ACTA SCIENTIFIC DENTAL SCIENCES (ISSN: 2581-4893)
Volume 5 Issue 8 August 2021

Review Article

A Review of Brodie’s Theory and a Reinterpretation of the Muscular
Relationship between the Stomatognathic System and Posture

Collin DW da Costa* and Timothy D] da Costa
Received: June 09, 2021

Published: July 09, 2021
© All rights are reserved by Collin DW da
Costa and Timothy DJ da Costa.

Department of Dentistry, Dentist at Studio Dentistico Ass. da Costa-de Clrecq, Italy

*Corresponding Author: Collin DW da Costa, Department of Dentistry, Dentist at
Studio Dentistico Ass. da Costa-de Clrecq, Italy.

Abstract

The muscular-physiology of the stomatognathic-postural system is a studied subject since 1940. Starting from the first consider-
ations on the subject made by Dr A.G. Brodie, the authors of this review wanted to deepen the understanding of the connections and
function of this complex system, which is made up of different interconnected systems. This review emphasises the importance of the
link between mandibular posture and biomechanics and the biomechanics of the cervical spine through 5 main muscle groups: the
hyoid muscles, the mastication muscles, the sub-occipital muscles, the cervical extensors and the flexor muscles of the neck. There-
fore, the functional unit of the stomatognathic-postural system is a functional regulating unit, while various different systems (di-
gestive, musculoskeletal, respiratory and psychological) carry out part of their activity through it. By Functional Regulating Unit we
mean a system that is able to offset various bodily activities carried out within the same muscular-physiological unit of the organism
within functional limits and which, without that system, could lead the human body to have an altered balance due to dysfunctions of
one or more of these five muscle groups. The collaboration between the dentist and the therapist should, therefore, be based on the
restoration of the correct neuro-muscular physiology of this Unit, where the dentist corrects the occlusal system and the therapist

the muscular structures (five muscle groups, TM] and upper cervical spine) system.
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Introduction The first researcher to study this relationship was Brodie A.G.

Brodie’s theory and the muscular relationship between the

stomatognathic system and posture

The anatomical-functional relationship between the cervical
spine, mastication and swallowing is of great importance, both
in the field of manual therapy and dentistry. In recent years there
has been an ever-growing interest in this subject, but it is mainly
studied in the dysfunctional and pathological field. Often are many
different muscles involved and this makes it difficult to make a di-

agnosis and the therapeutic approach is even more complex.

who, with his famous Brodie’s Theory, represents the beginning of
the study of the muscular relationship between the stomatognathic
system and posture. According to this rheumatologist, the skeletal
components of the head and neck are not balanced. Consequently,
the musculature is essential to compensate for the imbalances in
mass and weight thatarise. This lack of balance is due to the fact that
the centre of gravity of the head is located anteriorly to the atlanto-
occipital joints, which correspond to the head's support points on

the cervical spine. Therefore, the head tends to fall forward in the
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upright and resting position because most of the weight of the head
is located in front of the fulcrum. Consequently, in order to keep
the head in a vertical position, the musculature that connects the
back of the skull to the cervical section of the spinal column and the

shoulder girdle (cervical extensors) must be tensed.

These muscles are able to raise the individual's angle of vision
to the horizon. However, this action is counteracted by the group
of antagonists located in the anterior region of the neck and skull.
These are the flexor muscles of the cervical spine and the sterno-
cleidomastoid muscles. Between these two muscle groups are the
swallowing, mastication and sub-occipital muscles, which act in a

synergistic or antagonistic way for the first two groups.

Using the Brodie’s Theory, it is possible to understand how the
anterior neck muscles can be in contact with the cervical section of
the spinal column and with the interposed bone and muscle struc-
tures [1].

Figure 1: In the image on the side you can see the famous
Brodie Theory, which connects the skull posteriorly with the
cervical spine and the shoulder girdle and anteriorly with the
mandible and the hyoid bone. The muscle groups involved are
the cervical extensors, mastication muscles, suprahyoid and

infrahyoid muscles.
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The authors of this article have decided to use both scientific
articles and textbooks that report data provided by scientific ar-
guments. Information published from 1950 up to the recent news
published in 2020 is used. There are 37 bibliographic sources and
27 of them are articles published in medical journals. The most

consulted scientific journals for this study are the following:
e Journal of Cranio-Mandibular Practice (5 researches);

e Journal of Oral Rehabilitation (4 researches);

For a better understanding of the anatomical-physiological re-
lationship of the stomatognathic-postural system, we have divided

this functional unit into 6 subjects:
Mastication and swallowing;
Mastication and cervical spine muscles;

Swallowing-Mastication-Cervical Spine System;

1

2

3

4. Opening and closing the mouth;

5. Swallowing in relation to the cervical spine;
6

Mandibular posture, upper cervical spine and mid-lower

cervical spine.

Finally, we tried to integrate the various conclusions in order
to be able to reconstruct the various components of the stomato-
gnathic-postural system in a single functional unit so as to under-

stand what they do.

Analysis of the 6 subjects

The stomatognathic system

If the function of other systems is easy to identify, it is not so
easy to understand what the function of the stomatognathic system
is. For example, the digestive system's function is to insert food into
the body and transform it into energy that can be used by the body
itself.

The word "Stomatognathic" is composed of stomato and gnath-
ic. These are two words of Greek origin, where stoma derives from
stomato, which means mouth, while gnathic derives from gnatos,

which means mandible [2].

The stomatognathic system is a functional and anatomical unit
between the teeth, the maxillary bones, the temporomandibular
joints and the mastication muscles [3]. The temporomandibular

joints, muscular and ligamentous structures create the direct con-

Citation: Collin DW da Costa and Timothy DJ da Costa. “A Review of Brodie’s Theory and a Reinterpretation of the Muscular Relationship between the
Stomatognathic System and Posture". Acta Scientific Dental Sciences 5.8 (2021): 09-17.



A Review of Brodie’s Theory and a Reinterpretation of the Muscular Relationship between the Stomatognathic System and Posture

nection with the cervical spine, forming the "cranio-cervico-man-
dibular complex" [4]. The extensive neurological afferents and ef-
ferents of the stomatognathic system represented at the level of the
large motor and sensory areas of the orofacial area of the cerebral

cortex are also part of this complex functional unit [5].

Therefore, by stomatognathic system, we mean that system ca-
pable of carrying out all the functions related to the oral cavity and,
in particular, the mandible. This includes mastication, swallowing,

breathing, speaking, yawning and facial expressions [6].

The relationship between mastication and swallowing

In 1998 Professor Koole P [7] published an electromyographic
study where he analysed the following muscles: temporalis, mas-
seter, medial pterygoid, digastric, mylohyoid and geniohyoid. In
this study intramuscular and surface electrodes were applied. The
use of intramuscular electrodes allows the interference of other
muscles to be removed. However, the biggest problem with this
study was the limitation with an intramuscular electrode: rather
than all muscle activity being recorded, only part of it was, and that
part was unclear. Therefore, during the study, it was necessary to
insert a greater number of intramuscular electrodes within the
same muscle. Patients had to chew gum first on one side, then on
the other side, and finally bilaterally. The test began with the first
mastication gum action and finished with the first saliva swallow-
ing action. Registration between one side and the contralateral side

was done after 10 minutes to avoid fatigue factors from occurring.

In opening the mouth, the geniohyoid, mylohyoid and digastric
muscles, i.e. the swallowing muscles are mainly involved. Mean-
while, in the mouth's closing movements, the temporalis, masseter
and medial pterygoid muscles, meaning the masticatory muscles,
contract. This demonstrates how these muscles perform an antag-

onistic effect.

Mastication and cervical spine muscles

As early as 1970 Funakoshi and Amano [8] published a study
where they linked mastication and the cervical spine in mice. They
studied the influence of the tonic cervical reflex on the mastication
muscles in mice where the labyrinths were destroyed after decer-
ebration. Electrical activity in the mastication muscles increased or
decreased in response to rotational or flexion movements of the
cervical spine. They concluded that the tonic cervical reflex has an

effect on the mastication muscles.

11

Urbanowicz [9] established that there is a relationship between
temporomandibular muscles and joints, on the one hand, and the
muscle length and joint position of the occiput and upper cervi-
cal spine, on the other. He found that reducing the vertical dimen-
sion (Author's Note: followed by a shortening of the mastication
muscles) causes a shortening in the suboccipital muscles (reducing
the space between the occiput and atlas, therefore extending the
occiput on the atlas). This research allows us to understand how
hypertonia in the mastication muscles causes hypertonia in the

sub-occipital muscles.

The swallowing-mastication-cervical spine system

In 1983 the physiotherapist Mariano Rocabado [10] wrote in an
article: "the position of the hyoid bone is clearly connected to the

skull, the mandible and the cervical spine".

In this context, the research published by Valentino B and con-
tributors [11] who was able to demonstrate via an electromyo-
graphic examination in 1990, that an alteration of the mandibular
posture modifies the function of the cervical, dorsal and lumbar

paravertebral muscles, is clearly of interest.

Subsequently, research carried out in 1993 by Esposito and
Meersseman [12] made it possible to link the tongue with posture:
"an alteration of the position of the tongue, whether resting or in
use, not only causes an alteration in the position of the cervical
spine and the position of the head, but also on the posture of the
scapulohumeral joints. The authors believe that, in this case, the

omohyoid muscle is responsible.

The publication of Bracco., et al. [13] in 1998 was also impor-
tant, as they carried out a study using a stabilometric platform to
understand whether changing from centric to myocentric occlu-
sion made positive or negative changes to posture. The conclusion
of this publication was that there is a significant improvement in

the position of the centre of gravity in the individual analysed.

The research published in 1992 by Huggare ]., et al. [14] in this
area was crucial, since it was established that there is a relation-
ship between the muscular system of mastication and the muscles
that support the head. More specifically, Ohmure H [15] published
an article in 2008 where he explained that a forward head posture
is associated with retroposition of the mandibular condyle. This

conclusion highlights how hypertonia affecting the temporalis
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muscles determines a posterior posture of the mandible, on the
one hand, and how, on the other, the anteposition of the head is
mediated by an inhibition of the cervical extensors and hypertonia
for the sub-occipital muscles, on the other hand, in order to ensure

correct vision and thus guarantee balance.

Opening and closing the mouth

When we try to open our mouths, a small extension at the level
of the atlanto-occipital joint is considered physiological. This is
also easily imaginable due to the simple fact that the descent of the
mandible for opening the mouth leads to a compression of the sub-
mandibular tissues, which is not problematic in the initial phase,
but becomes complex at the end. For this reason, when opening the
mouth, in addition to the mandible descending, an extension of the
occiput on the atlas also occurs in order to avoid compressing the

submandibular tissues.

This concept is also reiterated by Ranaudo [16] in his text "Rif-
lessioni sulla Lingua" when he states: "both in the extreme opening
and in the final part of the oral phase of swallowing, a small exten-
sion movement is clinically noted at the level of the upper cervical;
that is, of the atlanto-occipital joint. This movement is to be consid-

ered physiological".

Research done by Professor Eriksson [17] at the University of
Umea in Sweden confirms this assertion. Using a three-dimension-
al optoelectronic system, he measured the extension movement
of the head in the cervical spine during the opening and closing
movements of the mouth. The opening of the mouth was always
accompanied by an extension of the cervical spine, while its closure
was always accompanied by a flexion of the cervical spine. Accord-
ing to this study, the opening movement of the mouth is due to a
50% extension of the cervical spine, while the remaining 50% is
due to a lowering of the mandible. The results of this research led
the author of this study to assume that there is a direct functional

connection between the trigeminal nerve and the cervical spine.

To bring the optical plane back to a horizontal position during
the closing movement, there is also a slight flexion movement of
the cervical spine, which is only the return to the physiological

atlanto-occipital position.

It is evident that the sub-occipital muscles play a decisive role
in this relationship between the opening and closing movements of

the mouth and the flexion-extension of the atlanto-occipital joint.

12
Swallowing in relation to the cervical spine

For a correct physiology of the oral phase of swallowing, it is
necessary to have not only a good stabilisation of the mandible
against the upper maxilla, a good lip seal and a correct posture
of the tongue on the palate, but also good stability in the cervical
spine and of the head on the neck. The stabilisation of the neck and
head by the cervical multifidus muscles and the flexion-extensor
muscles of the head and neck is only possible starting from the cor-
rect resting posture of the cervical spine and consequent normal
values of the atlanto-occipital joint when at rest [18]. The cervical
spine reduces the physiological lordosis during the act of swallow-

ing [16] and this occurs through inhibiting the cervical extensors.

Mandibular posture, upper cervical spine and mid-lower cer-
vical spine
The typical conformation of the cervical spine involves its dif-

ferentiated use:

1. The upper cervical spine (Occiput-C1-C2) These skeletal ele-
ments are related to each other by means of a complex ar-

ticulated joint with three axes and three degrees of freedom;

2. The lower part that goes from the lower plate of the axis to

the superior one of the first dorsal vertebra [19].

This consideration also involves a necessary muscular distinc-

tion:

1. The sub-occipital muscles that regulate the small adaptive
movements in the upper part of the spine and that can deter-
mine an extension in the tract between C0-C1 and a rotation
of C1 on C2. The superior oblique of the head, the Rectus Mi-
nor and Major are used more frequently as postural muscles

than as primary movers [20];

2. The cervical extensors, including the superior trapezius,
which, if contracted monolaterally, are able to cause a lateral
inclination ipsilaterally or, if activated bilaterally, cause an

extension of the cervical spine from C3 to C7 [21].

When a person has a deep bite with a consequent mandibular
retrusion, one of the main consequences is an inhibition of the
extensor muscles of the neck. This is indirectly demonstrated by
research conducted by the British Association of Oral and Maxillo-
facial Surgeons, who noted how the cranio-cervical inclination in-

creased following an anterior correction of the mandible retruded
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in the sagittal plane [22]. The increase in cranio-cervical inclination
results in an extension of the occiput over the atlas and requires an
increase in the activity of the sub-occipital muscles. A similar re-
sult, but in the opposite direction, was also drawn by Moya and Ro-
cabado [23] at the University of Chile in 1994. They used the splint

device in 15 subjects and drew two conclusions:

1. A significant reduction in lordosis in the upper part of the
cervical spine (the authors speak of C1-C2-C3, but since an
extension movement between C1 and C2 is not possible, this
means that the relationship between the occiput and the at-
las is mainly modified and slightly modified even between

the second and third cervical vertebrae);

2. An increase in the extension in the rest of the cervical lor-

dosis.

This conclusion involves a fundamental reflection: in relation
to the mandibular posture, the sub-occipital and cervical exten-
sors perform an antagonistic function. The mandibular protrusion
movement involves a flexion of the occiput on the atlas and an ex-
tension from C3 to C7, while the mandibular retrusion determines

the opposite movement.

Postural-stomatognathic integration

The preceding work is the basis of the physiology of interac-
tion between the stomatognathic system and the upper part of the
cervical spine. Lowering the mandible is mainly mediated by the
following muscles: digastric, geniohyoid and the lower belly of the
external pterygoid muscle [24]. This implies that the antagonists of
these muscles, namely the temporalis, masseter and medial ptery-
goid, are inhibited and are consequently in a state of hypotonia, act-
ing as antagonist muscles on the former. Similarly, the mastication
muscles (except the lower belly of the external pterygoid muscle)
can be defined as antagonists of the extensor muscles of the upper
part of the cervical spine. Thus, ultimately, the suprahyoid muscles
and the cervical extensors can be defined as synergistic, while the

masticatory muscles are defined as antagonists [2].

Another group of antagonists at this point is represented by
the flexor muscles of the neck, including the sternocleidomastoid.
Gadotti [, et al. [25] published an electromyographic study in 2020
where they concluded that a Forward Head Posture, namely, the

classic anteposition of the head, determines an increase in activ-
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ity in the temporalis and masseter muscles. Since this head pos-
ture is mainly mediated by hypertonia of the sternocleidomastoid
muscles, it can be said that the flexors and mastication muscles are
agonists, while the neck flexors and the suprahyoid muscles are

antagonists.

Finally, in the mandibular movements, the sub-occipital mus-
cles are antagonists of the cervical extensors. In addition to the re-
search of Lin X [22] and Rocabado [23] mentioned above, this was
also demonstrated by researches published by Huggare ] [14] and
Ohmure H [15].

Having reinterpreted the role of these muscles, which are in-
volved in the stomatognathic system, it is possible to organize them
into five groups which, in a coordinated way, cooperate to maintain
the individual's balance and other bodily functions, alongside oth-
er systems such as vision, vestibular, exteroception and proprio-

ception:
1. Cervical extensor muscles;
2. Masticatory muscles;
3. Suprahyoid muscles;
4. Neck flexor muscles;

5. Sub-occipital muscles.

Therefore, in a condition of ideal neuro-musculo-postural phys-
iology, the activity of only one of these muscle groups simultane-
ously implies the other groups in this functional unit are cooperat-
ing (which can be either through muscle hypertonia or hypotonia).
The pivot of the activity of these muscle groups is the temporo-
mandibular joint and the system revolves around the need to keep
the gaze horizontal and parallel to the floor, taking into account at
the same time the fact that the head naturally tends to fall forward
from the greater weight of the head in front of the point of support

on the atlas.

On the other hand, the osteo-articular components, which in
this system are more susceptible to stresses within this system, are

essentially three:

1. Cervical spine and, in particular, the occiput-atlas-axis com-

plex;

2. Intermaxillary relationships: dental occlusion and temporo-

mandibular joints;
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3. Hyoid bone in relation to posture and tongue function.

Any modification of the basic tone of the muscle groups also re-

sults in a change in the aforementioned joints.

These considerations allow us to attribute a real adaptive func-
tional modulator role to the stomatognathic system for extra or in-
tra-regional diseases (ascending, descending or mixed factors) and
allows us to frame the mechanisms that supervise its regulation
(mandibular posture, swallowing, masticatory cycle, occlusion) in

the wider field of the laws that regulate postural homeostasis [26].

Stomatognathic system: Balance organ?

In the study of posture and balance, the stomatognathic system
plays a role of fundamental importance. Although the basic prin-
ciples of posturology are inspired by classical physiology, what
changes is the perspective through which they are interpreted.
What happens when a body moves through space? And by what
means? Is balance only the prerogative of static balance or, in living

creatures, must we speak of dynamic balance [27]?

The balance system exerts constant control of the bodily and
extracorporeal environment to organise posture: that is, the tonic
motor system where voluntary motility occurs [28]. Therefore, it
is not easy to completely separate posture and balance and prob-
ably not even correct: posture and balance are two interdependent
realities, where the first is mainly responsible for statics and the

second for dynamics [29].

Here we can better understand the important role of occlusal
height in relation to balance. A reduction in the vertical dimension,
which is accompanied by a facilitation of the temporalis muscles,
leads to an increase in the flexion of the occiput on the atlas, while
an increase in the vertical dimension is accompanied by an in-

crease in extension of the occiput on the atlas.

The correlation between balance and the stomatognathic sys-
tem was highlighted by Esposito and Leisman [30] in 2009 and
they indicated that 70% of the cases examined without problems
affecting the cervical spine had repercussions for balance and coor-

dination in opening the mouth to its maximum and closing it tightly.

In 2014, Walczynska-Dragon.,, et al. [31] conducted a study on

the balance and dysfunction of the temporomandibular joint in
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relation to the mobility of the cervical spine. In this study it was
found that the use of the splint device was able to exert a positive
effect on the balance of the individual and also on the pain in the

cervical spine and on the mobility of this section of the spine.

In this process of opening and closing the mandible, as well as
the antigravity response of the masseters as expressed by the study
of Miles TS [32], the constant adaptations of the upper cervical

spine require reflex responses to maintain the individual's balance.

The publication of Tardieu C., et al. [33] who studied the effect of
dental occlusion on posture control in the absence of visual system
intervention, is also interesting. Eliminating vision allows all those
postural adaptations aimed at always maintaining balance and cor-
rect posture to be removed and allows the true effect of dental oc-
clusion and, consequently, the effect of the entire stomatognathic
system on the posture of the individual to be truly evaluated. This

study allowed several important conclusions to be drawn:
1. Clear effect of dental occlusion on posture;

2. The effect of dental occlusion on posture changes in relation

to the static or dynamic condition of the individual;

3. The more the information deriving from proprioception in
other systems is reduced as a sensory source to control pos-
ture, the greater the effect of dental occlusion on the indi-

vidual’s posture control becomes.

In the context of balance, it is also essential to evaluate the later-
al movements of the spine. In 2002, Kibana Y., et al. [34] conducted
interesting research at the University of Hokkaido in Japan. Using
the electromyograph, a functional difference was found in the right
and left sternocleidomastoid muscles in relation to dental occlu-
sion. A unilateral modification causes an imbalance in the physiol-
ogy of these muscles, consequently causing a lateral inclination of
the cervical spine. Meyer P [35] also underlined a correlation be-
tween the dental extraction of a molar and the lateral inclination of
the average cervical spine, thus hypothesising that a modification
of the occlusion can determine an inclination of the cervical spine.
This is work that must be further investigated in human physiol-
ogy and not only in dysfunctionality. However, this publication still
allows us to consider the hypothesis that lateral movements of the
mandible can in one way or another determine a neuromuscular
response to these muscles and therefore play a decisive role in the

person's balance.
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Without distinction from the research that has been performed
specifically for the lateral inclination movements of the cervi-
cal spine in relation to the opening and closing movements of the
mandible, it can be hypothesised that a unilateral contraction of
the hyoid muscles also causes a contraction of the cervical extensor
muscles ipsilaterally. On the basis of what has been asserted (the
muscles of mastication and swallowing are antagonists) it can be
argued that a contraction of the temporalis muscle determines a
lateralisation of the mandible contralaterally [36] and also a lat-
eral inclination of the head towards the opposite side. By uniting
the various components of the gnatho-postural system in a single
functional unit, the fact remains that a unilateral contraction of the
temporalis muscle causes a contralateral mandibular lateralisation
with a condylar anteposition on the side of the contracted tempora-
lis muscle through a contraction of the ipsilateral lateral pterygoid
muscle [36] and a condylar retroposition on the opposite side me-

diated by the digastric muscle on that side [37].

This consideration leads to an evaluation of the stomatognathic
systems on the three planes and not only on the sagittal or coronal
plane, as has been done up to now. The close connection between
the various muscle groups involved in the postural stomatognathic
system implies an involvement of the vestibular system to maintain
the person's balance, based on the mandibular movements first and
the cervical spine second. Considering that there are thousands of
mandibular movements throughout the day (just think of swallow-
ing, breathing, speaking, eating, etc.), one can easily imagine the
close relationship between the stomatognathic system and bal-
ance. However, this conclusion highlights that the stomatognathic
system is not an organ responsible for balance. Rather, it is a func-
tional regulator which also intervenes in those mechanisms which

are involved in the individual's balance.

Conclusion

A modification to the tone of one of the five muscle groups al-
ways leads to an adaptation at the level of the stomatognathic
system with a modification to the joint physiology of the temporo-
mandibular joints, occiput-atlas-axis functional unit, mid-inferior
cervical spine and the position of the hyoid bone. This relationship
always implies an involvement of the organs responsible for bal-

ance, and of those involved in the regulation of posture.

However, we can imagine how many times these cooperative

mechanisms are called on in the space of a day, where the mouth is
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also the seat of expression, verbalisation, digestion and breathing".
It is here that the authors intend to attribute to the stomatognathic
system a real role as a Functional Regulating Unit. The coexistence
of numerous fundamental functions for the survival of existence
within the same structure implies a capacity for continuous adap-
tations, without this entailing a renunciation of an essential func-
tion such as that of balance. These last considerations are, in the
opinion of the authors of this review, very important for those who
practice in the field of dentistry. Making changes to the stomato-
gnathic system can have significant repercussions to the person's
balance and posture, but also to one or more of the other functions

that take place within the stomatognathic system.

For this reason, a complete evaluation of the stomatognathic
system in relation to posture must always pass through an evalu-
ation of the mentioned five muscle groups and the osteo-articular

components.
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