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INTRODUCTION 

Acrylic resin material was developed in 
laboratories in 1928 and introduced to the market by 
Rohm and Haas Company in 1933 with a Plexiglas 
trademark. In 1937, Dr. Walter Wright introduced 

polymethyl methacrylate (PMMA) as a denture base 
material. Around 95 % of all dentures were made of 
acrylic in 1946 (1). It has been used widely as denture 
bases due to its ease of manufacturing, low cost, 
color matching, and lightweight. It is also used for 
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ABSTRACT

Purpose: To evaluate the effect of incorporating three nanoparticles (Titanium oxide, silicon 
oxide, and alumina) with 1% and 5% concentration on the bond strength to denture base for one 
year of clinical service. 

Methods: Fifty-six completely edentulous patients were selected and divided into seven groups 
according to the nanoparticle material and concentration (n=8). Upper and lower complete dentures 
were fabricated for each patient. The adhesion of soft liner was done using a five scale questionnaire 
at insertion (baseline) 4, 8, and 12 months of denture insertion. The data were analyzed by Friedman 
test with post-hoc Dunn test. 

Results: At 4 and 8 months, all the nanoparticles groups showed a non-statistically significant 
difference from the baseline. At 12 months, all groups with 5% nanoparticle concentration showed 
a statistically significant decrease in the soft liner adhesion. There were no significant differences 
between all nanoparticles groups during all follow up intervals

Conclusion: The addition of nanoparticles to the denture base effectively improved the bond 
between the soft-liner and the denture base, especially for 1% concentration.

KEYWORD: Acrylic resin, Adhesion, Denture, Nanoparticles, Silicone, Soft-liner 



(1528) Hesham Samy Borg E.D.J. Vol. 67, No. 2

many appliances such as splints, stents, and night 
guards (2). Despite the popularity of acrylic resin, 
it is still inadequate to fulfill the ideal mechanical 
requirements. Clinicians also experience a material 
fracture due to low impact resistance, flexural stress, 
or fatigue stress. Acrylic resin has a low impact 
resistance that usually results in denture fractures (3).

In dentistry, soft liner products have been devel-
oped as a solution to many problems. These materi-
als will ensure an even distribution of the functional 
load in the denture-bearing region and avoid load 
stress concentration. They also improve denture 
retention as bone resorption occurs(4). It has been 
stated that soft liner dentures are more comfortable 
to use compared to rigid acrylic dentures. The use 
of these dentures is associated with substantial im-
provements in articulation, chewing performance, 
denture retention and stability, a decrease in the per-
ception of pain and oral ulcers under dentures, and 
an improvement in denture satisfaction and duration 
use (5). Due to their elastic properties, these liners 
transmit functional and para-functional stresses and 
act as shock absorbers. They are used as a cushion 
in patients who cannot withstand denture stress due 
to sharp, thin, extremely resorbed ridges or bony 
undercuts, bruxism, and xerostomia. In edentu-
lous arches opposed to natural dentures, and cases 
with congenital oral defects requiring obturation. 
In cases where the lower alveolar nerve is visible 
and in implant overdenture. Soft liners are either 
based on acrylic resin or silicone. Autopolymerized 
or heat-polymerized forms are available in both  
categories (6, 7).  

The absence of adequate bonding to denture 
base materials will override the desired soft liner 
properties (8). Bond failure is a problem that makes 
the liner surface vulnerable to fungal and bacterial 
growth. As oral bacteria and fungi penetration 
of denture soft liner material can lead to plaque, 
calculus formation, oral tissue infections, material 
deterioration, and subsequent failure (9). The tensile 

bond strength of soft acrylic liners is greater than 
that of silicone-based materials (10). Sandblasting, 
silica coating, and silane surface treatment of 
denture base resin did not improve the silicone 
base soft liner bond strength to the acrylic resin 
denture (11). Seven of the eight papers concluded in 
a systematic review that airborne particle abrasion 
caused degradation of bonding between the liner 
and the denture base resin (12). 

The nanomaterial is classified as a natural or 
produced material containing particles in a non-
agglomerated state, and where 50 % or more of the 
particles have one or more external dimensions in 
the range of 1–100 nm` (13). Numerous studies have 
been conducted to determine nanomaterials’ effect 
on acrylic resin base resin’s mechanical properties. 
A study found that acrylic resin reinforced with 1% 
titanium oxide showed a significant improvement 
in the tensile and impact strength with no harm-
ful effects on other properties (14). Incorporation of 
0.4% titanium oxide nanoparticles into the acrylic 
resin polymer matrix has been shown to have an an-
tibacterial on the Candida species. The nanocompos-
ite was successfully made by the stereolithographic 
technique (15). Alumina nanoparticles’ addition to 
acrylic resin enhances its thermal stability and prop-
erties (decreased thermal expansion coefficient and 
contraction) and acrylic resin’s flexural strength. It 
also decreases water sorption and solubility. Plac-
ing silicon carbide filler powders in the palatal area 
of dentures may increase acrylic resins’ thermal 
conductivity without decreasing the strength or in-
creasing the denture weight. (16). Improvement of 
both the impact and transverse resistance of acrylic 
resin was achieved by incorporating silica nanopar-
ticles with low concentrations. Increased content 
has resulted in nanoparticle agglomeration and 
cracks propagation, decreasing both hardness and 
fracture strength (17). 
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AIM OF THE STUDY

The purpose of this study was to determine the 
impact of the addition of silica, alumina, titanium 
nanoparticles (1 % and 5 % concentrations) in 
the heat-cured acrylic resin denture on the bond 
strength with the silicone’s soft liner after one year 
of clinical use.

MATERIALS AND METHODS

Patients grouping

Fifty-six patients were chosen from the Output 
Patient Clinic, Removable Prosthodontics Depart-
ment, Faculty of Dentistry, 6 October University, 
Giza, Egypt. Patients were randomly classified into 
seven groups according to the form and concentra-
tion of nanoparticles within the denture base, as 
shown in table (1).

TABLE (1) The list of nanoparticles used in this 
study.

Group I Denture had no nanoparticle (Control group)
Group II Denture had a 1% concentration of titanium 

oxide nanoparticles.
Group III Denture had a 5% concentration of titanium 

oxide nanoparticles.
Group IV Denture had a 1% concentration of aluminum 

oxide nanoparticles.
Group V Denture had a 5% concentration of aluminum 

oxide nanoparticles.
Group VI Denture had a 1% concentration of silicon 

oxide (silica) nanoparticles.
Group VII Denture had a 5% concentration of silicon 

oxide (silica) nanoparticles.

Nanoparticle preparation 

The nanoparticles were prepared in a private 
laboratory (Nanogate Laboratory, Cairo, Egypt). 
The average size of the nanoparticles was < 20 
nm with a spherical shape. The structure of the 
nanoparticle was confirmed using a high-resolution 
transmission electron microscope (JEM-2100, Jeol, 
Akishima, Japan) and X-ray diffraction analysis 

using a powder diffractometer system (X’pertPro-
Panalytical, Malvern, United Kingdom) as shown 
in figure (1). The nanoparticles were added to 
the monomer of the acrylic resin by volume 
concentration (v/v%). 

Fabrication of denture base with soft liner

A silicone putty spacer (Zetaplus, Zhermzck, 
Rome, Italy) with 2mm thickness was adapted over 
the cast before packing the acrylic resin in the mold. 
A dough mix of heat-cured acrylic resin was packed 
over it (Vertex TM Regular, Vertex, Soesterberg, 
Holland), then the flask was closed, and any excess 
acrylic was removed. The curing cycle was 75○C for 
1.5 hours, then 100○C for an additional one hour. 
The cameo dentures were finished and polished. 
An adhesive (Mollosil Adhesive, DETAX GmbH, 
Ettlingen, Germany) was painted on the denture’s 
intaglio surface and left for 1 minute to dry. Equal 
proportions of silicone soft liner (Mollosil®, 
DETAX GmbH, Ettlingen, Germany) are mixed by 
gun and applied on the denture’s intaglio surface. 
The dentures were seated in the patient’s mouth, 
and the patients were asked to close their teeth 
in occlusion for 5 minutes until the soft liner was 
set while maintaining functional movement with 
their lips and tongue. The excess acrylic resin was 
removed using no 15-scalpel blade and smoothed 
with polishing stones at 15000 rpm. An equal mix of 
gloss varnish base and catalyst (Lustrol®, DETAX 
GmbH, Ettlingen, Germany) was mixed and applied 
over the soft liner and left to dry for 5 minutes. 
The patients were recalled after one week for any 
necessary adjustment of the denture. 

The bond strength was measured according to 
Mutulay et al. (18). A questionnaire was given for 
each patient regarding their experience of the soft 
liner’s peeling from the denture base. The score of 
the questionnaire was five, according to the table 
(2). The patients had two questionnaires, one for 
each denture, and the average score for both upper 
and lower denture was calculated. The evaluation 
was done at insertion (baseline) and continue at four 
months, eight months, and 12 months.
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Fig. (1) Left: Scanning electron microscope photos, Right: XRD analysis of the nanoparticles A: Titanium oxide nanoparticles, 
(B) : Aluminum oxide nanoparticles, (C): Silica nanoparticles Measurement of the soft-liner adhesion to the denture base
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Statistical analysis

Data were analyzed using a commercially 
SPSS© program (Chicago, IL, USA version 20 
for windows). Kolmogorov Smirnov test showed a 
non-parametric distribution of data. An analysis of 
the ordinal data was done using the Friedman test 
with a post-hoc Dunn test with a significance level 
(p<0.05).

RESULTS

The scores of soft liner adhesion to the denture 
base are shown in table (3) and figure (2). Data show 
a progressive decrease in the soft liner adhesion in 
all groups over time.  However, the results of all 
groups fall between fair and very good scores. 
Comparison with the baseline by the Friedman test at 
4 and 8 months showed a significant reduction in the 
adhesion scores in the control group only (p<0.05). 

TABLE (2) Scoring of the adhesion of the soft liner to the denture base.

Score Value Criteria

0 Very poor All of the soft liners have been peel off from the denture.

1 Poor Large areas of the soft liner have been peel off from both sides of the denture

2 Fair Large areas of the soft liner have been peel off from one side of the denture.

3 Good Small areas of the soft liner have been peel off from both sides of the denture.

4 Very Good Small areas of the soft liner have been peel off from one side of the denture.

5 Excellent None of the soft liner peeled off from both dentures.

TABLE (3) Values of the soft liner bond to the denture base

Group Time* Median Min Max
Interquartile

range
95% Confidence Interval for Mean
Upper bond Lower bond

Group
I

4 Months 4 2 5 1 4.2032 2.9968
8 Months 3 2 4 2 3.5841 2.4159
12 Months 2.5 0 4 3 3.3691 1.2309

Group
II

4 Months 4 3 5 2 4.6744 3.3256
8 Months 3 3 4 0.25 3.5016 2.8984
12 Months 3 1 4 2.25 3.3431 1.6569

Group III
4 Months 4 3 5 1.25 4.3643 3.2357
8 Months 3.5 2 5 2.25 4.2397 2.5603
12 Months 2 0 5 3.25 3.7275 1.2725

Group IV
4 Months 4 3 5 1 4.6524 3.7476
8 Months 4 1 5 1.25 4.5295 2.8705
12 Months 3 1 5 2.5 4.0664 1.9336

Group
V

4 Months 4 3 5 1.25 4.4278 3.3722
8 Months 4 1 4 1 4.0911 2.7089
12 Months 3 0 4 2.25 3.5657 1.6343

Group VI
4 Months 4 4 5 1 4.6456 3.9544
8 Months 4 2 5 2.25 4.7564 3.0436
12 Months 3.5 1 5 2.5 4.1901 2.0099

Group 
VII

4 Months 4 2 5 1.25 4.8114 3.3886
8 Months 4 1 5 3 4.6770 2.5230
12 Months 2.5 1 5 3.25 3.9584 1.6416

*All Baseline values are 5
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All the other groups containing nanoparticles did not 
significantly differ from the control group (p<0.05), 
which means that the nanoparticles effectively resist 
adhesion failure. At 12 months, all groups with 5% 
nanoparticle concentration (Group III, V, and VII) 
and the control group showed a significant reduction 
in the adhesion from the baseline time. In between 

groups comparison by the Friedman test with post-
hoc Dunn test, the results showed a statistically 
non-significant difference in the soft liner adhesion 
between all groups during all follow-up intervals 
(p<0.05). The in between-group comparison and 
comparison between groups with the baseline using 
the Friedman test are shown in table (4).

Fig. (2) Box and whisker plot of soft liner adhesion to denture base for different groups during follow-up intervals. The score at 
baseline were 5 for all groups

TABLE (4): Multiple comparisons in between groups as well as the baseline  by Friedman test with post-hoc 
Dunn test

Time Variables Fr p-value Significance Post Hoc Dunn test (p-value)

4 Months
Between groups 13.233 0.152 Non-Significant

With baseline 25.324 0.005* Significant Control- Baseline (p=0.28*)

8 Months
Between groups 14.866 0.95 Non-Significant

With baseline 30.00 0.001* Significant Control- Baseline (p=0.02*)

12 Months

Between groups 14.296 0.112 Non-Significant

With baseline 31.655 0.00* Significant

Control- Baseline (p=0.004*)
Group III-Baseline (p=0.1*)
Group V-Baseline (p=0.17*)
Group VII-Baseline (p=0.36*)

Fr: Friedman test, multiple comparisons were made using the Post-hoc Test (Dunn’s)

p: p-value for comparing between the different periods in each group

*: Statistically significant at p ≤ 0.05
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DISCUSSION

Soft liners are a useful adjunct therapy for 
patients who cannot withstand a hard denture base 
to help patients adapt to their new dentures.  A new 
study suggested that some 75% of patients needed 
to reline their implant-supported overdentures 
after an average of 7.8 months, and the soft liners 
were mostly favored as an alternative to traditional 
hard-relining products (19). Silicone liners are stable 
in color and more resilient than acrylic liners. 
The polymer is an elastomer with no additional 
plasticizer and is thus more durable over time (20). 

There have been several issues involved with the 
clinical use of resilient liner material. These include 
staining, color change, porous surface structure, 
deterioration, and reduced resistance over time. 
As well as debonding between the denture and the 
resilient liner, the porous surface texture facilitates 
the aggregation of food debris and encourages 
bacterial development, which can irritate the 
denture bearing area and create an environment for 
microbial colonization (21).

The adhesion of chairside silicone soft liners 
to denture base polymer has been confirmed weak 
by many authors (22-24).  Acrylic resin liners showed 
better adhesion to the denture base because the 
bonding between the two materials is better when 
they have similar chemical structures (25). Chemical 
cured silicone soft liner failures may be completely 
adhesive or an adhesive and cohesive mix (26). A 
qualitative evaluation of the failure mode using 
scanning electron microscopy revealed that the 
acrylic soft-liner showed a mainly adhesive failure 
pattern on the liner-acrylic resin interface. In the 
meantime, the silicone-based soft liner demonstrated 
mixed adhesive and coherent failure (27). Improving 
bond by conventional methods such as surface 
treatment is affected by humidity, contamination, 
and denture base polymer’s surface structure. The 
result is a negative effect on bond strength (28). 

A minimum of 2 mm of the liner and 3 mm of 
hard acrylic resin denture base are recommended 

for dentures with a resilient liner. A study found 
that % of 37 mandibular dentures with a resilient 
liner fractured in 3 years, and all fractures occurred 
because the acrylic resin was not thick enough (29). 
The method of using silicone putty spacer was 
proposed by Kutay et al (30). 

Nanotechnology has recently entered the dental 
industry and has introduced many research proj-
ects to explore future uses and expected dentistry 
benefits. Literature shows that new mechanical and 
physical properties are created by nanoscale rein-
forcement agents, forming a new class of nano-
composites. The new composite material proper-
ties depend on the nature, size, and morphology 
of the added nanoparticles.(31). Nanoparticles were 
added to the denture base because it had lower val-
ues of nanoparticle release. A comparative study 
of nanoparticle release from denture base, liner, 
and adhesive showed that the release was higher in 
the denture adhesive followed by liner and denture  
base (32). Increase release of the nanoparticle may 
cause systemic toxicity, especially to the CNS (33). 

Due to the strong inter-atomic ionic bonding 
associated with the most stable alpha hexagonal phase 
with high dialectical properties, the increase in the 
bonding strength of soft lining material to alumina 
nanoparticles can result in the formation of cross 
bonding and high bonding forces between nanofillers 
and resin material. The result is the polymer’s 
mobility limitation and a dense composite polymer 
matrix formation (34). Silica nanoparticles also create 
a dense composite matrix that increases the bonding 
strength of the soft-liner material to the denture 
base by preventing water from entering the denture 
and preventing the plasticizer from leaching from 
the soft liner. (35). The same mechanism occurs with 
titanium-oxide nanoparticles (36). Indeed, titanium 
oxide nanoparticles have high surface energy to 
form strong bonds with acrylic resin polymer 
matrix interfaces, resulting in increased van der 
Waals strengths and increased polymer chain  
crosslinking (37).
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On the other hand, the degree of conversion is 
influenced by an increasing amount of nanoparticles. 
The residual monomer is trapped in the polymer 
network and acts as a plasticizer (38). Residual 
monomer and water sorption in acrylic resin denture 
base are closely associated. (39). Water penetrates the 
soft liner and denture resin base interface and causes 
swelling and concentration of the applied stresses. 
So, the soft liner’s viscoelastic properties are 
changed. Instead of a cushioning effect, it transfers 
external loads directly to the acrylic interface and 
reduces interface resistance to degradation and 
fracture. (40). This mechanism may explain the lower 
values of adhesion at 5% nanoparticles after 12 
months of clinical service

Although the control group results after 4, 8, and 
12 months were significant from the baseline, the 
recorded score after 12 months still fair for clinical 
use. The results agree with a 3-year retrospective 
study by Wright et al., where only three dentures of 
39 patients showed an edge failure of adhesion (41). 
Mutually et al. (18) showed an average score of 3.9, 
which was greater than the current. But this increase 
in his due to the use of heat-cured soft liner, which 
showed more adhesion to the acrylic denture than 
the chemical cured one (42) 

CONCLUSION 

Addition of nanoparticles to the denture base 
effectively improved the bond between the soft-liner 
and the denture base, especially for concentrations 
below 5%.
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