all surface treatment methods (10
studies). All studies used aluminum oxide (alumina)

Inclusion Criteria

Exclusion Criteria

Articles published from January-September 2021

English articles

Articles that are available as full text

Articles in the form of in vitro studies

Articles that discuss the bond strength between soft liners
and PMMA denture bases that have been surface treated.

Published before January 2011, languages other than English.
Case reports, finite element analysis (FEA) studies, systematic
reviews, meta-analyses, clinical trials, or literature reviews articles.
Avrticles that do not have a full-text version
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Table 2 Demographic data of the included studies

No Author (Year)

Research Purpose

Samples

1 Swapna To evaluate the effect of various surface treatments of the PMMA 120 PMMA specimens divided into control group and 3 treatment groups. Soft liners (@ 40 specimens):
(2016)° on the soft liner bond strength (silicone and acrylic). Heat-polymerized silicone soft liner & Auto-polymerized acrylic soft liner 1 & 2
2 Surapaneni  To compare and evaluate the bond strength between silicone 80 PMMA specimens divided into control group and 3 treatment groups. Soft liners (@40 specimens):
(2013)’ soft liners and PMMA surfaces that have been mechanically or Auto-polymerized silicone soft liner 1 & 2
chemically treated.
3 Haghi (2019)® To compare the bond strength between 3 types of soft liners 165 PMMA specimens for the control group and 4 treatment groups. Soft liners (@ 55 specimens):

against PMMA materials and the comparison between the
control group and the treatment group.

Heat-polymerized silicone soft liner 1 & 2 & Heat-polymerized acrylic soft liner

4 Atsu, Keskin

To investigate the effect of alumina and silica sandblasting,

50 PMMA specimens divided into control group and 4 treatment groups. Soft liner: auto-polymerized

(2013)* silanization, and adhesives on the bond strength between soft silicone soft liner (@ 10 specimens).
liners and acrylic resin.
5 Nakhaei To evaluate the effect of surface treatment of PMMA materials 96 PMMA specimens divided into control group and 3 treatment groups. Soft liner: auto-polymerized
(2016)*° on the bond strength of silicone soft liner. silicone soft liner (@ 24 specimens).
6 Mempally  To evaluate the mechanical, chemical, and mechanochemical 320 PMMA specimens divided into control group and 3 treatment groups. Soft liners (@ 160
(2018)*2 surface treatment of PMMA on the bond strength of acrylic- specimens): Heat-polymerized acrylic soft liner 1 & 2
based soft liners.
7 Gundogdu  To evaluate the effect of different surface treatments on the bond 96 PMMA specimens divided into control group and 5 treatment groups. Soft liners (@ 48 specimens):
(2014)Y" strength of 2 different soft liners to acrylic resin material. Heat-polymerized silicone soft liner & Auto-polymerized silicone soft liner
8 Yildirim To evaluate the effect of argon plasma and Er:-YAG laser 60 PMMA specimens divided into control group and 2 treatment groups. Soft liners (@ 30 specimens):
(2020)% treatment on PMMA surface on the bond strength between Heat-polymerized silicone soft liner & Auto-polymerized silicone soft liner

silicone soft liners and PMMA.

9  Akin (2011)%

To investigate the effect of various surface treatments of PMMA
material on the bond strength of the soft liner.

120 PMMA specimens divided into control group and 7 treatment groups. Soft liner: heat-polymerized
silicone soft liner (@ 15 specimens).

10 Khanna

(2015)4

To evaluate the bond strength between 2 types of soft liners with
PMMA surfaces that have been treated with various methods.

60 acrylic resin specimens divided into control group and 2 treatment groups. Soft liners (@ 30
specimens): Auto-polymerized silicone soft liner & Heat-polymerized acrylic soft liner

11 Philip (2012)%

To evaluate the effect of various surface treatments of the PMMA
materials on the bond strength of the soft liner

49 PMMA specimens were divided into control group and 6 treatment groups.
Soft liner: auto-polymerized silicone soft liner (@ 7 specimens).

Table 3. Evaluation of bond strength based on various surface treatments

No Author&  Testing Treatment Method (number of samples) Results & Summaries
Year Method
1 Swapna UTM at20 1. Control group (30) 1. 4.37,6.89, 8.37 (kg/cm?)
(2016)3 mm/min 2. Alumina particles sandblasting 30s: 2. 3.07-3.36, 4.81-5.20, 5.13-5.84 (kg/cm?)
e 50 (30) All treatment groups showed lower bond strength than the control group. Heat-polymerized silicone soft liner
e 150u (30) showed the highest bond strength
e 250p (30)
2 Surapaneni UTMat5 1. Control group (20) 1) 0.480; 2) 0.435; 3) 0.853; 4) 0.541 (N/mm?)
(2013)’ mm/min 2. 250p alumina particles sandblast (20) MMA monomer significantly increased the bond strength of the soft liner than the control group and other
3. MMA Monomer 180s (20) treatment groups. Sandblasting decreased the bond strength between 2 materials.
4. Acetone 30s (20)
3 Haghi UTM at5 1. Control group (33) 1) 25-7.0;2)1.9-6.0; 3) 0.7-4.8; 4) 3.1-8.1; 5) 1.2-7.9 (MPa)
(2019)° mm/min 2. Er:YAG laser (200 mJ, 10 Hz, 10 sec) (33)
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. 150 alumina sandblasting 10s (33)

MMA monomer showed the highest bond strength compared to control or other treatment groups. All other

3
4. MMA Monomer 180s (33) treatments lowered the bond strength. Acrylic soft liner showed the highest bond strength.
5. Phosphoric acid 30s (33)
4 Atsu, UTM at5 1. Control group (10) 1) 1.35;2)0.28;3)0.34;4) 0.91; 5) 1.01 (MPa)
Keskin mm/min 2. 50u alumina sandblasting 15s (10) Surface treatment of the acrylic resin with silica-modified sandblasting and silanization showed lower bond
(2013)! 3. 30u silica sandblasting & silanization (10) strength compared to the control group (default adhesive).
4. Silica sandblasting & adhesives (10)
5. Silica sandblasting w/ silanization & adhesives (10)
5 Nakhaei UTMat5 1. Control group (24) 1) 0.9;2)1.29; 3)1.24; 4) 1.36 (MPa)
(2016)%° mm/min 2. 110p alumina sandblasting 10s (24) All treatment groups showed higher bond strength than the control group. Combination of laser and sandblast
3. ErYAG laser (300 mJ, 10 Hz, 20s) (24) showed the highest bond strength.
4. Combination of laser and sandblast (24)
6 Mempally UTMat5 1. Control group (80) 1) 0.41-0.51; 2) 0.84-0.89; 3) 2.81-3.50; 4) 2.03-2.39 (MPa)
(2018)*2  mm/min 2. MMA monomer 10s (80) All treatment groups showed significantly higher bond strength than the control group. The mechanical
3. 250u alumina sandblasting 30s (80) treatment group showed the highest bond strength.
4. MMA monomer and sandblasting (80)
7 Gundogdu UTMat5 1. Control group (16) 1) 0.2-1.32; 2) 0.36-1.39; 3) 0.21-1.29; 4) 0.09-0.98; 5) 0.32-1.08; 6) 0.22-1.08 (MPa)
(2014)Y mm/min 2. 36% Phosphoric acid 30s (16) Only phosphoric acid treatment increased the bond strength of the soft liner compared to the control group.
3. Er:YAG laser (150 mJ, 10 Hz, 60s) (16) All other groups showed lower bond strength. Heat-polymerized silicone soft liner showed higher bond
4. 50p alumina sandblasting 10s (16) strength than auto-polymerized liner.
5. Combination of acid and laser (16)
6. Combination of acid and sandblast (16)
8 Yildirim UTM at 10 1. Control group (20) 1) 0.38-0.81; 2) 0.60-1.15; 3) 0.69-1.33 (MPa)
(2020)>  mm/min 2. Argon plasma (13.56 MHz, 1 min) (20) Argon plasma and Er:YAG laser showed higher bond strength between the soft liner and PMMA than the
3. Laser Er:YAG (300 mJ, 10 Hz, 20s) (20) control group. Heat-polymerized silicone soft liner showed higher bond strength than auto-polymerized soft
liner.
9 Akin UTM at5 1. Control group (15) 1) 25.25; 2) 21.04; 3) 32.73; 4) 23.43; 5) 23.53; 6) 23.82; 7) 17.66; 8) 18.26 (N/mm?)
(2011) mm/min 2. 50p alumina sandblasting 10s (15) Er:YAG laser treatment showed the highest bond strength compared to the control or other treatment groups.
3. ErYAG laser (200 mJ, 10 Hz, 20s) (15) Other laser mediums and sandblasting method lowered the bond strength.
4. Nd:YAG laser (100 mJ, 15 Hz, 30s) (15)
5. KTP laser (100 mJ, 10 Hz, 60s) (15)
6. Sandblasting and Er:YAG laser
7. Sandblasting and Nd:YAG laser
8. Sandblasting and KTP laser
10 Khanna UTM at 20 1. Control group (20) 1) 18.27-18.82; 2) 18.76-27.42); 3) 23.82-32.74 (MPa)
(2015)* mm/min 2. 250u alumina sandblasting (20) All treatment groups showed higher bond strength than control group. MMA monomer provided the highest
3. MMA Monomer 180s (20) bond strength. Acrylic soft liner showed higher bond strength than silicone soft liner.
11 Philip UTM at5 1. Control group (7) 1) 0.1;2)0.12; 3) 0.11; 4) 0.12; 5) 0.12; 6) 0.11; 7) 0.14 (MPa)
(2012)1* mm/min 2. Acetone 30s (7) All treatment groups showed higher bond strength than the control group. The combination of sandblasting

1
2
3
4.
5
6
7

. MMA Monomer 180s (7)
1000 grit silicone-carbide sandpaper 5s (7)
. 50u alumina sandblasting 5s (7)

. Sandpaper and MMA monomer (7)

. Sandblasting and MMA monomer (7)

and MMA monomer treatment showed significantly higher bond strength than other surface treatment
methods.
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particlesinthe sandblasting process and one stu-
dy*mixedsilica particles withthe alumina particles.
Only4 studiesfound thatthe sandblasting method
increasedthe bond strength betweenthe soft liner
and PMMA!1121419 and one study®® even showed
that there was no significant difference with ano-
thertreatmentgroup. Mempally et al showed that
the surfacetreatmentofthe acrylic resin using the
250 p particle sandblasting showed a significant-
ly higher bond strengththan the control group and
othertreatmentmethods; it was also showed that
the PMMA surfacewith this treatmentmethod gave
the highestroughness.'?Thisresultis similartothe
study by Khanna et al and Usumez et al; they de-
monstrated that the use of 250 p alumina particle
sandblasting showed greater bond strength than
the controlgroup, although the difference was not
significant.1423

In contrast, other studies showed contradicting
results®>®’, which can be explained by how the
sandblasting method worked on the PMMA sur-
face. Sandblasting create microporosities on the
surface, increasing the contact surface area bet-
ween the PMMA and the soft-liner material, and
thus increasing the bond strength. However, it is
also known that this may also cause surface irre-
gularities that lead to the failure of penetration of
the soft liner material, causing air voids to form
between the two materials and decreasing the
bond strength, increasingtherisk of failure.61617 The
results is supported by Sarac et al, stating that
sandblasting showed greater microleakage than
the control group.?? In addition, the sandblasting
method may create stress atthe interface junction
between the PMMA and soft liner material, which
is predicted toweakenthe bond strength between
the two materials.>® Modifying the particles also
did not improve the bond; Atsu and Keskin found
that silica modificationand silanization processwas
not effective in increasing the bond strength bet-
ween PMMA and soft liner.t

Thus, the sandblasting results remain inconc-
clusive. It may be because this method is unpre-
dictable in modifying the PMMA surface as the
process cannot be fully controlled aside from de-
termining the particle size andthe treatment dura-
ration. Itis nearly impossible to accurately control
how deep the microcavity formed by the particles
and thus increasing the possibility of uneven con-
tacts between the soft liner and PMMA 1616

Mechanicaltreatment canalso be done by using
sandpaper. Only one study discussed the use of
sandpaperasasurface treatment method, show-
ingthatsandpaper significantly increase the bond
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strength of PMMA with soft liner compared to the
control group, albeit still under the sandblasting
method.! Due to this, it is difficult to conclude
about the effectiveness of using sandpaper in
increasing the bond strength.

Chemical surface treatmentisanother method
to increase the bond strength between soft liner
and PMMA. Chemicals such as MMA monomers,
phosphoric acid, oracetone were discussedin se-
veral studies. Amongthese three materials, the use
of MMA monomer is the most surface treatment
method discussed in the studies. All studies on
MMA monomer showed an increase in the bond
strengthbetween PMMA and soft liner. They also
showed that MMA monomer was the treatment
method that provided the greatest bond strength
increase comparedto other chemical methods.6.7.14
This increase was thanks to the formation of sur-
face microporosity through the etching process, in-
creasingthesurface area of contact between soft
liner and PMMA.” Haghi, et al also found that the
PMMA surfacewas cleaner and smootherthanthe
control group and the treatment groups through
scanning electron microscopy analysis, reducing
any probability of air voids formed betweenthe two
materials.®Sarac etalalso showed that MMA mo-
nomer providedtheleast microleakage compared
to the mechanical (sandblasting) and chemical
(acetone) treatment groups and increased the
bond strength between acrylic resin and soft liner
compared to the control group.?224

Chemical surface treatment can also be done
with phosphoric acid or acetone. There are only 2
articles reviewed that discussed the use of phos-
phoric acid®'’ and acetone’!* for the treatment of
PMMA surfaces, respectively. Phosphoric acid or
acetone has the same mechanism as the MMA
monomer mentioned above. Nevertheless, phos-
phoric acid and acetone were not very effective in
improving the bond strength between the PMMA
andthe softlinercomparedtothe MMA monomer.
Especially for phosphoric acid, the bond strength
between the PMMA and the soft liner were lower
than the control group.® However, Gundogdu et
al showed slight difference in result; phosphoric
acidetching showed a slight increase in the bond
strength compared to the control group.'’ The re-
sultdifferences between two studies could bedue
todifferencesinthe method of specimen prepara-
tion before the test was conducted as the former
carried outa thermocycling process on the speci-
mens, changingthe physical properties of the two
materials before the test was performed.®

The use of a laser can also modify the PMMA
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surface. Inthis scoping review, the mediums used
inthe studies were Er:YAG (erbium-doped yttrium
aluminum garnet), Nd:YAG (neodymium-doped
yttrium aluminum garnet), and KTP (potassium-
titanyl-phosphate), although of the three mediums
used, Nd:YAG and KTP mediums were only dis-
cussed in one article.*® Different results were ob-
servedfromallarticle regarding the bond strength
betweenPMMAandsoftliners. Three studies!>16.19
showedthatsignificantly higher bond strengthwas
observedinthe Er:YAG lasertreatmentgroup com-
pared to the control group, although one study?*®
also noted that the laser treatment bond strength
was notsignificantly different from the other treat-
ment methods.

Incontrast, two studies®*’ found that the use of
Er:YAG laser decreased the bond strength bet-
weenthe twomaterialswhen comparedtothe con-
trolgroup, although it was also noted that this de-
crease was not significant.!” Also, one study that
used Nd:YAG and KTP medium showed that they
were not effective inincreasingthe bond strength.16

Laser treatment modifies the PMMA surface
by forming microcavitiesthatwillincrease the con-
tact surface area with the soft liner. The cavities
size is influenced by the laser energy intensity,
treatment duration, frequency, and the medium
used.1560ne study®thatfound a decreased bond
strengthwith laser treatment used a lower energy
intensity and shorter time (200 mJ, 10s) than the
other studies'®>!®!® that showed a higher bond
strengthwith the use of laser (200-300 mJ, 20s). It
is predicted thathigherlaser energy intensity and/
orlongerdurationoftime couldresultinbetter bond
strengthbetween PMMA and softliner. Itwould al-
so explain why Nd:YAG and KTP laser showed a
lower bond strength thanthe control group as only
100 mJ of energy intensity was used.®

Yildirim et al also discussed the use of plasma
argon as a surface treatment method aside from
the use of laser. They found that although not as
effective as laser, plasma argon significantly in-
creased the bond strength compared to the con-
trol group.’® Plasma is claimed to increase the
PMMA surface wettability, meaning that it increa-
ses the hydrophilic properties of the polymer sur-
face without disturbing its mechanical properties,
thusimprovingthe adhesion.’>2Howevet, it should
benoted that as there is only 1 article that discus-
cussesthe use of plasma in this review, so it may
be inadequateto conclude whetherthe use of plas-
maistruly effective inincreasing the bond strength
between acrylic resins and soft liner.

Combination of two different surface treatment

methods were also discussed in several studies.
Combination of laser and sandblasting'®*® and
combinationofchemical(MMAmonomer)and me-
chanical (sandblasting or sandpaper) surfacetreat-
ment on the bond strength between PMMA and
softliner were discussed.*12This combination me-
thod gave varying results. Laser and sandblast-
ting combination showed the highest increase in
bond strength compared to the control or other
treatment groups in one study.'® However, other
study*®showed alower bond strength comparedto
the controlgroupalthough the difference was con-
sidered insignificant. This difference in results is
possibly duetothe differenceinthe sandblast par-
ticle size and the laser energy intensity used bet-
ween the two studies. The combined use of laser
and sandblastingmay be effective inincreasing the
bond strength between acrylic resin and soft liner
as long as the patrticle size, laser energy intensity,
and duration of treatment are taken into account.

On the other hand, the combination of chemi-
caland mechanical surface treatmentmethodswas
discussed in two studies.'*12Both showedthat the
method was effective toincrease the bond strength
between PMMA and soft liner. It worked through
the combination of microporosity formationandalso
depolymerization ofthe PMMA surface, thus more
optimal bonding between the two materials is
achieved. However, it was also noted that this
mechanochemical method still showed a lower
bond strength compared to the sandblasting me-
thod, possibly due to uncontrolled pressureappled
during MMA monomer application, damaging the
PMMA porous surface.!?

Different soft liners also affect the bond with
PMMA. Generally, the bond of acrylic soft liners
with PMMA better than silicone soft liners regard-
less ofthe surface treatmentmethod used.5“Des-
pite better elasticity and longerduration of use, sili-
cone bondswithacrylicresinthroughweakeradhe-
sionforces (with the help of adhesives). In contrast,
acrylic soft-linerbonds with PMMA through cohe-
sive forces and is thus more resistant to shear
forcesthat cause the detachmentof soft liner from
the acrylic resin.'?'® Nevertheless, both materials
generallyhad higher bond strength afterthe PMMA
surface treatment than the control group. Also,
heat-polymerized silicone softliner bonded better
with PMMA thanthe auto-polymerized ones.®>
These resultsare alsoinagreementwiththe study
by Kulak-Ozkan et al, stating thatauto-polymerized
materialtendsto have greater shrinkage and short-
er duration of use.?

Asadditionalinformation, while itwas not shown
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in the results summary, two studies*? also ob-
served the effect of immersion onthe specimens’
bond strength. Itwas conductedto simulate a real-
life situation,where a soft liner may lose its elasti-
city and undergo dimensional changes duetowa-
ter/salivaabsorption, thus affecting the bond with
PMMA %1217 Specimens immersion after 1 week
gavethehighestbondstrengthinone study. ltmay
occur duetothe latent polymerization ofthe soft li-
ner during the immersion period and thus the im-
proving the bond between the liner and PMMA.
Also, it was observed that the bond strength de-
creasedafterimmersion for 1 month.11 Thisisalso
supported by Mempally etalthat showed 24 hours
of immersion provided higher bond strength than
the 1-monthimmersion period. However, they use
acrylic soft liner in the study and these different
properties may also affect the process.*?

The limitations of this scoping review are rela-
tedto the variations in the details of the treatment
used as mentioned above. This lack of uniformity
inthe treatmentmethods and materialsusedinthe
studies reviewed in this paper, exact conclusions
are quite difficult to make. Several treatment me-
thods, namelythe use of sandpaper'*and plasma?s
were alsoonlydiscussedinonearticle andthus no
conclusions could be drawn regarding the effect-
iveness ofthese methods onthe bond strengthim-
provement between soft liners and acrylic resin.
Finally, all studies reviewed are in vitro studies,
most of which are cross-sectional studies. The re-
sults may not be fully applicable to real clinical si-
tuations. Perhaps, using more article databases
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