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Abstract

Loss of intervertebral disc function is considered a degenerative disease that can affect the human body systems, especially orofacial
anatomical structures. This observational study aimed to evaluate the efficiency of masticatory cycles through the electromyographic
signal of the masseter and temporalis muscles and the amplitude of mandibular movements in subjects with degeneration of the in-
tervertebral discs. Thirty-two subjects were divided into two groups: those with degeneration of the intervertebral discs (n = 16) and
the control group (n = 16). The efficiency of masticatory cycles through the electromyographic signal of the masseter and temporalis
muscles was analyzed during habitual (raisin and peanut) and non-habitual (parafilm) chewing using the linear envelope integral.
The amplitudes of mandibular movements (maximum mouth opening, right laterality, left laterality, and protrusion) were measured
using a digital caliper. A significant difference was observed between the groups (Student’s t-test, p < 0.05) in the habitual chewing of
raisins in the right (p = 0.003) and left (p = 0.005) masseter muscles. The group with degeneration of the intervertebral discs showed
greater electromyographic activity for the masseter and temporalis muscles. There was a significant difference in maximum mouth
opening (p = 0.002). The group with intervertebral disc degeneration had a lower range of mandibular movements. The authors of
this study suggest that subjects with degeneration of the intervertebral discs present deficient masticatory efficiency and a lower
range of mandibular movements. Understanding the relationship between the stomatognathic system and degeneration of anatomi-
cal structures of the spine is relevant to health science, especially when considering diagnosis, prognosis, and orofacial treatment.
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tory Muscles

Introduction Over the years, the spine can be affected by functional changes

The intervertebral disc consists of the internal nucleus pulpo-  resulting from degenerative disease of the intervertebral discs,
sus, external fibrous ring, cartilaginous endplates, and has a com- ~ which promote painful symptoms and muscle disorders [3]. In-
plex specialized tissue rich in an extracellular matrix of proteogly- ~ tervertebral disc degeneration, a progressive and chronic mus-
cans and collagen, with the ability to absorb mechanical loads and ~ culoskeletal pathology that affects 5% of the world’s population

stabilize and dampen impacts on the spine [1,2].
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throughout life, making it a disabling condition (Ravichandran et
al.,, 2022), is considered a highly prevalent public health challenge
[4] that represents the main cause of painful symptoms in the back
and neck [5].

The spine is a unique anatomical unit and is considered one
of the most vital parts of the human body, and any imbalance or
modification in its function can promote compensatory changes in
other levels of the craniocervical system [6]. Functional movement
disorders of the human body when observing the spine have har-
dly been considered from the point of view of the stomatognathic
system, which comprises dynamic and static anatomical structu-

res that are monitored by the central nervous system [7,8].

Given the above and the ability of degenerative intervertebral
disc disease to promote important changes that may compromise
the function of the human organism through systemic physiolo-
gical processes [9], it is important to understand what happens
to the stomatognathic system of people who are affected by this
disease and verify the possible impact on dynamic orofacial struc-
tures [10,11].

Therefore, this study aimed to evaluate the efficiency of mas-
ticatory cycles through the electromyographic signal of the mas-
seter and temporal muscles, and the amplitude of mandibular
movements in subjects with degeneration of the intervertebral
discs. The null hypothesis of this study was that the group with
degeneration of the intervertebral discs did not present changes in
relation to the normalized electromyographic activity of the masti-
catory cycles and amplitude of mandibular movements when com-
pared to the group without the degenerative disease. This study
presents two alternative hypotheses: the group with degeneration
of the intervertebral discs has higher normalized electromyo-
graphic activity during habitual and non-habitual chewing in the
masseter and temporalis muscles and a lower range of mandibular
movements when compared to the group without the degenerati-

ve disease.
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Material and Methods

The observational study was approved by the ethics commit-
tee of the Faculty of Dentistry of Ribeirdo Preto, University of Sado
Paulo, Brazil (process # 29014620.1.0000.5419), and all subjects

signed an informed consent form.

Sample

To determine the minimum sample size, which was 16 subjec-
ts for each group, the software G* Power 3.1.9.2 (Franz Faul, Kiel
University, Kiel, Germany) was used to calculate the sample size (a
priori) considering o = 0 .05, an effect size of 1.71, and power of

96%, applied from the pilot project with five subjects.

In this cross-sectional observational study, a total of 80 subjects
were evaluated, and following the inclusion and exclusion criteria,
36 subjects of each sex, aged between 20 and 59 years, with nor-
mal occlusion (Angle Class I), and presence of all teeth (except third
molars) without temporomandibular disorders (Research Diag-

nostic Criteria for Temporomandibular Disorders) were selected.

These subjects were divided into two groups: a group (GI) com-
prising 16 subjects (eight men and eight women) with degenera-
tion of the intervertebral discs (mean * standard deviation [SD]:
37.0 + 8.3 years), diagnosed by specialist physicians through clini-
cal and imaging examinations (magnetic resonance imaging) and
a group (GII) considered the control, comprising 16 subjects with-
out intervertebral disc degeneration (mean + SD: 37.1 * 8.6 years),
matched for age, sex, and body mass index with those of the GI
(Table 1).

The exclusion criteria were as follows: presenting neurological
and systemic pathologies, use of complete or removable dentures,
mental or physical discomfort during the evaluations, congenital
anomalies, previous spinal surgery, evidence of tumors on imaging

studies, spinal infection, and fracture and/or spinal deformities.
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Groups Age Body Mass Index
Gl 37.0+83 259+34
GII 371+86 25.6+4.3
p-value 0.96 0.83

Table 1: Differences in characteristics (mean # standard devia-
tion) between the intervertebral disc degeneration group (GI) and
the control group (GII).

Significant difference, student’s t-test (i.e., p < 0.05).

Masticatory efficiency analysis

The analysis of masticatory efficiency through dynamic evalua-
tions with regard to mastication was determined through the nor-
malized electromyographic activity of the mastication cycles of the
masseter and temporal muscles, and the linear envelope integral
was observed using the Delsys Trigno TM wireless electromyogra-
phy (Delsys, Boston, MA, USA).

Electromyographic signals (microvolts) were collected during
habitual chewing of soft food (raisins), hard food (peanuts), and
non-habitual chewing of inert material (10 s each clinical condi-
tion). The inert material consisted of a folded paraffin sheet (Para-
film M®, Pechiney Plastic Packaging, Batavia, IL, USA) (18 x 17 x
4 mm, weight 245 mg), which was inserted between the occlusal
faces of the upper and lower molars, on the right and left dental
archés [12]. The test foods belonged to the same batch and the
quantity was established by units until 5g.

The sensors were positioned on the masseter and tempora-
lis muscles according to the norms determined by surface elec-
tromyography for the non-invasive assessment of muscles [13].
The tooth clenching maneuver in maximum voluntary contraction
was performed to locate the desired motor point (muscle belly).
Before placing the sensors in the masticatory muscles, the inte-
gumentary tissue was cleaned using 70% alcohol to reduce impe-
dance [14]. The sensors were fixed after a few minutes of the skin

cleaning procedure.

The value of the linear envelope integral of the masticatory
cycles was obtained from the average of the central cycles estab-

lished during habitual and non-habitual chewing. The initial masti-
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catory cycles were not used because changes in the pattern of man-
dibular movements occurred at the beginning of the masticatory

process [12].

Range of mandibular movements analysis

A digital caliper (Mitutoyo, Santo Amaro, Sdo Paulo, Brazil) was
used to measure the range of mandibular movements considering
the patterns of maximum mouth opening, right laterality, left la-
terality, and protrusion [15]. Before carrying out the mandibular
range of motion protocol, which was performed by a single trai-
ned researcher, instructions were given, asking the participant to
remain seated, keeping the thighs parallel to the ground, and the
head positioned upright. The reference standard for examination

was the dental midline.

To measure the maximum mouth opening at the limit without
discomfort or pain, the digital caliper was positioned in the incisal
and mesial of the upper right central incisor and incisal region of the
lower right incisor, in addition to measuring the overbite. During
protrusion, the mandible was slid forward, and the horizontal
distance from the buccal aspect of the maxillary incisors to the

incisal edge of the mandibular incisors was measured.

The value of the overjet at the sagittal distance between the
incisal margins of the maxillary central incisors and mandibular
incisors in the protruded position was added to the mandibular
movement. Right and left lateralities were quantified by observing
the horizontal distance between the midline of the maxillary and
mandibular central incisors. When there was a deviation from the
midline (between the lower and upper central incisors), the appro-

priate adjustment of the measured values was used [16].

Statistical analysis

After obtaining data on masticatory efficiency through the nor-
malized electromyographic activity of the masseter and temporalis
muscles and amplitude of mandibular movements, the Shapiro-
-Wilk normality test was applied, demonstrating normality data.
Due to the need for comparisons between different research sub-
jects, the electromyographic values obtained in habitual and non-
-habitual clenching were normalized by the mandibular task of

clenching teeth during voluntary contraction.
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Normalized electromyographic data and mandibular range of
motion were subjected to statistical analysis using IBM SPSS 26.0
statistical software (IBM SPSS Inc., Chicago, IL, USA). The results
were obtained through descriptive analysis (mean and standard
error). The values obtained were compared using Student’s t-test,

and statistical significance was set at p < 0.05.

Results

The data on the linear envelopment integral of the masseter
and temporalis muscles and mandibular range of motion of the
two groups are shown in Table 2. A significant difference was ob-
served between the groups (Student’s t-test, p < 0.05) in habitual
clenching with raisins for the right (p = 0.003) and left (p = 0.005)
masseter muscles. The group with degeneration of the interver-
tebral discs demonstrated greater electromyographic activity for
the masseter and temporalis muscles (Table 2). Table 3 shows the
significant difference in maximum mouth opening (p = 0.002) be-
tween the groups. The group with intervertebral disc degeneration

had a lower range of mandibular movements.

Mandibular Mobility GI GII p-value
Mouth opening 44.02+£1.22 | 50.01 £1.44 | 0.002
Right laterality 10.12+1.46 | 11.03+1.83| 0.70

Left laterality 9.60+1.34 |11.02+1.75| 0.52
Protrusion 5.10+0.35 | 5.80+0.54 0.29

Table 2: Mouth opening, right laterality, left laterality, and pro-
trusion (millimeters) in the intervertebral disc degeneration
group (GI), presented as mean * standard error of the mean, with

p-values for comparisons to the control group (GII).

Significant difference, student’s t-test (i.e., p < 0.05).

Discussion

The null hypothesis of this study was rejected because there
was a significant difference between the groups in the normalized
electromyographic activity of the masticatory cycles during habi-
tual chewing of soft food (raisin) and maximum mouth opening,
which demonstrates that there may be a relationship between de-
generative intervertebral disc disease and dynamic structures that

make up the stomatognathic system.
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Chewing/muscle GI GII p-value
Habitual (Raisins)
Right masseter 0.75+0.05 | 0.51+£0.04 | 0.003
Left masseter 0.95+0.07 | 0.61+0.07 0.005
Right temporal 1.27+0.21 | 1.23£0.19 091
Left temporal 1.26 £0.25 | 1.21£0.15 0.86
Habitual (Peanuts)
Right masseter 0.83+0.12 | 0.56 £0.09 0.08
Left masseter 1.02+£0.14 | 0.71£0.13 0.13
Right temporal 1.49+0.17 | 1.33£0.16 0.51
Left temporal 1.36£0.18 | 1.22£0.18 0.59
Non-habitual (Parafilm)
Right masseter 0.66 +0.08 | 0.57 £0.05 0.42
Left masseter 0.89+0.15 | 0.72+0.10 0.37
Right temporal 1.15+0.16 | 1.14+0.10 0.97
Left temporal 1.21+£0.17 | 1.19+£0.13 0.93

Table 3: Electromyographic data (habitual and non-habitual

chewing) of the right and left masseter muscles and the right and

left temporalis muscles in the intervertebral disc degeneration

group (GI), presented as mean * standard error of the mean, along
with p-values compared to the control group (GII).

Significant difference, student’s t-test (i.e., p < 0.05).

One of our alternative hypotheses was that the group with dege-
neration of the intervertebral discs would have higher normalized
electromyographic activity of the masseter and temporalis muscles
during habitual and non-habitual mastication. This hypothesis was
based on the principle that degenerative intervertebral disc disease
is determined by anatomical structural failures as a consequence
of the response of cells to multifactorial situations (pro-inflamma-
tory cytokines) that promote excess catabolism, resulting in muscle
atrophy [17].

For adult skeletal striated muscle tissue maintenance, there is
a need for a balance between the rates of protein synthesis and

degradation [18]. The main characteristic of degenerative disease
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of the intervertebral discs is the increase in the levels of pro-in-
flammatory cytokines such as interleukin-6, which is secreted by
the disc cell itself, promoting matrix degradation and consequently
protein imbalance, which leads to biological implications including
muscle atrophy [19]. Muscle atrophy, in turn, occurs when the rate
of protein degradation exceeds the rate of protein synthesis [20],
which can occur in subjects who develop degeneration of the in-

tervertebral discs.

For the masticatory process dynamics to be functional, there
must be repetitive isotonic contraction movements, with isome-
tric contraction intervals [12]. During the masticatory process of
subjects with morphofunctional alterations of the stomatognathic
system, there is an increase in the recruitment of the number of
muscle fibers to perform the same function of the process conside-
red healthy, promoting an increase in neuromuscular activity. This
increase in myoelectric activity when evaluating the masticatory
cycles is considered to be deficient in the stomatognathic system
[21].

Studies that used this methodology and sampled groups with
chronic degenerative diseases showed that these diseases nega-
tively impact masticatory efficiency using the linear envelope in-
tegral of the electromyographic signal of the masticatory muscles
[22]. Deficient masticatory efficiency in subjects with interverte-
bral disc degeneration can be explained through human physiolo-
gy. Metabolism is an important process for the balance of organic
functions, especially when obtaining energy that allows the func-
tioning of the body [23]. Catabolism is a process of metabolism
involving complex organic molecules, which are transformed into
smaller molecules [24]; however, when there is an excess of ca-
tabolism, changes may occur in the skeletal striated musculature,

which triggers muscle atrophy [25].

Atrophied musculature, for example, of the masseteric muscle,
can deregulate the sensory pattern of periodontal mechanorecep-
tors, which are well-refined neuronal receptors that are important
in the function of the stomatognathic system that has integrated
dynamic structures, which are involved in the activation of mas-

ticatory muscles, leading to negative consequences in the organi-
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zation of the masticatory process [26]. This could explain the defi-
cient masticatory efficiency in the group with degeneration of the
intervertebral discs compared to the control group, where atrophy
of the masticatory muscles would influence their functional perfor-

mance [27].

Therefore, this alternative hypothesis of the study was accepted
because the group with degeneration of the intervertebral discs
presented greater normalized electromyographic activity of the
masseter and temporal muscles during mastication compared to
the control group, with a significant difference in chewing soft food
(raisin) for the masseter muscles, demonstrating worse mastica-
tory efficiency. In this study, atrophy of the masticatory muscles
and sensory information from periodontal mechanoreceptors were

not evaluated.

The results of this study demonstrated that the temporal mus-
cles showed higher normalized electromyographic activity of the
masticatory cycles compared with the masseter muscles in habitual
and non-habitual chewing in both groups. Our results are in agree-
ment with international studies that evaluated the masticatory ef-
ficiency of subjects with chronic degenerative diseases and healthy
subjects and demonstrated that the temporal muscles present this
pattern of neuroanatomical response [28]. This type of neuroana-
tomical pattern of the temporal muscles may be related to muscle
adaptations in response to numerous physiological conditions with
different etiologies [29], which could promote a functional over-
load and consequently an increase in the myoelectric activity of the
temporal muscles. This hypothesis should be addressed in future

studies to confirm our results.

The second alternative hypothesis of this study was that the
group with degeneration of the intervertebral discs had a lower
range of mandibular movements. This hypothesis was based on a
study that showed that degenerative diseases of the intervertebral
discs promote postural changes that directly reflect on the forward
posture of the head, which leads to hyperextension, causing a func-
tional imbalance in the stomatognathic system, more precisely in
mandibular movements, because the position of the head is a factor

with an impact on mandibular function [30].
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The positioning of the head is related to the usual path of ope-
ning the mouth; wherein, in the anterior position, the path of the
mouth is displaced posteriorly and, during the lateroflexion, the
path of opening the mouth deviates to the side where the head is
located [31]. Measurement of the range of mandibular movemen-
ts is relevant for assessing the masticatory system, in addition to
being an interpretation method that may have numerous variables

interfering with the result [32].

The second alternative hypothesis of this study was accepted
because there was a significant difference between the groups for
maximum mouth opening. The group with degeneration of the
intervertebral discs had a lower range of mandibular movemen-
ts (mouth opening, right laterality, left laterality, and protrusion)
compared to the control group. Mandibular movements allow
changes in intraoral spaces, allowing displacement of orofacial soft
tissues, defining several functional characteristics of the stomatog-
nathic system, especially those of masticatory performance [33].
The intact and adequate functions of the mandible associated with
the head and neck are important for maintaining mouth opening

movement as a mandibular function [34].

When structures of the spine are affected by degenerative pro-
cesses, functions of the human body systems, such as the stoma-
tognathic system, are compromised and may decrease the range of
mandibular movement that favors the presence of functional limi-
tations such as difficulty in chewing [35]. Mandible movement for
the resting task does not mean a simple mandibular opening rota-
tion movement; however, it has a great influence on the support of

the head position and body posture [36].

When considering joint dysfunction of the spine, it is relevant to
demonstrate that this anatomical structure works as a unitand can
stimulate compensatory changes in other levels of the structure
itself or the skeletal striated musculature, showing the interrela-
tionship of the stomatognathic system with the body posture that

determines the impact on mandibular kinematic function [37].

The value of the mandibular range of motion varies across

studies because different studies used different protocols in the
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assessment of craniocervical posture, given that the head posture
can compromise the range of mandibular movements [38]. In this
study, the postural assessment of subjects in both groups was not

performed.

This study presents several limitations. First, data collection oc-
curred during the COVID-19 pandemic, caused by the SARS-CoV-2
virus, which hindered the recruitment of participants. Second, the
study did not measure levels of pro-inflammatory cytokines that
could indicate muscle atrophy, nor did it assess the postural align-
ment of the head and neck-factors that might help explain the range
of mandibular movements observed in the group with interverte-

bral disc degeneration.

Conclusion

Based on the methodology used, degenerative disease of the
intervertebral discs modifies the functionality of the stomatogna-
thic system, especially when deficient habitual and non-habitual
masticatory efficiency is observed, particularly with soft food, on
the masseter muscles and lower range of mandibular movements,
highlighting the maximum mouth opening. With these data, the au-
thors show that future studies are necessary to add more scientific
evidence that can elucidate the relationship between diseases re-
lated to the spine and orofacial dynamics, depicting that there are
still gaps in knowledge in this field that encompasses the dental

and medical sciences.
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