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Abstract: Intervertebral disc degeneration is a pathological condition associated 
with the intervertebral disc and is related to functional alterations in the human 
body. This study aimed to evaluate the maximum molar bite force and masseter 
and temporal muscles thickness in individuals with intervertebral disc degeneration. 
Thirty-two individuals were divided into two groups: those with degeneration of  
intervertebral discs (n=16) and those without degeneration (n=16). The maximum 
molar bite force (on the right and left sides) was measured using a dynamometer. 
Masseter and temporal muscle thickness during mandibular task rest and dental 
clenching in maximum voluntary contraction were analysed using ultrasound. 
Significant differences in the left molar bite force (p=0.04) were observed between 
the groups (Student’s t-test, p<0.05). The intervertebral disc degeneration group 
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had a lower maximum molar bite force. No significant differences in muscle 
thickness were observed between the masseter and temporal muscles in either 
group. However, based on clinical observations, the group with intervertebral disc 
degeneration presented less masseter muscle thickness and greater temporal muscle 
thickness in both mandibular tasks. Degenerative disease of  the intervertebral discs 
promoted morphofunctional changes in the stomatognathic system, especially in 
maximum molar bite force and masticatory muscle thickness. This study provides 
insight into the interaction between spinal pathology and the stomatognathic system, 
which is important for healthcare professionals who treat patients with functional 
degeneration.

Introduction
Intervertebral discs are anatomical structures that form part of  the vertebral column 
and are composed of  the fibrous ring, nucleus pulposus, and cartilaginous end 
plates. They are indispensable in the union of  adjacent vertebrae that allow flexion, 
extension, and rotation movements, without sacrificing a large amount of  force, thus 
providing shock absorption within the spine (Prescher, 1998; Zvicer and Obradovic, 
2018).

With aging, the spine, regardless of  the region (cervical, thoracic, lumbar, or 
sacral), may face functional changes resulting from degeneration of  the intervertebral 
discs, promoting postural imbalance with painful symptoms (Truszczyńska et al., 
2016; Ji et al., 2020).

Degenerative disease of  the intervertebral discs, considered progressive and 
chronic, is characterized by dehydration of  the discs and alterations in the load 
distribution in the spine, promoting structural degradation of  the healthy matrix that 
promotes the appearance of  muscle dysfunction (Rustenburg et al., 2019; Cannata 
et al., 2020).

The etiopathogenesis is multifactorial and is mainly associated with genetic factors, 
smoking, aging, sedentary lifestyle, and obesity (Russo et al., 2017), affecting about 
60 to 85% of  adults at some stage of  life, making them disabled with a negative 
impact on the quality of  life, with great socioeconomic impact on the population 
(Cheung and Luk, 2019), and represents an important cause of  morbidity and 
mortality in daily clinical practice (Kos et al., 2019).

Intervertebral disc degeneration is one of  the main factors contributing to 
painful symptoms in the neck and back and is characterized by increased levels 
of  pro-inflammatory cytokines secreted by intervertebral disc cells that promote 
extracellular matrix degradation, chemokine production, and changes in cell 
phenotype (Risbud and Shapiro, 2014; Abdollahzade et al., 2018).

When considering the degeneration of  intervertebral discs, it is important to 
emphasize that the spine works as a single unit and its functional imbalance can 
provide compensatory changes in other levels of  the spine itself  or in other areas 
of  the skeletal muscle system, demonstrating that the human organism is considered 
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a functional anatomical set, and any musculoskeletal impairment can affect other 
systems, such as the stomatognathic system (Spadaro et al., 2014).

Thus, the orofacial or adjacent dynamic structures of  the stomatognathic system 
have become an important tool for functional assessment that can explain the 
relationship that exists between the systems of  the human body when it is affected 
by chronic degenerative diseases (Donizetti Verri et al., 2019).

Therefore, the aim of  this study was to evaluate the maximum molar bite force 
and masseter and temporal muscle thicknesses in individuals with intervertebral disc 
degeneration. The null hypothesis of  this study was that the group with degeneration 
of  the intervertebral discs would not present changes in relation to the maximum 
molar bite force and masseter and temporal muscle thickness when compared to the 
group without degenerative disease. This study presents two alternative hypotheses: 
1) the group with degeneration of  the intervertebral discs has a lower maximum 
molar bite force, and 2) a lower thickness of  the masseter and temporal muscles 
compared to the group without degenerative disease.

Material and Methods
Study design and sample
This comparative cross-sectional observational study analysed the maximum 
molar bite force and masseter and temporal muscle thickness in subjects with and 
without intervertebral disc degeneration. Data for this study were collected at the 
Laboratory of  Electromyography of  the Department of  Basic and Oral Biology, 
Faculty of  Dentistry of  Ribeirão Preto, University of  São Paulo (FORP/USP). All 
subjects were informed about the purpose and stages of  the research and signed 
a free and informed consent form approved by the FORP/USP ethics committee 
(process # 29014620.1.0000.5419).

G* Power 3.1.9.2 software (Franz Faul, Kiel University, Kiel, Germany) was used 
to calculate the sample size (a priori) considering α = 0.05, effect size of  1.71, and 
power of  96% for the main result of  the maximum left molar bite force by the pilot 
project of  this study with five subjects. The minimum sample size obtained was n=16 
for each group.

From a total of  80 evaluated subjects aged between 20 and 59 years, 
normal occlusion (Angle Class I), presence of  all teeth (except third molars), 
absence of  temporomandibular dysfunction (Research Diagnostic Criteria for 
Temporomandibular Disorders), and following the inclusion and exclusion criteria, 
16 subjects (8 women and 8 men) were selected to compose the group with 
intervertebral disc degeneration (GI) with a mean age ± standard deviation of  
37.0 ± 8.3 years.

The diagnosis of  intervertebral disc degeneration was confirmed by specialist 
physicians with the issuance of  reports, clinical examinations, and images. The 
subjects in the group with degenerative intervertebral disc disease had vertebral 
dysfunction and instability.
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The control group consisted of  16 subjects without intervertebral disc 
degeneration (8 women and 8 men) (GII) with a mean age ± standard deviation of  
37.1 ± 8.6 years. The groups were individually matched for sex, age, and body mass 
index (Table 1).

Subjects who presented with neurological and systemic pathologies, use of  full 
or removable dentures, mental or physical discomfort during the assessments, 
congenital anomalies, previous spinal surgery, evidence of  tumours on imaging 
examinations, spinal infection, fracture, and/or spinal deformities were considered 
ineligible. The participants in this study were selected from November 2019 to 
October 2021.

In this study, the analytical procedures were performed by a single researcher. 
Personal protective equipment was used in each examination: procedure gloves, 
laboratory coat, face shield, mask, and cap. Inter-examiner reliability was calculated 
using the intraclass coefficient (ICC). Reliability was considered acceptable for 
maximum molar bite force (ICC = 0.92) and muscle thickness (ICC = 0.99).

Bite force analysis
The recordings of  the maximum right and left molar bite forces were performed 
with a digital dynamometer (Kratos, model IDDK, Equipamentos Industriais Ltda., 
Cotia, São Paulo, Brazil) adapted to the oral condition. The equipment consisted 
of  two rods with Teflon discs at the ends on which the maximum bite force was 
captured.

The recorded molar bite force was displayed on the digital screen of  the device 
in Newton (N). The molar bite force was measured with the subject seated in a 
comfortable chair, with the palms of  the hands resting on the thighs. After each 
recording, the latex fingertips (Wariper-São Paulo, Brazil) were changed, and the 
device was cleaned with 70% alcohol. A biosafety protocol was applied for each 
protocol.

The subjects performed the tests by biting the equipment before the official 
collection of  the bite force data to ensure the reliability of  the procedure. 
Measurements were performed in the region of  the right and left first permanent 
molars (Palinkas et al., 2010; Alam and Alfawzan, 2020). The subjects were asked 

Table 1 – Differences in characteristics (mean ± standard deviation) 
between the group with intervertebral disc degeneration (GI)  
and the control group (GII)

Groups Age Body mass index

GI
GII
P-value

37.0 ± 8.3
37.1 ± 8.6

0.96

25.9 ± 3.4
25.6 ± 4.3

0.83

significant difference, Student’s t-test (i.e. p<0.05)
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to bite the rods three times, with maximum effort, resting for 2 min between each 
recording and changing the right and left sides to avoid any influence of  muscle 
fatigue (Bonjardim et al., 2009). The maximum molar bite force corresponding to the 
evaluated side was used as data.

Masseter and temporal muscles thickness analysis
Ultrasonographic images of  the masseter and temporal muscles were obtained at 
rest and during dental clenching in maximal voluntary contraction while the subjects 
were sitting upright with their heads naturally positioned, using a portable ultrasound 
device (NanoMaxx; SonoSite Inc., Bothell, WA, USA) with a 13-MHz linear 
transducer (Bertram et al., 2003).

The location where the examination was performed was silent, with limited 
light for better visualization and capture of  ultrasound images. Orientation was 
given to individuals participating in the study to remain calm during data collection. 
The location of  the masticatory muscles was revealed by the application of  digital 
palpation force (Palinkas et al., 2010; Gomes et al., 2022).

The linear transducer was coated with colourless conductive ultrasound gel to 
eliminate air between the device and the surface of  the integumentary tissue, which 
could interfere with the capture of  the ultrasound image. Considering that the belly 
of  the masseter muscle is located approximately 2.75 cm above the mandibular 
angle, towards the upper eyelid and the anterior portion of  the temporalis muscle, 
approximately 1.25 cm behind and above the external angle of  the eye, the 
transducer was positioned transversely to the direction of  the muscle fibres (da Silva 
et al., 2017).

Three ultrasound images were obtained from the masseter and temporal muscles 
during the mandibular tasks, with an interval of  2 min between each image (Righetti 
et al., 2020). In view of  the three measurements obtained, the means were 
calculated, and the values obtained, in centimetres, and were used in the study.

Method error
To ensure the reliability of  the results, Dahlberg’s formula (Houston, 1983) was 
used. The bite force and muscle thickness were calculated using the records of  five 
subjects and obtained during two different periods, with a period of  7 days. Small 
differences were observed in measurements between the first and second sessions 
for molar bite force, with the average of  the three bites computed for the right and 
left sides (6.68%) and muscle thickness (5.22%).

Statistical analysis
Data were analysed using IBM SPSS 26.0 statistical software (IBM SPSS Inc., Chicago, 
IL, USA). The Shapiro-Wilk test was used to demonstrate whether the variables 
maximal molar bite force and masseter and temporal muscles thickness at rest, and 
dental clenching in maximal voluntary contraction were normally distributed. As the 
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data showed a normal distribution, Student’s t-test was applied to verify differences 
between variables. Statistical significance was set at p<0.05.

Results
The maximum bite force and masseter and temporal muscle thickness of  the two 
groups are shown in Table 2. Significant differences were observed in the maximum 
left molar force (p=0.04). The GI group had a lower maximum molar bite force. 
No significant differences in muscle thickness were observed in the masseter and 
temporal muscles between the groups during the jaw and jaw tasks. However, from 
clinical observations, the GI presented less thickness for the masseter muscles and 
greater thickness for the temporal muscles in both mandibular tasks.

Discussion
The null hypothesis of  this study was rejected because there were significant 
differences between groups for maximum molar bite force, demonstrating the 
relationship between degeneration of  anatomical structures and functionality of  the 
human body systems.

One of  our alternative hypotheses was that the group with degeneration of  
the intervertebral discs would have a lower bite force. This hypothesis was based 
on research demonstrating that degenerative diseases of  the intervertebral discs 
release circulating inflammatory mediators, such as interleukin-6, which is associated 
with symptomatic disorders and is considered a harbinger of  sarcopenia and 

Table 2 – Differences in mean values (± standard deviations) of variables 
between groups

Variables GI GII P-value

Bite force (N)
Right
Left

321.56 ± 108.75
337.15 ± 102.18

396.38 ± 148.27
420.70 ± 125.91

0.11
0.04

Muscle thickness (cm)

Rest
RM
LM
RT
LT

0.89 ± 0.18
0.87 ± 0.15
0.56 ± 0.17
0.58 ± 0.19

0.90 ± 0.09
0.90 ± 0.16
0.53 ± 0.20
0.57 ± 0.20

0.75
0.59
0.71
0.86

MVC
RM
LM
RT
LT

1.22 ± 0.15
1.29 ± 0.25
0.67 ± 0.19
0.68 ± 0.19

1.30 ± 0.20
1.31 ± 0.22
0.64 ± 0.18
0.66 ± 0.19

0.18
0.79
0.64
0.68

GI – degeneration of  intervertebral discs; GII – control; RM – right masseter; LM – left masseter; RT – right temporalis; 
LT – left temporalis; MVC – maximum voluntary contraction; significant difference, Student’s t-test (i.e. p<0.05)
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changes in the functional capacity of  skeletal striated musculature (Lin et al., 2021; 
Mehta et al., 2021). These factors can reduce muscle tissue and strength because 
of  interleukin-6-induced atrophy in myotubes (Teixeira et al., 2021). Therefore, 
the first hypothesis of  this study was accepted because GI showed a decrease in 
the maximum molar bite force with a significant difference on the left side compared 
to GII.

Continuous inflammation that affects anatomical structures, such as the 
intervertebral discs, resulting from an inadequate reaction against self-molecules, 
releases cytokines that transmit stimulating, modulating, and inhibitory signals to cells 
of  the immune system (Podichetty, 2007). Activation of  innate or adaptive immunity 
associated with degeneration episodes can provide inadequate repair responses that 
accompany disease progression and, consequently, can cause functional alterations 
in integrated systems (Waisman et al., 2015; Tezel, 2022). Circulating cytokines 
produced by macrophages, T cells, and monocytes interact with specific receptors 
on various types of  cells and stimulate JAK-STAT signalling pathways that promote 
an inflammatory response involving cell adhesion, permeability, and apoptosis (Wang 
et al., 2012).

The inflammatory process is associated with increased plasma levels of  cytokines, 
which damage the human body, and their release into the bloodstream contributes 
to the maintenance of  inflammation, often promoting an increase in muscle fibrosis 
that causes fatigue and tissue changes, such as loss of  muscle mass (Zhang et al., 
2021). Several clinical conditions that circumvent signal propagation inside the cell 
can lead to apoptosis and reduced activation of  satellite cells responsible for muscle 
regeneration, leading to the loss of  muscle tissue (Ni and Yang, 2022).

These physiological conditions could explain the decrease in maximum molar bite 
force in the GI. In this study, circulating levels of  cytokines in the human body were 
not quantified, and masticatory muscle fatigue was not measured.

Another important factor that may have influenced the lower molar bite force in 
the GI tract was the aging process that affects the spine, resulting from dehydration 
of  the intervertebral discs, in which the ability to act as shock absorbers between 
the vertebrae is lost (Vital et al., 2021). The spine can undergo degenerative changes 
and morphological changes over the years (Prescher, 1998).

An understanding of  the postural mechanism, which is expressed in countless 
positions, is obtained when the idea of  the human body as a single functional unit, 
in which the ligaments and muscles act on the joints, promotes muscle tensions 
that they exert with equal power in both extremes of  the muscle fibres, to produce 
momentary immobility of  the body over the years (Tecco et al., 2007; Donizetti 
Verri et al., 2019).

When degenerative processes affect spinal structures, they can cause instability 
and consequently affect the stomatognathic system (Kielnar et al., 2021). The 
inappropriate position of  the head, for example, due to degenerative diseases of  the 
spine modifies the craniocervical and craniomandibular biomechanical relationships, 
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which can compromise the position of  the mandible, modifying, for example, the 
occlusion with a direct impact on muscle strength (Lee et al., 2021). This may 
explain the lower molar bite force in the GI group. Postural assessments were not 
performed in this study.

Our second alternative hypothesis was that the GI presented smaller masseter and 
temporal muscle thickness during the analysis of  mandibular tasks. This hypothesis is 
based on the aging of  the human body, which includes adverse situations promoting 
organic dysfunction, such as mitochondrial dysfunction (Vergroesen et al., 2015), 
which triggers changes in the mitochondrial proteolytic system, dynamics, and 
mitophagy that induce the production of  pathways that affect muscle tissue and 
functional performance (Romanello and Sandri, 2021).

The second hypothesis of  this study was rejected because there were no 
significant differences between groups in the evaluation of  masticatory muscle 
thickness during mandibular rest tasks and dental clenching during maximum 
voluntary contraction. These results corroborate the scientific finding that there 
were no significant differences between the groups with chronic degenerative disease 
and controls when comparing the masseter and temporal muscle thickness (Righetti 
et al., 2020).

However, in clinical observations, it was noted that GI had a smaller thickness 
for the masseter muscles and greater thickness for the temporal muscles in both 
mandibular tasks when compared to the control group. Degenerative diseases of  the 
intervertebral discs may be related to changes in the composition of  striated skeletal 
muscle tissue as a result of  aging and physiological processes that affect the systems 
of  the human body (Borisov and Carlson, 2000).

The masseter muscle is a dynamic anatomical structure that comprises the 
masticatory muscles, elevating the mandible against the maxilla and exerting 
masticatory force (Almukhtar and Fabi, 2019). As mentioned before, hypotheses 
would explain the smaller thickness of  the masseter muscles of  subjects with 
intervertebral disc degeneration when the activation of  innate or adaptive immunity 
and the release of  inflammatory mediators in the bloodstream are observed, 
producing morphological consequences (Waisman et al., 2015).

Another situation could explain the smaller thickness of  the masseter muscles in 
the group with degeneration of  intervertebral discs. We have to surmise that the 
systems interact with each other, and any functional modification can affect adjacent 
anatomical structures (Sun et al., 2021). Studies have reported that subjects who 
develop intervertebral disc degeneration can develop mitochondrial dysfunction 
that leads to cell energy failure, increased oxidative stress, and apoptosis, impacting 
homeostasis (Saberi et al., 2021).

Oxidative stress contributes to muscle atrophy, increasing proteolysis and/or 
depressing protein synthesis (Shcherbik and Pestov, 2019). This could justify the 
smaller masseter muscle thickness in the group with intervertebral disc degeneration. 
The degree of  oxidative stress was not measured (Powers et al., 2012).
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We could also explain the clinically obtained results in relation to masseter muscle 
thickness in the group with intervertebral disc degeneration through the increase 
in apoptosis, mainly of  the myonuclei, due to the inflammatory process during the 
development of  degenerative diseases that contribute to the decrease in muscle 
tissue (Sudo and Kano, 2009).

Clinical evaluation of  the temporal muscle thickness during mandibular rest tasks 
and dental clenching in maximum voluntary contraction showed greater thickness 
in GI than in GII. How can we explain this morphological pattern in the temporal 
muscles of  the GI tract?

The analysis of  the striated skeletal muscle tissue is an essential factor in the 
functional understanding of  many diseases related to organic systems (Donizetti 
Verri et al., 2019; Katsuki et al., 2021) and observing the temporal muscle 
thickness can show the relationship with morphology, occlusion, and disorders 
of  the temporomandibular joint, being a fundamental factor in the study of  the 
stomatognathic system (Blicharz et al., 2021).

There is a hypothesis that could explain the reason for the greater thickness of  
the temporal muscles, assuming that neuronal control during movements of  muscle 
groups is jointly controlled by the nervous system as a synergistic functional entity, 
where functional and morphological patterns are balanced to perform similar 
functions (Desrochers et al., 2019).

When a muscle is affected by morphological changes resulting from the 
degeneration of  the human body, the synergistic muscle can be influenced by its 
function, promoting muscle hypertrophy resulting from the time of  tension it 
is subjected to maintain its function ( Joanisse et al., 2020). This can be used to 
interpret the greatest temporal muscle thickness.

This study had some limitations. One of  the limitations was conducting this 
research during the coronavirus disease 2019 pandemic caused by the novel 
coronavirus (SARS-CoV-2), which rendered participation in this study difficult. 
Another limitation is failure in quantifying the circulating levels of  cytokines in the 
human body, which could explain the reduction in muscle tissue and strength, as well 
as failure to measure the muscle fatigue process and the degree of  oxidative stress 
that could justify the loss of  muscle tissue.

Conclusion
The results of  this study suggest that degenerative disease of  the intervertebral 
discs alters the morphofunctionality of  the stomatognathic system, with an emphasis 
on the lower maximum molar bite force, especially on the left side. Although the 
masseter and temporal muscle thickness did not differ significantly, there is clinical 
evidence that the degenerative disease can modify the morphology of  the masseter 
and temporal muscles. This research allows us to guide new lines of  scientific 
research on the stomatognathic system of  subjects with degenerative intervertebral 
disc disease related to our hypotheses, which would explain the results of  this study 
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and produce relevant information for health science. Therefore, future studies are 
needed to interpret the findings of  this study, which show that there is still a gap 
between dentistry and medicine, considering the pathology that affects the spine and 
the dynamic structures of  the stomatognathic system.
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