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EVALUATION OF MASTICATORY MUSCLE ACTIVITY
IN COMPLETE DENTURE WEARERS BEFORE AND AFTER
PROSTHETIC TREATMENT
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ABSTRACT

INTRODUCTION: Muscle activity associated with mandible mobility depends on age. In the period of puberty and
development of the masticatory system, a general increase in activity is observed, followed by relative stability until
about 40-50 years of age. In subsequent years, the value of bioelectrical potentials decreases.

OBJECTIVES: The aim of the study was to evaluate activity of the chewing muscles in complete denture wearers
before and after prosthetic treatment.

MATERIAL AND METHODS: The study group consisted of 50 edentulous people including 35 women and 15 men
(age 44-86 years, mean 69.18 + 10.00). All the patients received a new set of complete dentures. The activity of the fol-
lowing pairs of muscles were measured: anterior part of the temporal, masseter, digastric, and sternocleidomastoid.
All registrations were performed three times: with the presence of currently used old dentures, in the first day of using
new dentures, and three months after adaptation. Activity of the muscles was noted in the maximum intercuspation
and with opened mouth.

REsuLTs: The results of this study revealed statistically significant differences in activity of the temporal, masseter,
and digastric muscles before and in the first day of using new dentures. After three months of adaptation statistical
differences were observed only in the case of masseter muscles, right temporal, and left digastric. In the first day
of using new complete dentures a decreasing tendency of muscular activity was noted. After three months of adap-
tation the muscular activity increased.

CoNcLusIONS: Fabrication of new complete dentures associated with reconstruction of vertical occlusal dimen-
sion, changes in the central position of the mandible, and modification of the occlusion of the artificial teeth leads to
a temporary reduction of activity in the chewing muscles and then, after a period of adaptation and incorporation,
to growth.
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tivity is observed, followed by relative stability to about

INTRODUCTION 40-50 years of age. In subsequent years, the value of bio-
electrical potentials decreases [3, 5, 6, 22, 25, 35]. Alaj-

Muscle activity associated with mandible mobility — beg et al. [1], when comparing groups of patients with
depends on age. In the period of puberty and develop-  preserved natural dentition and different age brackets,
ment of the masticatory system, a general increase in ac-  stated higher muscular activity among young people
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(26.7 = 2.8) both in central occlusion and in maximum
opening of the mouth. On the other hand, in eccentric,
lateral movements the predominance of potential values
in patients in adulthood (60.9 + 7.8) was noted. This is
probably the result of the forced intensification of stimuli
leading to the same chewing efficiency as in the younger
generation, although in older people it requires greater
involvement of the muscles [1]. The cause is probably
the modification of the occlusal condition of the teeth.
Age-related — and induced by pathological tooth wear —
inversion of the canine guidance towards the group func-
tion, as well as translocations in the scope of the teeth de-
termining the profile of occlusion, intensify the muscular
activity [1]. It should be emphasised that the tooth wear
process is a physiological phenomenon progressing grad-
ually from the age of 35 years with an average reduction
of hard tissues in the range of 65 um/year [7].

Considering that fabrication of new complete den-
tures is associated with reconstruction of the vertical
occlusal dimension, changes of the central position of
the mandible, and modification of the occlusion of the
artificial teeth, it was suggested that after prosthetic
treatment, activity of the chewing muscles could also be
changed. It was hypothesised that activity of the muscles
could be differentiated in terms of gender.

OBJECTIVES

The aim of the study was to evaluate the activity
of the chewing muscles in complete denture wearers be-
fore and after the prosthetic treatment.

MATERIAL AND METHODS

THE SUBJECTS AND SAMPLE SIZE

The study group consisted of 50 edentulous people,
including 35 women and 15 men (age 44-86 years, mean
69.18 * 10.00). All the patients were referred to change
their currently used complete dentures. Mean denture
wearing time was 10.80 + 9.15 years, and the average time
of toothlessness was 17.0 = 9.0 years. Exclusion criteria
were any complaints within the masticatory system and
some disorders that have a potential impact on the mas-
ticatory muscle activity (bruxism, multiple sclerosis, neu-
rological diseases). Patients with asthma, diabetes, calci-
um and phosphate dysregulation, corticosteroid therapy,
alcohol addiction, hormone replacement therapy, and
osteoporosis were also excluded from participation in
the study.

CLINICAL PROCEDURE

All the patients received a new set of complete den-
tures fabricated with respect to current, general stan-

dards of treatment. The mean value of the vertical oc-
clusal dimension (distance between soft tissue subnasale
and soft tissue menton) in formerly used prostheses was
67.21 mm, and after the rehabilitation on the first day
of using the new dentures it was 71.65 mm. Electromyo-
graphy registration was performed by using a BioEMG
device (BioRESEARCH, Inc., Milwaukee, Wisconsin,
USA). During the clinical procedures the patient was in
a sitting position in the dental chair. Activity of the mus-
cles was registered by using self-adhesive, bipolar elec-
trodes covered by silver chloride (Ag/AgCl). Each pair
of electrodes contained a constant separation between
the poles (19 mm). Facial skin was rinsed with 2% sali-
cylic alcohol to decrease impedance. All electrodes were
positioned over muscle bulk, palpated in the contrac-
tion, parallel to muscular fibres. The zero electrode was
positioned over the right supraclavicular fossa. The ac-
tivity of the following pairs of muscles was measured:
anterior part of the temporal, masseter, digastric (ven-
ter anterior), and sternocleidomastoid. All registrations
were performed three times: with the presence of cur-
rently (initially) used dentures, on the first day of using
new dentures, and three months after adaptation. Activi-
ty of the muscles was noted in the maximum intercuspa-
tion and with an opened mouth. Patients were instruct-
ed to clench their teeth together, stay in this position for
a while (2 s), and then open the mouth wide and repeat
these steps two times more. All measurements were per-
formed three times with a one-minute interval between
registrations.

STATISTICAL ANALYSIS

Statistical analysis was conducted using Statistica
12 Software (StatSoft Power Solutions, Inc.). All mea-
surements were evaluated three times and averaged. To
evaluate distribution of quantitative variable measures
of central tendency and variation were used (respective-
ly, arithmetic mean, median, and standard deviation).
Student’s t-test and Wilcoxon test were used to com-
pare activity of the muscles noted at stages I, II, and III
of the observation (in the presence of initially used den-
tures, on the first day of using new dentures, and three
months after adaptation). Mann-Whitney U test was
used to compare the activity of the chewing muscles at
each stage of the study (I-III) in groups separated with
respect to gender. Differences were considered to be sta-
tistically significant at p < 0.05.

ETHICAL APPROVAL

The clinical protocol was approved by the Institu-
tional Bioethics Committee; the number of the approval
was R-1-002/88/2008, and it conformed to the criteria
of the Helsinki Declaration and ICH Guidelines for Good
Clinical Practice. All the patients were fully informed
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about the aim of the study and agreed to the research
methods. Written consent was obtained from the patients.

RESULTS

The study results revealed statistically significant dif-
ferences in the activity of the temporal, masseter, and di-
gastric muscles between two time points (before and on
the first day of using new dentures) in the occlusion in
the whole study group (I-II) (p < 0.05) (Table 1). With
respect to the sternocleidomastoid muscle, only on
the left side was a statistically significant difference not-
ed (p > 0.05) (Table 1). In the whole group there was no
statistically significant difference of pre- and post-treatment
values of muscular activity of all the muscles in the opened
mouth position (I-II stage comparison) (p > 0.05) (Table 1).
After three months of adaptation statistical differenc-
es were observed only in the case of masseter muscles,
right temporal, and left digastric (I-III stage comparison)
(p <0.05). With respect to the opened mouth position, sta-
tistically significant differences were observed in the mus-
cular activity of the masseter and digastric on the right side
and temporal, and the masseter and digastric on the left
side (I-III stage comparison) (p < 0.05) (Table 1). On
the first day of using new complete dentures, in the whole
group, a decreasing tendency of muscular activity was
noted (Table 1). After three months of adaptation activity,
the temporal, masseter, and digastric muscles on the right
side as well as all muscles on the left side increased in com-
parison to the observed activity at II stage (Table 1).

In women statistically significant differences in oc-
clusion were stated with respect to the activity of tempo-
ral, masseter, and digastric muscles on the right side and
temporal, digastric, and sternocleidomastoid muscles on
the left side at I-1I stage comparison (p < 0.05) (Table 2).
Three months after prosthetic treatment, statistical dif-
ferences were observed only in the case of right temporal
and digastric muscles in the occlusion (p < 0.05) (Table 2).

In men statistically significant differences were ob-
served in the occlusion in the case of right masseter
and digastric muscles and left masseter, digastric, and
sternocleidomastoid muscles (I-II stage comparison)
(p < 0.05) (Table 3). No statistically significant differenc-
es were noted at I-III stage comparison (p > 0.05).

With respect to gender no statistically significant dif-
ferences were noted (p > 0.05) (Table 4).

DISCUSSION

The reconstruction of the vertical occlusal dimen-
sion modified the functioning of the masticatory sys-
tem. The introduction of the new dental restorations
(complete dentures) resulted in a periodic reduction in
the activity of the muscles responsible for the mobility
of the mandible (Tables 1-3). As a result of the rapid ad-
aptation, after three months an increase in activity was

noted. In the case of masseter muscles, the obtained
values were slightly lower than those noted in the pres-
ence of previously used prostheses. These observations
coincide with those reported by other authors [27].
An important benefit of the prosthetic rehabilitation
was the reduction of the activity of digastric muscles
in the centric occlusion (Tables 1-3). Increased ac-
tivity of these muscles is probably co-responsible for
the resorption of the alveolar part of the mandible.
The distribution of the activity observed in the study
emphasises the symmetry and synergy of the pairs of in-
dividual muscles in the performance of specific move-
ments. The preserved balance may indirectly indicate
bilateral chewing. It should be noted that the observed
adaptation in the neuromuscular system is not always
synonymous with achieving optimal chewing capacity
in this group of patients. According to some authors,
this is possible only after one year of using newly made
prosthetic restorations [15].

Amplitudes of stimulation obtained in the complete
denture wearers were significantly different from those
recorded in people with full dental arches [1, 41]. Alaj-
beg et al. [1] stated that in centric occlusion in edentu-
lous people muscular activity decreases. With maximum
opening of the mouth the activity profile of digastric
muscles (venter anterior) is similar to that observed in
adulthood (60.9 + 7.8 years) and significantly lower than
that seen in young people (26.7 + 2.8 years). In protrusion
and lateral movements, muscle activity was highest in
the toothless group [1]. Perhaps this is the effect of a bi-
lateral balanced occlusion. The authors did not indicate
what type of occlusion the examined persons presented
or what kind of artificial teeth were used in the dentures.
Hayakawa et al. [18] stated that the relining of the lower
prosthesis with soft material contributes to the improve-
ment of chewing capacity by increasing stabilisation, and
reducing the amplitude and time of chewing, leading to
a decline in the muscular function.

There is a direct relationship between muscular ac-
tivity and the number of generated chewing forces [10].
The degree of compression of the alveolar processes
of the upper jaw and the alveolar part of the mandible is
closely related to the number of teeth present in the den-
tal arches [2, 19, 25]. The periodontal proprioceptors
and the pain threshold determines the magnitude
of the masticatory system load. However, some authors
attribute the supreme role to occlusal contacts and not to
the number of teeth [4]. The previously mentioned con-
cept of occlusion provided by canine guidance is gain-
ing importance. It limits the friction surface of the teeth
during eccentric movements of the mandible, reducing
the area of application of force, thus significantly reduc-
ing the value of generated potentials [32]. Comparative
assessment of edentulous people confirms the impor-
tance of canine guidance, indicating an upward tenden-
cy of recorded amplitudes of muscular activity in people
with bilateral balanced occlusion [16].
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These observations are justified in anatomic relation-
ships. The position of the selected teeth close to the axis
of the temporomandibular joint results in an upward ten-
dency of the occlusal force load [36]. In the area of molars,
chewing forces are the greatest. Perhaps this is the effect
of close proximity to the masseter muscle in this region
and simultaneous mono-occlusion in the anterior teeth,
as well as the result of reducing the distance between
the given tooth and the axis of rotation of the mandible.
In natural dentition, group function assumes an occlusal
load proportional to the number of anatomical units re-
maining in occlusal contact with each other. In the case
of tooth wear, horizontal attrition often determines
the inclusion of more teeth in the mandible guidance
profile. Taking over the occlusal load from many func-
tional areas of the dental arch affects the overall increase
in chewing forces remaining in directly proportional
relationships to the level of generated bio-functional
potentials of the muscles. Edentulous people equipped
with complete dentures show some analogy. The idea
of a bilaterally balanced occlusion assumes a symmetri-
cal homogenous occlusal force distribution on both sides
of the dental arch both in the case of latero- and medi-
otrusion. Presumably, however, the bilateral multi-point
balanced occlusion in the eccentric position of the man-
dible contributes to the increase of EMG potentials.

The general balance of muscle activity in the group
of complete denture wearers is lower than in the case
of natural teeth. Although the efficiency of the mastica-
tory system in the edentulous is limited, it seems that it
is one of the main self-preservation mechanisms condi-
tioning the prevention of atrophy of the jaws. In addi-
tion, the use of canine guidance in the total prostheses
may be conducive to slowing down backward processes
that may worsen, over the course of time, the possibility
of further rehabilitation.

One of the reasons for the general reduction of mus-
cle activity in the group of edentulous people is the loss
of periodontal fibres. The periodontium contains recep-
tors that determine the level of compression of the bone
bases of the jaws [27]. The loss of the suspension apparatus
that absorbs the chewing forces and the loss of the pro-
prioceptors located in it limits the efficiency of the masti-
catory system in comparison to the possibilities observed
in the presence of natural teeth [26, 31, 33]. The previ-
ously mentioned osseoperception takes over the role.
In addition, unfavourable oral conditions, sharp edges
of the alveolus after extractions, or pain in the projection
of the mental foramen - in the form of physiological
reflex — can shape individual pain thresholds, thus de-
termining an individual self-preservation mechanism.
In addition, the psychological factors, fear of damag-
ing the prosthetic base and complete dentures due to
the lack of stabilisation of the lower prosthesis, limits
the level of generated occlusal forces [1]. Edentulous
people are able to release more muscle activity than is
actually necessary. In complete denture wearers, partial

improvement of the efficiency of the masticatory system
can be achieved by performing overdenture prostheses
supported by implants. According to numerous authors,
this is how 3/4 of the chewing capacity of natural teeth is
restored [2, 11, 39].

In edentulous patients, a decrease in the activity
of individual muscle groups can be the result of remod-
elling muscle tissue at the macroscopic level. The width
of the superficial layer of the masseter muscle is 2.7 mm
narrower than in the people with natural dentition. Kasai
et al. [20] noted that also the dimension between the front
edge of the masseter muscle and the point within link
between corpus of the mandible and its ramus is statis-
tically 4 mm shorter. One of the causes of the observed
atrophy may be the above-mentioned decreased efficien-
cy of the masticatory system due to the lack of sufficient
stimulus for the primary functioning of the masseter
muscle. The overall decline in chewing efficiency affects
the reduction of muscle fibres.

A negative effect on the nervous and musculoskeletal
system is surely the diet of the edentulous people, who
prefer soft consistency food. Probably the introduction
of some strength triggers would restore the previous activ-
ity [37]. An example is research carried out in young people
with full dental arches and features of a long face. Applica-
tion of exercises leads to increased activity of the chewing
muscles as well as to the mandibular antero-rotation [40].
Yanikoglu et al. [42] noted changes in mandibular angula-
tion in the edentulous after supplying complete dentures.
In the case of edentulous people, the use of overdentures
supported on implants could probably reduce atrophy
of masseter muscles. The use of such solutions definite-
ly improves the quality in the functioning of the mas-
ticatory system. While the improvement in efficiency is
obvious, there are no reports that clearly confirm the in-
version of involutional processes in the superficial layer
of the masseter muscle in this group of patients.

Activity of the chewing muscles can be determined
by a specific skeletal pattern [13, 38]. Numerous studies
indicate a close relationship between long or short face
syndrome and correspondingly lower or higher average
values of the muscular activity with respect to the nor-
mognathic face. The morphological profile of the face is
phylogenetically conditioned. The tendency for postero-
rotation of the mandible is the result of civilisation
progress. This is confirmed by retrospective studies.
Skulls of people living in the Middle Ages showed a me-
diocre inclination of the mandibular body to the base
of the jaws and a tendency towards antero-rotation. In
addition, tooth wear and a slight percentage of maloc-
clusion were observed. Probably it was related to the diet
occurring at that time, requiring a significant amount
of muscle use in the process of chewing food, indirectly
constituting a trigger factor for the masticatory system.
Analogous morphological features are currently ob-
served in the group of people affected by the pathologi-
cal tooth wear and the practice of bodybuilding [21].
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The presence of tooth wear in the case of mandibular
antero-rotation suggests that in complete dentures acrylic
teeth are more quickly rubbed off at the toothless stage.
Van Spronsen emphasises that the development and func-
tioning of the muscular system are the effect of skeletal de-
termination rather than the cause of its development [40].
In people with features of a long face, the dimensions
of the muscles responsible for mandibular elevation
are up to 33% lower than in the control group [40].
In the assessment of the EMG daily balance, some authors
report no statistically significant differences in the ac-
tivity of the muscle results obtained in the comparison
of skeletal types [9]. In the case of toothless people, there
are no objective methods that allow unambiguous clas-
sification of individual clinical cases to one of the men-
tioned syndromes. There are no reports on this subject
in the literature. Clinical experience of the dentists and
individual facial assessment skills may prove helpful.
Nevertheless, this is an approximate value.

In addition to morphological determination, the par-
ticipation of certain types of muscle fibres in the number
of triggered chewing forces is emphasised. Regarding
the myosin isoforms in the masticatory system, eight
types of fibres were distinguished, while for other skeletal
muscles only three [23, 30]. The types of muscle fibres are
associated with a specific skeletal profile. Type I (slow-
twitch red fibres) dominates in the case of mandibular
postero-rotation and skeletal open bite. On the other
hand, in the situation of deep bite, type II (fast-twitch
white fibres) predominates, allowing immediate reac-
tion [40]. Some authors indicate the presence of a type
of relationship between types of muscle fibres and ver-
tical occlusal dimension. It is difficult to say what refer-
ence these observations have to edentulous people. There
is no information on this subject in the literature. There
are some reports indicating the possibility of converting
some specific types of fibres into another [28, 29]. Molec-
ular modification of type II in I may explain the decrease
in the activity of the masseter muscles in a situation
of toothlessness indirectly caused by the loss of natural
teeth. Perhaps patients treated with overdentures an-
chored on implants would have the opposite effect. Pre-
sumably in this case, type II fibres should dominate.

Muscle activity can be the result of gnatal defects im-
posing a specific stimulation profile. In the case of ret-
rognathic patients, some authors reported a statistically
significant reduction in the activity of the masseter and
temporal muscles in the maximum intercuspation [12,
17]. Others stated no difference in the activity of the mus-
cles in the centric occlusion with respect to three possible
skeletal classes of disorders [24]. In the case of edentulous
people, morphological deviations may be one of the fac-
tors directing a specific tendency of changes. It is often
difficult to assess whether a person with total deficiencies
was affected by one of the gnathic disorders.

Sometimes this is enforced by clinical procedures,
especially in the phase of determining the central occlu-

sion and more precisely the central position of the man-
dible. Often the initial assessment of the facial profile
suggests deviations from normognathic relations.

The influence of skeletal relationships on the func-
tioning of the neuromuscular system may also highlight
the disorders associated with asymmetry [8]. In the case
of hemifacial microsomia, abnormalities of the mandible
(laterogenia), and cervical torticollis, the dysfunctional
side could show a reduced EMG biopotential profile.

Other factors that could increase muscle activity
include stress associated with an individual psycho-
logical patient’s profile or caused by the circumstances
of the conducted research (noise, unsteady test con-
ditions, the presence of third persons). Moreover, in
the situation of difficult conditions of the prosthetic
base, the proper state of neuromuscular control may be
a factor determining the retention of prostheses, with
another one affecting the level of generated muscle po-
tentials. In the presented study group, patients were not
selected due to the condition of the prosthetic base in-
cluding atrophy of the jaws. Reports from other authors
showed no statistically significant correlation between
patients afflicted with the osteoporosis process and
the level of generated EMG potentials [34].

Small deviations of the amplitude with no statis-
tically significant differences observed between both
sexes may be the result of morphological dimorphism
(Tables 2-4). Ghosh et al. [14] point to the top-down
determination of greater muscle strength in men than
in women. The tendency for the mandibular postero-ro-
tation of the mandible is attributed to the female. Ante-
ro-rotation is more often observed in men. The skeletal
growth profile of both jaws is associated with a different
size of the masseter muscles, which is the result of dif-
ferences in the structure of the mandibular ramus. In
the case of men in the sagittal plane, the base of the con-
dylar head of the mandible is bent in the dorsal direc-
tion. In the frontal view, the deflection of the central part
of the ramus towards the midline is recorded. The pres-
ence of the concave surface is a wide locus for the masse-
ter muscle. In retrospective studies these features consti-
tute attempts to determine gender based on the anatomy
of the mandible. At once, they explain the relationship
of the long and short face syndrome with a specific pro-
file of muscle activity. The greater volume of masseter
muscles can be one of the factors favouring the progres-
sion of activity obtained during EMG registration.

CONCLUSIONS

Fabrication of new complete dentures, associat-
ed with reconstruction of vertical occlusal dimension,
changes of central position of the mandible, and modi-
fication of the occlusion of the artificial teeth, leads to
a temporary reduction of activity in the chewing mus-
cles, then a period of adaptation, and finally incorpo-
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