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ABSTRACT

Theinvestigation ofthe adaptation processtoanewdenture isrelevantto understand the control of muscles. Surface
electromyography provide reproducible data of masticatory muscle function and helps to assess the performance
of dentures. This longitudinal study simultaneously evaluated electric potentialin masseter and anterior temporalis
during clenching at maximum intercuspation position and mastication at 2 months after denture insertion and one
year laterwas done incomplete denture patients. Thesurface electrodes were placedin anteriortemporalisand ma-
sseter region of 22 patients during maximum voluntary clenching and chewing. Statistical analysis was performed
by paired t-test. A significant increase in electrical activity was found during clenching and chewing after one year
compared to two months. The overall mean EMG value of masseter was significantly higher during chewing at 2
months (p<0.001) and 1 year (p<0.001). A negative correlation was found with respectto age and EMG value of ma-
sseter. Itis concludedthatthe electrical activity presentedstatistically significant difference after one year indicating
improved functional quality. Agood rehabilitation improves the efficiency of muscles. Monitoring the effect of rehabili-
tation on stomatognathic system help to preventively warn about dysfunctions andtreatment modifications needed.
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INTRODUCTION

Rehabilitation of lost teeth with conventional
complete denture (CD) are still widely performed
ingeneralclinical settings owing to economic con-
ditionsand non-invasiveness of procedure. Masti-
cationisahighly coordinated neuromuscularfunc-
tion involving fast effective movements ofthe jaw
and continuous modulation offorce. In edentulous
subjects, sensory feedback is altered. Pattern of
chewingfunctionis differentin CD wearers as com-
pared to dentate individuals. One of the best pro-
venmethodsto evaluate masticatory muscle acti-
vity is surface electromyography.'To provide fur-
therinsightintothe adaptationtonew CD in eden-
tulous subjects, a longitudinal study was done for
the evaluation of jaw muscles activity by EMG.
SEMG measurements can provide objective, do-
cumentable, valid, reproducible data on functional
condition of masticatory muscles?; SEMG of both
static (clenching) and dynamic (chewing) proce-
dures are taken into account due to it being com-
bination of masticatory efficiency.

This study attemptsto determine the difference
inmasticatory muscle activity during clenchingand
mastication in CD wearers.

METHODS

Research questionisthere any changeinmus-
cle activity of masseter and temporalis muscle at
2 months and one year of removable CD use du-
ring clenching and mastication. The nullhypothe-

sisstated thatthere is nosignificantdifference bet-
weenmasseterand anteriortemporalis activity du-
ring clenching and mastication at2 months and af-
ter one year of denture wearing.

The sample size of this longitudinal study was

calculated as 22 with a confidence interval of 95%,
power of study as 80% based on values from previ-
ous literature.>#All patients were above 40 years
of age who visited Department of Prosthodontics
forconventional CDs and metthe inclusion criteria
were selected. Twenty-two volunteerswerechosen
upon the criteria that their dentures had satisfac-
toryinterocclusal and maxillomandibular relation-
ship. All participants reported an adequate masti-
catory efficiency and were satisfied with their den-
tures. Theoralmucosawasfree ofirritationandcli-
nical signs of inflammation. None of the subjects
ever had a history of mandibulardysfunction or any
disease that might affect muscles of the mastica-
tory system and have class 1 maxillomandibular
arch relation. The dentures fabricated with same
heat cure acrylic resin and denture teeth by com-
pression moulding technique. The patients were
ready to cooperate with study.
A written informed consentwas obtained from re-
search participants. Theinvestigation was appro-
ved by theInstitutional Ethics Committee (PCDS/
IEC/K11/11/15).

The exclusion criteria were patients with neu-
rologic disease, lack of motor coordination, with un-
controlled jerky movements; patients with para-
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functional habits such as clenching, bruxism, to-
ngue thrust etc; presence of mucosal irritation or
inflammation; history of diseases of muscles of
mastication; patients with other systemic conditi-
ons affecting cooperation for lengthy appoint-
ments; and patients wearing pace makers,implant-
able defibrillators.

Patients at 2 months after insertion are named
as group 1, consist of group 1Anamely muscle ac-
tivity of group 1 duringclenching, and group 1B na-
mely muscle activity of group 1 during chewing; pa-
tientsat 1 year afterinsertionwere namedas group
2, consist of 2A namely muscle activity of group 2
during clenching, and group B namely muscle ac-
tivity of group 2 during chewing; RT is right tempo-
poralis,LTis left temporalis, RM is right masseter,
and LM is left masseter.

There two study variables: EMG amplitude (mi-
crovolt) of rightand leftmasseter and anteriortem-
poralis during clenching and chewing at2 months,
and EMG amplitude (microvolt) of right and left
masseterand anteriortemporalis during clenching
and chewing at one year.

This study was performed at Pushpagiri
College of Dental Sciences, Thiruvalla and EMG
studies were done at Department of Neurology,
Pushpagiri Medical College, Thiruvalla.

Electromyography evaluation

Surface EMGs were performed using Nihon
Kohden Neuropack EMG machine,smadein Japan
2006, MEB-9400)with quantitative EMG software
(QP-946BK). The low noise amplifier speeds up
examinationand gives values easily and quickly.
Reportswere generated in Microsoft excel. MUP
wave forms were automatically detectedand mea-
surementresultswere displayed. EMG signalswere
recorded at a filter setting of 20 Hz for the low fil-
ter and 10 kHz for the high filter and amplified.

EMG wasrecorded afterthe complete absence
ofany discomfort,whenthe patients were presum-
edtobe adaptedtotheirdentures, after 2-months.
Duringallrecording, the patients were seated with
their head unsupported with Frankfort horizontal
plane parallel to floor and were asked to maintain
a naturally erect position to avoid the postural ef-
fectontherecorded muscle activities. Thus seat-
ing position for each patient was standardised.

Application of surface EMG electrodesrequires
proper skin preparation beforehand. In orderto ob-
tain a good quality EMG signal, the skin’s impe-
dance mustbe considerably reduced. Forthis pur-
pose, the dead cells on the skin e.g. hair must be
completely removed from the location where the

EMG electrodes are to be placed.

The site of electrode placement was rubbed
with abrasive geland cleansedwith a cotton pellet
moistened with alcohol (Avagard antiseptic solu-
tion) before electrode placementtoremove excess
oil thatreduces skin electrical resistance. This en-
hanced contact withthe electrodeshelpedtoobtain
signals of good quality. The patient was asked to
holdthe jawstightly closedto palpate the muscles
for proper placement.

Carewastakenthatforeachindividual the elec-
trode placement was as far as possible identical
at the two sessions. The disposable surface elec-
trodeswere positioned on muscle bellies parallel
tomusclefibreswithadhesivetape. The electrodes
were circular with a diameter of 1cm. The centre-
to centre interelectrode distance was 2 cm. Prior
totestrestingvalueswere collected for a period of
10 seconds.®

Location and orientation of the electrode

Two detecting surfaces (or EMG electrodes)
were placed onthe skinin bipolar configuration.®*®
Muscle functiontestwas usedto positionthe elec-
trodes over the evaluated muscles.*®

EMG recording of the muscles

Formasseter,the electrodeswere placed paral-
lel to the musclefibres, with the electrode atthe in-
tersection between the tragus-labial commissure
andthe exocanthion-gonionlines, perpendicularto
the skin surface, according to the technique des-
cribed in literature.!* The electrode was placed in
the centre of the masseter muscle, at an equidis-
tant point from the upper and lower insertions,
main-taining the teeth in occlusal contact

In the case of the anterior temporalis muscle,
duringmandibular movement, the anterior border
was located and the electrode was placed perpen-
pendicular to the sagittal plane 1.5-2.0 cm over
the zygomatic archimmediately behind the frontal
process of the zygomatic bone!

EMG evaluation during clenching-mastication

For clenching, each patient was instructed to
clench their teeth for 3 seconds to measure the
muscleactivity. Nextthe patientwas askedtorelax
the muscles, slightly separating the teeth for ano-
therthree seconds. Allthe recordings were repeat-
ed 3-three times.»2 The machine automatically dis-
playedthe mean activity of muscle. The recordings
weremade at2-monthsand 1-year ofdenture use.

Themasseteric and anterior temporal myoelec-
tricactivities ofleftandright sides were recorded by
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means of bipolar electrodes. The recording elec-
trodeswere approximately 20 mm apart. The pa-
tientwas grounded by grounding electrode by fix-
ing the third electrode on the forehead.

In mastication, on a command signal the sub-
ject placed the gum into the mouth. The subject
closed the teeth into occlusion keeping the test
food between the tongue and started unilateral
chewingwhen the signal was given. Thetestfood
was chewed side for 15-seconds while the EMG
was recorded.’*Chewingmovements were tested
three times. This phase is one sequence. Partici-
pantswere asked not to move their heads during
therecordings, two sessionswere heldforeachin-
dividual. The first session was held to familiarize
subjects with the experimental protocol. Only data
from the second session were analyzed.®

Test specimen

Testspecimenwas one piece of spearmint fla-
voured sugarless gum.On a command signal the
subjectplacedthe gumintothe mouthand chewed
deliberatelyontherightsidefor 15 sec. The patient
was asked to chew the chewing gum first on the
preferred side, whichwas alwaystherightside. Un-
less statedtothe contrary, the observations made
apply to chewing on the side of preference.’®

After using the denture for a period of 1-year,
masticatory function was evaluated by recording
the EMG activity for masseterand anterior tempo-
ralis muscles during clenching and mastication.

Statistical analysis

Data was collected and entered in MS Excel
sheet. The descriptive and analytical statistics were
computedwiththe statistical package of social sci-
ences (SPSS)v.22 software. Percentages, mean
and standard deviation were computed. Analytical
statistics ofthe EMG recordingswas performed by
paired-t test. Normalitywas checked for the data.
The significance was set at p<0.05.

Table 1 Age distribution of the study group

Frequency Percent
55-60 6 27.2
60-65 8 36.36
65-70 6 27.2
Above 70 2 9
Total 22 100
Table 2 Gender of study group
Gender Frequency Percent
Male 11 50
Female 11 50
Total 22 100
RESULTS

The meanage of sampleswere 62.13yearswith
SD of4.34 (Table 1). Gender distributionwas main-

tained equally in the study (Table 2).

This study showed a significantdifference in EMG
values between the two time periods with higher
mean scores of EMG activity at 1-year. The results
suggestthatthereisa significantincrease inEMG
potential. The nullhypothesiswas rejected andthe
alternate hypothesis stated wasthat there is a dif-
ference in EMG amplitude at1-year compared to
2 months of denture use.

The mean EMG value of RMis foundtobe signi-
ficantly higherthan LM during clenching at2months
(p<0.001)and1-year(p<0.001).Inthe sameway it
was observed fortemporalis muscle alsowherein
the mean EMG-value of RT is found to be signifi-
cantly higherthan LT during clenching at2 months
(p<0.001)andlyear(p<0.001) (Table 3 & Fig.5).
During clenching, significantly higher mean EMG
values are recorded at 1-year for RM (p<0.001)
and LM (p<0.001) as well as RT (p< 0.001) and
LT muscles (p<0.001) (Table 3 & Fig.5).

The overall mean EMG value of masseter is
found to be significantly higherthantemporalis du-
ring clenching at 2-months (p=0.005) and 1-year
(p=0.045) (Table 4).

During clenching, the overallmean EMG value of
masseter (p<0.001) and temporalis (p<0.001) mus-
clesarefoundtobe significantly higheratone year
than that recorded at 2 months (Table 4,10).
During chewing, the mean EMG value of RM is
found to be significantly higherthan LM at2 months
(p<0.001)and1year (p<0.001) (table8). The mean
of EMGvalue of RTis found tobe significantly higher
than LT 2months (p<0.001) and 1 year (p<0.001)
(Table 5).

At 1-year also, the mean of EMG-value of RM
(p<0.001) and RT (p<0.001) are observed to be
higherthanLM and LT muscles, respectively (Ta-
ble 5).

The overall mean EMG value of masseter is

found to be significantly higher than temporalis du-
ring chewing at 2-months (p=0.001) and 1-year
(p=<0.001) (Table 6,9).
During chewing,the overallmean EMGvaluesare
found to be statistically higher at 1-year as com-
paredto 2-monthsfor both masseter (p<0.001) and
temporalis (p<0.001) muscles(Table 6 & Fig.6,7).
Comparingtables 4 and6,itis found thatclenching
values are higher than chewing values.

A negative correlation was found with respect
toageand masseter EMG value. Asage increases,
during clenchingand chewing, the mean EMG va-
lues of masseter decreased at 2 monthsand one
year, but the results are not statististically signifi-
cant (Table 7).
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Table 3 Mean, standard deviation of each muscle during clenching at each recording time.

Muscle 2 Month 1 Year p value
Masseter

RM 419.404+37.10 434.54+32.71 <0.001
LM 407.86+37.95 428.72+37.04 <0.001
p value <0.001 <0.001

Temporalis

RT 399.40+31.87 408.95+30.38 <0.001
LT 393.09+37.38 404.13+33.12 <0.001
p value <0.001 <0.001

Table 4 Overall mean, standard deviation of each muscle during clenching at each recording time

Muscle 2 Month 1 Year p value
Masseter 827.27+£74.69 863.27+69.62 <0.001
Temporalis 813.09+63.24 792.50+65.95 <0.001
p value 0.005 0.045

Table 5 Mean, standard deviation of each muscle during chewing at each recording time.

Muscle 2M 1 Year p value
Masseter
RM 348.95+35.51 366.86+32.59 <0.001
LM 332.18+30.30 357.81+26.22 <0.001
p value <0.001 <0.001
Temporalis
RT 286.36+31.51 310.40+32.59 <0.001
LT 276.59+31.87 301.90+32.96 <0.001
p value <0.001 <0.001

Table 6 Overall mean, standard deviation of each muscle during chewing at each recording time

Muscle 2 Month 1 Year p value
Masseter 681.13+64.23 724.68+57.44 <0.001
Temporalis 562.95+62.96 612.31465.16 <0.001
p value 0.001 0.000

Table 7 Correlation between age and masseter EMG

amplitude
Correlation rvalue pvalue
Age and masseter
clenching —1 year -.240 0.28
2 months -.200 0.37
Age and masseter
chewing — 1 year -.089 0.69
2 months -.187 0.40

Table 8 Simplified table showing Mean EMG activity
of RM and LM during chewing at 2 months

Muscle EMG value P value
Right Masseter  348.95+35.51 <0.01

Left Masseter  332.18+30.30 )

Table 9 Mean EMG activity of masseter andtemporalis
during chewing at 2-months

Muscle P value
Masseter 681.13+64.23 0001
Temporalis 562.96+62.97 )

The comparison of EMG values obtained during
clenching is presented in table 3 and Fig.3,4,5.

The comparison of EMG values obtained during
chewing is presented in table 5 and Fig.6,7.

Table 10 Mean EMG activity of masseter and
temporalis during clenching at 2 months and 1 year

Muscles 2 months One year Overall
Masseter 8237.27+74.67 863.273+69.62 1690.54+143.46
Temporalis 792.50£68.95 813.09+63.24 1605.59+131.97
P value  0.005 0.045 0.016

1000
950
900
850 ——
800 ——
750
700
650
600

2 MONTHS 1YEAR

Figure 3 The graph of masseter mean of EMG during
clenching
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Figure4 Graph of temporalis mean EMG during clenching
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Figure5The graph mean of EMG of right and left mas-
seter during clenching
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Figure 6 The graph of EMG values of temporalis during
chewing

DISCUSSION

Twenty-two subjectswerestudied aged 58-72
years(mean 62.13years, SD 4.34)whohadallun-
dergone total rehabilitation by means of convent-
ional CD prostheses. The aim of this study was to
evaluatethrough EMG the muscular behaviour af-
ter CD insertion between the paired masticatory
musclesat2 monthsandoneyear of denture use.

The sEMG has long been the “gold standard”
for monitoring muscle activity of masticatory mus-
cleatrest and in function. This pain free examina-
tion, allows the study of the muscular activity, ena-
bling the capture of action potentials generated du-
ring the muscular contraction, which can be ana-
lyzed considering the parameters of length and
amplitude.'? The theory behind these electrodes

is that they form a chemical equilibrium between
the detecting surface and the skin of the body
throughelectrolytic conduction, sothat currentcan
flowintotheelectrode. Theseelectrodesare simple
and very easy to implement. The conductive pro-
perties ofthewhole nerve and muscle allow mea-
surement of electrical activity with extra-cellular
(surface) electrodes. These electrodes do not pe-
netrate the cellmembrane, butdetect potential dif-
ferences external to the muscle fibre and distant
fromthe potential source. So,theydo not interfere
with natural function. EMG techniques permit more
precise assessment of muscle functions than that
was previously possible by clinical observation.*

900
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600 j |
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Figure 7 The graph of EMG values of masseter during
chewing

Asthe muscle contractionincreases, the mus-
cle gives a higher EMG-values and works better.
There is an increase in the EMG values if the re-
tention is better, if the prosthesis functions better
or also if the muscle works better. Hence, better
readings are obtained. Analysis of masseter and
temporalis muscles permitdetermining muscleac-
tivity during function. The present SEMG analysis
of both static (clenching) and dynamic (chewing)
proceduresweretaken into accountduetoitbeing
the combination of the masticatory efficiency.

The reasons for evaluating the two muscles,
masseter and temporalis, only are firstly as these
areone of the two muscles of mastication,and as
these are themuscleswhicharenotdeepandcan
be palpated and sotheirfunctioncanbe recorded
by the surface EMG.**Measurementswere done
at 2 months which is considered as the minimum
adaptation period. Marcelo et al*? suggested that
a period longer than five months of wearing the
newdenturesisrequiredforadaptationandtheac-
quisition of functional capacity.

Clenching

Theclenchtestisable torecordthe patient’s abi-
lity to clench and recruit the masticatory muscles
(temporalis anteriorand masseter muscle groups
are recorded). Higher sustained amplitude read-
ings areagood indicator thatthe musclesare able
tofunction. During clenching, recruitment of motor

DOI: 10.46934/ijp.v3i2.143



74 Nazia Rasheed, et al: Masticatory muscle activity in complete denture wearers: a SEMG analysis

unitsincreases so as to allowmaximum biting force
to be developed.ltseemsclearthat the better the
masticatory system works, the greaterthe force it
willbe ableto develop comfortably, and that requi-
res perfectmotor co-ordination and the absence of
anydiscomfortinteeth or TMJthatwouldinhibitthe
application of force. Thus, the potential recorded
during clenchingisameasure of the quality of the
masticatory system.

Itisknownthatthereis alinear relationship bet-
weenthe strength of amuscle and the amplitude of
EMG. Themeanvalues obtained during clenching
were comparable to that reported in literature.
(masseter 430.60 and temporalis 426.80)
Thereisan evidence-based studies reporting that
maximal bite force and the electrical muscle acti-
vity during maximal bite inthe intercuspal position
are significantly weaker in patients with functional
disorders ofthe masticatory system.*> Areduction
inSEMG amplitude during afunctional clench test
is a clear indication of a physiologic impairment.
Inour study during clenching, in masseter muscle
afteroneyear EMG amplitudeincreased with res-
pectto2months (p<0.001) (table 3,4). According
tosome authors,less myoelectric activity indicates
atrophy.!! This was not found in any samples of
thisresearch. Forthisreason, the effects of dental
prosthesis can be considered asbeneficial. There-
fore, the rehabilitation with CDs may be considered
asbeneficialto patients allowing aesthetical, func-
tionaland physiologicimprovements withrelative-
ly low cost.

Chewing

Masticationis controlled neurologically. Accord-
ing to literature,’® alterations in occlusal relation
due to residual ridge resorption and CD seating
would affectthe EMG activity of masticatory mus-
cles.However, there are few EMG studies on the
effects of tooth loss and CD use.
In this study sugarless chewinggumwasused as
the test material for chewing. The right side was
chosenat random. Tostandardize the test-material
it was used chewing gum as it has uniform pro-
pertiesthat provide anidealtestbolusfor our study.
Assalivary stimulation can influence masticatory-
function it was used a commercially available su-
garless chewing gum. Many authors have used
chewing gum in their studies.*”*°

Masseter muscle

The masseteristhe mostactive muscle during
the chewing process.20.215461 This activity was no-
ticed in this study also at 2-months and one-year

after prosthetic rehabilitation. Therefore, the differ-
ence betweenrightand left massetermuscleswere
recorded. Literature review shows that this differ-
ence may be found in most cases since patients
usually prefer one side rather than the other during
chewing, independently of age, gender or food
type, even after myofunctional therapy.2®2! Signi-
ficantly highervalueswere observed for masseter
thantemporalis during clenching atboth sessions
whichmeanthatmasseteris more activeinclench.

Inclenching, the comparative means electrical
activity values of the masseter muscle during the
tooth clenchingtestattwomonths (RT side 419.40
+37.10, LT side 407.86+37.95) are comparable
to that reported in literature.*
The comparative means electrical activity values
ofthe masseter muscles and the anteriortemporal
muscles during the tooth clenching test, after two
months of having the new dentures put in place
(Table 3). These findings are in keeping with the
fact that the masseter muscle is more active in
raising the mandible, especially during masticato-
ry function.? According to literature, the mean
electrical activities recorded at the surface of the
musclesincreases withthe force of muscular con-
traction.128

During chewing, EMG amplitude from the mus-
cle of right side was significantly higher than the
left side at 2 months (p<0.001) (Table 2) which is
inaccordance with previous literature.?? At 1-year
alsoEMG amplitude from the muscle of right side
was significantly higher than the left side during
chewing (p<0.001) (Table 2). Comparisonsare not
available inthe literaturefor 1-yearfor similarridge
conditions.

Temporalis muscle

The overall mean EMG value of masseter is
foundto be significantly higher thantemporalis du-
ring clenching at 2 months (p=0.005) and 1-year
(p=0.045). The temporalis muscle activity was sig-
nificantly lower thanthe masseter activitywhenthe
subjects clenchedwithaCD (Table 4). Similar data
were foundinliteratur.®2 Our results support the
findings inthe literaturethat during voluntary den-
tal clenching, the myoelectric activity of the tem-
poralmuscle does notexceedthe activation of the
masseter muscle.?
During clenching electrical activity of the temporal
muscle was lower than that of the masseter mus-
cleat2 monthsofhavingthe new CDs putin place.
Similar data were found in literature.'6
During clenching, at one year also electrical acti-
vity of the temporal muscle was lower than that of
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the masseter muscle. Comparisons are not avai-
lable in the literature.

The maximumtooth clenchingrecordingsrevealed
anincreaseinthe mean electrical activity value of
the anterior temporal muscles at 1-year compared
to 2-months (p<0.001) (Table 5). Also, high SD
were observedintheinitial data for temporalis du-
ring clenching. Afteroneyear of denture use SDva-
lues decreased in similarity with some authors.?

Chewing

EMG activity oftemporalis muscleinthe side of
chewingwas higherthanthe other side at2 months
and 1-year (p<0.001) similartothat obtainedin few
studies.?: The mean EMG values oftemporalis du-
ring chewing at 2 months are comparable to that
reported in literature.?*
The overall results agree with some authors who
reportedthatthe chewing efficiency showed mark-
edincreased bytimein favour to the conventional
acrylic because improving the denture adaptation
which may be due to the neuromuscular control,
which is gradually and slowly generated by time,
i.e. the longer the period of denture wearing, the
better the neuromuscular control gained.®24Clini-
cally,the use ofthe new CD should allow, functional
benefit of the masticatory system.? Thus, there-
sults of the present study indicate that masseter
contributesto mostofisometric force during maxi-
mum clenchingandtemporalisis the posturalmus-
cle controlling mandibular movementsinexcursive
function. So, theirelectrical activity helpsinasses-
sing physiologic process of mastication adaptation.

Age

The results demonstrate that EMG activity of
masseter muscles during clenchingnegatively cor-
relateswithage. Elderly patients exhibited signifi-
cantly lower EMG voltage.?5Inour study it was ob-
servedthat EMG activitywaslessinolder patients
(above 70 years old) similar to studies reported.®
Thisismainly duetoa late and progressive weak-
ening of masticatory muscle that takes place with
ageing. Ageing seemsto modify the neuromascu-
lar controlsinvolvedin mastication. This point is in
accordance with the fact that masticatory perfor-
mances decrease withage as other motion activi-
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