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ABSTRACT

Aim: To compare the tensile bond strength (TBS) of an indigenously developed hydrogel denture adhesive with that of three commercially
available denture adhesives under dry and wet conditions.

Materials and methods: The test group consisted of an indigenously prepared hydrogel-based denture adhesive composed of chitosan-pectin
(CSP) dopamine. The comparator group consisted of three commercially available denture adhesives (Fixon, Denofit, and Effergrip). The outcome
measurement was TBS of the denture adhesives. A total of 56 samples were tested for the study and divided into four groups (hydrogel, Fixon,
Denofit, and Effergrip) of 14 each. Each group was further divided into two groups (I and Il) of seven samples each. Group | was tested under normal
atmospheric conditions and group Il was tested under artificial saliva. Statistical analysis was performed using Statistical Package for the Social
Sciences (SPSS) version 20 for Windows. Students paired t-test, repeated measures design analysis of variance (ANOVA) among each group, and
two-factor design ANOVA (adhesive by saliva treatment) were performed to determine the significance among mean values and different treatments.
Results: For hydrogels, it was observed that there was a statistically significant difference with tensile strength being lower in artificial saliva.
Fixon did not show a statistically significant change between the two conditions at any time point. At time points 6, 12, and 24 hours, the
difference in tensile strength was statistically significant for all materials except Fixon under artificial saliva.

Conclusion: The TBS was significantly greater in indigenously made hydrogel for 5 minutes, 3, and 6 hours both in normal atmospheric conditions
and samples immersed in saliva. But after 24 hours, it showed the least strength. For all samples, TBS was found to be decreasing as the time
interval increased. After 12 and 24 hours, Effergrip showed the highest TBS. The least strength was for Denofit.

Clinical significance: A new hydrogel-based denture adhesive was tested against three commercially available denture adhesives, and it showed

better initial bond strength under normal and wet conditions.
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INTRODUCTION

Denture adhesives are a boon to complete denture patients,
especially those with highly resorbed ridges. It is an adjuvant in
improving the retention and stability of complete dentures. This
gives psychological confidence and improved function for the
patient.! Currently available denture adhesives are usually based
on macromolecules that can sustain the formation of numerous
hydrogen bonds and contribute to the strong noncovalent bonding,
once mixed with mucous and saliva, to acquire viscous and adhesive
properties.?® The denture adhesives like carboxymethylcellulose
(CMC) have their limitations, like low adhesive strength and easily
disintegrating into oral fluids.*®

The search for new and improved denture adhesives which
overcome this limitation has led to many new materials, including
hydrogels. Hydrogels are a promising material and have got
vast applications in the medical and dental fields. A hydrogel is
a three-dimensional network of hydrophilic polymers. They can
swellin water and hold a large amount of water while maintaining
the structure due to the chemical or physical cross-linking of
the individual polymer chain. Hydrogels were first reported by
Wichterle and Lim in 1960. &

According toits definition,ahydrogel should contain atleast 10%
of its total weight or volume of water. Itis proposed that the natural
adhesive systems of marine organisms are very promising for the
design of biomimetic adhesives, particularly the adhesive proteins
secreted from mussel species. Mussel adhesive proteins are known
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to contain the amino acid 3,4-dihydroxyphenylalanine (DOPA). It has
enhanced adhesion against a wide range of both high-energy and
low-energy substrates. It also has a unique capability of resisting
moist environment.8°

Chitosan (CS) is a hydrogel that is a very versatile and natural
biomaterial that has been explored for a range of biodental
applications. CS has numerous favorable properties such as
biocompatibility, hydrophilicity, biodegradability, and a broad
antibacterial spectrum covering gram-negative and gram-positive
bacteria as well as fungi. The unique properties of CS have attracted
materials scientists around the globe to explore it for biodental
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applications, as DOPA has higher adhesive properties and CS has
less water solubility.® ? Very few studies have been done about
the use of hydrogels as a denture adhesive; hence a study aimed
to compare the tensile strength of hydrogel to three commercially
available denture adhesives was undertaken.

MATERIALS AND METHODS

Thisinvitro study was conducted at the Department of Nanoscience,
Amrita School of Dentistry, Amrita Vishwa Vidyapeetham, Kochi,
Kerala, India. An acrylic resin surface was prepared and mounted
on a metal receptacle on which the different denture adhesives
were coated. The test group consisted of an indigenously prepared
hydrogel-based denture adhesive composed of CSP dopamine.
The comparison group consisted of three commercially available
denture adhesives (1) Fixon denture adhesive, (2) Denofit
denture adhesive, and (3) Effergrip denture adhesive. The outcome
measurement was TBS of the denture adhesives. The steps of
indigenous preparation of hydrogel-based denture adhesive are
given below.

Synthesis of Pectin-dopamine Conjugate

The dopamine was conjugated to pectin with 1-Ethyl-3-
(3-dimethylaminopropyl) carbodiimide (EDC) and
N-hydroxysuccinimide (NHS). Pectin (2%) was dissolved in water and
the potential of hydrogenwas adjusted to 5.5. To the pectin solution,
7.3mmol of EDC was added and stirred for 30 minutes, followed by
the addition of 8.6 mmol of NHS and 9.1 mmol of dopamine. The
reaction mixtures were stirred at room temperature for 8 hours. The
solution was then dialyzed against deionized water using a dialysis
membrane (molecular weight cut off 14 kDa) for 2 days. The
solutions were then lyophilized and obtained in awhite cottony mass.

Preparation of CSP Dopamine Adhesive Hydrogel

A 2% (w/v) CS solution was prepared in 1% acetic acid. The solution
was neutralized with 1% sodium hydroxide solution, followed by
centrifugation at 8500 rpm for 10 minutes. The supernatant was
discarded and obtained CS gel was washed with distilled water
5times. To prepare CSP dopamine hydrogel, the pectin-dopamine
conjugate was added to the CS gel at a ratio of 1.2 and mixed
thoroughly. The developed hydrogel was compared with three
commercially available denture adhesives:

Fixon powder (ICPA Health Products Ltd, Mumbai, Maharashtra,
India. Reference no. CP40007R4) the main component is
sodium CMC.

Denofit denture adhesive cream (Goran pharma, Sihor, India
and marked by Global Dent Aids Private Ltd, and the reference
no is GC-679) contains gantrez and cellulose gum as main
ingredients.

Effergrip denture adhesive paste (Medtech products Inc,
Tarrytown, Canada. Reference no. EG001501) contains
tragacanth, gelatine, and cellulose gums as main ingredients.

A total of 56 samples were tested for the study and divided into
four groups (hydrogel, Fixon, Denofit, and Effergrip) of 14 each. The
armamentarium used for the study is provided in Fig. 1A. Each group
was further divided into two groups (land Il) of seven samples each.
The adhesive was applied on a resin surface, as shown in Fig. 1B.
Group |wastested under normal atmospheric conditionsand group Il
was tested under artificial saliva.

Outcome Measurement

The outcome was TBS measured under atmospheric conditions
and artificial saliva using a universal testing machine by Tinius
Olsen (Fig. 1C). Universal testing machine by Tinius Olsen was used
for testing TBS. It is a static tension and/or compression material
testing machine. It is used to test the material s strength and
product performance.

Testing of TBS under Normal Atmospheric Conditions

Initially, testing was carried out in normal atmospheric conditions
(760 mm Hg, 29.9212 inches Hg, or 14.696 psi).* The samples of
each adhesive were measured and taken in a dappen dish. It was
then evenly spread over the testing surface (Fig. 1B). Care was taken
while spreading the adhesive powder to avoid the formation of
voids. This assembly was attached to the universal testing machine.
Each sample was measured in 5 minutes, 3, 6, 12, and 24 hours. The
maximum tensile strength achieved was noted. Seven samples
were checked under each adhesive and the mean strength was
calculated.

Testing of TBS under Artificial Saliva

Testing under artificial saliva was carried out in a similar method
as that mentioned for normal atmospheric conditions, except

Figs 1A to C: (A) Armamentarium used for the study; (B) Application of denture adhesive on the surface of custom-made components; (C) Testing

is carried out using a universal testing machine
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that the assembly was immersed in a jar that contained artificial
saliva till the specific test time was reached. The artificial saliva for
the study was procured from ICPA Health Products Ltd, Mumbai,
Maharashtra, India. When the testing time was reached, the samples
were taken out from the jar and attached to the testing machine.
A test was performed and maximum tensile strength was noted.
Each test was repeated with seven samples of each adhesive and
the values was recorded.

Statistical analysis was performed using SPSS version 20 for
Windows. Student s paired t-test, repeated measures design ANOVA
among each group, and two-factor design ANOVA (adhesive by
saliva treatment) was performed to determine the significance
among mean values and different treatments.

REesuLTs

A total of seven samples in each group were tested under normal
and atmospheric conditions (n = 56). The samples were tested at
five-time points for tensile strength, namely, 5 minutes, 3, 6, 12,
and 24 hours. At every time point, under both normal atmospheric
conditions and artificial saliva, there was a statistically significant
difference (p <0.001) in the tensile strength between the four study
groups (Table 1).

Under normal atmospheric conditions (Fig. 2).

At 5 minutes, the highest tensile strength was observed for
hydrogels (0.0761 — 0.0059) and the least for Denofit (0.0366 —
0.0059). The differences between the groups were statistically
significant (p <0.001). At 3and 6 hours, the highest tensile strength
was observed for hydrogels (0.0710 — 0.0031 and 0.0608 — 0.0040,
respectively) and the least was observed for the Fixon group
(0.0362—0.0057 and 0.0289 — 0.0068, respectively). The differences
between the groups were statistically significant (p < 0.001).
At 12 and 24 hours, Effergrip showed maximum tensile strength
(0.0474 —0.0075 and 0.0332 —0.0072, respectively), while the least

tensile was observed for Fixon (0.0228 —0.0102 and 0.0160 — 0.0059)
and the differences were statistically significant (p < 0.001). Post hoc
comparisons are given in Table 2.

Under artificial saliva (Fig. 3).

At 5 minutes, the highest tensile strength was observed for
hydrogels (0.0705 — 0.0031) and the least for Denofit (0.0367 —
0.0028). The differences between the groups were statistically
significant (p <0.001). At 3and 6 hours, the highest tensile strength
was observed for hydrogels (0.0494 — 0.0058 and 0.0419 — 0.0039,
respectively) and the least was observed for the Denofit group
(0.0256 —0.0059 and 0.0236 —0.0038, respectively). The differences
between the groups were statistically significant (p < 0.001). At 12
and 24 hours, Effergrip showed maximum tensile strength (0.0293 —
0.0052 and 0.0232 —0.0025, respectively), while the least tensile was
observed for Denofit at 12 hours (0.0146 — 0.0036) and hydrogel

Fig. 2: TBS under normal atmospheric conditions

Table 1: Comparison of tensile strength of different materials at the normal atmospheric condition and artificial saliva at different time points

Normal atmospheric conditions

Artificial saliva

Grou
Outcome (n= 7peach) Mean — standard deviation p-value Mean —standard deviation p-value
Tensile strengthat ~ Fixon 0.0561 —0.0065 <0.001 0.0494 —0.0106 <0.001
5 minute Effergrip 0.6067 —0.0035 0.0622 —0.0015

Denofit 0.0366 — 0.0059 0.0367 —0.0028

Hydrogel 0.0761 —0.0059 0.0705 —0.0031
Tensile strengthat ~ Fixon 0.0362 — 0.0057 <0.001 0.0322 — 0.0064 <0.001
3hours Effergrip 0.0544 —0.0068 0.0349 —0.0019

Denofit 0.0396 — 0.0085 0.0256 — 0.0059

Hydrogel 0.0710-0.0031 0.0494 —0.0058
Tensile strengthat ~ Fixon 0.0289 —0.0068 <0.001 0.0241 —-0.0035 <0.001
6 hours Effergrip 0.0520—-0.0132 0.0314 —0.0036

Denofit 0.0336 — 0.0086 0.0236 —0.0038

Hydrogel 0.0608 —0.0040 0.0419 —0.0039
Tensile strengthat ~ Fixon 0.0228 —0.0102 <0.001 0.0177 —0.0025 <0.001
12 hours Effergrip 0.0474—0.0075 0.0293 — 0.0052

Denofit 0.0320 — 0.0050 0.0146 —0.0036

Hydrogel 0.0333 —0.0027 0.0225 —0.0058
Tensile strengthat  Fixon 0.0160 —0.0059 <0.001 0.0168 —0.0024 <0.001
24 hours Effergrip 0.0332—0.0072 0.0232—0.0025

Denofit 0.0211—-0.0054 0.0152 —0.0037

Hydrogel 0.0168 — 0.0061 0.0103 —0.0027
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at 24 hours (0.0103 — 0.0027) and the differences were statistically
significant (p < 0.001). Post hoc comparisons are given in Table 2.
A comparison of the tensile strength of four materials between
normal atmospheric conditions and artificial saliva is given in
Table 3. For hydrogels, it was observed that there was a statistically
significant difference (p < 0.001) between the two conditions at
all-time points, with tensile strength being lower in artificial saliva.
Fixon did not show a statistically significant change between the
two conditions at any time point. At time points 6, 12, and 24 hours,
the difference in tensile strength was statistically significant (p <
0.001) for all materials except Fixon, with artificial saliva showing
less tensile strength compared to normal atmospheric conditions.

DiscussioN

Denture adhesives are a boon to complete denture patients,
especially those with highly resorbed ridges. It is an adjuvant in
improving the retention and stability of complete dentures. This
gives psychological confidence and improved function for the
patient. But currently available denture adhesives have many
limitations like loss of retention after a certain period of time, under
amoist environment in the mouth. Hydrogels are a very promising
material and have got a vast application in dentistry. Hydrogels

Table 2: Post hoc comparison

are proven to be having vast applications like drug delivery, tissue
adhesive, tissue regeneration, periodontal membrane, etc.1*!® The
hydrogels are proven to be biocompatible and do not cause any
toxic effects on the body.*6

Fig. 3: TBS under artificial saliva

Normal atmospheric condition

Artificial saliva

Dependent Variable ~ Material (1) Material (J) Mean difference (I J) Significance Mean difference (I J) Significance
TS 5 minute Fixon Effergrip 0.0045 0.879 0.0128 0.002
Denofit 0.0195 <0.001 0.0127 0.002
Hydrogel 0.0200 <0.001 0.0211 <0.001
Effergrip Denofit 0.0240 <0.001 0.0255 <0.001
Hydrogel 0.0155 <0.001 0.0083 0.076
Denofit Hydrogel 0.0395 <0.001 0.0338 <0.001
TS 3 hours Fixon Effergrip 0.0182 <0.001 0.0027 1.000
Denofit 0.0034 1.000 0.0065 0.186
Hydrogel 0.0347 <0.001 0.0171 <0.001
Effergrip Denofit 0.0147 0.001 0.0092 0.021
Hydrogel 0.0165 <0.001 0.0144 <0.001
Denofit Hydrogel 0.0313 <0.001 0.0237 <0.001
TS 6 hours Fixon Effergrip 0.0230 <0.001 0.0072 0.008
Denofit 0.0046 1.000 0.0005 1.000
Hydrogel 0.0318 <0.001 0.0177 <0.001
Effergrip Denofit 0.0184 0.004 0.0077 0.004
Hydrogel 0.0087 0.456 0.0105 <0.001
Denofit Hydrogel 0.0272 0.000 0.0183 <0.001
TS 12 hours Fixon Effergrip 0.0245 <0.001 0.0115 <0.001
Denofit 0.0092 0.123 0.0030 1.000
Hydrogel 0.0105 0.056 0.0048 0.347
Effergrip Denofit 0.0153 0.002 0.0146 <0.001
Hydrogel 0.0140 0.006 0.0067 0.059
Denofit Hydrogel 0.0012 1.000 0.0079 0.019
TS 24 hours Fixon Effergrip 0.0172 <0.001 0.0063 0.002
Denofit 0.0050 0.838 0.0016 1.000
Hydrogel 0.0008 1.000 0.0065 0.002
Effergrip Denofit 0.0121 0.008 0.0080 <0.001
Hydrogel 0.0164 <0.001 0.0129 <0.001
Denofit Hydrogel 0.0042 1.000 0.0048 0.027
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Table 3: Comparison of tensile strength at different conditions of materials at different time points

Material
Outcome (n=7) Normal atmospheric condition Artificial saliva p-value
Tensile strength at 5 minute Fixon 0.0561 —0.0065 0.0494 —0.0106 0.180
Effergrip 0.6067 — 0.0035 0.0622 —0.0015 0.306
Denofit 0.0366 — 0.0059 0.0367 —0.0028 0.973
Hydrogel 0.0761 —0.0059 0.0705 —0.0031 0.047*
Tensile strength at 3 hours Fixon 0.0362 — 0.0057 0.0322 — 0.0064 0.253
Effergrip 0.0544 —0.0068 0.0349 —0.0019 0.315
Denofit 0.0396 — 0.0085 0.0256 — 0.0059 0.004*
Hydrogel 0.0710—0.0031 0.0494 —0.0058 <0.001*
Tensile strength at 6 hours Fixon 0.0289 —0.0068 0.0241-0.0035 0.129
Effergrip 0.0520 —0.0132 0.0314 —0.0036 0.002*
Denofit 0.0336 — 0.0086 0.0236 —0.0038 0.017*
Hydrogel 0.0608 — 0.0040 0.0419 —0.0039 <0.001*
Tensile strength at 12 hours Fixon 0.0228 —0.0102 0.0177 —0.0025 0.226
Effergrip 0.0474—0.0075 0.0293 —0.0052 <0.001*
Denofit 0.0320 — 0.0050 0.0146 —0.0036 <0.001*
Hydrogel 0.0333 —0.0027 0.0225 —0.0058 0.001*
Tensile strength at 24 hours Fixon 0.0160 —0.0059 0.0168 —0.0024 0.734
Effergrip 0.0332—0.0072 0.0232 —0.0025 0.005*
Denofit 0.0211 —0.0054 0.0152 —0.0037 0.036*
Hydrogel 0.0168 —0.0061 0.0103 —0.0027 0.025*

Hydrogels contain a mussel-mimetic adhesive that has got
the capability to adhere in a moist environment. Very few studies
have been done regarding hydrogel as a denture adhesive. Hence,
in the present study, the retentive ability of an indigenously made
hydrogel denture adhesive is compared with three commercially
available denture adhesives in vitro. The test was conducted in
normal atmospheric conditions as well as samples immersed
in artificial saliva. In most clinical situations, the denture will be
completely sunken in saliva, especially the mandibular denture.
Hence the need of testing the samples immersed in artificial saliva
is also necessary. Then only we can measure the strength, which
will be obtained with the adhesive immersed in saliva. When the
test was conducted, the samples which were immersed in artificial
saliva showed less tensile strength than under normal conditions.
In the tested samples, after 5 minutes of immersion under saliva,
hydrogel maintained its improved adhesive properties when
compared to other adhesives. This indicates that the adhesive
properties of Hydrogels are not much affected by the presence of
saliva. This result was the same after the 3 and 6-hour samples. But
after that, the tensile strength of hydrogel drastically reduced than
other tested samples. After 12 and 24 hours, Effergrip had higher
values than all the other samples.®*°

The study showed that the highest TBS was seen at the 5-minute
interval. All tested denture adhesives showed a decrease in the TBS
after 24 hours. Similar in vitro studies have been done by CL Chew,
Puja Chowdhry, Doris e, and Dr Jaykumar R Gade and observed
that all the denture adhesives had the highest TBS values after
5 minutes of adhesive application, and the values decreased as
time progressed. After 24 hours, Effergrip showed higher tensile
strength than other tested samples both in normal atmospheric
conditions as well as in saliva-immersed samples 292!

A comparison of results between normal conditions and in
artificial saliva showed that the TBS decreased when the samples
were immersed in saliva. This holds true for all the tested samples.
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The addition of water significantly changes the morphologies
and properties of the denture adhesives. The properties of
adhesive hydrogels decrease dramatically as the water ratio
increases according to both rheological and mechanical results
due to the associated dilution of cross-linking moieties and
decreased macromolecular enlargement. These hydrogels with
high water ratios attempt to fail more quickly than under dry
conditions.?? 2

The study was not without its limitations. The study was
in vitro; hence simulating intraoral conditions was difficult. While
we used artificial saliva to overcome this deficiency, ideal intraoral
conditions, which could also be influenced by other parameters,
could not be assessed. Also, oral mucosa is different in nature and
texture from the acrylic surface that was used in this study. This
would have resulted in values being different from normal mucosa.
However, the comparison between groups would still be valid. The
authors recommend further studies in vivo.

CONCLUSION

Within the limitations of the study, the following conclusions could
be drawn. The TBS of the indigenously prepared hydrogel material
was higher up to 6 hours. Denofit showed the least tensile strength
at all-time points, while Effergrip showed the highest strength at
12 and 24 hours. All materials showed a continuous decrease in
tensile strength values as time progressed. Further improvements
are needed to increase the long-term tensile strength of the
hydrogel material.
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