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The purpose of the study was to evaluate and compare the effect of beverages, !
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denture cleanser and chlorhexidine gluconate solution on surface roughness of
flexible denture base material. .
Benaiffer Agrawal®

Materials and Methods

Fifty flexible denture base resin specimens measuring 50+1Tmm in diameter and
0.5£0.05 mm in thickness were fabricated. The specimens were divided into five
groups each containing ten specimens. The specimens were immersed in distilled
water (Control group A); hot coffee (Group B); cold beverage (Group C); sodium
perborate containing denture cleanser (Group D) and 2% chlorhexidine gluconate
solution (Group E). The specimens were immersed for 10 min daily in mentioned
solutions for up to 60 days. Surface roughness (Ra) was evaluated on the 1%, 20" and
60 day with the help of atomic force microscope. The statistical analysis was done
using two-way ANOVA and Tukey’s Post hoc test.

Results

The two- way ANOVA revealed that the average Ra values varied significantly
depending on the type of solution used for immersion (p<0.001) and the duration
of immersion (p<0.001). Variation in surface roughness with cold beverage was
highest (p=0.001). On the 60" day the surface roughness of flexible denture base
resin material was higher with cold beverage (0.184 pm) and denture cleanser
(0.203 um) than that of distilled water (0.052 um) hot coffee (0.030 um) and 2%
chlorhexidine gluconate (0.068 um).

Conclusion

Exposure to cold beverage, which was acidic in nature and peroxide containing
denture cleanser, produces much rougher surface in the thermoplastic polyamide
flexible denture base resin specimens.
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Until now, up to 95% dental prostheses were made with polymethyl 2Department of Dentistry, Autonomous State Medical

meythacrylate (PMMA), because of its optical properties, biocompatibili-
ty, and aesthetics (1). To overcome the widely known limitations of PMMA
like shrinkage during polymerization, less flexural strength, inferior resis-
tance to wear and allergy to monomer, polyamide resin have been used
as an alternative material. Polyamide is the polymers having thermoplas-
tic nature, manufactured with condensation reaction among dibasic acid
and diamine (2,3).

Removable partial dentures (RPDs) fabricated only with thermoplastic
resin or in combination with metal is attaining greater acceptance among
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general dentists. It has good esthetics and improved com-
fort, so regarded as a better treatment modality compared
to regular metallic clasp retained RPDs (4). Researches on
denture base materials have showed a straight connection
between the roughness of the surface and increase in collec-
tion of plaque and adhesion of Candida albicans over it. Sur-
face roughness is a matter of concern to any denture base
material and must be evaluated. Literatures have considered
0.2um roughness of surface as a threshold level for dental
restorations. (5-7).

Previously, studies were done on erosive outcome of soft
drinks, coffee, red wine, freshly prepared fruit juices and den-
ture-cleansing agents, to found the roughness occurred on
the surface of regularly used dental restorations. It has been
found that restorative materials showed statistically signifi-
cant micro-leakage and surface roughness as the immersion
regime increased (8-14). Surface topography is done to find
the appropriateness of surface for a particular use. (15). For
measuring surface roughness, scanning electron microsco-
py and profilometery were the methods being commonly
used (16). Atomic force microscopy (AFM) is a primary form
of scanning probe microscopy (17). Data regarding use of
AFM in field of prosthodontics for studying surface topogra-
phy of denture base resins in all 3 dimensions i.e. x, y and z
directions with nanoscale resolution is scarce.

The basis for doing this research was to evaluate the sur-
face roughness caused by using beverages, denture cleanser
and 2% chlorhexidine gluconate solution on flexible denture
base material using AFM. The null hypothesis assumed that
there would be no variance in surface roughness of flexible
denture base material with beverages, denture cleanser and
2% chlorhexidine gluconate solution.

Materials and Methods
Ethical approval

This study was performed in the Department of Prostho-
dontics. The ethical clearance was acquired from the institu-
tional ethical committee number PDA/Dean/14/90A..

Specimen Fabrication

Fifty flexible denture base resin (Lucitone FRS, Dentsply,
Mumbai, India) specimens of dimensions 50+1mm in diame-
ter and 0.5+0.05 mm in thickness were fabricated according
to ADA specification No.12 by the injection molding meth-
od (18). A master model of hard plastic material with precise
dimensions was used for the specimen fabrication (Figure
1A). Molten wax (DPI, Mumbai, India) was poured, allowed
to solidify, and then retrieved from the mold. The obtained
patterns in wax were further invested in a flask with dental
stone (Kalrock, Kalabhai, Mumbai, India).

The flask was put for 5min in boiling water and dewaxing
was done. A layer of separating media was coated and al-
lowed for complete drying. Single cartridge (24gm) was used
for making individual specimen. The silicone was sprayed on
the cartridge, and then cartridge was kept in the carrier, and
put in the electric furnace for softening. The material was
allowed to plasticize at 575°F for about 15 minutes. The car-
tridge was remove from the furnace and position over the

inlet of the flask, and compressed for 1 minute at an injec-
tion pressure of 75psi with narrow piston head. Bench cool-
ing was done for 5min before deflasking (19). The flask was
opened to recover the specimens. The sprue formers were
cut with the disk and finishing was done. Initially the speci-
mens were kept at 37°C for 24 hours in distilled water for re-
hydration. The specimens were divided in to 5 groups, con-
sisting of 10 specimens each. The groups were as follows:

Group A: Flexible denture base resin specimens immersed
in distilled water (control group).

Group B: Flexible denture base resin specimen immersed
in hot coffee (Nescafe, Nestle, Mumbai, India) at temperature
50+1 °C.

Group C: Flexible denture base resin specimen immersed
in lime juice (Nimbooz, PepsiCo, New Delhi, India) at room
temperature.

Group D: Flexible denture base resin specimen immersed
in denture cleansing solution (Fitty Dent, Group Pharmaceu-
ticals, Mumbai, India)

Group E: Flexible denture base resin specimen immersed
in 2% chlorhexidine gluconate solution (Safe Plus, Neelkanth
enterprises, New Delhi, India)

All the finished specimens were stored in artificial saliva
(MP Sai enterprises, Mumbai, India) in an incubator at 37 °C
for 14 hours daily. The stored specimens were taken out from
the artificial saliva and cleaned in running water for 10 sec-
onds, and bloated dry with tissue paper. All the specimens
in each group were immersed in their respective solution
for 10 minutes every day. The specimens were removed and
washed in running water for 10 seconds and then stored in
distilled water for the rest of the day at room temperature.
The same regime was followed for 60 days.

Surface roughness

Surface roughness was checked on the 1%, 20* and 60"
day. Prior to testing, the specimens were cleaned in an ul-
trasonic cleaner for 60 seconds, blotted dry using tissue
paper and air dried with an air pressure pump. As per the
requirement of the testing machine, the specimens were
cut in to squares of 1cm x 1cm with the help of a diamond
disc (Figure 1B). The baseline readings were obtained for the
surface roughness (arithmetic mean surface roughness, Ra).
The surface roughness was assessed using AFM (Solver Next
NT-MDT, Moscow, Russia) (Figure 2).

The AFM provides a 3D profile on a nanoscale and 3 lin-
ear scans taken across individual specimens over 30 x 30 um
fields with a scan rate of 10.03 mm/s and 300 pixel resolu-
tion.

Statistical analysis

Surface roughness data obtained was subjected to two-
way analysis of variance (ANOVA) for repeated measures
(before and after immersion and artificial aging) and Tukey's
Post Hoc test (p<0.05). The factors analyzed were resin, sur-
face treatment, artificial aging, surface roughness and their
interactions. The results were analyzed using software pack-
age IBM Corp. Released 2013. IBM SPSS Statistics for Win-
dows, Version 22.0. Armonk, NY: IBM Corp, USA.
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Results

The two-way ANOVA suggested that the average Ra values
differs significantly based on the type of solution used forim-
mersion (p<0.001) and duration of immersion (p<0.001) (Ta-
ble 1). The null hypothesis was rejected. A gradual increase
in the surface roughness was noted when comparison was

Figure 1. A, Standardized mold for specimen fabrication. B,
Specimens of size Tcm x Tcm x 0.5mm was used for testing.

done between 1°t day, 20" day and 60™ day of testing for the
individual test group and the control group (Figure 3).
When the mean surface roughness values were compared
on 1%t day, 20" day and 60™ day of 4 test groups and the
control group, significant variations in surface roughness
of Group B (hot coffee, P=0.022 ), Group C (cold beverage,
P=0.001) and Group D (denture cleanser, P=0.013) was ob-
served. On the 1%t day, the flexible denture base resin ma-
terial had more surface roughness with 2% chlorhexidine
gluconate (0.057 pm) followed by distilled water (0.034 um),
hot coffee (0.023 um) cold beverage (0.021 pm) and denture
cleanser (0.019 um). On the 20" day the surface roughness
was more with 2% chlorhexidine gluconate (0.052 um) fol-
lowed by distilled water (0.045 pum), cold beverage (0.040

Figure 2. Evaluation of surface roughness under atomic force
microscope.

0,25
0,2 _ = Surface Roughness (um) First
Testing
0,15 # Surface Roughness (um) Second
Testing
o1 © Surface Roughness (um) Third
Testing
0,05

Group A GroupB GroupC GroupD GroupE

Figure 3. Mean surface roughness on 1% day (first testing), 20"
day (second testing) and 60th day (third testing)

Table 1: Mean surface roughness and two-way ANOVA for repeated measures on 1% day, 20" day and 60" day of immersion, *p value<0.05 was

considered statistically significant. ANOVA=Analysis of variance

Surface Roughness (um) Repeated
Number of of o " " measure
Groups specimens 1 day 20" day 60" day ANOVA p-value
Mean Ss.D Mean S.D Mean S.D (F-value)
IEBIICE N7 10 0034 0005 0045 0021 0052 0036 2.444 0.152
(Group A)
Hot coffee (Group B) 10 0023 0006 0032 0007 0030  0.004 7.565 0.022*
AU 10 0021 0022 0040 0019 0184 0088 27.921 0.001%
(Group C)
Denture cleanser 10 0057 0077 0052 0016 0203  0.193 9.580 0.013*
(Group D)
CROCUE D 10 0019 0009 0034 0024 0068 0058 0.090 0771
gluconate (Group E)
Total 50 0031 0037 0041 0019 0108  0.120 16.958 0.001%
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Figure 4. Surface roughness on 60" day. A, with cold beverage. B, with denture cleanser. C, with distilled water. D, with hot coffee. E,

Table 2: Tukey’s Post-hoc Analysis for pairwise comparisons on 1 day, 20" day and 60" day."p value<0.05 was considered statistically significant;

Ra= Surface roughness

1t day 20 day 60" day

Groups Mean Difference P value Mean Difference P value Mean Difference P value

in Ra (pm) in Ra (um) in Ra (um)
Distilled water (Group A) vs
Hot coffee (Group B) 0.010 0.969 0.013 0.504 0.021 0.988
Distilled water (Group A) vs N
Cold beverage (Group C) 0.013 0.928 0.005 0.964 0.131 0.039
DAL I R 0014 0.898 0011 0.665 0.151 0.012*
Denture cleanser (Group D) ’ ' : : : :
Distilled water(Group A) vs
2% Chlorhexidine gluconate (Group E) 0.023 0.614 0.007 0.915 0.015 0.996
Hot coffee (Group B) vs *
Cold beverage (Group C) 0.002 1.000 0.007 0.879 0.153 0.011
Hot coffee (Group B) vs 0.004 0.999 0.002 0.999 0173 0.003*
Denture cleanser (Group D)
Hot coffee (Group B) vs
2% Chlothexidine gluconate (Group E) 0.033 0.255 0.020 0.122 0.037 0.917
Cold beverage (Group C) vs 0.001 1.000 0.005 0.959 0.019 0.992
Denture cleanser (Group D)
Cold beverage (Group C) vs
2% Chlorhexidine gluconate (Group E) 0.036 0.187 0.012 0.565 0.116 0.089
Denture cleanser (Group D) vs 0.037 0.158 0.018 0.222 0.135 0.032*

2% Chlorhexidine gluconate (Group E)

pum), denture cleanser (0.034 um) and hot coffee (0.032 um). pum; Figure 4B) than that of distilled water (0.052 um; Figure
On the 60™ day the surface roughness was more with cold 4C) hot coffee (0.030 um; Figure 4D) and 2% chlorhexidine
beverage (0.184 um; Figure 4A) and denture cleanser (0.203 gluconate (0.068 um; Figure 4E).
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Pairwise comparison among groups on 1stday and 20" day
did not showed any significant difference among the groups.
Pairwise comparison among groups on 60" day showed sig-
nificant difference (P<0.05) between distilled water (Group
A) vs cold beverage (Group C) (P=0.039), between distilled
water (Group A) vs denture cleanser (Group D) (P=0.012),
hot coffee (Group B) vs cold beverage (Group C) (P=0.011),
hot coffee (Group B) vs denture cleanser (Group D) (P=0.003)
and denture cleanser (Group D) vs 2% chlorhexidine gluco-
nate (Group E) (P=0.032) (Table 2).

Discussion

Polyamide material possesses good aesthetics, favorable
gingival color, and toxicological safety in patients who are al-
lergic to conventional resins and metals. It is flexible and has
high strength, as well as resistance to chemicals and heat.
Additionally, it has low porosity, low water absorption, and
solubility. These properties have made polyamide increas-
ingly popular as a denture base biomaterial (20,21).

Before applying dental prostheses orally, the surface
roughness of the materials should be evaluated. A rough
surface can lead to microbial colonization, biofilm forma-
tion, and discoloration of the prosthesis (22,23). In the pres-
ent study, the specimens underwent artificial aging. The
effect of artificial aging on the surface roughness of spec-
imens immersed in distilled water (Control Group A) was
found to be insignificant after 60 days of testing, when com-
paring Ra values of the 1st and 20th days. This result was
similar to studies conducted by Pusz et al. (24) and Fueki et
al. (4). Polyamide resins are injection-molded and supplied
in a cartridge, which minimizes mixing errors. This provides
long-term shape stability, less contraction, and improved re-
sistance to aging (4,24).

In the present study, the surface roughness of the flexi-
ble denture base material was not significantly affected by
the coffee solution (pH-5.3). This finding is consistent with
the study by Navarro et al. (14). However, conflicting results
were obtained in a study conducted by Sagsoz et al. (25),
where an increase in surface roughness of resin specimens
was observed due to extrinsic stain deposition. The discrep-
ancy in results with coffee samples might be attributed to
differences in the processing and polishing methods of the
specimens. It has been proven that specimens fabricated
using the injection-molded method have better physical
and chemical stability compared to conventional heat and
chemical processing methods (3,4).

The specimens immersed in the cold beverage Nimbooz
(Group C) showed a significant alteration in surface rough-
ness. According to a study by Constantinescu et al. (26), the
acidity of saliva influences the surface properties of acryl-
ic resins and increases roughness. Lemon juice, with a pH
of about 2.3, is highly acidic, while the normal salivary pH
ranges between 6.2 and 7.4. The type of food consumed can
change the pH of saliva and cause erosion of the denture
base materials’ surface (27).

Considering the cleaning methods followed by patients,
the resin specimens in this study were immersed in a com-
mercially available denture cleanser and 2% chlorhexidine
gluconate. The surface roughness of the specimens im-
mersed in the denture cleansing solution increased with the

duration of immersion. This result is consistent with previ-
ous studies conducted by Durkan et al. (28), where they also
found that denture cleansers containing sodium perborate
increased surface roughness. Nikawa et al. (29) found that
denture cleansers with higher peroxide content and oxygen-
ation levels in strongly alkaline solutions could damage den-
ture base materials. This may be due to the chemical nature
and mode of action of these cleansers. They reduce surface
tension, release oxygen, and mechanically loosen debris.
The oxygen bubbles aid in mechanical cleaning. Therefore,
these cleansers may cause hydrolysis and decomposition of
the polymerized acrylic resin itself (30).

The surface roughness of resin specimens immersed in a
2% chlorhexidine gluconate solution showed no significant
variation after following a 60-day immersion regime. The
result of the present study was similar to previous studies
conducted by Da Silva et al. (31), Azevedo et al. (32), and
Machado et al. (33). However, Davi et al. (30) obtained con-
tradictory results in a study where they found a significant
increase in surface roughness after disinfecting denture
base resins with a 0.12% chlorhexidine gluconate solution.
The composition of the flexible denture base resin material
is chemically stable, as they are injection-molded and sup-
plied in a cartridge, which excludes mixture errors. This pro-
vides long-term stability and resistance to aging and surface
roughening (4).

One limitation of the present experiment is that it is an
in-vitro study and does not completely simulate oral condi-
tions. Further research is required with flexible dentures in
patients using different beverages and denture cleansers.

Conclusion

Exposure to a cold beverage, which is more acidic in na-
ture, and the use of peroxide-containing denture cleanser
result in a much rougher surface in thermoplastic polyamide
flexible denture base resin specimens. On the other hand,
exposure to hot coffee does not cause a significant change
in the surface roughness of the flexible denture base resin
material. Therefore, 2% chlorhexidine gluconate can be con-
sidered a better option for maintaining the hygiene of flexi-
ble denture base resin material.

Tiirkge ézet: iceceklerin, protez temizleyicinin ve klorheksidin glu-
konatin esnek protez kaide malzemesinin ytizey plirtizliiliigiine etkisi: in
vitro ¢alisma. Amag: Bu ¢alismanin amaci, esnek protez kaide malze-
mesinin ylizey pliriizliiliigiine icecek, protez temizleyici ve klorheksidin
glukonat soliisyonunun etkisini degerlendirmek ve karsilastirmakti. Ge-
re¢ ve yéntem: Capi 50+1 mm ve kalinligi 0.5+0.05 mm olan elli esnek
protez kaide recinesi érnegi retildi. Ornekler, her biri on rnek iceren
bes gruba ayrildi. Numuneler damitilmis suya daldirildi (Kontrol grubu
A); sicak kahve (Grup B); soguk icecek (Grup C); protez temizleyici (Grup
D) ve %2 klorheksidin glukonat soliisyonu (Grup E) iceren sodyum per-
borat. Numuneler, 60 gline kadar belirtilen ¢ézeltilerde giinde 10 dakika
stireyle daldinldi. Yiizey piriizliiliigii (Ra) atomik kuvvet mikroskobu
yardimiyla 1, 20. ve 60. giinlerde degerlendirildi. istatistiksel analiz, iki
yénlii ANOVA ve Tukey’s Post hoc testi kullanilarak yapildi. Bulgular:
Iki yonlii ANOVA, ortalama Ra dederlerinin daldirma icin kullanilan
soltisyon tipine (p<0.001) ve daldirma siiresine (p<0.001) baglh olarak
6nemli élclide degistigini ortaya koydu. Soguk icecek ile yiizey piirii-
zliiltigtindeki degisim en yliksekti (p=0.001). 60. glinde, esnek protez
kaide regine malzemesinin ylizey pliriizliiliigi, soguk icecek (0.184
um) ve protez temizleyici (0.203 um) ile, damitiimis su (0.052 um), sicak
kahve (0.030 um) ve %2 klorheksidin glukonat ( 0,068 mikron). Sonug:
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Dogasi geredi asidik olan soguk icecege ve peroksit iceren protez tem-
izleyiciye maruz kalmak, termoplastik poliamid esnek protez kaidesi
rezin numunelerinde ¢ok daha plirtizli bir yiizey olusturur. Anahtar
Kelimeler: biyofilm, esnek protez, poliamid, polimetilmetakrilat, ytizey
purtizliliigi
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