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Chapter

Can Orofacial Structures Affect 
Tooth Morphology?
Amanda Valentim, Renata Furlan, Mariana Amaral  

and Fernanda Martins

Abstract

This chapter presents how orofacial muscles can affect teeth positioning, 
occlusion, and also the size/shape of teeth. Pressures exerted on teeth will be dis-
cussed in specific cases such as mouth breathing, chronic mastication disorders, 
oral habits, like thumb sucking or tongue thrust, and also when there is hyper-
function of masticatory muscles during sleep or wakefulness. In these situations, 
the imbalance of muscle forces brings undesirable consequences to the dentition. 
Each condition will be explained, showing which muscle is affected, how it 
changes, and what consequences to the teeth it brings. It is a chapter that shows 
how close the relationship is between dentistry and speech language pathology 
(orofacial myology).
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1. Introduction

Malocclusions are generally considered alterations in the normal field of cra-
niofacial growth and morphology. Due to its different possibilities of etiological 
factors, it is often difficult to determine its specific cause [1].

There are four main structures that can cause malocclusions: the cranio-
facial skeleton, the teeth, the orofacial neuromuscular system, and other soft 
tissues. An example of how the musculature can generate malocclusion is the 
constantly open mandible in the mouth breathing leading to a constant anterior-
ity of the tongue, which may force the incisors or prevent the eruption of the 
mandibular incisors [1]. Another example is that if a patient has a tongue with 
anterior posture during rest, the duration of this pressure, even if very light, 
may interfere with the eruption process or move the anterior teeth, resulting in 
an open bite [2]. There are also environmental influences, such as oral habits 
and balance between the orofacial musculature and the teeth, both at rest and 
during the functions [3]. Mouth breathing is one of these conditions. It causes 
muscle posture alteration that changes the balance in the oral cavity and modi-
fies the forces exerted on teeth and bones, impacting facial growth and tooth 
positioning.

Other muscles that can influence tooth morphology are masseter and temporalis, 
which are jaw elevators. When they are active during rest or sleep, it is considered as 
bruxism, and may cause tooth wear.
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2. Orofacial forces on the teeth

The teeth are structures of the stomatognathic system, classified as static [4]. 
These structures are subject to innumerable forces that balance [5].

There are four main factors responsible for the dental balance: intrinsic forces of 
the tongue, lips, and cheeks; extrinsic forces such as oral habits or orthodontic appli-
ances; forces of the dental occlusion; and forces of the periodontal membrane, as 
for example, the eruption of teeth. Among these, the most important are the resting 
position of tongue and lips, in addition to the periodontal forces, since they have a 
long duration [1]. When one of these forces stands out, tooth movement occurs, and 
the teeth are susceptible to adaptations when subjected to some pressure or force [4].

The balance between the pressure of the tongue, lip, and cheek contributes to 
the maintenance of the teeth in their positions. The forces exerted by these struc-
tures are lighter than those of the masticatory function, but longer in duration. 
Even though the magnitude of force is low, it can cause a movement in the teeth 
when applied for a sufficient amount of time [6, 7].

The final position of the tooth, responsible for final shape of the dental arches, 
results from the balance between the perioral musculature represented by the 
mechanism of the buccinator and the intraoral pressure exerted by the musculature 
of the tongue [7].

A study of 3041 children [8] found that individuals without myofunctional 
disorders had significantly fewer malocclusions. In addition, a significantly larger 
number of children with anterior open bite were observed among those with 
functional alterations, and also the opposite, children with open bite had more 
functional disorders. Another study [9] found that children with occlusal altera-
tions presented more myofunctional disorders such as lack of lip seal and altered 
tongue habitual position, compared to children with normal occlusion.

2.1 Tongue

The tongue is a mobile muscular organ that composes the stomatognathic system 
and is located on the mouth floor. This structure assists in the functions of chewing, 
swallowing, sucking, and speaking [10].

Eight pairs of muscles compose the tongue and they can be divided into intrinsic and 
extrinsic. The muscles denominated intrinsic are responsible for the alteration of their 
form: longitudinal superior, inferior longitudinal, transverse, and vertical. The extrinsic 
muscles originate in the proximal bony structures and are responsible for the move-
ments of the tongue: genioglossus, styloglossus, palatoglossus, and hyoglossus [11].

Cheeks, lips, and tongue exert a great influence on the occurrence and per-
sistence of malocclusions. In view of these facts, it is expected that the lingual 
structure exerts a certain force during its rest. When this structure is improperly 
positioned, its pressure can reach the teeth and promote inadequate occlusion.

Efforts to answer the question “what factors or combination of factors control 
physiologic movement of teeth” lead researchers to measure the magnitude of 
forces exerted by the relaxed tongue in the region of the mandibular canines. The 
conclusions were that the normal relaxed tongue produces a very low force against 
the lingual surfaces of the mandibular dentition [12].

One study [13] aimed to verify the force threshold that causes displacement of 
the maxillary central incisor teeth. Their findings indicated that the forces caused 
by the orofacial organs can initiate a dental displacement of the incisors.

Thus, gentle pressure, but continuous, exerted by the tongue against the teeth 
is able to move them, producing negative effects on the occlusion [14]. The rest-
ing tongue posture has a long duration, many hours during 1 day, which makes it 
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clinically important, and can impede eruption of the incisors, causing and main-
taining the anterior open bite [2].

Individuals who rest their tongue in anterior position may have the position of 
the teeth affected (Figure 1). On the other hand, the tongue interposition during 
swallowing has a very short duration to have an impact on dental position. In a 
typical swallowing, the pressure made by the tongue lasts about 1 second. Normal 
individuals swallow about 800 times a day when awake, which totals only a few 
minutes, which would be insufficient to affect the intraoral balance [15].

Furthermore, the low position of the tongue can promote the eruption of the 
back teeth and cause constriction of the upper arch in the absence of the tongue on 
the palate [16]. Some authors have confirmed that the inadequate position of the 
tongue is one of the main causes of the occurrence of oral recurrences with regard 
to the maintenance of occlusal stability [2, 17, 18].

Many clinicians feel that pressures exerted by tongue prevent teeth from erupt-
ing in patients with open bite malocclusion. This view amounts to an extension of 
the equilibrium theory to the vertical plane of space [19]. Lower lip resting pressure 
affects more the position of the upper incisors rather than the upper lip (Figure 2). 
In some studies, high lip line was shown as the reason behind the retroclined posi-
tion of the upper incisors, while in others, the hyperactive lip or mentalis muscle 
were shown as the reason [20].

Figure 1. 
Tongue rest in anterior position and open bite malocclusion.

Figure 2. 
Teeth position influenced by lower lip.
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To test the hypothesis that an imbalance in buccolingual pressure plays a role in 
dental compensation of the molars and asymmetry in the mandibular dental arch, 
researchers [21] compared the pressure of cheek and tongue between the shifted 
and nonshifted side in 12 individuals with facial asymmetry. Asymmetry was 
defined as 4 mm or more deviation of the midline in the mandibular incisors. The 
results showed that regardless of the side, there were significant negative correla-
tions between the buccolingual position of the mandibular first molars and cheek 
pressure and significant positive correlations between the buccolingual position of 
the first molars and tongue/cheek pressure ratio.

A study [22] compared a group of individuals with anterior open bite who did 
only orthodontic treatment and another group who did orthodontic treatment and 
orofacial myofunctional therapy. This therapy exercises the muscles and promotes 
modification on orofacial functions. They observed that participants who only did 
orthodontic treatment presented more occlusion recurrence compared to those 
who also did therapy. This finding indicates that when the form is altered, often the 
function will also be and that the correction of the former will not necessarily lead 
to the adequacy of the latter.

3. Different types of tooth have specific function on mastication

The teeth are structures that together with the gums, the tongue, the palate, the 
palatine tonsils, and the oral cavity form the oral region. Teeth have many different 
functions, like:

• cutting, reducing, and mixing food with saliva during mastication;

• helping their own support in the dental alveoli, assisting the development and 
protection of the tissues that sustain them; and

• participating as an articulator in speech [23].

Humans have two generations of teeth, the deciduous (primary) dentition and the 
permanent (secondary) dentition. There are 20 teeth in the deciduous dentition with 
10 in each jaw. There are 32 teeth in the permanent dentition with 16 in each jaw [23].

The characteristics of teeth define their functions in the oral cavity. The incisors 
have fine cutting margins, the canines have single prominent, cusps, the premolars 
have two cusps and molars have three or more cusps [23].

Humans have four maxillary incisors and four mandibular incisors, two central 
and two lateral in each jaw. The mandibular incisors are very similar in form and are 
usually smaller than the maxillary incisors. The incisors cut food, aid in articulation 
of speech, and support the upper lip [24].

There are four canines, one left and one right in each jaw. They are located at the 
corners of the dental arch and are often referred to as fangs. They are the longest of 
all permanent teeth from root to crown tip and usually have a single long root. The 
canines are the teeth responsible for cutting and piercing food and they also help 
to guide the jaws to occlude correctly, therefore protecting the posterior teeth from 
horizontal forces. They also play a role in preventing the appearance of premature 
aging by supporting the lips and facial muscles [24].

There are four maxillary and four mandibular premolars, two right and two left 
in each jaw. They only appear in the permanent dentition. Their crowns are shorter 
(cervico-occlusally) than the anterior tooth and have two cusps. The premolars 
work along with the molars to grind food and also assist the canines with cutting 
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and slicing through food. They play a role in preventing the appearance of prema-
ture aging by maintaining the vertical dimension of the face and supporting the 
corners of the mouth and the cheeks [24].

There are six molars in each jaw in the permanent dentition and eight molars in 
the deciduous dentition, four in each jaw. The molar most anteriorly positioned is 
designed the “first molar,” the one behind it, the second molar. In the permanent 
dentition, the tooth most posteriorly positioned is the third molar. The main func-
tion of molars is to grind food and maintain the integrity of the dental arch to avoid 
the other teeth from moving out of alignment. Like premolars, they also play a role 
in preventing the appearance of premature aging [24].

A literature review [25] concluded that the contraction of the muscles involved 
in mastication stimulates bone growth. The effect of food consistency on orofacial 
development suggests that a diet with harder textures is partly responsible for 
enhancing muscle and bone growth. That can be seen in subjects with thin mas-
seters which generally have longer faces, due to the lack of both bone and muscle 
volume, while subjects with a thick masseter have a short lower anterior face. 
According to studies in animals [26, 27] and humans [28], a diet based in liquid and 
puree consistencies results in a size reduction of masseter and temporal muscles. 
This theory is supported by an author [29] who suggests that modern, softer foods 
are responsible for a failing chewing function and the stress on the growth process 
is often insufficient, causing functional atrophies of masticatory muscles and bone 
and, consequently, malocclusions.

4. Impact of mouth breathing on the dentition

Nasal breathing is important to ensure a functional environment for the harmo-
nious craniofacial growth [30]. When breathing occurs continuously through the 
mouth, the craniofacial growth changes its pattern, leading to consequences as high 
and narrow hard palate, convex facial profile [31], increased vertical facial height 
[32] and malocclusion. A study carried out on 3017 children verified that mouth 
breathing is closely related to increased or reduced overjet, anterior or posterior 
crossbite, open bite, and displacement of contact points [30]. In another study [33] 
with 401 mouth breathers, posterior crossbite was detected in almost 30% of the 
sample during primary and mixed dentitions and in 48% in permanent dentition. 
This prevalence is higher than in the general population [34, 35]. Anterior open bite 
and Class II malocclusion were also highly prevalent in children during mixed and 
permanent dentitions [33].

The causes of mouth breathing includes anatomical predisposition and several 
pathologies, such as palatine and pharyngeal tonsils hypertrophy, septal deviation, 
allergic rhinitis, and nasal turbinate hypertrophy, among others. The literature 
showed no association between the type of obstruction and the presence of maloc-
clusion [33] and there seems to be a similar effect on mandibular growth irrespec-
tive of the etiology of mouth breathing [32]. However a study verified that children 
with adenotonsillar hypertrophy have a higher lower posterior facial height than the 
children with isolated adenoid hypertrophy. An explanation to this fact is that the 
palatine tonsils, when hypertrophied, could occupy a huge space in the pharynx. 
Thus, children protruded their mandible in order to breathe better, stimulating the 
growth of mandible and increasing their lower posterior facial height [32].

Mouth breathing leads to muscle changes including lip incompetence [31, 36, 37]; 
low position of the tongue in the mouth floor [36, 37]; and lack of force of lips, 
tongue, and mandibular elevator muscles [31, 36]. The lack of orofacial muscle force 
and the posture alterations are strictly related. The individual keeps the tongue low 
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to allow airflow to pass and this habitual posture causes a decrease in tongue tone, 
which contributes even more to the lower position of the tongue. The same happens 
with the lips. Postural alterations in soft tissues change the equilibrium of the pres-
sure that they exert on teeth and facial bones, thus altering these structures.

The muscles that depress the jaw to open the mouth exert a backward pressure 
upon it, which displaces the mandible distally and retards its growth, causing a Class 
II malocclusion and a skeletal Class II profile with increased overjet. The tongue has an 
anterior and low position to allow the airflow through the mouth while the buccinator 
muscles exert pressure on the buccal surface of molars, but there is no pressure of the 
tongue on the lingual surface, so the maxillary arch and the palate get narrow. There 
is also lip dysfunction, characterized by shorter upper lip, eversion of lower lip, and 
hypofunction of both, with no lip sealing, (Figure 3), which causes an imbalance espe-
cially when tongue exerts a forward pressure on the incisors. The lower lip sometimes 
forces up under the upper incisor, increasing the overjet [30].

Mouth breathing also impacts the other stomatognathic functions, such as 
mastication and swallowing, indirectly impairing dentition development. The 
mouth breather tends to prefer soft food, that is easy to chew. Also, they tend to 
ingest fluids during mastication in order to help the process. The mastication of the 
mouth breather has a shorter duration with less masticatory cycles, because of the 
necessity to liberate the mouth to breathe [38]. Swallowing usually occurs with an 
atypical pattern, involving tongue protrusion against the incisors or lip interposi-
tion which contributes to maintain the overjet [33].

An author [39] pointed out to the irrefutable evidence of a significant genetic 
influence in many dental and occlusal variables. According to him, phenotype is 
the result of both genetic and environmental factors. Other authors, who investi-
gated prevalence of malocclusion in mouth breathers, agree with the primary role 
of heredity in malocclusion in sagittal plane, with mouth breathing as secondary 
etiological factor to Class II development. According to them, mouth breathers have 
unbalanced muscular forces, which are not enough to change a strong Class I or III 
pattern into a Class II. However, some children have genetic tendency to develop 
a Class II occlusion. These children, depending on environmental stimuli, can 
become Class I or, if there is a factor like mouth breathing, can develop Class II [33]. 
In the same way, vertical and transversal dental relationship also has heredity as the 
major determinant, but environmental factors such as mouth breathing work as 
secondary causes of anterior open bite or posterior crossbite [33].

Sometimes, changing the breath mode to nasal is not enough to avoid the 
consequences on occlusion. For this reason, we recommend an early intervention on 
etiological factors of mouth breathing to prevent the development or worsening of 
malocclusion.

Figure 3. 
Mouth breather with abnormal lip function, with no sealing.
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5. Impact of oral habits on the dentition

Deleterious oral habits can interfere not only with the position of the teeth, but 
also with the normal skeletal growth pattern [30]. Pacifier sucking, bottle sucking, 
finger sucking, nail biting, and tongue thrusting are examples of deleterious oral 
habits which may result in long-term problems and can affect the stomatognathic 
system, leading to an imbalance between external and internal muscle forces. The 
most frequent occlusion alterations caused by oral habits are protrusion of the upper 
incisors [30], anterior open bite [30, 40], and posterior crossbite [40, 41]. The 
consequences are dependent on the nature, age of initiation, intensity, frequency 
and duration of habits, as well as individual biological and genetic features [30].

A study [40] concluded that children with non-nutritive sucking activity and 
accustomed to using a bottle had more than double the risk of posterior crossbite 
right from the primary dentition. The low position of the tongue due to sucking, 
with lack of thrust of the tongue on the palate and increased activity of the muscles 
of the cheeks, causes an alteration of muscle pressure on the upper arch resulting 
in the posterior crossbite [40]. Breastfeeding seems to have a protective effect on 
development of posterior crossbite. A study found a low prevalence of posterior 
crossbite in breastfed children, even when they have non-nutritive sucking activ-
ity [40]. This happens because the mechanism of sucking is different in these two 
methods of infant feeding. During breastfeeding, lips and tongue apex squeeze 
the areola where the lactiferous sinuses are located, the tongue compresses the soft 
breast nipple against the palate using a peristaltic-like motion. In bottle feeding, the 
tongue acts in a piston-like motion compressing the artificial teat against the palate, 
with higher force exerted by cheeks [40]. Breastfeeding has also a protective effect 
on development of artificial sucking habits [41].

Finger sucking generally results in anterior open bite and increased overjet with 
labial inclination of the upper incisors. The influence of finger sucking on teeth 
position depends on the position of the finger during the habit. There are two main 
types of finger sucking (Figure 4). The typical type is thumb sucking with the 
ventral side of the finger facing the palate and maxillary incisors. The thumb acts as 
a lever, forcing the maxilla forward. The second type, less common, is sucking with 
the dorsal side of the finger facing upward. In this case, the finger or fingers are 
passive and the effect is similar to that of the pacifier [42].

The use of pacifier before the teeth have erupted can hinder the full eruption 
of the primary incisors as well as the growth of the alveolar processes, resulting in 
anterior open bite, which can be worse at the time of eruption of the permanent 
incisors if the habit persists. When the pacifier is tied together with more pacifiers 

Figure 4. 
(A) Child sucking with the ventral side of the finger. (B) Child sucking with the dorsal side of the finger.
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or with other objects, the extra weight acts as a lever, affecting the dentition in a 
similar way as finger sucking [42].

If the pacifier is kept in the mouth for extend periods, the tongue will stay in a 
lower and anterior position, reducing the palatal support of the primary canines 
and molars against the pressure exerted by cheeks and increasing lateral pressure on 
the lower canines and first molars. This position can result in a narrower upper arch 
and wider lower arch, creating a posterior crossbite [41, 42].

A common question is whether spontaneous resolution of the malocclusion 
occurs when deleterious oral habits stop. This question, however, remains unan-
swered because each individual has a different genetic predisposition. On the other 
hand, some authors have found that anterior openbite and posterior crossbite were 
associated with habits in children with age 36 months or more. Sustained pacifier 
habits in children with 24–47 months of age were associated with anterior openbite 
and Class II molar relationships, while digit habits in children with 60 months of 
age or longer were associated with anterior openbite [43]. The author concluded 
that the risk for malocclusion appears to increase with longer habit duration, and 
that, while in some cases malocclusions resolve soon after the habits are discon-
tinued, in other cases the malocclusions persist [43]. For this reason, we strongly 
recommend breastfeeding as a protection against the development of oral habits 
and, if they are already installed, an early intervention in order to decrease their 
frequency, intensity, and duration and finally to encourage the child to stop those 
oral habits.

6. Bruxism and tooth wear

Tooth wear (Figure 5) is a condition that leads to the loss of dental hard tissues 
(enamel and dentine) changing size and/or shape of tooth, with multifactorial 
causes. It can be divided into mechanical and chemical wear. Mechanical wear can 
happen with attrition of tooth-to-tooth contact made on mastication or bruxism, 
and it also happens with abrasion, made by oral hygiene procedures and habits such 
as nail-biting and biting objects. Chemical wear is the erosion that happens due to 
the action of extrinsic acids on the tooth [44].

Extensive tooth wear (TW) can be caused by chemical factors, mechanical 
factors, or a combination of both. The most common factors associated with TW 
were daily functions (e.g., chewing); oral habits (e.g., bruxism, nail biting); having 
a diet full of acid foods or some diseases that involve acids from the own body (e.g., 
gastric reflux); and also medicines, stress, and salivary dysfunctions [45].

Figure 5. 
Child with tooth wear.
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TW has become more prevalent and severe in developed countries due to 
changes in lifestyle and nutritional habits, and also the population is aging and 
retaining teeth for longer time [45].

As mentioned above, tooth wear and bruxism have a close relationship. 
According to the international consensus on the assessment of bruxism, sleep 
bruxism is a rhythmic or non rythmic masticatory muscle activity during sleep. 
Awake bruxism is a masticatory muscle activity during wakefulness that is char-
acterized by repetitive or sustained tooth contact and/or by bracing or thrusting 
of the mandible. Both cannot be considered as a movement or sleep disorder in 
otherwise healthy individuals. Bruxism is not a disorder in healthy individuals but 
might be defined as a motor behavior with multifactorial causes. It can be a risk 
factor for negative oral health consequences, but can also be a potential protec-
tive factor when associated with other clinical conditions (e.g., sleep apnea or 
other sleep disorders) or symptoms (e.g., xerostomia) without a cause-and-effect 
relationship. Or it can be harmless behavior (not risk or protective factor) in terms 
of consequences [46].

The main masticatory muscles are masseter and temporalis. They are responsible 
for elevating the jaw and pressing teeth against each other on the mastication function.

Non-instrumental approaches for assessing bruxism include self-report and 
clinical inspection. It is important to investigate the presence of sleep or awake 
bruxism, and how often it happens. Clinical signs of bruxism include masticatory 
muscle hypertrophy, indentations on the tongue or lip, and/or a linea alba on the 
inner cheek. However, these signs can also be present on orofacial myofunctional 
disorders, such as atypical swallowing. Damage to the dental hard tissues, repetitive 
failures of restorative work, or mechanical wear of the teeth may also be indicators 
of awake bruxism and sleep bruxism. Yet, it does not assure that it is still active. A 
bruxism in the past would have left the same signs on the teeth [46].

A study with 440 school children found prevalence of probable sleep bruxism in 
40.0% of them. It was more prevalent between children with history of nail biting 
or biting objects [47].

A population-based study made in Brazil showed prevalence of possible brux-
ism in 8.1% of the adults, and it was associated with higher level of education and 
psychological stress [48].

A research investigated the correlation between the masseter electromyographic 
(EMG) activity during sleep and tooth wear in 41 healthy adults. The individuals 
underwent a two-night in-home evaluation of EMG activity of muscle masseter and 
a tooth wear evaluation. The canines and mandibular incisors were the teeth with 
the highest wear scores. No significant correlation was found between tooth wear 
and sleep masseter muscle activity. They discussed that even if tooth wear was a 
consequence of bruxism, it could not be used as a diagnostic tool for sleep bruxism, 
because the wear is irreversible and bruxism is an unstable phenomenon that may 
have happened in the past, but stopped [49].

A review was made to investigate the relationship between bruxism and occlu-
sion. The conclusion was that neither occlusal interferences nor factors related to 
the anatomy of the orofacial skeleton had any evidence available to suggest their 
involvement in the etiology of bruxism. On the other side, psychosocial and behav-
ioral factors were related as important in the etiology of bruxism [50].

Another review investigated to what extent bruxism is associated to mus-
culoskeletal signs and symptoms. The data from the studies included were very 
heterogeneous, considering age of participants, type of bruxism (during sleep 
or wakefulness), and methodology of diagnosis. Most of the studies based the 
diagnosis of bruxism only on information given by self report, which is not the 
most reliable information. Besides that, it was concluded that bruxism is somehow 



Human Teeth - Key Skills and Clinical Illustrations

10

associated with musculoskeletal symptoms. There is no support for a linear causal 
relationship, but the literature points more to a multifactorial relationship [51].

Besides bruxism, other factors can change tooth aspect and morphology. A sys-
tematic review with meta-analysis investigated if eating disorders increase the risk 
of tooth erosion. Fourteen papers from eight databases were included in the meta-
analysis. It showed that patients with eating disorders had 12.4 times more risk of 
tooth erosion than controls, and patients with eating disorders who self-induced 
vomiting had 19.6 times more risk of tooth erosion than those patients who did not 
self-induce vomiting. So it is an important aspect that dentists should be aware of, 
to prevent disturbs that can be serious [52].

7. Conclusion

It is a fact that orofacial postural alterations can significantly influence the 
development of the occlusion. So, myofunctional and dentoocclusal changes are 
quite related. Thus, for the maintenance of correct dental positioning, the balance 
between orofacial muscular forces becomes primordial. The work of dentistry and 
speech therapy (orofacial myology) together brings more effective results, since the 
first professional will be responsible for the improvement of the occlusal structures 
and the second for the balance of the dynamic structures, especially the tongue, due 
to its great impact on the occlusion.
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