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Denture Adhesives Improve Mastication in Denture Wearers

Thais Marques Simek Vega Gongalves, MS?/Flavia Carvalho Viu, DDS?/Leticia Machado Gongalves, MS@/

main goal of prosthetic treatment is to restore

masticatory function.! Compared to completely
dentate subjects, conventional denture wearers have
impaired masticatory function,? which is related to
several factors, such as decreased oral propriocep-
tion due to the lack of periodontal receptors,®* altera-
tions in chewing dynamics that occur with artificial
teeth and prosthetic devices,® and reduced denture
stability and retention.® In addition, long-term physi-
ologic reabsorption of the denture-bearing ridge®
may further impair masticatory function by increasing
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Purpose: This clinical trial evaluated the influence of denture adhesive (DA) use on
masticatory function in denture wearers according to their denture-bearing ridge
status. Materials and Methods: Thirty edentulous subjects, wearing new well-fitting
dentures, were classified as having either a normal or resorbed ridge. Mastication
was evaluated in patients who completed chewing tests with and without two DA
substances (cream or strips), which were randomly assigned. A chewing test

with a sieve method analyzed masticatory performance. A kinesiographic device
evaluated chewing cycle, and a visual analog scale measured masticatory ability.
Data were submitted to Mauchly’s sphericity test, and PROC MIXED procedures
were conducted on repeated measures. Tukey-Kramer tests performed appropriate
statistical comparisons (P < .05). Results: DA use increased masticatory performance
and ability in patients with both ridge types (P < .05). Subjects with resorbed ridges
showed the best masticatory performance (P < .001) and lowest chewing cycle
time (P < .001) with DA cream, followed by DA strips and the nonadhesive trial. For
normal ridge subjects, decreases in X, values were only significant with DA use

(P < .05), regardless of DA type. The denture-bearing ridge status alone did not
alter masticatory function in any of the parameters evaluated. Conclusion: DAs
improve mastication by shortening the chewing cycle and by enhancing chewing
ability and performance. Int J Prosthodont 2014,27:140-146. doi: 10.11607/ijp.3674

the frequency of denture displacement; this instability
may then reduce chewing capacity.”

Several approaches have been described regard-
ing the use of implant-supported dentures to improve
chewing movements.2®8° Implant-provided stabili-
zation to dentures significantly improves mandibular
movement and creates a harmonious and more effi-
cient chewing pattern.® Despite the fact that implants
improve conventional denture retention and stability,
medical contraindications and additional invasive sur-
gery requirements, especially in individuals with un-
favorable supportive tissue, may limit implant use.’®

One option to enhance denture retention and stabil-
ity is the use of a denture adhesive (DA).""-'* However,
adhesives are scarcely used and are recommended
by clinicians primarily for subjects with an unfavor-
able denture-bearing ridge or a thinned and flabby
ridged mucosa that is easily susceptible to trauma.
DAs may also be used for subjects with impaired
neuromuscular control, such as stroke patients, or
denture wearers who have not adapted to the reten-
tion and stability of their new dentures.'? According
to manufacturer instructions, DAs must be used un-
der the resin base of removable dentures to optimize
the resin-tissue interface by increasing the adhesive/
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cohesive properties and viscosity of the medium be-
tween denture and tissue and to eliminate voids in
the interface." Studies have shown that DAs reduce
denture displacement during function'?'315-17 and the
frequency of compression ulcers and mucosal irrita-
tion by reducing food particles that accumulate over
the prosthesis.’®!® DAs also cushion and lubricate
the mucosa interface, which reduces friction over the
bearing tissue.”®

Some authors?%? report that DAs increase maxi-
mum occlusal force,?? improve occlusal force dis-
tribution over the denture-bearing ridge, enhance
masticatory performance,???3 promote a faster and
more natural chewing rate,'® and balance masti-
catory muscle electromyographic activity during
chewing.? It should be noted that not all research-
ers agree with these findings. For example, Kapur?
found that DAs do not significantly affect mastica-
tory performance of denture wearers. Unfortunately,
research has yet to reveal the effects of adhesives on
individual masticatory cycles. Moreover, while sev-
eral types of DAs are commercially available, these
products have not been directly compared to deter-
mine if one product is superior at improving mastica-
tory function. Therefore, this study investigated the
effect of DA use on masticatory performance, man-
dibular movements, and chewing ability in denture
wearers, particularly in subjects with an unfavorable
denture-bearing ridge.

Materials and Methods
Experimental Design

The local Ethics Committee at the Piracicaba Dental
School, University of Campinas (Piracicaba, Brazil),
approved this research (protocol no. 094/2011). This
study was a cross-sectional, single-center clinical
trial, and subjects functioned as their own controls.
Patients who received new complete dentures from
the Graduate Dental Clinic in the Piracicaba Dental
School, were recruited from February to October
2012. Study participation was completely voluntary,
and participants signed an informed consent docu-
ment prior to enrolling in this research. Each subject
attended a single study session, which classified the
subject’s denture-bearing ridge and evaluated the
subject’s chewing ability, masticatory performance,
and chewing cycle movements. These masticatory
parameters were then randomly assessed during
three clinical trials: (7) subjects using their dentures
without any DA (control), (2) subjects using their
prosthesis with DA cream, and (3) subjects using
their prosthesis with a DA strip.

Former patients at the
university dental clinic

(n = 90)
Excluded due to no use of
mandibular dentures <
(n=32) \/
Satisfied with
both dentures
(n = 58)
Excluded due to
noncompliance <
(n = 25)
Excluded due to present
temporomandibular -«
disorders or mucosa trauma v
(n=273)
Study participants
(n = 30)

Fig1 Flowchart of subject recruitment.

Subject Selection

Based on previous research?? showing that at least
29 subjects are needed to establish statistical sig-
nificance with these measures, 90 patients who had
received new maxillary and mandibular complete
dentures (Fig 1) were contacted. A total of 30 sub-
jects, 17 men and 13 women (mean age, 68.1 = 7.9
years; range, 55 to 87 years), were included in this
clinical trial. To be selected for participation, volun-
teers had to have used their new maxillary and man-
dible complete dentures for at least 3 months, be free
from any discomfort during chewing, be in good gen-
eral health, display no signs or symptoms of temporo-
mandibular disorders, and be free from uncontrolled
medical problems, parafunctional habits, and oral tis-
sue pathology, such as denture trauma.

Denture-Bearing Tissue

The mandibular denture-bearing ridge of all volun-
teers was clinically and quantitatively evaluated fol-
lowing Kapur’s method.?22* This procedure evaluates
maxillary and mandibular dental arches by scoring
ridge shape, tissue resiliency, and border tissue at-
tachment location. However, since the present study
evaluated only the mandibular jaw-bearing ridge,
scores were based on a scale of 7 (= 7 for normal
denture-bearing ridge; < 7 for resorbed denture-
bearing ridge). Thus, 15 subjects (8 men and 7 women;
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Table 1 Mean Values + SDs for Chewing Ability (mm),
Masticatory Performance (mm), and Broadness

Table2 Mean Values + SDs for Masticatory Cycle
Time (mm/s) During Peanuts and Optocal

Variable (mm)* Chewing*
Denture- Denture- Opening time
bearing bearing
ridge Chewing ability Broadness ridge
status Adhesive (VAS) Xes variable status Adhesive Peanuts Optocal
Normal ~ Without 4273 + 1472 Aa 5.17 = 062 Aa 5.17 = 0.62 Aa Normal  Without 212.71 * 4855 Aja 230.99 = 34.61 Aa
DAstrip  72.33 = 17.20 B,a 4.76 = 0.68 B,a 422 = 1.76 B,a DA strip  189.39 * 42.67 B,a 213.97 = 35.09 B,a

DA cream 83.93 = 10.28 C,a 4.76 + 0.80 Ba 4.02 = 1.78 B,a
30.13 = 1290 Ab 5.40 = 0.85 Aa 492 + 242 Aa
68.06 = 18.74 B,a 4.90 + 0.87 B,a 4.00 + 2.03B,a
DA cream 83.66 = 16.38 C,a 4.58 + 0.84 C,a 3.86 + 1.60 B,a

Resorbed Without
DA strip

DA cream 184.33 * 4294 B,a 204.76 + 33.81 C,a
Resorbed Without
DA strip

191.93 = 46.02 A,a 201.87 = 50.31 Aa
17521 + 38.84 B,a 188.95 + 52.50 B,a
DA cream 155.41 = 35.04 C,a 180.07 + 46.90 C,a

*Uppercase letters indicate differences among treatments. Lowercase letters
indicate differences between denture-bearing ridge status. PROC MIXED,

Tukey honestly significant difference, P < .05.

mean age, 65.9 = 7.87 years) presented a normal
denture-bearing ridge, and 15 subjects (5 men and
10 women; mean age, 70.2 £ 7.62 years) showed a
resorbed denture-bearing ridge.

Experimental Procedures

Chewing ability, masticatory performance, and chew-
ing cycle movements were evaluated in subjects across
three clinical trials, which were randomly established.
All evaluations were conducted in a single clinical ses-
sion, and two different DAs, strips and cream (Corega,
Glaxo Smith Kline), were used. DA products were ap-
plied according to the manufacturer’s instructions on
the mandibular denture resin base, not close to its
edges, and the prosthesis was reinserted in the mouth.
After 20 minutes, masticatory function was assessed.
Following the completion of these assessments with
any of the DA agents (cream or strip), dentures were
thoroughly cleaned and all summing effects among
materials were eliminated. The same procedure was
repeated with the other DA agent.

Masticatory Assessment

A visual analog scale (VAS) measured chewing abil-
ity. Subjects rated their ability to chew test materials
after each clinical trial (DA cream, DA strip, and no
DA use) by placing a dot on the VAS scale ranging
from “very difficult” to “very easy.” Higher scores rep-
resented greater chewing ability.

A masticatory performance test was performed
by using the sieve method with the chewable ar-
tificial material, Optocal,?®® based on the silicon
material Optosil (Heraus Kulzer). Subjects were in-
structed to chew 17 Optocal cubes (3-cm? portion
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*Uppercase letters indicate differences among treatments.
Lowercase letters indicate differences between denture-bearing
ridge status. PROC MIXED, Tukey honestly significant difference,
P < .05.

size) in their normal habitual way for 40 chewing
strokes, which were counted by a single calibrated
researcher.?® The chewed particles were then col-
lected, processed, and shaken at 2 Hz for 20 minutes
in a sieving machine (Bertel Industria Metalurgica)
through a 10-sieve stack, with mesh sizes gradually
decreasing from 5.6 to 0.5 mm, and a bottom plate.?’
Retained material on each sieve and on the bottom
plate were weighed on an analytical balance (sen-
sitivity to 0.001 g; Model 2060, Bel Engineering).?’
Masticatory performance was calculated as the
median particle size, Xsgr which is the aperture of
a theoretical sieve through which 50% of the weight
of comminuted food can pass. The Rosin-Rammler
equation (nonlinear regression analysis) math-
ematically describes the cumulative distribution of
particle size by weight: Qw-(X) = 1 - ((2-X/*50)"),
where Qw is the weight fraction of particles smaller
than X, and b represents the spread of the distribu-
tion (broadness variable).25

A jaw tracking kinesiograph device (JT-3D, Bio-
Research) evaluated mandibular movements dur-
ing chewing. A subject was seated comfortably in a
dental chair with the Frankfort plane parallel to the
ground. Next, a magnet was temporarily attached
to the mandibular denture at the artificial incisive
teeth according to the manufacturer’s instructions.
Magnetic sensors tracked jaw movements during
chewing, and these movements were displayed as
three-dimensional spatial coordinates on vertical,
anterior-posterior, and lateral axes.

Two test materials, one natural (peanuts) and one
artificial (Optocal), were used to evaluate jaw move-
ments. First, subjects were requested to chew a 3.7-g
portion of peanuts in their habitual way for 20 cycles.
Then, subjects were asked to chew a 3.7-g portion of
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Closing time

Occlusal time

Cycle time

Peanuts

Optocal

Peanuts

Optocal

Peanuts

Optocal

306.76 = 75.42 Aa
283.57 * 68.06 B,a
259.67 * 58.05 C,a
297.21 £ 61.02Aa
272.33 £ 55.40 B,a
25479 £ 58.73 C,a

305.65 = 60.13 Aa
291.57 £ 5421 Ba
281.96 = 58.40 C,a
303.33 £ 59.47 Aa
282.90 = 59.98 B,a
272.03 £58.18 C,a

173.45 = 41.70 Aa
155.68 = 35.19 B,a
139.83 = 31.14C,a
195.82 + 50.34 Aa
168.28 * 4294 B,a
141.63 = 39.75 C,a

152.19 = 3891 Aa
134.97 = 3259 B,a
128.18 + 32.63 C,a
151.40 = 39.70 Aa
133.74 = 30.98 B,a
133.23 = 30.14B,a

677.36 = 137.22 Aa
629.68 = 114.33B,a
598.35 = 109.40 C,a
669.24 + 138.86 Aa
608.59 * 119.35B,a
574.73 = 109.33 C,a

673.14 £ 111.49 Aa
645.24 *= 104.47 B,a
625.29 * 114.07 C,a
642.90 £ 135.22 Aa
608.88 = 123.50 B,a
595.74 * 124.96 B,a

Optocal (17 cubes) in the same manner for 40 cycles
due to the fact that the chewed materials were poste-
riorly used to calculate the masticatory performance.
However, only the first 20 chewing cycles were con-
sidered for analysis. The number of masticatory cy-
cles was counted by a single calibrated researcher.

A custom computer program (BioPack, Bio-
Research) analyzed chewing cycle movements. The
first masticatory cycle of each chewing test was dis-
carded because it involves the initial positioning of
the test material over the teeth.?® The following chew-
ing movement parameters were analyzed: (1) dura-
tion of the opening, closing, and occlusal phase(s);
(2) the entire masticatory cycle duration; (3) the angle
of opening and closing movement measured on the
frontal plane; and (4) the opening and closing maxi-
mum velocities (mm/s).2°

Statistical Analyses

A PROC MIXED procedure (SAS Institute, Release
9.1,2003) was applied for repeated measures, and the
Tukey-Kramer test was conducted for multiple com-
parisons among independent variables. A P value less
than .05 was considered statistically significant.

Results
Chewing Ability

According to VAS results, masticatory ability was sig-
nificantly greater when subjects used DA cream com-
pared to the other conditions (P < .001), regardless
of denture-bearing ridge status (Table 1). The lowest
VAS values relative to chewing ability were found in re-
sorbed ridge subjects without DAs (P < .05) (Table 1).

Masticatory Performance

Table 1 also shows the mean values for Xgo (Mm) and
the distribution spread (mm) of chewed particles for
denture-bearing ridge status in all clinical conditions.

In general, subjects with normal and resorbed ridg-
es showed improved masticatory performance with
DAs (P < .05). Additional comparisons among treat-
ments showed that subjects with resorbed ridges
displayed lower X, values and, consequently, higher
masticatory performance (P < .001) with DA cream
compared to DA strip (Table 1). Likewise, broadness
was better when DAs were used on both denture-
bearing ridge types (P < .05), regardless of DA type
(P = .92). Denture-bearing ridge status isolated did
not influence masticatory performance (P = .43) or
the distribution of chewed particles (P = .80).

Chewing Cycle Movements

The masticatory cycle was faster when subjects used
DA cream (P < .001) compared with the DA strip
(Table 2), and this finding was independent of denture-
bearing ridge status or chewing material. However,
subjects with a normal ridge showed reduced open-
ing time when chewing peanuts and applying DA (P
< .05), regardless of DA type. A similar reduction was
noted for the entire masticatory cycle duration when
subjects with a resorbed ridge chewed Optocal and
used DA. Denture-bearing ridge status isolated did
not influence masticatory cycle duration or any of the
evaluated chewing cycle phases (P > .05).

There were no statistically significant effects for
the mean opening and closing angle values during
peanuts and Optocal chewing (P > .05, data not
shown).
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Table 3 Mean Values £+ SDs of Opening and Closing Maximum Velocity (mm/s) During the Peanuts

and Optocal Chewing*

Maximum velocity during peanuts chewing

Maximum velocity during Optocal chewing

Denture-bearing

ridge status Adhesive

Opening

Closing

Opening

Closing

Normal Without

DA strip

DA cream
Resorbed Without
DA strip

DA cream

112.00 = 4397 Aa
122.34 = 39.30 B,a
133.43 = 47.68 C,a
129.13 * 44.26 Aa
138.64 = 49.69 B,a

155.20 = 53.79 C,a

77.05 = 31.33 Aa
88.09 = 32.07 B,a
97.11 = 36.71 Ca
85.58 = 30.57 Aa
95.73 = 36.55 B,a

111.31 = 37.30C,a

12821 + 4297 Aa
14393 + 41.20 B,a
147.03 + 46.15B,a
152.34 = 5191 Aa
164.87 + 59.76 B,a

164.48 + 51.66 B,a

92.83 * 26.67 Aa
100.77 = 23.89 B,a
102.98 = 30.25 B,a
102.34 * 32.66 Aa
111.81 = 36.07 B,a

113.83 = 32.95B,a

*Uppercase letters indicate differences among treatments. Lowercase letters indicate differences between denture-bearing ridge status. PROC MIXED,

Tukey honestly significant difference, P < .05.

Table 3 presents the mean and SD of maximum
opening and closing velocity when subjects chewed
peanuts and Optocal. For peanut chewing, DA cream
increased maximum velocity (P < .001) compared
with DA strips and nonadhesive use, which repre-
sented the lower velocity. The use of either DA type
increased opening (P < .05) and closing (P < .05)
velocity when patients chewed Optocal, regardless of
patient ridge type.

Discussion

The results of this study showed the positive influ-
ence of DA use on the masticatory function of den-
ture wearers. In addition, despite the fact that both
DA products revealed better masticatory results than
no DA use, DA cream significantly improves mastica-
tion of complete dentures wearers.

Regardless of denture-bearing ridge status, the
finding that DA use on mandibular dentures in-
creased masticatory ability is similar to that found in
previous clinical trials.'>3%3! According to Koronis et
al,3® DA application increases the masticatory abil-
ity in 66% to 70% of denture-wearing patients and,
in the present study, DA cream was responsible for
a 36% increase in chewing ability. Moreover, the
masticatory performance results also support this
statement and are likely explained by the effects of
DA retention forces. DA increases a denture’s reten-
tion and stability, which could enhance the occlusal
force during mastication, leading to a more efficient
comminution and smaller chewed particles.>%?
Importantly, there were remarkable differences in
masticatory performance values and chewed par-
ticle distributions when subjects used a DA (Table 1);
subjects produced smaller particles and a uniformly
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ground bolus. These results demonstrate significant
improvement in masticatory performance.
According to a recent study,'> masticatory im-
provement in denture wearers is greater after DA
cream application compared with the use of a DA
strip, and these findings are in agreement with those
found in the present study. The possible reason for
the difference between cream and strips may be due
to a long-acting synthetic polymer in the DA cream,
which increases adhesive strength and resistance to
dislocation of the resin base.'? Thus, DA cream seems
to be more efficient and lasts longer than DA strips.
One of the first studies'® investigating mandibular
kinematic changes by DAs revealed an increased
chewing rate. The present results support this find-
ing, as DA cream was associated with a faster chew-
ing cycle, regardless of the test material (peanuts or
Optocal) used to evaluate chewing movements.
Chewing cycle movements were evaluated using
two test materials (peanuts and Optocal) to verify
whether natural and artificial food substances would
differentially influence mandibular movements in den-
ture wearers. Natural foods are normally consumed
and subjects are accustomed to chewing them, and
mandibular movement represents a regular and nor-
mal chewing.3? However, natural foods can pres-
ent differences in consistency and texture,®? and to
avoid these variations, which could influence chew-
ing process,®? a standardized artificial material was
also evaluated. Thereby, both analyses are important
when studying chewing movements, and according
to the present results, natural and artificial materials
showed similar results on chewing pattern.
A recent study®® revealed that masticatory perfor-
mance and jaw movements are closely related, such
that smaller particle size is associated with horizontal
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chewing patterns and faster chewing cycles. In the
current analyses, higher X, values were found when
adhesives were not used. Moreover, the condition
where DA was not used produced longer open-
ing, closing, and occlusal duration cycles, as well as
greater total time, regardless of a subject’s denture-
bearing ridge status. Similar trends were observed in
maximum opening and closing velocity. Nevertheless,
the positive influence of DA use by denture wearers is
clearly evident, providing faster, more efficient chew-
ing cycles.

Denture-bearing tissue condition isolated did not
significantly influence masticatory parameters. This
result is similar to that found by Fujimori et al,?2 who
reported increased maximum occlusal forces in both
normal and resorbed denture-bearing ridge subjects
following DA application. However, in contrast to the
present research, these same authors found that, af-
ter DA use, masticatory performance improved only
when resorbed-ridge subjects were evaluated. This
disagreement can be due to methodologic differenc-
es, since Fujimori et al?? used a simplified method of
mastication analysis and a single-sieve method.

It is important to highlight that the current study
did not evaluate masticatory variables when subjects
were wearing their old complete dentures, and this
may be viewed as a study limitation. However, the
authors believe that the current results are clinically
valuable since subjects served as their own controls
and experienced all conditions. In addition, uncon-
trollable factors, such as denture misfit, may have
confounded the mastication process, which would
make it difficult to assign the masticatory changes
imputed to DA use.

Although DAs offer several advantages for denture
retention and stability, dental professionals should
monitor long-term DA use and provide proper guid-
ance to their patients. Patients need to be informed
that DAs should be used sparingly because excessive
applications may mask ill-fitting dentures.'? In addi-
tion, denture patients should be periodically evalu-
ated for denture relining or replacement, which can
prevent denture-bearing ridge reabsorption.®*

Conclusion

Denture retention and stability may play a crucial role
in masticatory impairment, and the increased reten-
tion of dentures provided by DA may represent a key
factor. Thus, the results of the present study clearly
show the influence of DA products on masticatory
function even for well-fitting dentures.
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Literature Abstract

Periodontal innate immune mechanisms relevant to obesity

The article is a review of the immunologic consequences of obesity that exacerbate the effects of infection by pathogens. The facts
that obesity affects over 35% of the adult population in the United States and it’s related illnesses have emerged as the leading
cause of preventable death worldwide are well known. There is also evidence to show the epidemiologic association between obesity
and periodontal disease. The degree of the host’s immune response to infectious microbes determines the severity of precipitat-

ing periodontal disease. Obesity affects the host's immune response in several ways. First, obesity renders the body in a state of
hyperinflammation characterized by increased numbers of macrophages, leukocyte and lymphocyte infiltration into adipose tissue,
and an activated cytokine network. Furthermore, recent research showed that persistent low-level exposure to P gingivalis infection
or obesity muted the innate immune response and further exacerbated periodontal disease. In other words, the host’s inflamma-

tory response was suppressed upon low-level stimulation of critical pattern recognition receptors, leading to a muted local immune
response. The contribution of so-called homotolerance induced by obesity could be an addition to the homotolerance induced by

P gingivalis exposure. Therefore, a higher degree of homotolerance exists in the combined obese and P gingivalis-infected indi-
vidual than in individuals with either condition alone. The authors opined that homotolerance has been emerging as a critical driver in
periodontal disease progression and the effects of obesity on the immune system. Understanding the mechanism of homotolerance
on the immune system would be an important research area.
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