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Abstract

Background: Since the function of muscles, and subsequently the mandibular joint, is affected in patients with Bell's palsy, therefore,
the evaluation of facial muscles and mandibular function in these patients can be effective in diagnosis, prevention, and treatment
planning. The present study aimed to evaluate the degree of displacement and range of motion (ROM) of the mandible and the ability of
the facial symmetrical muscles of patients with Bell's palsy.

Methods: This was a quasi-experimental comparative study. The variables evaluated were mandibular movement in a vertical direction
and side-to-side displacement. Ten patients with Bell's palsy and 10 healthy eligible volunteers participated in the present study. Three
mobile video cameras (to record jaw movements), 9 color markers, Kinovea software, House-Brackmann index, Toledo protocol, and a
specialized patient questionnaire were used. Descriptive and inferential statistics were used for data analysis, the Kolmogorov-Smirnov
test was used to investigate the normality of data distribution, and independent samples the t test and paired samples t test were used to
compare means.

Results: The maximum lateral on the sound side was 12.40 and 4.49 mm during lateral movements of the patients' mandible, while
this value was between 12.30 and 3 mm on the involved side. There is a difference between the affected side and the nonaffected side in
terms of the mean lateral movements of the patients' mandible. However, this difference in the mean ROM on both sides is not statistically
significant. The maximum mouth opening in healthy individuals during mandibular movements was between 40 and 60 mm, while this
value was between 25 and 50 mm in the patients with Bell’s palsy. This study shows a significant difference (P = 0.007) between patients
and healthy individuals in terms of the mean of maximum mouth opening (P < 0.05).

Conclusion: The results of this study showed that the ROM of temporomandibular joint (TMJ) of the patient is the same as that of
normal subjects, but the side-to-side motion is more than normal which should be considered in rehabilitation treatments. The present
study emphasizes the need to implement a mandibular kinematic evaluation protocol in patients with bell's palsy to prevent damage to
the TMJ in the long term.
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Introduction

Bell's palsy is a type of facial paralysis that results from
paralysis of the seventh cranial-or facial nerve and is re-
ferred to as peripheral nerve disease. The main function of
the nerve is the innervation of muscles such as the digastric
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and stylohyoid in the motor part and also the stapedius mus-
cle in the middle ear and providing parasympathetic in-
structions to the salivary and lacrimal parotid glands (1).
This disorder may occur at any age, and gender does not

1What is “already known” in this topic:

Hitherto, Bell's palsy has been investigated from different aspects:
diagnosis, complications, treatment, et cetera. Previous researches
show the evaluation of the mandibular range of motion is not the
treatment priority in examining the disease and is focused on solving
Bell's palsy's appearance problems.

— What this article adds:

In addition to introducing a new system for evaluating the kinematic
variables of the mandibular movements, the results of this study
showed that the range of motion of TMJ of the patient is the same
as that of normal participants, but the side-to-side motion is more
than normal that should be considered in rehabilitation treatments.
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affect the number of people with this disorder (2, 3).

Facial nerve palsy may be due to basal cranial injuries,
congenital syndromes, tumors, diabetes, viral infections
and inflammation and pressure on the facial nerve and
chronic middle ear infection, hypertension, neurological
disorders and stroke, Lyme disease, surgical lesions, paral-
ysis due to accidents and animal bites, sharp objects, axonal
damage, or damage to the motor pattern in the cerebral cor-
tex (4). Also, any lesion or damage that occurs in the brain-
stem to the terminal branches of the seventh facial nerve
can cause rupture or paralysis of the facial nerve (5, 6).

Patients with facial paralysis usually complain of weak-
ness or complete paralysis of the muscles on one side of the
face. The disease complications include facial asymmetry,
difficulty in closing the eyes completely, dryness and burn-
ing eyes, drooping corner of the mouth and damage to half
of the smiling muscles, which is one of the most important
facial movements (7), uncontrollable drooling, difficulty
swallowing, weakness of the facial muscles, muscle strain,
and synkinesis (8).

To deal with the disease complications with a prevention,
reduction, and improvement approach, invasive treatments
such as surgery (9) and noninvasive treatments, such as
muscle strengthening with exercise and massage (10, 11),
ultrasound, hot pack and heating methods, magnet protocol,
laser treatment and Kabat rehabilitation (12), electrical
stimulation (13), drug control, biofeedback (14) and physi-
otherapy techniques (15), faradic and galvanic current, ac-
upuncture (16), and Botox have been used (17-20).

According to a thorough examination of the relevant
study literature, the majority of studies on muscular abnor-
malities in the temporal, eyes, cheeks, and lips were con-
ducted despite investigations into various elements of bell's
palsy (outside the joint) (21-25), and the bell's palsy com-
plications on the intracapsular temporomandibular joint as
a challenging issue was not investigated comprehensively.

Also, previous studies have investigated the extent of jaw
ROM in various diseases with impaired facial motor sym-
metry, but because bell's palsy is a neuromuscular disease,
it is not directly included in the group of TMJ diseases.
There are few studies on the evaluation of jaw movements
of patients with bell's palsy using kinematic variables, and
it does not seem to be a research or even therapeutic prior-
ity.

Therefore, there is a need for pertinent, thorough investi-
gations because there are no conclusive solutions to the
problem of reduced ROM brought on by muscular dysfunc-
tion, which causes the mandibular movements of bell's
palsy patients to be asymmetric. The present study aimed
to investigate the asymmetry in the patient's mandibular
movements and to evaluate the reasons for the decrease in
their mandibular ROM compared with the displacement
rate of a healthy mandible using kinematic variables.

Methods

This was a quasi-experimental comparative study. The
number of 10 people was calculated using G*Power soft-
ware (Heinrich Heine University Diisseldorf, Germany)
with a statistical powerof =0.88, effect size of 0.7, and P
< 0.05 (using Cohen's criterion). Also, 25 people whose
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Bell's palsy was confirmed by a neurologist were referred
to the rehabilitation center of Shiraz University of Medical
Sciences with a referral letter. As the available population,
10 volunteer Bell's palsy patients who met the criteria for
entering the study, were selected purposefully. According
to the number and age of the Bell's palsy patient group, 10
healthy people were considered.

The inclusion criteria for people with Bell's palsy were as
follows: (1) medical diagnosis of peripheral facial paraly-
sis, without surgery to regenerate the facial nerve; (2) no
facial or cervical trauma and surgery in the past; (3) no par-
tial or full dental dentures; (4) obtaining a score between 4
and 11 in the protocol of clinical evaluation of facial move-
ments for Bell's palsy (26). The inclusion criteria for
healthy participants were as follows: (1) no complaint or
medical diagnosis of facial paralysis; (2) no history of
trauma to the face or surgery on the face or neck; (3) no use
of partial or full dentures; (4) obtaining a score of 19 to 20
in the clinical evaluation protocol of facial mimic (26).

Data Collection Instruments

Three standard mobile camcorders, 3 fixed camera
stands, an adjustable short chair, 9 color markers (14 mm
in diameter), Kinovea software, and the House-Brackmann
(HB) index are all commonly used tools for measuring the
lateral movement of the corner of the mouth and the upper
movement of the upper eyebrow in order to create the HB
index, which is used to classify the level and severity of
facial nerve damage (27-29) and measure the extent of
Bell's injury. Data collection instruments included the To-
ledo facial paralysis clinical assessment protocol (30), the
complementary protocol of mandibular movement values,
a specialized questionnaire related to specific conditions of
Bell's palsy, a general health questionnaire, participants' de-
mographic characteristics, and consent form.

System Set-up

Unlike current business systems, an innovative method
of motion capture system has been proposed in this study,
which includes 3 simple video mobile phone cameras (able
to record 100 frames per second) that record 120-second
videos of mandibular movements and facial symmetry of
patients and healthy people. The cameras were mounted on
fixed bases from 3 directions, right, left, at a 90-degree an-
gle, at a distance of 50 cm, and very close to the patient
(Figure 1a). Nine color markers with a diameter of 14 mm
were placed on both sides of the face (maxillary-temporo-
mandibular joint) (mandibular angle) (middle area between
the chin and the mandibular angle) for showing anatomical
points to increase mandibular movement (forehead, upper
lip, chin) (Figure 1b). After collecting information with 3
cameras, Kinovea line and tracking software were used to
analyze data related to the amount of displacement and
ROM of the jaw (31). Validity, reliability, and sensitivity
tests of the system showed an average error of 0.156 and an
accuracy of 0.259 mm for the measured displacements in
the sagittal and frontal plates to record mandibular move-
ment.

Following the patient’s referral to the rehabilitation cen-
ter, the participant sat on a normal adjustable chair with
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Figure 1. Cameras (a) color markers (b) adjusting and preparing the system for recording facial symmetry and

mandibular movements with three mobile cameras.

their feet on the floor and leaned their head against the wall.
Each person was given the necessary training before data
recording. The cameras were placed at a minimum distance
of about 50 ¢cm, and all 3 cameras formed a complete 90°
angle with the other cameras and the patients’ face. These
3 cameras only filmed the person's face. Nine markers with
a diameter of 14 mm were placed on the faces of the pa-
tients to increase the visibility of mandibular movement,
without affecting the data collection (31).

Data Collection

To perform a clinical evaluation of symmetry in move-
ments and the ability of facial muscles, the Toledo protocol
was used, which was analyzed in terms of function-beauti-
fication of both sides of the face under different voluntary
states.

By observing participants as they spontaneously blinked,
spoke, and smiled, we were able to investigate involuntary
movements related to the sense of feeling on each side of
the face. These movements included eyebrow-raising, eye-
lid movements when opening and closing the eyes sepa-
rately and simultaneously, upper lip rising through a frown-
ing nose, diagonal stretching of the upper lip to smile, hor-
izontal stretching of the upper lip and revealing the lower
teeth, as well as involuntary movements related to the sense
of feeling on each side of the face. Scores 0 and 1 and indi-
cate no disorder, decreasing evaluation, and normal state,
respectively. Lip and eyelid deformity at rest, and the pres-
ence of synkinesis or hypertension were measured using
negative values, that is, 0, -1, and -2 that indicate no de-
formity, partial or mild deformity, general or severe de-
formity, respectively. Final scores can range from -6 to 20
points for each side based on the partial value of the ob-
tained values (30).

International parameters of temporomandibular joint ex-
amination (maximum opening of the mouth, maximum lat-
eralization of the mandible to the right and left, mandibular
protrusion) were followed to assess the degree of displace-
ment and mandible movements (2).

Mandibular Displacement and ROM

Midline: While the teeth are occluded, it is investigated
whether the lines between the upper and lower central inci-
sors are in the same line. We measured the deviation from
the midline when they did not match (Measuring the dis-
tance of one line horizontally from another line) (Figure
2a).

Maximum Mouth Opening: Measuring the distance be-
tween the edges of the upper and lower teeth (Figure 2b).

Figure 2. Mandibular displacement and range of motion in patients
and healthy participants.
Lines between upper and lower central incisors b. Maximum mouth

opening.
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Figure 4. Protrusion of the patient and healthy subject

Maximum Lateralization of the Mandible to the Right/
Left: Measuring the horizontal distance of the line between
the lower central incisors and the line between the upper
central incisors after the mandible displacement to the
right/ left. Relevant settings were used when there was a
midline deviation (Figure 3).

Maximum mandibular protrusion: Measurement of pro-
trusion and maximum horizontal change of the mandible
(Figure 4).

Statistical Methods

The mean, standard deviation, minimum and maximum
values by using software SPSS 20 were used to describe the
data, and for inferential analysis of the data, the Kolmogo-
rov-Smirnov test was used to check the normality of data
distribution, and independent and paired samples t tests
were used for comparison between normal and Bell's palsy
groups.

To measure the validity and reliability of our results, we
used a gold standard system for comparison. The reliability
and validity of the results were excellent. Maximal mouth
opening, involvement, sound side, and protrusive move-
ments all had correlations of 0.98, 0.75, 0.98, and 0.96, re-
spectively, according to Pearson correlation coefficient.
The intraclass correlation coefficient confirmed the strong
internal correlation between the 2 variables (mobile cam-
era and motion analysis systems), which is 0.98, 0.81, 0.96,
and 0.97 for the above 4 movements, respectively.

Results

The participants with idiopathic bell's palsy included 3
men and 7 women (a mean and standard deviation of age
41 £ 19 years). Among the participants, 7 were affected on
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the left side of the face while three were affected on the
right side (the mean and standard deviation of weight, 58 +
11 kg). The patients suffer from this disease between 2 to 4
years. (The mean and standard deviation, 2.7 £ 0.7 years).

A total of 70% of the patients were women (3 men and 7
women) (the mean and standard deviation, 5 + 2). The re-
sults of using the Toledo evaluation protocol in the first part
of the study show that 98% of patients had involuntary
movements and incomplete opening and closing of the eyes
during voluntary activities. A total of 95% of the partici-
pants complained of crooked lips when laughing. Almost
all patients suffered from asymmetrical faces and subse-
quent aesthetic problems, and also the disease complica-
tions were not among their treatment priorities. left-side
bell's palsy was observed in 70% of cases.

In the second part of the study, mean, standard deviation,
minimum and maximum, and statistical results related to
comparing the range of mandibular movements (maximum
mouth opening, maximum lateralization of the mandible to
the right and left, maximum mandibular protrusion) in pa-
tients with bell's palsy and healthy participants are pre-
sented in Table 1.

As shown in Table | to investigate the normal distribu-
tion and to evaluate the extent of mandibular displacement
of the patient on the side affected by bell's palsy with the
nonaffected side, descriptive statistics were used. Consid-
ering the normal distribution and thus the statistically sig-
nificant difference between the means of the 2 groups in
terms of the change of patients' mandible to the side af-
fected by bell's palsy with the nonaffected side, regardless
of the right or left side. The maximum lateral on the sound
side was 12.40 and 4.49 mm during lateral movements of
the patients' mandible, while this value was between 12.30
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Table 1. Statistical results of normal tests and comparison of mean and standard deviation displacement and range of motion of mandible in different
cases between bell's patients and healthy individuals and involved and sound sides

Variable Group Minimum Maximum level of Kolmogorov-Smirnov Mean = SD P- values
test
richt/ left Lateral (involved side) 3 12.30 0.821 8.21£3.03 0.030
& - patient
. (sound side) 4.94 12.40 0.973 8.52 +£2.82
right/ left _Lateral Patient
Max- Protrusi healthy 5.01 8.22 0.930 6.88 £1.58 0.14
ax- Frotrusion patient 4.01 8.65 0.694 6.85 £1.35
Max Openin healthy 42.02 59.41 0.771 49.49 +5.61 0.007
—-pening patient 25.01 50 0.940 40.31 #7.74

P <0.05 Significant differences*

and 3 mm on the involved side. The paired t test was used
to compare the mean difference between the 2 sides. There
is a difference between the involved side and the sound side
in terms of the mean lateral movements of patient’s mandi-
ble. However, this difference in the mean ROM on both
sides is not statistically significant.

Lateral movement of the mandible for both sides is be-
tween 5 to 13.5 mm in healthy individuals. The same move-
ment displacement on the left and right sides of the patients'
face was 3 to 12.30 and 4 to 13.50 mm, regardless of the
affected side. The amount of mandibular protrusion was 4
to 8.22 and 4 to 8.65 mm in healthy individuals and pa-
tients, respectively, regardless of gender, age, and race. In
mandibular movements, the maximum mouth opening in
healthy individuals was between 40 and 60 mm, while it
was between 25 and 50 mm in individuals with bell palsy.

Inferential data analysis was also performed by investi-
gating normal distribution. According to the results of Ta-
ble 1 and the Kolmogorov-Smirnov test, all variables had
normal data distribution and the independent t test was used
to compare the means of the variables. The results showed
no significant difference between the mean of Left lateral
and right lateral as well as the mean difference of max pro-
trusion between the healthy and Bell's palsy groups. How-
ever, there is a significant difference between the healthy
and Bell's palsy groups in terms of the mean max opening
(Table 1).

Discussion

This study aimed to evaluate mandibular movements in
patients with Bell's palsy and healthy individuals using kin-
ematic variables.

The results of the study indicated lower values in terms
of mandibular ROM (maximum mouth opening, maximum
mandibular lateralization to the right and left, maximum
mandibular protrusion and involved and sound side), in pa-
tients with Bell's palsy than normal individuals and motor
limitations, and the temporomandibular dysfunction are
visible in these patients (Table 1) (32). Inferential statistics
showed a significant difference between the patient and
normal groups in terms of the maximum mouth opening
(Table 1).

Bell's palsy is a disease of the peripheral nerves that re-
sults from paralysis of the seventh cranial nerve or facial
nerve (33). Facial nerve palsy occurs for a variety of rea-
sons, and its subsequent lesions include corneal pain, im-
paired salivation, hearing impairment, facial weakness and

asymmetry, difficulty closing the eyes completely, crooked
corners of the mouth, and difficulty swallowing, and dam-
age to half of the smiling muscles and synkinesis (34).

In bell's palsy, cranial nerve VII, is divided into 5
branches, including (1) temporal branch, (2) zygomatic
branch, (3) buccal branch, (4) marginal mandibular branch,
and (5) the cervical branch is damaged (35). According to
the results of the Toledo protocol in the first part of the
study, a high percentage of bell's palsy-induced injuries oc-
curred to the muscles that were innervated by the first 3
temporal, zygomatic, and buccal branches of the cranial
nerve VII. Any damage to these branches includes compli-
cations such as temporal paralysis, facial asymmetry, invol-
untary and incomplete movements in opening and closing
the eyes during voluntary movements, and damage to the
smiling muscles (36).

In this study, a significant difference was observed in the
maximum mouth opening between the patient and normal
groups. The cause of a significant reduction in maximal
mouth opening in Bell's palsy can be investigated in the
analysis of temporomandibular joint movements. We con-
cluded that temporomandibular movements are performed
by 4 main pairs of masticatory muscles, including the tem-
poralis muscle, the masseter muscle, and the internal and
external pterygoid muscle, and the digastric muscle (37). It
is worth mentioning that masticatory muscles are inner-
vated through the trigeminal cranial nerve with sensory and
motor roots (38).

The digastric muscle is made up of 2 ventricles. The pos-
terior ventricle of this muscle is innervated by the marginal
mandibular branch of the seventh pair of the brain and its
anterior ventricle by the trigeminal cranial nerve branches
in the cranial nerve V (38).

When the 2 masticatory muscles of the temporalis and
masseter, which function to raise and close the mouth and
mandible, are at rest, the posterior ventricle of the digastric
muscle and the platysma muscle (cervical skin), which are
innervated by the fourth and fifth branches of cranial nerve
VII, respectively, do the opposite action on the masticatory
muscles and open the mandible. The results of inferential
statistics demonstrate (Table 1) the cause of a significant
decrease in the maximum mouth opening in Bell's palsy ra-
tionally and by citing the theoretical underpinnings of the
aforementioned study, given that one of the complications
of Bell's palsy is damage to the fourth and fifth branches of
the cranial nerve vii and, consequently, dysfunction of the
jaw-opening muscles (22).
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When Bell's palsy damages the marginal mandibular
branch of the cranial nerve VII, the most deformity and
asymmetry occurs in the face, but due to the combined be-
haviors of the mandible and the special features of the ir-
regular muscles of the face, the patient can perform actions
such as chewing, swallowing, and speech along with move-
ment limitations and lack of proper functioning despite lim-
ited movement and muscle weakness (39) by reducing their
activities and performing compensatory movements ac-
cording to their unique conditions (40-42).

One of the complications of Bell's palsy is restriction in
opening the mouth due to paralysis of the nerves that open
the temporomandibular joint muscles in this disease. This
complication may be due to unilateral chewing and conse-
quent imbalance in muscle strength or a decrease in the
mandibular ROM (43). This problem can be due to rota-
tions and compensatory movements that are added to the
end of the movements. The literature review shows that the
issue of reduced mandibular ROM in patients with bell's
palsy is not considered a challenging issue in the classifica-
tion of specific mandibular diseases. Also, the statements
of the patient’s treatment process show that, usually, the
protocol of kinematic evaluation of the mandible of the pa-
tient with Bell's palsy is not considered as a priority of func-
tional tests by specialists (44).

Researching patients' treatment processes reveals that the
patient, the therapist, and even most specialists have not
placed as much emphasis on treating the patient's appear-
ance problems as they have on treating the patient's reduced
mandibular ROM and unwanted extra movements during
its displacement. However, this asymmetry and reduction
of mandibular ROM, in the long run, will cause complica-
tions, such as gradual abrasion of the temporomandibular
joint, tissue resorption around the teeth, and destruction of
its enamel. Speech difficulty and the likelihood of various
structural changes in the temporomandibular joint, such as
disc deformity and joint pain, will also increase (45).

In this study, a mandibular kinematic evaluation system
has been presented for the first time, in which a mobile
phone is used as an affordable and accessible tool, with the
approach of solving the evaluation problem with the expen-
sive tools of specialized laboratories. Also, previous re-
searches and the treatment process for Bell's palsy show
that examining the amount of jaw displacement is not
among the patient's treatment priorities. Considering that
Bell's palsy affects the Jaw moving muscles, this research
emphasizes the need to investigate ROM in patients with
Bell's palsy to prevent side effects caused by excessive jaw
movements.

As limitations of this study, we could mention that be-
cause Bell's palsy disease is rare, the number of available
patients was limited. Only Bell Palsy patients who volun-
teered participated in this study and some patients did not
want to cooperate. There was a lack of research background
related to the side effects caused by the limitation of jaw
ROM in Bell's palsy patients, and more scientific develop-
ments in this field were needed. In patients who need or-
thodontic treatment or whose jaw was noticeably more pro-
truded, it was challenging to evaluate mandibular move-
ments.
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Conclusion

The results of this study showed that the ROM of TMJ of
the patient (maximum mouth opening, maximum mandib-
ular lateralization to the right and left, maximum mandibu-
lar protrusion, and involved and sound side) is the same as
that of normal participants, but the side-to-side motion is
more than normal, which should be considered in rehabili-
tation treatments. The present study emphasizes the need to
implement a mandibular kinematic evaluation protocol in
patients with bell's palsy to prevent damage to the temporo-
mandibular joint in the long term .Thus, we should add
TMIJ function tests to the clinical assessment of bell's

palsy.
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