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ABSTRACT

Purpose: to assess the bite force in people with Parkinson’s disease and correlate it
with age, sex, stage and time of the disease, dentures use, presence of temporoman-
dibular disorder, side of symptom onset, and masticatory preference.

Methods: the Research Diagnostic Criteria for Temporomandibular Disorders and the
Hoehn & Yahr Parkinson’s disease scale were used, and the participants’ oral cavity
was clinically examined. Then, the bite force was measured with an analog dynamom-
eter, whose bar was adapted for mouth grip. The bite force results and their correlation
with the variables were analyzed with the independent t-test (p<0.05).

Results: the sample comprised 42 parkinsonians at a mean age of 64 years, 67%
of whom were males. No difference was observed in the correlation with age, tem-
poromandibular disorder, stage and time of Parkinson’s disease; or between the sides,
symptom onset and masticatory preference. However, there was a significant associa-
tion between the sexes (males and females) for both sides (right — p=0.002; left —
p=0.04) and denture use for bite force on the right side (p=0.03).

Conclusion: being a female and using dentures are factors associated with decreased
bite force in people with Parkinson’s disease.
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INTRODUCTION

Parkinson’s disease (PD) is a chronic degenerative
disease of the central nervous system (CNS), charac-
terized by the degeneration of the compact portion of
the substantia nigra in the midbrain’. It causes the loss
of dopaminergic neurons and the appearance of the
main motor symptoms: bradykinesia, tremor at rest,
stiffness, and postural and gait instability2.

It is the second neurodegenerative disease with the
highest incidence in older adults, although its etiology is
unknown?. It more commonly affects men, and its onset
usually takes place at 60 to 80 years old, increasing in
incidence with age*®.

The motor symptoms may cause orofacial manifes-
tations, such as inexpressive facial appearance
(“masked face”), tremors and stiffness in the forehead,
eyelids, lips, and tongue muscles, and pharyngeal
motor deficit. These changes may cause facial and
temporomandibular joint pain and dental traumas’.
Hence, the person may present temporomandibular
disorder (TMD), a need for dentures, and impaired
mastication and swallowing®8®.

Mastication is a movement coordinated and
regulated by the CNS to fragment food and prepare
it for swallowing. The literature shows that the
maximum bite force (BF) and muscle mass decrease
with age, increasing the number of masticatory cycles
necessary to break and swallow the food!. Since the
CNS is responsible for making the necessary orofacial
changes to set the masticatory rhythm, neurological
disorders such as PD can impair the masticatory
muscle activity®'213,

One way to assess mastication is by observing
the force exerted by the masticatory muscles to break
the food, which is called BF. It can be measured with
a unilateral and/or bilateral force transducer — which
has a sensor that measures tension and compression
forces in newtons (N) — or with a dynamometer™ —
which measures the BF in kilograms-force (kgf) or N.
They are placed between the upper and lower dental
arches in the oral cavity to pick up the muscle action of
the mandibular elevators'®1®.

Thus, this study aimed at assessing BF and corre-
lating it with age, sex, stage and time of PD, presence
of TMD, use of dentures, side of symptom onset, and
masticatory preference in PD patients attended at a
public university hospital.
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METHODS

This is an analytical cross-sectional study, approved
by the Human Research Ethics Committee of the Center
for the Health Sciences at the Universidade Federal
de Pernambuco (Federal University of Pernambuco -
UFPE), Brazil, under evaluation report no. 1.763.512.
It was developed between November 2016 and
November 2017 at the Neurology Outpatient Center of
the Clinics Hospital (HC), in partnership with the UFPE
Pro-Parkinson public outreach program.

The participants were selected by convenience
from a nonprobabilistic sample, based on the number
of people who attended the HC/UFPE Pro-Parkinson
public outreach program in 2016. Those who volun-
tarily agreed to participate were informed of the objec-
tives of the research and signed the informed consent
form. They were selected based on the following
eligibility criteria: patients with a clinical diagnosis
of idiopathic PD in the mild (1 and 2) and moderate
stages (3) of the disease, established by the worldwide
used Hoehn & Yahr classification scale (1967)'7; in the
“on” phase (under the effects of the antiparkinsonian
drug); having the posterior teeth or using complete
or partial removable dentures; with or without TMD;
undergoing speech-language-hearing follow-up; auton-
omous and/or being cared for by relatives. People with
other neurological diseases associated with PD; with
cognitive impairment according to the Mini-Mental
State Examination (MMSE); with toothless upper and
lower dental arches; or having been submitted to some
type of mandibular or neurological surgery due to PD
were excluded.

The volunteers were interviewed in person by a
multiprofessional team made up of a physician, dental
surgeon, and physical therapist to assess the inclusion
and exclusion criteria. The MMSE was used to assess
cognitive function. It is an instrument with 11 items
and a maximum score of 30 points, which takes 5 to
10 minutes to apply. lts cutoff scores depend on the
person’s educational level — illiterates: 13 points; low
educational level: 18 points; 8 or more years at school:
26 points’.

Then, the TMD assessment instrument (Research
Diagnostic Criteria for Temporomandibular Disorders
— RDC/TMD) was applied. Its approach has two main
axes that enable the measurement of physical findings
with facial and oral cavity clinical examination (Axis )
and the assessment of sociodemographic data and
psychosocial status (Axis Il). The data obtained in Axis
Il are the basis for the diagnoses addressed in Axis



I'®. The RDC/TMD sociodemographic questionnaire
furnished the data on age (in full years, based on the
date of birth and of data collection) and sex (male or
female).

Besides these data, two self-reported questions
were asked: 1- “What was the side of PD symptom
onset (SSO)?”; and 2- Do you have a preferred side of
mastication?”. The dental surgeon assessed whether
they used dentures and their type and inspected the
participants’ oral cavity, not considering for this study
either the type of occlusion or dental changes. Then,
the force record protocol was performed.

The BF was obtained with an analog dynamometer,
model sForce DPM NM (Miotec Biomedical Equipment
Ltda., Porto Alegre, Brazil). It has a bar adapted for
oral use, with a capacity of 100 kgf, connected to the
equipment Miotool Face 200/400 (Miotec Biomedical
Equipment Ltda., Porto Alegre, Brazil) via USB. The
dynamometer was wrapped with plastic wrap and
positioned only in the right and left first molar region,
recording the data alternately between the sides.

Initially, the volunteers performed the test to
standardize the data with the maximum voluntary
contraction (MVC) of the masticatory muscles, having

Subjects invited
n=170
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cotton rolls placed between the dental arches in the
molar region. Then, the protocol was performed?,
which consisted of biting the analog dynamometer for
5 seconds, with 10-second rest intervals in between
actions, which were repeated three times®*. The
maximum BF values of each test were used to obtain the
mean value. The data were analyzed with the MiotecSuit
1.0 software, which belongs to the Oral-Motor Function
Laboratory of the originating institution.

The data were then tabulated and compiled with
descriptive analysis and measures of central tendency
and dispersion. The Shapiro-Wilk test was used to
assess the normality of the sample; as the normality
was verified, the independent t-test was used to assess
the BF between both sides with the variables studied.
The SPSS 22.0 statistical program was used, consid-
ering p < 0.05.

RESULTS

A total of 170 people were recruited for this study, of
whom 128 were excluded because they did not meet
the eligibility criteria. Hence, the final sample comprised
42 subjects.

A

4

n=

Initial interview

100

Not assessed (n = 70)
- Unsatisfactory cognitive level (n = 3)
- Toothless (n = 41)
- Advanced PD stage (n = 10)
- Hearing loss (n = 1)
- Refused to participate (n = 15)

!

n=

Final sample

42

v

Figure 1. Flowchart of the sample selection

Excluded from EMG and BF (n = 58)
- Missing molars (n = 50)
- Surgery due to PD (n = 3)
- Mandibular surgery (n = 1)
- Death (n = 1)
- Qutliers: values above three standard
deviations (n = 3)
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There was a predominance of males (64%), at the a higher incidence on the left side (60%) and mostly a
mean age of 64 (x 9) years, ranging from 43 to 80 preference to use the right side for mastication (43%).
years. The mean time of diagnosis was 7 (+ 4) years, Also, 69% of the sample used dentures, and most of
and the highest percentage (79%) were in the mild them did not have TMD (71%).
stage of PD. The symptom onset self-report indicated

Table 1. Distribution of the sociodemographic variables, time and stage of the disease, denture use, temporomandibular disorder, side of
symptom onset, and masticatory preference. Recife, Brazil, 2017

Variables n (%) X (%)
Age (years) 64+9
=60 years 30 (71%)

<60 years 12 (28%)

Sex

Males 27 (64%)

Females 15 (36%)

Time of PD diagnosis (years) 7+4
2 |-- 5 years 19 (45%)

6 |-- 20 years 23 (55%)

Stages of PD

Mild Stage 33 (79%)

Moderate Stage 9 (21%)

Denture Use

Yes 29 (69%)

No 13 (31%)

TMD

Yes 12 (29%)

No 30 (71%)

Side of PD symptom onset

Right side 17 (40%)

Left side 25 (60%)

Masticatory Preference

Right side 18 (43%)

Both sides of the dental arch 14 (33%)

Left side 10 (24%)

Captions: PD: Parkinson’s disease; TMD: temporomandibular disorder; %: percentage; X: mean; +: standard deviation.

The minimum, maximum, and mean values of observed between the two sides of the dental arch, the
right and left BF are shown in Table 2. Applying the SSO, and the preferred side of mastication.
independent t-test, no significant difference was
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Bite Force P-value*

Right Left
Variation (minimum — maximum) 3-57 5-53
Mean (+) 25 (16) 21 (13) 0.45
Symptom onset
Right 26 (1 21 (13) 0.31
Left 24 (1 21 (14) 0.48
Masticatory Preference
Right 23 (14) 21 (12) 0.62
Left 22 (18) 15 (12) 0.29
Both sides 30 (17) 26 (15) 0.54

Captions: kgf: kilogram-force; X: mean; =: standard deviation; independent t-test; p<0.05*.

The analysis between BF and sex, age, stage of PD,
time of diagnosis, denture use, and presence of TMD

revealed a significant association between males and

females for both sides (right BF — p=0.002; left BF —
p=0.04) and denture use for right side BF (p=0.03)

Table 3. Values (in kgf) expressed in mean and standard deviation found in the factors associated with bite force on the right and left

sides

Age <60 years (n=12) =60 years (n=30) P-value
Right BF 24 (17) 0.54
Left BF 19 (13) 0.15
Sex Males (n=27) Females (n=15) p
Right BF 23 (15) 0.002*
Left BF 16 (8) 0.04*
Stage of PD Mild Stage (n=33) Moderate Stage (n=9) p
Right BF 28 (21) 0.61
Left BF 28 (17) 0.11
Time of PD diagnosis 2 |--5(n=19) 6 |-- 20 (n=23) p
Right BF 28 (16) 0.20
Left BF 22 (13) 0.61
Dentures use With Dentures (n=29) Without Dentures (n=13) p
Right BF 31 (19) 0.03*
Left BF 23 (9) 0.07
TMD With TMD (n=12) Without TMD (n=30) p
Right BF 24 (15) 0.63
Left BF 21 (14) 0.78

Captions: BF: bite force; PD: Parkinson’s disease; BF: bite force; TMD: temporomandibular disorder; kgf: kilogram-force; X: mean; =: standard deviation; independent

t-test; *p(<0.05).
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DISCUSSION

Previous research analyzing the sociodemographic
profile of people with PD observed data that corrob-
orate those found in this study regarding mean age
above 60 years, higher frequency of PD in men, mean
of 7 years of PD diagnosis, and the greater number of
people in the mild stage®"%.

Anatomical and physiological characteristics — such
as sex, height, weight, dental status, facial morphology,
age, denture use, presence of TMD, and masticatory
preference — influence the direct BF measures®'%2+25,
However, no correlation between BF and PD stage,
SSO, and time of diagnosis was found in the literature
researched to compare with this study.

Physiological changes, such as stiffness and brady-
kinesia, present in the orofacial muscles of people with
PD, lead to compensations in the structures involved
in mastication?. The occlusal instabilities and interfer-
ences may overload the stomatognathic system and
alter the muscle coordination between the two sides?.
This aspect was observed in the mean BF value,
which was higher on the right than on the left side,
characterizing an asymmetry between the sides. This
corroborates research that demonstrated an existing
asymmetry in masticatory muscle activity in people with
normal teeth and without pathologies?.

The asymmetry in the motor symptoms lasts
throughout the disease. Hence, the SSO is more
impaired than its contralateral — which is eventually
affected, though to a lower degree. The impairment on
the SSO may negatively influence motor skill perfor-
mance®'. The association between BF and SSO showed
that the left side, which had the highest percentage of
symptom onset, had higher mean BF values on the
contralateral side. However, no articles were found
in the literature researched correlating these data for
discussion.

To properly handle and transport food, the masti-
cation counts with support from synchronous muscle
activity and uniform force, with ample, bilateral, and
alternated masticatory cycles®. Hence, the masticatory
force is distributed so as to synchronize and balance
the musculature of the stomatognathic system and
its functions®. When the person prefers to masticate
more on one side of the mouth than the other, muscle
changes take place, with greater power on the side
most often used, whereas the musculature on the
other side is elongated and has less tonus®. Khan et
al.® studied 95 people without PD and observed that
the dominant masticatory side has a higher mean BF
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value than the nondominant side. Such an aspect was
observed in this study, whose mean BF values were
higher on the right side in both those who reported a
masticatory preference on one side of the dental arch
and who had bilateral mastication.

Studies have demonstrated that age and sex are
important factors that influence the resistance of the
mandibular elevator muscles regarding BF, with a
difference between the sexes and remaining constant
between 20 and 50 years of age''?. Takaki et al.®*
analyzed the maximum BF in 100 people, divided
into five groups by age and sex. They observed that,
regardless of age, the BF was always greater in men
than in women. That corroborates with the result in this
research, which observed a significant decrease in BF
values between males and females on both sides of the
dental arch. Palinkas et al."" verified that the increase in
age reduces the force and thickness of the masseter
and temporal muscles. This agrees with the lower mean
BF value found in the older participants in this research,
in relation to the younger ones.

Ribeiro et al.® analyzed the masticatory function in
people with PD and found a mean time of diagnosis
similar to the one observed in this research. However,
they did not associate this information with BF. The
BF analysis did not show an association between the
patients’ different times of diagnosis, and no studies
were found in the literature with a similar association for
discussion. Concerning the stage of the disease, the BF
increased as the signs and symptoms advanced, differ-
ently from the study by Bakke et al.**. They assessed
the mastication in people with PD and observed that
the orofacial function may be impaired in the moderate
and advanced stages of the disease. They also
pointed out that as the motor symptoms progressed,
the orofacial and dental problems grew more intense.
However, the finding of this research could be corre-
lated with a postural abnormality. Tinazzi et al.®® studied
postural abnormalities in PD and observed that they are
associated with males, aging, longer time of disease
onset, advanced stage, and a bradykinetic/rigid
phenotype. In this study, the basic forms of PD presen-
tation (tremoring and rigid/akinetic) were not measured.

Silva et al.2 assessed the prevalence of TMD in
110 people with PD and obtained a prevalence of
35% in this population, which corroborates what
has been observed in the present research. The BF
values obtained in the TMD group were lower than in
the non-TMD group, which was also observed in the
study by Todic et al.®. They associated the presence



of TMD with BF in people without PD and found that
the presence of the disorder reduces the BF values
and that signs present in TMD (such as muscle pain,
temporomandibular joint pain, limited mouth opening,
and crepitations) can affect BF. However, no articles
were found in the literature researched correlating BF,
PD, and TMD to better discuss the findings.

Also, studies®® demonstrated that the changes
in the stomatognathic system in PD increase the
incidence of denture use in this population, which was
also observed in this study. People with natural teeth
have higher BF values, with a significant difference on
the right side of the dental arch. Dentures users are
known to have impaired masticatory function, including
maximum voluntary BF and muscle effort when biting
and masticating®. Also, Schimmel et al.*” assessed BF
and surface electromyography in toothless older adults
who used complete or partial dentures and observed
that denture instability probably prevents denture users
to use their mandibular muscle full potential, especially
in unilateral bite and mastication.

The present study had the limitations character-
istic of cross-sectional design, which only enables
associations, not making it possible to reach causality
conclusions. Another limitation was because the partici-
pants did not have the lower molar teeth to use in BF,
limiting the sample size. Also, there was a scarcity of
publications on this topic in people with PD to broaden
and discuss the outcomes found in this study. Thus,
longitudinal studies must be carried out to establish
the cause-and-effect relationships of the variables
analyzed. These investigations can provide valuable
information on the prevention and treatment strategies
for this population.

CONCLUSION

This study revealed the presence of BF asymmetry
between the two sides of the dental arch. Its associ-
ation with age, sex, stage and time of PD, presence of
TMD, dentures use, SSO, and masticatory preference
demonstrated that being a female and using removable
dentures decreased the BF in the population studied.
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