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ABSTRACT

Purpose: To describe and compare the temporal-spatial kinematic variables of mandibular movement during 
deliberate unilateral and habitual mastication in healthy young-adult individuals. Methods: The study sample 
was composed of eight male healthy volunteers aged 19 to 24 years. The kinematic data were obtained using 
a motion analysis system - Qualisys Track Manager (QTM) ProReflex MCU. Recordings were performed 
during deliberate unilateral mastication (UM) and habitual mastication (HM) of firm-consistency gummy candy. 
The  following variables were analyzed: (1) masticatory sequence: duration, number of masticatory cycles, and 
chewing rate; (2) masticatory cycle: duration, vertical and medial-lateral mandibular range of motion in relation 
to the skull, and maximum velocity during the opening and closing phases. Data of the variables were compared 
during UM and HM by the paired t test, and the effect sizes (‘d’ Cohen) were calculated. Results: Regarding 
the variables of the masticatory sequence, smaller chewing rate was observed for UM compared with that for 
HM (1.19±0.21Hz and 1.29±0.16Hz, respectively, p=0.004, d=0.53). Smaller values of maximum velocity 
during the opening (MU=67.4 mm/s and MH=80.02, p=0.053, d=0.80) and closing (MU=71.77±9.35mm/s 
and MH=3.51±7mm/s, p=0.014, d=0.79) phases of the masticatory cycle were observed in deliberate unilateral 
mastication compared with those in habitual mastication. Conclusion: Kinematic variables associated with the 
sequence and cycle of mastication are influenced by the chewing pattern adopted - deliberate unilateral or habitual. 

RESUMO

Objetivo: Descrever e comparar as variáveis cinemáticas temporoespaciais do movimento mandibular durante a 
mastigação unilateral deliberada e habitual de indivíduos saudáveis. Método: Participaram do estudo 8 voluntários 
saudáveis, do gênero masculino, com faixa etária entre 19 e 24 anos. Os dados cinemáticos foram obtidos através 
do sistema de análise de movimento Qualysis (QTM - Qualisys Track Manager). Foram realizados registros 
de mastigação unilateral direita (MU) e habitual (MH) de bala de goma de gelatina de consistência firme. 
Foram analisadas variáveis relacionadas à (1) sequência mastigatória (duração, número de ciclos e frequência 
mastigatória); (2) ciclo mastigatório: duração do ciclo mastigatório, amplitude de movimento mandibular vertical 
e médio-lateral durante o ciclo mastigatório, velocidade máxima durante as fases de abertura e fechamento. 
A comparação das variáveis durante a MU e MH foi realizada por meio do teste t pareado (p<0,05) e os tamanhos 
de efeito (‘d’  de Cohen) foram calculados. Resultados: Em relação à sequência mastigatória, observou-se 
menor frequência mastigatória durante MU comparada à MH (1,19±0,21 e 1,29±0,16Hz, respectivamente, 
p=0,004, d=0,53) e menores velocidades máximas de abertura (MU=67,4 mm/s e MH=80,02; p=0,053; 
d=0,80) e fechamento (MU=71,77±9,35mm/s e MH=83,51±17 mm/s, p=0,014, d=0,79) do ciclo mastigatório. 
Conclusão: As variáveis cinemáticas relacionadas à sequência e ao ciclo mastigatório foram influenciadas pelo 
padrão mastigatório adotado – unilateral ou habitual. 
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INTRODUCTION

Mastication is the first stage of the human digestive system. 
It involves several motor processes simultaneously with the 
objective of generating the masticatory torque necessary for the 
mechanical reduction of food and efficient formation of food 
bolus(1,2). The masticatory sequence is composed of a series 
of masticatory cycles which comprise spatially synchronized 
events, such as alternating contraction of the mandibular 
elevator and depressor muscles, and movements of the tongue 
and craniocervical segments(1,3).

Thus the stomatognathic system continuously receives 
intra- and extra-sensory stimuli, which inform the characteristics 
of the food and interferences on the system. This information 
provides feedback to the system on the need for adaptations, 
generating intra- and inter-individual variability in each food 
bolus chewing phase(2).

In this context, various extrinsic factors can interfere with 
the masticatory pattern, including size and consistency of the 
bolus(4-6). An increase in consistency may lead to increased 
duration and number of cycles during the masticatory sequence, 
greater vertical and medial-lateral mandibular range of motion, 
longer duration of the occlusal phase of the cycle(4), and increased 
chewing velocity(5). Furthermore, the influence of bolus size and 
thickness on the craniocervical range of motion during chewing 
has also been observed(6).

Several factors can lead to compensations observed during the 
chewing function. The masticatory pattern may be altered, with 
unilateral predominance or chronic unilateral mastication(7), which 
are often found in individuals with temporomandibular disorders 
(TMD)(8,9). This masticatory pattern promotes differentiated stimuli 
between the working side and the balance side of chewing, and 
may be associated with inharmonic development of the facial 
skeleton and with imbalance of the masticatory musculature(9,10).

The typical masticatory pattern involves alternate bilateral 
chewing, with labial occlusion, without exaggerated participation 
of the perioral musculature(7). Physiologically, during opening, 
there are opening movements inclined toward the balance side 
and closing movements directed toward the working side, 
concomitantly to mandibular protrusion during food ingestion(7,10). 
Predominant movement of the mandible on the vertical plane 
is observed during food crushing(7). Therefore, the mandibular 
movement is three-dimensional, with rotation and translation of 
the temporomandibular joints (TMJ), which work simultaneously 
although not presenting identical movements(11).

Alternate bilateral mastication is the ideal pattern to stimulate 
the structures that support the chewing function, allowing broad 
excursions, physiological occlusal contacts, bilateral synchronous 
muscle activity, and uniform force for crushing food(10).

As other vital cyclical functions (breathing and gait), the 
basic pattern of mastication is explained by the rhythmic 
activation of different muscle groups controlled by a central 
pattern generator (CPG). The CPG is composed of a neural 
network located in the brainstem, associated with the trigeminal 
neurons(1), capable of producing rhythmic activity even in the 
absence of descending or sensory afferent stimuli(2). Habitual 
mastication occurs when individuals can select a preferential 

and comfortable chewing pattern, with lower probability of 
error and least conscious involvement(12).

To select the set of motor responses appropriate to the 
masticatory function, the central nervous system needs information 
on the position and velocity of the mandible, the forces acting 
on the mandible and teeth, and the length and activation of 
the involved muscles, including in the craniocervical region. 
This can be particularly evidenced by verification of much lower 
neuromuscular activity in fictitious mastication (mandibular 
movements without the presence of food bolus between the 
teeth) compared with that in natural chewing(13).

Motion capture systems have been widely used in the 
biomechanical assessment and detailing of the movements 
involved in human gait(14). However, their use in the analysis 
of the kinematic variables of mastication is still recent, and 
further research on this theme should be conducted to identify 
and characterize the different masticatory patterns.

Understanding the characteristics of mastication depends on 
a detailed description of its movement patterns(1). Mandibular 
movement variables have been associated with masticatory 
performance. Better masticatory performance has been related 
to greater vertical mandibular range of motion, higher closing 
velocity, and shorter duration of the masticatory cycle closing 
phase(15,16).

The study of the behavior of the kinematic variables 
of deliberate unilateral and habitual mastication in healthy 
individuals can contribute to the understanding of the possible 
impact of the pattern adopted on masticatory performance in 
cases of disorders that interfere with the chewing function, such 
as TMD, oral breathing, and occlusal alterations.

Therefore, the objective of this study was to describe and 
compare the temporal-spatial kinematic variables of mandibular 
movement associated with masticatory sequence (duration, 
number of cycles, and chewing rate) and masticatory cycle 
(vertical and medial-lateral mandibular range of motion and 
maximum velocity during the opening and closing phases) 
during deliberate unilateral and habitual mastication in healthy 
individuals.

METHODS

The present research was conducted at the “Laboratório de 
Análise de Movimento da Faculdade de Ceilândia - Universidade 
de Brasília (DF)”. The survey was approved by the Human 
Research Ethics Committee of the aforementioned Institution 
under protocol no. 16626913.4.0000.0030. All participants signed 
an Informed Consent Form (ICF) prior to study commencement.

The study sample was composed of eight healthy, male 
individuals aged 19 to 24 years, with body mass index (BMI) 
up to 30 kg/m2, mesomorph facial type, and typical mastication 
(bilaterally alternate, with labial occlusion, and without exaggerated 
participation of the perioral musculature). Exclusion criteria 
comprised individuals with temporomandibular disorders 
(TMD); self-reported bruxism and oral breathing; history of 
orthopedic trauma or malformation in the facial and cervical 
regions; diagnosis of systemic/rheumatic diseases; migraine 
or complaint of dysfunction in the cervical spine or scapular 
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girdle. Exclusion criteria considered Angle class II and III 
malocclusion(17), open bite, cross bite, overbite, presence of 
dental flaws, and use of orthodontic appliance.

An interview was conducted with all volunteers to meet 
the inclusion and exclusion criteria of the study. The presence 
of signs and symptoms of TMD was assessed by means of the 
clinical examination recommended by the Research Diagnostic 
Criteria for Temporomandibular Disorders (RDC/TMD)(18). 
The following measures were determined in this evaluation: 
opening pattern; mandibular displacements; presence of joint 
noises (cracking, crackling); pain sensitivity to palpation of the 
temporal mandibular joint and masticatory muscles (masseter, 
temporal, suprahyoid, medial and lateral pterygoid).

To evaluate the presence of malocclusions and dental flaws, 
three intraoral photographs, at maximum intercuspation, were 
performed with the aid of external retractors for better visualization 
of the relationship between maxillary and mandibular first 
molars(17). The photographs were later analyzed by an orthodontist.

Assessment of masticatory function and facial type was 
performed based on the analysis of filming and photographic 
records (frontal and profile views). In these procedures, the 
camera was positioned on a tripod at a distance of 50 cm, 
centralized by the volunteers’ Frankfurt plane while they 
remained seated upright (without head rest) and performed 
three ingestions followed by chewing and swallowing of pieces 
of a French roll. The recorded images were digitally stored 
and analyzed by a speech-language therapist with expertise in 
orofacial motricity examination. Facial type was classified by 
means of antroposcopic analysis(19) and masticatory function was 
assessed according to the criteria established in the Orofacial 
Myofunctional Evaluation - MBGR protocol(20).

The kinematic data were obtained using a motion analysis 
system - Qualisys Track Manager (QTM), which provides 
absolute positions of the body segments during the trajectory 
of movements by means of retro-reflective spherical markers 
identified by the cameras. Eight cameras, with sampling rate 
of 250Hz, positioned around the volunteer’s seat were used. 
The reflective markers (12 mm in diameter) were placed at the 
tip of the chin and over the glabella region of the frontal bone 
and attached using standard hypoallergenic adhesive tape(21).

The system was calibrated using the Ward Kit 300 mm. 
This calibration kit consists of an “L” shaped metal structure 
to which reflective markers are attached indicating the x 
(anterior‑posterior), y (lateral-medial), and z (inferior-superior) 
axes, allowing determination of the global reference coordinates. 
From calibration, the location and orientation of the working 
plane and volume are generated, used as reference for the three-
dimensional reconstruction of the positions of the markers by 
the QTM system.

The recordings were performed during habitual (HM) 
and deliberate unilateral (UM) right-sided mastication of 
firm‑consistency gummy candy (Fini; 30×10×15 mm)(5,22). 
This  food model was chosen because it provides a bolus of 
elastic resistance sufficiently tough to promote some difficulty 
during chewing. Two masticatory recordings were performed 
for each test situation, with an interval of 30 s to 1 min between 
them. During the recordings, the individuals remained seated 

with their back fully supported, open eyes facing the horizon, 
parallel feet resting on the floor, and upper limbs resting on a table.

Study participants were instructed to keep dental occlusion 
before they initiated mastication. After three seconds in this 
position, upon hearing a command, they were instructed to 
put the candy in their mouths and began to chew. They were 
also requested to maintain maximum comfortable gape after 
swallowing to indicate that they had finished chewing. These 
procedures allowed the researchers to create a reference position 
for the analysis.

Processing of kinematic data was performed in a routine 
developed in the Matlab R2012a software so that the masticatory 
movements could be analyzed. The following variables were 
investigated: (1) masticatory sequence: duration, number of 
masticatory cycles, and chewing rate; (2) masticatory cycle: 
duration, vertical and medial-lateral mandibular range of 
motion in relation to the skull, and maximum velocity during 
the opening and closing phases.

The variables associated with the mandibular range of 
motion during chewing were assessed from the displacement 
of the chin marker (movement of the mandible) in relation to 
the reference marker located on the frontal bone of the skull 
(movement of the head) in the vertical and medial-lateral 
dimensions. The masticatory sequence begins when the chin 
marker starts its vertical downward displacement from the 
position of occlusal contact. The masticatory sequence finishes 
when the chin marker reaches the position of occlusal contact 
immediately before swallowing.

The first cycle, in which the candy was transferred from the 
tongue to the dental arch, was excluded from the analysis(22). 
For the assessment of the variables associated with the masticatory 
cycle, the first 10 masticatory cycles of the masticatory sequences 
in the habitual (HM) and deliberate unilateral (UM) right-sided 
chewing situations were considered. After plotting the graphs of 
the masticatory sequences and selecting the 10-cycle interval, 
we defined the peaks of vertical mandibular range of motion 
for the opening (maximum gape of the chin tip) and closing 
(minimum gape of the chin tip from the maximum gape) phases, 
as well as the peaks of opening and closing velocity in the 
vertical dimension (Figure 1).

The selection of valid masticatory cycles and the definition 
of mandibular opening and closing peaks, as well as maximum 
and minimum velocity peaks in each cycle of the analyzed 
segment were conducted visually in the corresponding graphs 
(Figure 1). To analyze the variables associated with the masticatory 
sequence, the entire mastication period was considered - from 
the first to the last pre-deglutition cycle (Figure 2). As the data 
of the outcome variables were normal (Shapiro-Wilk test), the 
paired t test was used to compare the data recorded during UM 
and HM. The data were compared using the Graphpad Prisma 
6.0 software. The significance level α<0.05 was adopted for 
all statistical analyses.

Cohen’s d effect size and the statistical power of the test were 
calculated post-hoc for the paired variables using the G*Power 
3.1.9.2 software. Effect size is defined by the magnitude of the 
distance between two means in terms of standard deviations, 
whereas statistical power indicates the ability of a test to find 
a difference when it exists(23).
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The magnitude of effect size has been interpreted as an 
index of clinical relevance. Thus the larger the effect size, the 
greater the difference between the groups, and the greater the 
relevance of the results. Effect sizes of 0.2, 0.5, and 0.8 have 
been described as small, moderate, and large, respectively(23). 
However, these values are only guidelines for decision making 
and should consider the characteristics of the variable under 
study(23,24). In this survey, effects sizes >0.4 were considered 
moderate and clinically relevant(24).

RESULTS

The study sample was composed of eight volunteers 
with mean age (mean±SD) of 21.12±1.64 years and BMI of 
21.76±8.26 kg/m2.

Regarding the variables of masticatory sequence, smaller 
chewing rate was observed for deliberate unilateral mastication 
(UM) compared with that for habitual mastication (HM) and the 
effect size of this difference was moderate (>0.5). However, no 
differences were observed between the chewing patterns for the 
variables associated with duration and number of cycles during 
the masticatory sequence (Table 1).

With respect to the kinematic variables of the masticatory 
cycle, no differences were observed for maximum vertical 
and medial-lateral mandibular range of motion (mm) and 
cycle duration. In contrast, smaller maximum velocity values 
in the opening and closing phases were found during UM 
compared with those during HM. Moderate and large effect 
sizes (>0.5 and >0.8, respectively) were observed for these 
variables; however, statistical significance was not reached 
(Table 2) for the opening phase.

Figure 1. Graphic representation of vertical mandibular range of motion and velocity during chewing. (a) Vertical mandibular range of motion during 
the masticatory cycles. Each masticatory cycle begins with the opening phase from the maximum elevation of the mandible until its maximum 
depression (maximum gape). The closing phase begins as the mandible moves from its maximum depression to a new position of greater elevation 
(minimum gape). The blue arrows indicate the maximum range of mandibular motion during the opening and closing phases of the masticatory 
cycle; (b) Peaks of velocity reached during the mandibular opening and closing phases
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DISCUSSION

In the present study, we compared the mandibular kinematic 
variables associated with masticatory sequence and cycles during 
deliberate unilateral (UM) and habitual (HM) mastication. 
The data herein presented can contribute to the understanding 
of how the chewing function can be reorganized in response to 
extrinsic factors, such as the imposition of an artificial masticatory 
pattern, in healthy individuals. In addition, our results suggest 

that the adoption of the deliberate unilateral masticatory pattern 
interferes with mastication performance.

The present outcomes show that chewing rate was smaller for 
UM compared with that for HM and that the effect size of this 
difference was moderate (>0.5); however, the adopted pattern 
had no effect on the duration or number of masticatory cycles.

The masticatory sequence is composed of a set of movements 
that occur from food ingestion to food bolus swallowing. 
The number of masticatory cycles required to prepare the same 

Figure 2. Graphic representation of vertical mandibular range of motion in a typical masticatory sequence. The blue arrows indicate the beginning 
and finish times of the masticatory sequence

Table 1. Description of chewing rate, number of masticatory cycles, and duration of masticatory sequence during habitual and deliberate unilateral 
mastication

Variables of masticatory sequence
Habitual Deliberate Unilateral

p value d P(%)
Mean (SD) Mean (SD)

Chewing rate (Hz) 1.29 (0.16) 1.19 (0.21) 0.004* 0.53 0.25

Duration (s) 21.27 (7.17) 21.17 (5.98) 0.942 0.02 0.05

No. of masticatory cycles 26.88 (7.84) 24.44 (5.28) 0.146 0.35 0.14
*Statistically significant values (p<0.05) - paired t test
Caption: SD = standard deviation; d = Cohen’s d, effect size; P = statistical power

Table 2. Temporal-spatial kinematic parameters of the masticatory cycle during habitual and deliberate unilateral mastication

Kinematic parameters of the 
masticatory cycle

Habitual Deliberate Unilateral
p d P(%)

Mean (SD) CI 95% Mean (SD) CI 95%

Duration (s) 0.76 (0.14) 0.65-0.88 0.73 (0.34) 0.44-1.01 0.745 0.10 0.06

Vertical range of motion (mm) 12.43 (3.11) 9.83-15.03 12.21 (2.34) 10.25-14.17 0.575 0.08 0.05

Medial-lateral range of motion (mm) 9.49 (0.87) 8.75-10.22 9.61 (1.77) 8.13-11.09 0.843 0.08 0.05

Maximum velocity in the OP (mm/s) 80.02 (17.87) 65.08-94.96 67.4 (11.96) 57.39-77.4 0.053 0.80 0.50

Maximum velocity in the CP (mm/s) 83.51 (17.2) 69.13-97.89 71.77 (9.35) 63.95-79.59 0.014* 0.79 0.48
*Statistically significant values (p<0.05) - paired t test
Caption: SD = standard deviation; CI = confidence interval; d = Cohen’s d, effect size; P = statistical power; OP = masticatory cycle opening phase; CP = masticatory 
cycle closing phase
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type of food for swallowing is relatively constant for the same 
individual. In contrast, large variations are observed between 
individuals when comparing the number of masticatory cycles 
until swallowing(13). In this context, it is worth considering that 
chewing rate is a variable that expresses the normalization of the 
number of masticatory cycles by the time spent for execution. 
It is possible that this normalization process evidenced more 
subtle differences associated with the masticatory sequence 
which were not perceptible in absolute variables such as duration 
or number of cycles. In this study, to eliminate the influence of 
running time on the kinematic variables (which varies between 
individuals), chewing rate was investigated during the first 
10 cycles. In addition, the analysis of the initial cycles of the 
masticatory sequence allows better assessment of the immediate 
(or acute) effect of attention on the chewing pattern.

Task-specific skills are progressively learned in response to 
afferent information about the direction, range and duration of 
occlusal loads during mandibular movement, as well as to the 
location of the food bolus in the oral cavity(25). Therefore, an 
explanation for the smaller chewing rate during UM would be the 
need for adjustments for which individuals are not functionally 
prepared, that is, considering that their usual UM pattern, it can 
be performed with faster opening and closing phases.

Regarding the variables of the masticatory cycle, no 
differences were found for duration as well as for vertical and 
medial-lateral mandibular range of motion in the comparisons 
conducted. The mean duration of the cycle observed in this 
study is consistent with those described in previous surveys, 
which showed variations ranging from 0.61 to 1.04 s(3,5). In order 
to maintain the total duration of the cycle stable, the neuronal 
control of the masticatory movements - central pattern generator 
(CPG) - can act by modulating the duration of the opening, 
closing and occlusal phases of the masticatory cycle(26). Although 
these modulations were not investigated in the present study, it 
is possible that they have contributed to the absence of effects 
on temporal variables such as number of cycles and duration 
of the sequence and the masticatory cycle.

The specific scientific literature describes values of mandibular 
range of motion between 10 and 13 mm during the masticatory 
cycle(27,28), similar to those observed in this study. The masticatory 
pattern adopted did not influence the mandibular range of motion 
evaluated. A possible explanation for this result may be the fact 
that there is no musculoskeletal restriction that can interfere 
with the amount of movement required to perform the proposed 
task, although the deliberate unilateral masticatory pattern is 
not physiological in these individuals.

Even though the values for vertical and medial-lateral 
mandibular range of motion were not altered, those for maximum 
vertical velocity during the mandibular opening and closing 
phases were lower during UM compared with those during 
HM. Moreover, the effect size of these variables (0.8 and 0.79) 
indicates the clinical relevance of this finding for the kinematic 
assessment of mastication in individuals who chronically adopt 
the deliberate unilateral masticatory pattern.

Habitual mastication occurs when the individual can select 
a preferred and comfortable chewing pattern with minimal 
conscious involvement. This chewing pattern is described as 
a series of unilateral masticatory strokes in which the food 
bolus is randomly displaced between the right and left sides(12). 
The CPG enables mastication with automatic muscle movement 
and activation patterns, which provide more efficient chewing 
function and lower energy expenditure(2). A previous study 
reported smaller range of electromyographic (EMG) activation of 
the masticatory muscles on the work side during UM compared 
with that during HM(12). This finding suggests more vigorous 
chewing during habitual performance, and it may also explain 
the higher values of maximum velocity achieved during HM 
observed in this study.

Corroborating these results, previous studies have shown 
positive correlation between mandibular movement velocity and 
chewing performance(15,16). This fact suggests that higher velocity 
during the closing phase of the masticatory cycle transmits a 
greater amount of energy to the food bolus, consequently allowing 
more efficient crushing. Therefore, it would be possible to infer 
that the unilateral masticatory pattern, in which lower closing 
velocity is developed, could bring losses to masticatory efficiency.

In contrast, the reduction in the chewing rate and in the 
maximum velocity achieved during the opening and closing 
phases in UM indicates that, in the adoption of this masticatory 
pattern, which is not automated for the individual, there may 
be greater awareness of the task. This can be explained by 
the cortical involvement associated with the use of cognitive 
attention strategies during this task.

Brandini et al.(29) reported that, during standardized chewing, 
there is greater involvement of voluntary motor areas of the 
cerebral cortex which act by modulating the CPG in the generation 
of the involved movements. Conversely, during HM there is 
greater relative participation of the CPG brainstem.

In this sense, UM can be understood as an extrinsic masticatory 
factor which is imposed on the individual. In view of the need 
to maintain the food bolus in one of the dental arches, new 
oral sensory-motor information about the position of the food 
bolus and the tongue must be processed. In response to that, 
adaptation occurs in the velocity reached during the opening and 
closing phases of the masticatory cycle, with possible impact 
on the chewing rate.

Effect size calculation is one of the methods utilized to determine 
the clinical relevance of the findings of a scientific research(24), 
which also allows comparison of the effect observed on variables 
that have different measurement units(30). The outcomes of this 
survey showed moderate effect size for changes in the chewing 
rate of the masticatory sequence (d=0.53) and moderate‑to‑large 
effect size for maximum velocity during the opening and closing 
phases of the masticatory cycles (d=0.8 and 0.79). These 
findings indicate acute and clinically significant influence of 
the masticatory pattern on these kinematic parameters.

In situations in which individuals need to chronically adopt 
this masticatory pattern, e.g., pain, reduction of the velocity 
associated with decreased mandibular range of motion may 
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lead to long-term elastomechanical modifications of the tissue, 
generating musculoarticular stiffness and losses in masticatory 
performance.

CONCLUSION

Kinematic variables associated with the sequence and 
cycle of mastication are influenced by the chewing pattern 
adopted - deliberate unilateral or habitual. The results suggest 
that during deliberate unilateral mastication, not automated for 
the individual, a greater cortical involvement during this task 
influenced the kinematic variables of mandibular range of motion. 
The effect of the unilateral chewing pattern on mandibular 
velocity may indirectly influence masticatory performance 
when this pattern is adopted chronically.
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