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Muscle Activity and Masticatory Efficiency of Complete Dentures
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ABSTRACT

Purpose: The aim of this study was to evaluate the effect of occlusion and two

Codex : 27/1904

azhardentj@azhar.edu.e
) ¢ different denture base material on muscle activity and masticatory efficiency of com-

http://adjg journals.ekb.eg plete dentures. Material and Methods: Two complete dentures of different material,

DOI: 10.21608/adjg.2019.5985.1038 conventional and flexible denture base material with different occlusal schemes, start-

ing with unbalanced occlusion and converted into bilateral balanced occlusion through
three different ways of remounting, laboratory, clinical and intra-oral selective grinding
applied on three different posterior teeth assemblies were delivered to patients who
were totally edentulous (all were men range age 50-60 years). Muscle activity and
masticatory efficiency were evaluated with two different type of food, carrots resem-
bling hard food and banana resembling soft food. The occlusal schemes were switched
on the patients’ denture bases. Two-way repeated-measures ANOVA and t test were
used to examine the alterations between the occlusal schemes, denture base materials
and chewing strokes and their relations. Results: No significant difference was found
in electromyographic activity or masticatory efficiency between the occlusal schemes
and denture base materials with soft food (p<0.05). A significant difference was found
in electromyographic activity and masticatory efficiency with bilateral balanced occlu-
sion obtained through clinical remounting with flexible denture base material with hard
food. Conclusions: Within the limitation of this study, it was concluded that complete

dentures with bilateral balanced occlusion obtained through clinical remounting found
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INTRODUCTION

The World Health Organization (WHO) de-
scribes health as “a state of complete physical, men-
tal and social well-being, not merely the absence of
disease or infirmity”. This current approaching to
wellness lends itself to oral health as well. Damage
of teeth is a difficult situation, even worse when the
patient is completely edentulous V.

When replacing natural teeth with artificial teeth,
it is imperative that the replacement functions are in
harmony with entire system of jaws, muscles and
joints. One of the most important determinants of
these inevitable denture movements is the way the
teeth come together. Certain dentists believe there
should be cusps on the teeth and they must be in
complete accord with the lively of temporoman-
dibular joint function. Few consider that the teeth
should be cuspless. There are numerous concepts,
techniques, and philosophies concerning complete
denture occlusion ®.

Occlusal concepts which are balanced and un-
balanced occlusion and their resultant roles are of
worry to the dentist so that loss of residual tissues
of the mouth, which may be attributed to the mal-
occlusion can be reduced. Search for ideal denture
occlusion which provides full stability and mastica-
tory efficiency without compromising the health of
the underlying bone is required ©.

Electromyographic activity evaluation is an ob-
Jjective method that provides the masticatory muscle
behavior in many situations during the function.
EMG technique is based on capturing electric po-
tentials from the muscles in action during natural
and voluntary movements. Alterations in occlusal
relation due to residual ridge reabsorption and com-
plete denture seating would affect the EMG activity
of masticatory muscles .

For long polymethyl methacrylate has led the
field of denture base materials but today flexible
dentures has arisen as a major contestant to poly-
methyl methacrylate dentures. Flexible dentures are
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considered perfect substitutes to conventional and
partial acrylic dentures. The criteria of better mas-
ticatory performance and masticatory efficiency of
dentures may alter the future potential of denture
base materials ©.

MATERIAL AND METHODS

Patients Selection

Completely edentulous patients were selected
from the Outpatients’ Clinics and Laboratories,
Department of Removable Prosthodontics, Faculty
of Dental Medicine for Girls, Al-Azhar University.

The patients were then divided into three equal
groups. Each patient received two complete den-
tures. One was prepared of conventional acrylic
resin and the other one was made of flexible acryl.

Patients grouping:
Group I: Bilateral balanced occlusion through
laboratory remounting.

Group II: Bilateral balanced occlusion through
clinical remounting.

Group III: Bilateral balanced occlusion through
Intra oral selective grinding.

Procedures:

Construction of dentures and setting-up of the
teeth with unbalanced occlusion for all groups were
made in conventional way which were not subjected
to any selective grinding.

Occlusal index for maxillary teeth using plas-
ter.Face-bow record was obtained; this record was
transferred to a semi-adjustable articulator.Both
protrusive and lateral records were obtained and
Lateral condylar guidance of both sides was ob-
tained from Hanau equation: L=H/8+12

Construction of posterior teeth assemblies:
Maxillary and mandibular anterior teeth were
left on trial denture bases, while maxillary and
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mandibular posterior teeth were removed.The mod-
ified maxillary and mandibular trial dentures were
processed and polished.

The maxillary anatomical posterior teeth were
set in their particular places in the maxillary occlusal
index and luted with wax. After the maxillary pos-
terior teeth were finished, the index was removed
and lower cast was mounted on articulator and the
posterior mandibular teeth were arranged according
to posterior maxillary teeth (fig.1).

% All the steps were repeated for the flexible denture.

Figure (1): posterior teeth assemblies

Denture delivery:

Two dentures were ready for delivery, the con-
ventional denture was given for one month to the
patient first for adaptation followed by flexible one.

Experimental steps:

* Steps of balanced occlusion for the three
groups:

Group I: Bilateral balanced occlusion through
laboratory remounting for conventional and
flexible dentures:

Laboratory remounting was done before remov-
ing the processed dentures from the master cast.
After centric relation was completed, loosening of
the condylar element of the articulator was carried
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out to allow smooth lateral and protrusive move-
ments without interference.

Articulating paper with double color was used,
for working and balancing side. Articulating paper
was placed on each side respectively and any heavy
contacts were adjusted. During movement, the in-
cisal pin was always touching incisal table and pin
was moved half way of incisal table of each side.

Group II: Bilateral balanced occlusion through
clinical remounting for conventional and flexible
dentures:

Clinical remounting was done by having some
records from the patient mouth and corrections were
applied on the articulator. Remounting: maxillary
denture was done by using the remount index and
plaster cast was poured.

Centric relation record was gained by using soft-
ened compound impression material and the patient
was directed to close in centric relation until the
teeth just touch each other so that any discrepancies
in occlusion can be easily detected.

Remounting mandibular denture by placing the
mandibular denture over the maxillary denture and
the cast was mounted with plaster. Protrusive and
lateral records were obtained from the patient as
mentioned before.

For working side: grinding was from buccal
cusps and its inclination. For balancing side: grind-
ing was done in occlusal inclines in upper palatal to
avoid losing vertical dimension.

Group III: Bilateral balanced occlusion through
Intra oral selective grinding for conventional
and flexible dentures:

Selective grinding was done using articulating
paper. For centric correction, the patient was asked
to open and close on the articulating paper to detect
any premature contact. For protrusive and lateral
corrections: the patient was asked to protrude and
moves his mandible from side to side and any marks
should be removed.
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Experimental measurements:
After one month, adaptation period, both Muscle
activity and Masticatory efficiency were tested:

A. Electromyographic activity test:

Electromyography was used to record muscle
activity of masseter and anterior temporalis mus-
cles. While retaining the electrodes, the patients
were asked to hold their jaws tightly. For Masseter
muscle electrodes were placed one centimeter be-
hind the palpated anterior border in the area of the
greatest lateral expansion and the other electrode
was placed caudal to the first one.

For anterior temporalis muscle electrodes were
placed over its anterior portion at the area of its
greatest lateral distension and the other electrode
was placed relative to the first one. The ground elec-
trode was placed on patient’s forehead.

The records were gained while the patient was
chewing standardized pieces of food: banana which
represented soft food and carrot which represented
hard food. The EMG signals were filtered, amplified
and converted to digital signals at a sampling rate
and printed.

B. Masticatory efficiency test

Masticatory efficiency was evaluated through
three measures recorded while the patient was
chewing standardized pieces of food: banana which
represented soft food and carrot which represented
hard food.

The records were obtained by counting the num-
ber of masticatory strokes required to reduce food
to a certain particle size until swallowing. The time
in seconds was measured from the first stroke until
swallowing.

The conventional acrylic denture was taken from
the patient and replaced with the flexible one and af-
ter one week adaptation period, the same measure-
ments were performed.
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STATISTICAL ANALYSIS

Values were presented as mean and standard
deviation (SD) values. The results of Kolmogorov-
Smirnov test indicated that most of the data were
normally distributed (parametric data), therefore,
one way analysis of variance (ANOVA) test was
used to compare between different occlusions. This
was followed by Tukey’s post hoc test when the dif-
ference was found to be significant. Unpaired t test
was used to compare both groups. The significance
level was fixed at p < 0.05. Statistical analysis was
performed with SPSS 18.0 (Statistical Package for
Scientific Studies, SPSS, Inc., Chicago, IL, USA)
for Windows.

RESULTS

Patients were recalled after one month of wear-
ing dentures with different occlusal assemblies and
masticatory efficiency and electromyographic ac-
tivity tests were performed.

Electromyographic activity (EMG)

a. Masseter muscle (Soft food)

In unbalanced occlusion a higher mean value
was recorded in acrylic denture base, with no sig-
nificant difference (p=0.815). In group I, a higher
mean value was recorded in acrylic denture base,
with a significant difference (p=0.037). In group II
and group IlI, a higher mean value was recorded in
acrylic denture base, with no significant difference
(p=0.416; 0.441 in group II and III respectively).

b. Masseter muscle (hard food)

In unbalanced occlusion a higher mean value
was recorded in acrylic denture base, with no sig-
nificant difference (p=0.0527). In group I, a higher
mean value was recorded in acrylic denture base,
with no significant difference (p=0.22). In group II
and group III, a higher mean value was recorded in
acrylic denture base, with no significant difference
(p=0.492; 0.582 in group II and III respectively)
(Table 1).
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Table (1): Comparison of EMG between acrylic denture base and flexible denture base (Masseter muscle-

hard food) in different occlusions using t test

Masseter Unbalanced GPI G.P.H GPIII
. Laboratory Clinical Intra-oral
Hard food occlusion . . . . 1.
remounting remounting selective grinding
. Mean 488.94 438.50 397.56 462.72
Acrylic base
denture SD 51.63 52.44 67.18 61.70
Mean 455.49 415.08 383.53 450.46
Flexible denture

SD 41.66 53.40 44.62 62.86

Significance level p<0.05

Temporalis muscle (Soft food)

In unbalanced occlusion a higher mean value
was recorded in acrylic denture base, with no signif-
icant difference (p=0.89). In group I, a higher mean
value was recorded in acrylic denture base, with
no significant difference (p=0.527). In group II
and group III, a higher mean value was recorded in
acrylic denture base, with no significant difference

(p=0.468; 0.603 in group II and III respectively).

Temporalis muscle (hard food)

In unbalanced occlusion a higher mean value
was recorded in acrylic denture base, with no sig-
nificant difference (p=0.342). In group I, a higher
mean value was recorded in acrylic denture base,
with no significant difference (p=0.875). In group
IT and group III, a higher mean value was recorded
in acrylic denture base, with no significant differ-
ence (p=0.086; 0.068 in group II and III respective-
ly) (Table 2).

Table (2): Comparison of EMG between acrylic denture base and flexible denture base (Temporalis

muscle-hard food) in different occlusions using t test

Temporalis GPI GPII GPIII
Unbalanced ..
occlusion Laboratory Clinical Intra-oral
Hard food remounting remounting selective grinding
. Mean 352.71 315.05 305.90 333.94
Acrylic base
denture SD 36.45 39.82 25.69 23.68
Flexible Mean 339.79 311.39 29347 318.72
Denture SD 31.77 36.59 30.89 21.62

Significance level p<0.05
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Masticatory efficiency
Number

a. Masticatory efficiency-Number (soft food)

In unbalanced occlusion a higher mean value
was recorded in acrylic denture base, with a sig-
nificant difference (p=0.0138). In group I, a higher
mean value was recorded in acrylic denture base,
with a significant difference (p=0.0015). In group
IT and group III, a higher mean value was recorded
in acrylic denture base, with a significant difference
(p=0.00; 0.0013 in group II and III respectively).

b. Masticatory efficiency-Number (hard food)

In unbalanced occlusion a higher mean value was
recorded in acrylic denture base, with a significant
difference (p=0.00). In group I, a higher mean value
was recorded in acrylic denture base, with a signifi-
cant difference (p=0.0029). In group II and group III,
a higher mean value was recorded in acrylic denture
base, with a significant difference (p=0.0005; 0.0002
in group II and III respectively) (Table 3).
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Time (seconds)

a. Masticatory efficiency-Time (soft food)

In unbalanced occlusion a higher mean value
was recorded in acrylic denture base, with a sig-
nificant difference (p=0.00). In group I, a higher
mean value was recorded in acrylic denture base,
with a significant difference (p=0.0017). In group
IT and group III, a higher mean value was recorded
in acrylic denture base, with a significant difference
(p=0.0002; 0.00 in group II and III respectively).

b. Masticatory efficiency-Time (hard food)

In unbalanced occlusion a higher mean value
was recorded in acrylic denture base, with no sig-
nificant difference (p=0.073). In group I and group
IT a higher mean value was recorded in acrylic den-
ture base, with a significant difference (p=0.0007,
p=0.001 in group I and II respectively). In Group
III, a higher mean value was recorded in acrylic den-
ture base, with no significant difference (p=0.0663)
(Table 4).

Table (3): Comparison of masticatory efficiency- Number (hard food) between acrylic denture base and

flexible denture base in different occlusions using t test

GPI GPII GPIII
Number Unbalar.lced Laboratory Clinical Intra-oral
Hard food occlusion . . . R
remounting remounting selective grinding
Acrylic base Mean 21.83 18.17 18.15 20.00
denture SD 2.40 223 3.37 261
Mean 18.33 15.50 1433 16.50
Flexible denture
SD 1.63 243 2.07 2.07
Significance level p<0.05

Table (4): Comparison of masticatory efficiency- Time (hard food) between acrylic denture base and flexible

denture base in different occlusions using t test

Unbalanced GPI GPII GPIII
Time occlusion Laboratory Clinical Intra-oral
Hard food remounting remounting selective grinding
Acrylic base Mean 24.67 21.33 20.17 22.00
denture SD 2.88 2.58 3.19 2.76
Flexible d Mean 23.17 18.50 16.33 20.33
exible denture
SD 147 1.52 273 2.16

Significance level p<0.05
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DISCUSSION

Medium body impression provides excellent
replication of all anatomic structures. It has excel-
lent tear strength and flexibility, which is essential
when the impression is removed from undercut area
and when it is used for duplicating a cast ¢ 7,

The ear face-bow was used, as the arbitrary axis
location is easier and a smaller amount of time con-
suming and it was found that the arbitrary posterior
references were precise within 5 mm of the kine-
matic hinge axis for 95% of patients with ordinary
jaw relationship ® 1.

Semi-adjustable articulator tries to simulate
patient’s condylar path by mechanical equivalents
which are able of reproducing all or part of its move.
This articulator is normally used where some degree
of precision work is mandatory. It does not demand
an inordinate amount of time or expertise as when
using fully adjustable articulator. Casts mounted on
this articulator induce about the same spatial dimen-
sion as the condyle to the teeth, so discrepancies in
the difference in the radius of arc of closure is re-
duced. This has a considerable clinical significance
as occlusal corrections in the finished restoration are
minimize -2

The thickness of impression compound material
used for centric, protrusive, interocclusal records
were kept 3mm for clinical and to eliminate the in-
fluence of the changes in the vertical dimension and
the anteroposterior reposition of the mandible, im-
pression compound material was used because of its
rigidity so it could resist distortion during its inser-
tion and removal 1%,

Construction of a single denture with single den-
ture base for all examined occlusal schemes not a
duplicate denture was recommended to avoid di-
mensional changes in denture materials so produce
similar dentures not identical and also to decrease
expenses and time consumed ‘¥

Also alterations in occlusal surfaces are irrevers-
ible and permanent. Teeth assemblies procedures
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may be repetitive to make any number of alternate
posterior teeth assemblies as wanted and they will
all function on the original maxillary and mandibu-
lar denture bases with the same unique jaw relation-
ship and vertical dimensions of occlusion. Because
all the assemblies can be connected, removed and
reconnected to the unchanged denture base 9.

Balance is now believed necessary during sev-
eral excursive movements such as swallowing sa-
liva, closing to reseat dentures, and bruxism per-
formed by patients in between meals. Therefore, if
the balance is not existing, the bases could shift, tip
or torque on their foundations during the eccentric
movements and cause inflammation leading to ac-
celerated bone resorption. Though several authors
claim these contacts other than mastication are not
probably to be made with any great deal of force, it
is seen many patients appreciate comfort only when
the eccentric balance is present. Equal contact of all
posterior teeth (centric occlusion) in centric relation
is essential for the health of the mucosa !®.

Setting anatomical or semi-anatomical poste-
rior teeth is to generate balancing occlusion and as-
sure that all posterior teeth as well as anterior teeth
maintain in contact during lateral excursions, to en-
sure bilateral balanced occlusion an antro-posterior
curve is placed in the arch which is Compensating
curve and it’s analogous to the curve of Spee in
ordinary dentition and another curve from side to
side which is curve of Wilson. Processing errors are
an inevitable part and hence for patient’s comfort,
Laboratory remounting is imperative step need to
be followed after processing of each and every com-
plete denture 7.

Clinical remounting is essential because it is diffi-
cult to see occlusal discrepancies intraorally with com-
plete dentures. The resiliency of the supporting tissues
and the displaceability of the tissues in varying de-
grees tend to handle premature occlusal contacts. The
tissues permit the dentures to shift; as a result, after the
first interceptive occlusal contact the remaining teeth
appear to reach satisfactory contacts ¥,
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Selective grinding was made to spot minimal oc-
clusal interference intraorally and it is considered
the most common and more used way for modifying
occlusal discrepancies !9,

Masseter and temporalis muscles were selected
for demonstrating the masticatory muscle activity
since they are the largest and strongest masticatory
muscles, in addition to their ease of access during
recording. The anterior temporalis muscles were
chosen because, as spindle-rich jaw closers, they
present one direction by which neuromuscular pro-
cesses ensure that appropriate forces are brought to
bear on food particles. Records were made for the
masseter and temporalis muscles bilaterally to avoid
difference in the activity of the recorded muscle as a
consequence of variations in the preferable chewing
side for patient %,

Electromyography “EMG” is a specific tech-
nique used to measure the activity of specific mus-
cles. It is widely used in experimental analyses of
the masticatory system; surface electromyography
has provided the ways to further our accepting of
the physiology of the masticatory system V.

In this study two unlike types of food was used
one representative soft food “banana” and “carrots”
as hard one. Kapur proposed an evaluation of vari-
ous test foods used for evaluating masticatory ef-
ficiency in denture wearers, the fibrous ones such
as lettuce and celery, while hard ones such as chest-
nuts and sausages were among the easiest ones.
Moreover, it was detected that raw carrot was the
most resistant foods, presenting a high accuracy in
reliability tests, and thus a good candidate for sub-
sequent studies @ .

Studies revealed two measurements which were
recorded during chewing the food specimens, these
are: numbers of chewing strokes up mouth was free
of foods and time (in seconds) until the mouth was
clear of food .
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CONCLUSION

1- Improvement in masticatory efficiency and lower-
ing in electromyographic activity in patients us-
ing bilateral balanced occlusion obtained through
clinical remounting with flexible denture

2- No significant differences were found in masti-
catory efficiency and electromyographic activi-
ty between the three types of remounting during
chewing soft food for both conventional denture
base and flexible denture base during chewing
soft food.
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