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Abstract

The misalignment of the upper and lower jaws' teeth, or malocclusion, is a common developmental
disorder brought on by genetic, environmental, and functional factors. Malocclusion, if left
untreated, can result in dental issues, alterations in the facial structure, and social and emotional
problems. Preventive orthodontics can stop the progression of malocclusion and lessen the need for
expensive treatment options by educating patients and their parents, keeping track of growth and
development, and performing diagnostic procedures. This scientific review emphasizes the
prevalence and effects of malocclusion as well as the significance and possibilities of early

detection and prevention.

Keywords: Malocclusion, Prevention, Orthodontics, Early intervention, Risk factors, Genetics,

Dental Caries, Interceptive Orthodontics, Growth and development

Literature search methodolodgy

A thorough search of the literature was conducted to find relevant studies in PubMed, Web of
Science, and Google Scholar between October 1 2016 and March 1, 2023. In order to locate
relevant studies, the following search technique was used: "Malocclusion/classification" OR
"Malocclusion/epidemiology* OR  "Malocclusion/etiology" OR "Malocclusion/prevention and
control" ). The included studies' references lists and previously published reviews were searched.
The methodology involved the inclusion of studies with broad sample sizes and adequate
methodology, such as randomized controlled trials, observational studies, and systematic reviews, to
ensure the highest quality of evidence. The time span of the studies included in the review was from

April 11, 2013 to March 1, 2023.



Introduction

Malocclusion describes the incorrect relation or the misalignment between teeth of the upper and
lower jaw (1). It is rather described as a developmental disturbance than as an actual disease (2).
The etiology of this disturbance has genetic, epigenetic environmental and functional components
(3). Common genetic explanations for an increase in malocclusion prevalence include an
evolutionary reduction in jaw or/and tooth size and inheritance of discordant dental and facial traits.
Environmental factors mechanically impact the growth of the jaws and teeth by applying pressures
or forces that cause teeth to erupt or shift. The development of the dental arch may be impacted by
pressure from the tongue and lip, changes in jaw position brought on by bad oral habits like digit
sucking, mouthbreathing or tongue thrusting (4).

It is acknowledged that malocclusion is a complex disorder that can be influenced by a combination
of genetic and environmental factors. If untreated malocclusion can lead to abnormal tooth wear,
periodontal disease and tooth loss due to higher bacterial infestation. However, not only dental
problems can be the consequences; also changes in the facial structure or speaking and chewing
difficulties can be observed (5). Similar to caries, also malocclusion can affect patients” self-esteem
and social abilities (6). Therefore, it is extremely important to connect oral health with general
health. The ,,Oral Health Related Quality of Life*, or short OHRQoL, is therefore defined as ,,a
standard of Health of the oral and related tissues which enables an individual to eat, speak and
socialize without active disease, discomfort or embarrassment and which contributes to general
well-being*“(7).

Together with caries and periodontal diseases, malocclusions belong to the most important health
problems according to the WHO (8). Due to ethnic and age differences of patients who were
considered in studies, assessing the prevalence of malocclusion, the prevalence itself is highly
variable (3,8). Between 39% and 93% of children and adults worldwide exhibit malocclusion (8).
Germany studies showed that up to 80% of all children are affected (3,9). Another study, which
examined the stability of normal occlusion during the transition from primary to permanent
dentition, reported that a significant proportion of children developed dental anomalies following
the eruption of permanent teeth (10). This study comprised a sample of 350 children who were
evaluated at the age of 6 and 12 years old. The findings indicated that 65% of the children
developed malocclusion in their permanent dentition, including crowding, overjet, and anterior open
bite, despite having normal occlusion in their primary dentition. Especially in early childhood,
malocclusion is often associated with unusual suction behavior related to ingestion or lack of space
due to early tooth loss in relation to early childhood caries. Prolonged bottle-feeding or thumb

sucking are one of the most mentioned causes. However, also disturbances in human development



like cleft lip and palate are listed as common causes (11).

The treatment and prevention of malocclusion is a task for the orthodontic department.
Preventive orthodontics deals with patient and parent education, monitoring of growth and
development of the dentition and craniofacial structures, diagnostic procedures to predict the
occurrence of malocclusions, and the treatment procedures instituted to prevent them (6). Studies
have demonstrated that early intervention can prevent the progression of malocclusion and decrease
the need for more invasive and costly treatment options in the future (12—-15). Especially in the
period of mixed dentition preventive orthodontics or interceptive orthodontics are most effective
(16). The importance of detecting malocclusion in its early stages and addressing its underlying
causes, whether they are genetic or environmental, is highlighted. Additionally, it is crucial to take
into account how malocclusion can affect a person's overall health and well-being. This scientific
review sheds light on the preventive possibilities of orthodontic treatment in malocclusions.

Furthermore, it displays its common causes, frequency and consequences.

Early tooth loss

One of the key contributing factors to malocclusion in the permanent teeth is space loss in the
primary dentition (17). The term "premature loss" refers to the loss of a deciduous tooth before the
age of typical exfoliation. Tooth decay, trauma, periodontal disease, and early root resorption are the
most frequent causes of tooth loss in children (18).

A study conducting 1529 children between the age of 5 and 10 found primary tooth loss in 54.64%
of male children and 43.35% of female children (19). The underlying cause of losing posterior teeth
prematurely is commonly linked to severe tooth decay, while the loss of anterior teeth at an early
age is typically related to dental trauma, tooth decay, extraction of teeth present at birth, and early
resorption of tooth roots (20). Children may have a variety of side effects, including dental rotation,
dental crowding, craniofacial development abnormalities, formation of hazardous behaviors,
especially after an impact, and a shortening of the dental arch (21). Premature tooth loss may cause
issues with phonation, changed occlusion, chewing, and facial or dental esthetics (34).

The premature loss of primary anterior teeth can have detrimental effects on the eruption and
development of the permanent successor teeth, due to the correlation between the loss of primary
anterior teeth and reduction in arch perimeter. This can result in impaction and disturbances in the
timing of tooth eruption, such as delays or anticipations (22). The integrity of the deciduous arch is

crucial as its compromise can lead to various problems with permanent tooth alignment, such as



reduction of the arch perimeter, extrusion of antagonist teeth, migration and inclination of adjacent
teeth, impaction of permanent successor teeth, deviations in eruption and midline, and mismatch
between the available space in the dental arch and the space needed for the proper accommodation
of successor teeth (18). According to recent studies, the premature loss of upper and/or lower
primary incisors may result in loss of anterior space, particularly if it occurs before the eruption of
primary canines (23,24). Furthermore, certain other factors may also contribute to space loss,
including the presence of non-nutritive habits, deciduous dental arch types, and arch-length
discrepancy in the anterior region. These factors may represent potential causes for space loss as
adjustments may occur between the teeth after the loss of one of the incisors (23) (18) (25).

The primary first molars are frequently lost due to dental caries or infection, both unilaterally and
bilaterally (26). The literature regarding the effects of early loss of primary first molars is
controversial. Studies have reported that space loss occurs within the first four to six months after
extraction, with migration of the primary canines and permanent incisors towards the edentulous
space in both arches (27). Some studies have reported minor mesial movement of maxillary primary
second molars as well (24,26,28). Space loss can lead to blocked out permanent canines, which is
more common in the maxilla (29). However, other studies have suggested that there is no
statistically significant loss in arch width, length, and perimeter following the loss of primary first
molars (30) (31). Overall, it seems that patients with full primary dentition and those in the mixed
dentition with good intercuspation of permanent molars are less susceptible to space loss.
Therefore, some authors question the need for space maintenance following early loss of primary
first molars under these circumstances (4,18,23). The literature suggests that there is a high
likelihood of space loss when primary second molars are lost, with a greater loss of arch length in
the maxilla compared to the mandible (32). The consequences of this loss are more severe when the
tooth loss occurs before the eruption of the permanent first molar, as the eruption of this tooth into
the oral cavity is guided by the distal surface of the primary second molars.

A study published in 2005 revealed that premature loss of deciduous canines was observed only in
cases of class I anteroposterior relationship, while in class II and III occlusal relationships, the
premature loss of deciduous teeth was limited to the first and second primary molars, without any
loss of primary canines (24). The statement suggests that premature loss of primary canines is not
observed in individuals with Class II and III occlusions, but is limited to the first and second
primary molars. This may be because the primary canines play a crucial role in guiding the eruption
and alignment of the permanent teeth, particularly the lateral incisors and premolars. However loss
of primary canines can have significant consequences on the development and function of the
dentition. In 2012 (33), a clinical case report highlighted that early loss of primary canines, which

can lead to several dental issues, is a common occurrence in individuals with crowded dental



arches. It was observed that the eruption of the lateral incisor is a common factor contributing to
this phenomenon. The lateral incisor, as it erupts, exerts pressure on the adjacent primary canine,
which can lead to resorption of the mesial portion of the primary canine roots. The resorption of the
mesial portion of the roots, weakens the support of the primary canine, leading to its early loss (34).
The loss of a primary canine on one side of the dental arch (unilateral) can lead to the migration of
adjacent teeth toward the empty space, which can result in malocclusion and misalignment of the
teeth (35). The loss of the primary canine can also cause the opposite canine to over-erupt, creating
occlusal interference with the opposing teeth (36). The reduced arch length caused by the unilateral
loss of a primary canine can affect the positioning of permanent teeth and disrupt proper occlusion.
As there is no guidance for the permanent canines to erupt into the proper position, bilateral loss of
primary canines can make these problems worse. This may cause the dental arch to collapse,
resulting in even more malocclusion and misalignment. A decrease in facial height and a loss of
both primary canines on either side of the face may also have aesthetic and functional repercussions

(37).

Timely removal of deciduous teeth

In an effort to prevent or minimize the need for orthodontic treatment in the future, clinicians have
sought to implement various interceptive treatment approaches that can correct incisor crowding at
an early stage. Some of the modalities that have been developed include timely removal of teeth,
and orthodontic appliances for space maintenance (38). Unlike early tooth loss, timely removal of
deciduous teeth is the practice of extracting primary teeth at the appropriate time during a child's
dental development. The timing of deciduous tooth removal is important because it can influence
the development and eruption of permanent teeth and impact overall oral health. These extractions
are usually performed as an interceptive treatment in order to prevent the development of
malocclusion (38). When determining the need for an early removal, it is imperative to consider the
individual patient's dental and medical history, along with the clinical judgment of the orthodontist.
Early extraction may be indicated for a variety of reasons, including crowding, impaction, ectopic

eruption, and abnormal resorption (39—41).

As mentioned prior, primary teeth typically serve as a guide for permanent teeth to emerge in their
proper positions, with gradual resorption of the primary teeth roots. However, if root resorption
occurs excessively or prematurely, which can be caused by a variety of factors such as trauma,
infection, or genetics, it can result in the premature loss or loosening of primary teeth [Fig.1] (42).

As a result, the expected sequence of permanent tooth eruption may be disrupted, resulting in



malocclusion (43). This can be seen as permanent teeth erupting in unusual positions or angles,
resulting in spacing, crowding, or other types of malocclusion. Extraction of primary teeth with
abnormal root resorption can also help prevent further damage to the surrounding teeth and tissues
(44). When primary teeth are resorbed excessively or prematurely, the underlying permanent teeth
and surrounding bone can be damaged. Early primary tooth extraction can help prevent such
damage and promote better oral health outcomes. However if a tooth need to be extracted due
abnormal root resorption depends on the extend of root damage (44). Here also a panoramic
radiograph can indicate wether a tooth needs to be extracted due to abnormal root resorption beyond

repair.

Fig.1 The X-ray revealed severe inflammatory root resorption of the left second mandibular molar

and mild root replacement resorption of the right mandibular molar (42) .

A study conducted by C. H. Kau et.al investigated the effectiveness of lower primary canine
extractions in relieving crowding of the labial segment (45). The study sample consisted of 83 cases
from clinics in Italy, Germany, and Wales, and the groups were followed over a 2-year period.
Subjects were randomly allocated to a primary canine non-extraction or extraction group, and dental
casts were collected at the start and recall period of the trial. A reduction in lower incisor crowding
resulting from lower primary canine extraction was observed, according to the study findings. In
both groups, crowding reduced 1.27 mm in the non-extraction group and 6.03 mm in the extraction

group, with the difference between the two groups being 4.76 mm (P<0.05). Furthermore, the arch



perimeter decreased more in the extraction group by 2.73 mm (P<0.05), leaving less space for the
eruption of lower secondary canines. As the incisor inclination stayed essentially the same, the loss
in arch length was attributed to the molars moving forward. The net gain from extracting deciduous
canines was 2.03 mm. Besides the reduction in arch length also incisor retroclination and increased
mandibular incisor retrusion have been reported as drawbacks connected with the extraction of
deciduous canines (46,47). Another study found that in patients with paletally displaced permanent
canines (PDC’s) and present primary canines, extraction of the deciduous canines resulted in more
positional changes and faster mean eruption time of the permanent canines (48). Regarding
impacted teeth, the prevalence is high in the maxillary permanent canine, which is the second most
frequently impacted tooth after the third molar, with an incidence rate of up to 10%. Although the
maxillary canine can be impacted in various positions, it is frequently observed to be displaced
towards the palate of the dental arch. This impaction is more prevalent in females than males, with a
ratio of 2:1. Additionally, the impaction of the maxillary canine can occur either unilaterally or

bilaterally and is found in 15-30% of impaction cases (49).

In order to impede any preventable complications in dental development, it is important to examine
the toothbuds of canines in children at an early stage. The American Academy of Pediatric Dentistry
recommends that children see a dentist for the first time at one year of age, or within six months of
the eruption of their first tooth. Children should then go to the dentist every six months for regular
check-ups and cleanings (50). In order to determine the necessity of interceptive extractions of
deciduous canines, the alpha angle and sector position serve as valuable diagnostic predictors
(51,52). The alpha angle is a measurement used in dentistry to determine the position of a canine
tooth in relation to neighboring teeth. It is defined as the angle formed by the intersection of two
lines: one drawn through the long axis of the canine tooth and another through the long axis of the
neighboring incisor tooth. An alpha angle of 10 to 15 degrees is considered normal, while an angle
of 20-30 degrees is considered abnormal and may indicate canine malpositioning [Fig.2] (53). The
area of the dental arch where the tooth is located is referred to as the sector. Palatally displaced
canines are most commonly found in Sector 1, which also contains the central and lateral incisors.
They can, however, be found in other areas of the dental arch. Sector 2: between the lateral and
central incisor long axes, sector 3: between the lateral incisor and the first premolar long axes and
sector 4: between the molars. (51,52). A study on the efficacy of interceptive deciduous canine
extraction discovered that when the alpha angle is between 20 and 30 degrees, extraction is most
beneficial. Immediate surgical exposure is advised for paletally displaced canines in sector 4 with
an alpha angle greater than 30 degrees. Without prior interceptive extraction, canines with an angle
less than 20 degrees and located in sector 2 can be observed. It was also discovered that deciduous

canine extraction was more beneficial in younger patients with less advanced root development
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Fig.2 Schematic drawing with cut-off points for sector and alpha angle, showing when extraction of
the deciduous canine in patients with palatal displaced canine is beneficial (53).

Regarding the outcome of interceptive extractions in palatally displaced canines, a scientific
publication by N. Almasoud (55) reviewed 4 clinical studies. In the first study (56) interceptive
extraction was found to be associated with a higher rate of successful eruption in cases of palatally
displaced canines. PDCs diagnosed radiographically, but not palpable on labial bulge, had a
significantly higher eruption rate in the extraction group than in the control group. During the 24-
month observation period, 69% of PDCs in the extraction group erupted compared to 39% in the
control group. According to the findings of the second study (57), interceptive extraction of
nonpalpable PDCs identified using panoramic radiographs may result in a higher eruption rate at
extraction sites than at control sites. After an 18-month follow-up period with no dropouts, the study
found that 67% of PDCs erupted at extraction sites, while only 42% erupted at control sites. This
study also found that the best way to sucessfully manage PDC'’s is an early diagnosis between the
age of 10 and 11. Using panoramic and periapical radiographs, the third study (58) found PDC’s as
a palatally placed permanent canine in the maxilla. The follow-up period was 18 months and PDCs
were successfully erupted in 65.2% of cases in the extraction group and 36% of cases in the control
group. The use of protective headgear in the extraction group increased the success rate to 87.5%.
In the last study reviewed (59), PDCs were diagnosed as intraosseous palatal positioned permanent
canines, using panoramic and periapical radiographs, and the patients were followed for a total of
48 months. The study discovered no significant difference in the eruption rate of PDCs between the
extraction and control groups, with the extraction group having a rate of 50%. The use of headgear

with the extraction group, on the other hand, resulted in an 80% success rate for PDC eruption.



According to these findings, interceptive extraction of primary canines can increase the likelihood
of successful PDC eruption. However, more randomized controlled trials are needed to confirm
these findings, especially in different population cohorts. Future research must also look into the
potential side effects of this intervention, as well as conduct a cost-benefit analysis to determine the

feasibility of this approach in clinical practice.

Spacemaintaining

Orthodontic appliances known as space maintainers are custom-fabricated devices that are tailored
to the unique oral anatomy of each patient with the aim of retaining the interdental spaces created
by missing teeth (60). These devices can be classified into two primary categories: removable and
fixed (61). Removable space maintainers, which are commonly fabricated from resin materials, are
worn during daytime hours and can be removed for hygiene and alimentary purposes. Removable
space maintainers are considered more convenient and less damaging to oral tissues, however, they
require high patient compliance and may have a greater risk of breakage or loss. Fixed space
maintainers, on the other hand, are affixed to adjacent teeth and remain in situ at all times (62—64).
They are usually constructed from materials like metal or ceramic and exhibit greater durability in
comparison to removable space maintainers. Fixed space maintainers, which include band and loop
[Fig. 3], palatal arch, and lingual arch devices, are known to have high patient compliance but are
associated with various disadvantages such as failure of the cement or solder, formation of caries,
and long construction time (65). The use of space maintainers as a preventive measure against
malocclusion is a widely recognized principle in the orthodontic field. The efficacy of space
maintainers in preventing malocclusion can be attributed to several underlying mechanisms.

One of the primary ways in which space maintainers exert their preventive effect on malocclusion is
through their ability to inhibit the migration of adjacent teeth into spaces created by missing teeth.
This migration of teeth can result in crowding and misalignment, two key indicators of
malocclusion. Another mechanism by which space maintainers prevent malocclusion is by
preserving the length of the dental arch. The reduction of arch length is a common outcome of tooth
loss and can cause crowding, shifting, and misalignment of the remaining teeth if left unaddressed
(11,27,31). A study from 2019 (66) dealt with the question whether the premature loss of a
deciduous second molar results in a clinically relevant loss of space and arch length reduction. This
study aimed to evaluate the effect of premature loss of deciduous second molar on space loss in
early permanent dentition stage. The split-mouth evaluation was performed on 32 patients with

unilateral loss of deciduous second molar either in the upper or lower arch, while the contralateral



side served as the control. The dental models and radiographs were taken, and the space in the
extraction site and control sides were measured and analyzed for space loss and premolar eruption
stage. The results showed that the mean combined space before extraction was 25.04mm (+4.25)
while the average space post-extraction was 24.61 (+4.27), with a statistically significant difference
(P < 0.01). Neither the subject's age nor the successor premolar eruption stage were found to be
significantly correlated with the amount of space loss (P-values 0.989 and 0.811, respectively). The
study concluded that the space loss after premature extraction of the second primary molar was
statistically significant, highlighting the importance of using space maintainers at the earliest stage
(66).

While the use of space maintainers is widely accepted as a means of preserving proper tooth
spacing, there is ongoing controversy regarding their effectiveness in preventing malocclusion and
the potential for harm they may cause (64) (67). Space maintainers may interfere with the normal
eruption patterns of the permanent teeth, leading to bite problems and malocclusion . Prolonged use
of space maintainers may also result in misaligned bite and tooth arrangement, making orthodontic
treatment more difficult in the future (68). In addition to these concerns, there is also the potential
for decay and infection due to improper cleaning of space maintainers. These devices are made
from metal or plastic materials and, if not properly cleaned, can trap food particles and bacteria,
leading to decay or infection (69).

Despite these controversies, space maintainers continue to be widely used by orthodontists for the
preservation of proper tooth spacing. However, it is important to consider each individual case
before deciding on the use of a space maintainer, taking into account factors such as the potential

for harm, the likelihood of success, and the patient's unique needs and circumstances.

Fig.3 Band and Loop appliance, Intraoral photograph after 18 months of idiopathic root
resorption diagnosis from Fig.1. There were no abnormal signs or symptoms in the follow-up



visit (42)

Dental trauma

Dental trauma specifically refers to injuries that affect teeth and supporting structures such as the
periodontal ligament, alveolar bone, and pulp. Dental trauma can be caused by a direct impact, such
as a blow or drop to the mouth, or indirect impact, such as sudden changes in pressure or
temperature. The severity of the trauma and the degree of injury determines the type and severity of
malocclusion. For example, trauma to the jawbone can lead to jaw misalignment. In addition,
trauma-induced temporomandibular joint dysfunction can lead to malocclusion and various
symptoms such as pain, clicks and limited jaw movement (70). Dental trauma can also cause teeth
to become partially or fully displaced. As a consequence, the teeth are no longer in their proper
position and may interfere with the bite, resulting in malocclusion. Additionally, when teeth are
fractured, the form and size of the teeth may change, inhibiting proper occlusion. Regarding
primary dentition, periapical lesions, tooth resorption, pulp canal obliteration, pulp necrosis, and
ankylosis are all consequences of dental trauma (71).

A study conducting 839 (72) children found that the prevalence of dental trauma was 25,6% with
boys more affected. The most often found dental trauma was fractures of the enamel with 39,4%.
However, according to a recent review (73), avulsion is the most prevalent form of trauma observed
in primary dentition, while crown fracture is the most commonly encountered form of injury in
permanent dentition. Nevertheless, maxillary central incisors are the teeth that are most commonly
affected by dental trauma, likely due to their anatomical location in the oral cavity, which provides
less protection compared to other teeth. Dental trauma to the frontal incisors can have a significant
effect on an individual's Oral Health-Related Quality of Life (OHRQoL). The front teeth are
essential not only for appearance but also for function, such as biting and speaking. Any damage or
injury to these teeth can cause pain, discomfort, and trouble performing basic oral functions,
resulting in a decrease in OHRQoL. Furthermore, trauma to the front teeth can have social and
psychological consequences such as embarrassment, low self-esteem, and lack of confidence in
social settings. (74). Dental trauma in children is a common global health issue with a significant

prevalence. According to recent studies, the prevalence of dental trauma in children ranges from 9%

to 39%, depending on various factors such as age, gender, and socio-economic status [Fig.4] (72).
Athletes participating in contact sports are at particularly high risk of dental trauma and should wear
appropriate protective equipment to reduce the risk of injury. Accidents such as falls and collisions
can also cause oral trauma, leading to malocclusion (75). Dental trauma occurs in 7.6% of cases in

water polo, 11.3% in basketball, and 13.6% in handball players (76)



Regarding children Preventive measures help reduce the risk of oral trauma and, consequently, the
prevalence of malocclusion secondary to trauma. Appropriate protective equipment such as
mouthguards, helmets and face shields should be worn when participating in contact sports to
reduce the risk of injury (76,77). Additionally, changes to the environment can be made to reduce
the risk of falls and other types of accidents. Improving lighting or installing protective grilles and
railings. Early intervention is also essential for dental trauma. Prompt treatment can prevent or
minimize the occurrence of malocclusion due to trauma. Patients with oral trauma should seek
professional dental care immediately to assess and treat any injuries or injuries (73). Clinical
examination includes evaluation of fractures and tooth migration to rule out possible complications
such as aspiration and migration to the nose and sinuses. Diagnosis includes assessing the nature of
the damage by changing tooth color, testing mobility, and testing pulpal vitality. Radiographic
evaluations using various imaging techniques are performed to assess the impact of trauma on teeth,
roots, periodontal ligaments, and surrounding bone. The Andreasen classification is commonly used
to classify dental trauma. Treatment of these injuries depends on the type of injury and may require
endodontic treatment, surgical repositioning of the tooth, or flexible splints for stabilization. Early
detection and treatment of these injuries are essential to prevent future complications and preserve

the patient's natural dentition and optimal occlusion (78).

MName Year & Sample | Age Prevalence
Country (%)

Andreasen & Ravn 1972 487 Mot indicated; retrospective analysis of 30

(14) Denmark climical recards

Bijella er al. {15) 1920 Brazi 576 1072 months 30.2

Forsberg & 1990 Sweden 1635 1-6 years 12

Tedestam (18]

Jones et al.(17) 19932 UsA 453 34 years 23
Jones & MNunn (18) 1993 England 135 3 years 12.6
Kramer et al. {19) 2003 Brazi 1545 06 years 35.5
Granville-Garcia 2006 Brazi 2631 1-5 years 36.8
etal. {20)

Rodriguez (21) 2007 Brazi 543 2-5 vyears 34.2
Cliveira et al. {10) 2007 Brazi 292 5-59 months G4
Faobson eral. (22) 2002 Brazi 419 05 years 381
Jorge etal. (11) 2002 Brazi 515 —3 years 41.6
Ferreira et al, (23) 2002 Brazi 3420 0-5 years 14.9

Wendt et al. {24) 2010 Brazi 571 12—=7 months 36.6



Fig.4 Prevalence of dental trauma in primary dentition (72)

Bad oral habits

A lot of scientific data deals with the question of to what extent bad oral habits, such as mouth
breathing or digit sucking, exhibit a negative effect on the development of a normal occlusion
(79,80). A habit is a repetitive action that occurs automatically, without conscious thought. The oral
cavity is a central and enduring site for the expression of emotions and serves as a source of comfort
in moments of anxiety and stress in both children and adults. As a form of self-soothing, individuals
may engage in repetitive actions involving the tongue, finger or nail that can provide a sense of
relief (81). However, those actions as well as eating habits, non-nutritive sucking, finger sucking,
pacifier sucking and early weaning are considered environmental factors causing malocclusion (82—
84).

A study in 2021 found that poor oral habits such as unilateral chewing or mouth breathing can
develop malocclusion, especially in adults [Fig.5] (85) Nevertheless, the impact of bad oral habits is
determined by the characteristics of the habits, including their type, timing, and duration. If non-
nutritive sucking habits persist over time, they can result in chronic issues and disrupt the function
of the stomatognathic system. This disruption can lead to an imbalance between the external and
internal muscles involved in oral function, which can have lasting consequences for oral health and
function (86). In 2014 (87), a Mexican study was conducted to determine the prevalence of oral
habits among children. The study revealed that a staggering 96.6% of the children who were
examined displayed bad oral habits.

The results of this study have significant implications for oral health, as bad oral habits can lead to
various dental and skeletal problems, including malocclusions, open bites, and speech impairments.

Early detection and intervention are crucial in preventing the development of such problems.
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Fig.5 Analysis of the correlation between malocclusion, bad oral habits, in adolescents (85)

Tongue thrusting

Tongue thrusting is a reflexive action where an individual places their tongue between or against
their teeth during speaking or swallowing. While it is typically seen in infants, it can persist into
adulthood and result in several oral health issues, such as malocclusion (88). The Journal of
contemporary clinical dentistry stated that tongue thrusting is prevalent in children between the ages
of 4 and 6 years, with reported rates ranging from 40% to 80%. In children between the age of 12
and 15, the prevalence has been reported to range from 3% to 25% (89). Various factors such as an
enlarged or small tongue or hyper- or hypotonic tongue muscles can also contribute to tongue
thrusting. Tongue thrusting can lead to malocclusion by creating abnormal forces on the teeth,
particularly the anterior teeth. When the tongue is pushed forward during swallowing, it can cause
the front teeth to shift forward, creating an overbite or open bite (90).

This habit can also lead to the development of a tongue-thrust swallow, which can worsen
malocclusion by causing the tongue to push against the teeth during swallowing. Furthermore,
during teeth and jaw growth, tongue thrusting can disrupt normal growth and alignment,
contributing to malocclusion (91). James Braner and Holt proposed a classification for tongue thrust

in 1976 that includes four types (92):

* Type 1 is a non-deforming tongue thrust that does not cause any significant changes to the
teeth or oral structures.

* Type 2 is a deforming anterior tongue thrust, which can be further divided into three
subgroups: anterior open bite, associated procumbency of anterior teeth, and associated
posterior cross bite.

* Type 3 is a deforming lateral tongue thrust, which can also be further subdivided into three
subgroups: posterior open bite, posterior cross bite, and deep overbite.

* Type 4 is a deforming anterior and lateral tongue thrust, which can be further divided into
three subgroups: anterior and posterior open bite, proclination of anterior teeth, and posterior

cross bite.

The relationship between tongue thrusting and malocclusion has been extensively studied in the
dental literature. A study conducted in 2014 (89) found that tongue thrusting was significantly

associated with the development of open bites in children. In this study, children with a history of



tongue thrusting were more likely to have an anterior open bite, which is characterized by a gap or
space between the front teeth when the jaws are closed. Another Study in 2009 confirmed that the
prevalence of overjet was significantly increased in tongue thrust individuals (91). In addition to
these effects, tongue thrusting can also have significant impacts on speech production. Individuals
who frequently thrust their tongue forward during swallowing or speaking may have difficulty
articulating certain sounds that require the tongue to be in the correct position. As a result,
individuals with speech impediments caused by tongue thrusting may experience social and
emotional challenges, such as difficulty communicating with others and feelings of self-
consciousness or embarrassment (93).

Besides tongue thrusting the resting position of the tongue is also influential in the development of
malocclusion. When the tongue is improperly positioned, it creates an uneven distribution of
pressure in the mouth, leading to tooth shifting and eventual malocclusion over time, especially in
early childhood while the jaw and face bones are still growing. A study in 2017 found that anterior
tongue posture was significantly correlated with mandibular incisor anterior position and
mandibular protrusion in class II and class I1I malocclusion (94). Especially when nasal breathing is
impaired mouth breathing is mostly unavoidable. Here the mandible drops and the tongue positions
itself low and forward to allow breathing. Logically it is important to emphasize the origin of LTRP
(low tongue rest position). The Academy of orofacial myofunctional therapy has stated that both a
low resting position of the tongue and the underlying reasons for it can have enduring consequences
such as negative impacts on the health and functionality of the temporomandibular joint, stability of
the dental occlusion, potential constriction of the maxilla, or chronic maintenance of an open mouth
posture (95).

The management of tongue thrusting involves various approaches such as habit-breaking
appliances, correction of malocclusion, and myofunctional therapy to correct the tongue's resting
position and during swallowing. Habit-breaking appliances such as tongue cribs act as reminders
and limit the forward movement of the tongue, while correction of malocclusion is aimed at
addressing underlying structural issues. Additionally, myofunctional therapy is an effective
approach that aims to retrain the muscles of the mouth and face, including the tongue, to establish
proper resting position and swallowing patterns (96).

Myofunctional therapy (MFT) is a treatment concept in orthodontics that aims to optimize the
function of the tongue and mouth muscles. The background of this therapy is the observation that a
flat tongue position with the tongue lodged between the front teeth is often associated with an open
bite, where the front teeth do not come into contact. At the same time, affected children often have
habitual mouth breathing and occasionally impaired speech. The fundamental idea of MFT is to

improve the tongue position and train the mouth muscles to achieve a relaxed mouth closure



through systematic exercises. It also aims to achieve unobstructed nasal breathing (97). The
international journal of orofacial myology published a study providing strong evidence for the
positive effects of orofacial myofunctional therapy (OMT) on improving dental occlusion and
decreasing dental open bite and overjet. Although the conservative method of measuring may have
diluted the results, the study indicates that age is not a factor in predicting the success of therapy,
and improvement in open bite and overjet can be achieved without orthodontic intervention (98). As
previously noted, the position of the tongue has an association with the respiratory mechanism and
the surrounding tongue musculature, which can affect speech and swallowing function. Therefore
speech training or speech therapy, which is part of MFT, is a common therapeutic approach in
combination with traditional orthodontic therapy to prevent and reverse the negative consequences
of tongue thrusting (99).

Regarding the optimal time of MFT, there is no common agreement in the literature. In general,
MFT is recommended for Patients above the age of 10 due to the possibility of spontaneous closure
of the anterior open bite. For any child undergoing treatment, it is recommended that the program
consists of at least 20 sessions, with the initial 10 sessions being devoted to teaching the proper
tongue posture. Subsequently, additional sessions will focus on monitoring the progress of the
exercises that have been taught. The myotherapy sessions should be ongoing until the exercises
become second nature to the child. Each session should be approximately 30 minutes long, with

weekly visits initially, followed by biweekly appointments, and ultimately monthly check-ins (96).

Mouth breathing

Mouth breathing is the act of breathing through the mouth rather than the nose, and is a prevalent
habit that can result in multiple health problems. The nasal respiratory function plays a critical role
in appropriate craniofacial growth and development. Nevertheless, prolonged mouth breathing can
induce modifications in craniofacial morphology, such as a constricted palate and a retruded
mandible, resulting in malocclusion (86,100).

While bad oral habits are associated with only a few malocclusions, mouth breathing is associated
with all of them (101). Besides the manifestation in the craniofacial structures, it is observed that
mouth breathers suffer from chronic muscle tension around the oral cavity resulting in a narrower
maxillary arch, widening of the cranio-vertebral angle and a posterior position of the mandible
(102). Class II malocclusion with protrusion of anterior teeth, crossbite, anterior open bite and

primary crowded teeth is considered the most common malocclusions regarding mouth breathing



(103) Studies investigating the correlation between malocclusion and mouth breathing suggest that
impaired nasal breathing may contribute to the development of certain dental conditions, such as
increased facial height, anterior open bite, increased overjet, and narrow palate (101). However, it is
important to note that impaired nasal breathing is not the only or even the primary cause of these
conditions. Children who engage in mouth breathing often exhibit skeletal discrepancies, including
transverse maxillary constriction, increased anterior facial height, and obtuse mandibular-maxillary
plane angle (104). Research has indicated that mouth breathing during the critical period of facial
development is linked with a mandible rotation in a clockwise direction and an elevation in the
height of the lower anterior face (102,104,105). Additionally, mouth breathing not only affects the
appearance of the front of the face, but it also alters the shape of the oropharyngeal airway (106).
These observations may be attributed to the inferior tongue posture and hypotonia of facial muscles
commonly associated with mouth breathing (107,108)

Mouth breathing can be prevented through a mix of behavioral and medical interventions. Oral
habit modification treatment, myofunctional therapy, and breathing exercises are examples of
behavioral interventions targeted at retraining the breathing pattern (109,110). Medications may be
used to treat underlying disorders such as allergies, nasal congestion, and obstructive sleep apnea.
In chronic cases, surgical procedures such as adenoidectomy, tonsillectomy, or nasal septal
deviation correction may be required (100,111). Mouth breathing prevention demands a
comprehensive approach that addresses the underlying causes as well as the accompanying

consequences.

Digit/Thumb sucking and pacifier use

Infants are born with a natural sucking reflex which usually evolves into a comforting behavior.
Sucking behavior usually evolves out of the natural nutritive suction behavior. Whenever it is
mentioned without a nutritive association it is called nonnutritive sucking behavior or short NNSB
(15) Epidemiology studies have shown that non-nutritive sucking habits are prevalent among
children globally and across all socioeconomic classes. The incidence of thumb sucking can vary
depending on geographic location, with studies reporting an incidence rate ranging from 68% to
82% in children between the ages of 2 to 5 years (14). The frequency of this behavior decreases as
children grow older, with only 12.1% of children older than 7 years and 1.9% of 12-year-old
children continuing to exhibit the habit (112).

NNSB are considered normal in infants and young children. However, prolonged Non-nutritive

sucking behaviors are associated with decreased maxillary arch width, overjet, anterior open bite



and posterior crossbite (113). According to a study conducted by Ferrante et al. in Italy, thumb/digit
sucking can be initiated to stimulate nasopalatal receptors and achieve a balance of muscle tension
in order to release psychological and physical tension. This suggests a close relationship between
finger sucking and a child's psycho-emotional maturity. Most children will cease this habit
spontaneously by the age of four years when more advanced self-management skills have
developed (114). Studies have also shown that digit sucking can lead to malocclusion by altering
the growth and development of the jaw and teeth. The pressure and movement caused by the finger
or thumb in the mouth can cause the permanent teeth to become misaligned, the upper and lower
jaws to grow unevenly, and the roof of the mouth to change shape. These changes can lead to an
overbite or an open bite, as well as other problems such as crossbites, protrusion of the upper front
teeth and a high palatal vault (15,115,116).

The sort of digit sucking wused also influences the development of malocclusion.
Passive digit sucking, in which the infant simply holds their finger or thumb in their mouth without
sucking, is less likely to result in malocclusion than active digit sucking. Furthermore, compared to
kids who do it less frequently or with less force, kids who suck on their fingers or thumbs for
extended periods of time or with great intensity are more likely to develop malocclusion. The
duration and frequency of digit sucking has a direct relationship with the severity of malocclusion,
the longer and more intense the digit sucking, the greater the malocclusion (82). In a scientific
review from 2016 (15), it is stated that each sucking behavior can develop specific types of
malocclusion. Children who use pacifiers are less likely to develop overjet compared to children
with digit-sucking behavior. Still, other studies suggest that digit sucking is more prone to overjet
than pacifier use (117-119). Nevertheless, all studies agree upon a longer duration of NNSB
increases the risk of malocclusion (15) (120).

An atypical swallowing pattern or tongue thrusting is typically associated with NNSB and
considered related to dentoalveolar or skeletal deformations (101). According to a study from 2001
(108), users at 24 and 36 months of age had significantly different dental arch and occlusion
characteristics from those who had ceased sucking by 12 months of age. This study that focused on
kids between the ages of two and five discovered that pacifier users had significantly higher overjet
(more than 4 mm), openbite, and posterior crossbite. The link between openbite and crossbite was
stronger the longer the pacifier use was measured in months. Additionally, between the ages of 2
and 5 years, pacifier users showed a significantly higher rate of overjet (>4 mm), open bite, and
posterior crossbite (108).

Parents” education regarding the effects of abnormal oral habits, children's education and
motivation to cease the habits, and the elimination of oral habits through habit-breaking equipment

are all crucial first steps in the prevention of parafunctional habits (16) A variety of treatment



options have been proposed for addressing thumb/digit-sucking in children (121). These can include
counseling for both the child and their parent, the use of various oral appliances, the implementation
of behavior modification techniques such as rewards or incentives for breaking the habit, the
application of a disagreeable-tasting substance to the child's thumb, myofunctional therapy, or a
combination of these approaches. A scientific review from 2015 (121) evaluated the effectiveness of
orthodontic appliances (with or without psychological intervention) compared to no treatment for
the cessation of digit sucking habit. The orthodontic appliance was found to be more effective than
no treatment, both in the short-term and long-term. The combination of orthodontic appliances with
psychological intervention was also found to be effective (121).

Two trials (78 participants) evaluating psychological interventions found that they were effective in
the short-term and long-term compared to no treatment. Only one trial found a difference in
effectiveness between different active interventions, with the palatal crib being more effective than
palatal arch (122,123). Especially psychological intervention and habit reversal training have been
shown to be effective approaches in stopping thumb or digit-sucking habits. A study conducting 30
thumbsucking children found that during the first week, habit reversal training resulted in a 92%
decrease in thumbsucking, which increased to 95% at the fourth month- and 89% at the 20-month
follow-up. In contrast, a treatment involving a bitter-tasting substance produced only a 35%
decrease (124).

Habit reversal training (HRT) is a type of behavioral therapy used to help individuals exhibiting
repetitive behaviors or habits like thumb sucking, nail biting, hair pulling, skin picking, tics, and
other body-focused repetitive behaviors. HRT consists of multiple steps, including identifying a
target habit or behavior, recognizing the triggers and conditions that contribute to the habit,
developing new substitute behaviors, and consistently practicing the new behaviors (124,125). HRT
is divided into five phases: awareness training, relaxation training, competitive response training,
motivation protocols, and generalization training. Awareness training involves identifying the habit
behavior and its triggers. It includes response description, self-observation and diary monitoring,
focusing on the sensations preceding the behavior, and acknowledging high-risk situations for the
behavior. Relaxation training aims to reduce stress that leads to habit behaviors, while competing
response training replaces undesirable behavior with less conspicuous actions. Motivation training
enhances the acceptability of HRT to children and their families, and generalization training

involves imagining successful control in situations identified during the awareness stage (126).



Breast feeding/ bottle feeding

Even though breast- or bottle feeding is not considered unusual suction behavior or bad oral habits,
various scientific studies deal with the question if breastfeeding has a positive effect on developing
Malocclusion (127,128). The WHO recommends exclusive feeding of the child through
breastfeeding for the first 6 months and for a minimum of 2 years with complementary foods (129).
These recommendations are based on studies dealing with the positive development of the
cardiovascular system, reduced risk of gastrointestinal infection and fewer risks of growth defects
(130). Scientific evidence shows that functional stimuli such as breathing, swallowing, chewing and
sucking affect craniofacial growth and development (131,132). Furthermore, studies suggest that
breastfeeding for less than 9 months can be considered a risk factor for posterior crossbite and
openbite (13),(9). Another study also suggests that breastfeeding for more than 12 months is
associated with a lower risk of overjet, posterior crossbite and open bite (134).

Bottle feeding, or providing an infant with formula or other liquids through a bottle, is a common
feeding method for infants and young children. While bottle-feeding has its own set of benefits,
such as convenience and flexibility for the caregiver, recent studies have also highlighted the
potential negative impact of bottle-feeding on oral health, specifically in relation to the development
of malocclusion, or improper alignment of the teeth (135,136). While Breastfeeding seems to
support the development of normal occlusion, an Indonesian study in 2019 suggests that bottle
feeding is a predisposing factor for developing malocclusion. The type, shape and texture of the
artificial nipple on the bottle may cause disturbances in the maxillary development. It is also
observed that Overjet is the most common malocclusion connected with Bottle- feeding. The
growth of the mandible, on the other hand, seemed to be slowed down due to the easier milk intake
and the lower muscle effort (136). Additionally a study from 2018 conducting over 5278 5- year
old children from 44 different Brazilian Towns found that decreased rates of malocclusion in 5-
year-olds were associated with higher breastfeeding rates at the city level between 9 and 12 months
of age, independent of sociodemographic factors. These results underscore the importance of

promoting  breastfeeding in  the  child's  first year of life (127).

Caries control

Caries is one of the most prevalent infectious multifactorial childhood disorders, which interferes
with both everyday activities and proper nutrient intake. According to the World Health

Organization (WHO), dental caries can be stopped in its early stages, but because most low- and



middle-income nations lack access to adequate oral health services, their incidence is still on the
rise globally (137). Early childhood caries (ECC) is defined as one or more decaying, missing (due
to caries), or filled tooth surfaces in any primary tooth in a child 71 months of age or younger,
according to the American Academy of Pediatric Dentistry (AAPD) (138). Although the prevalence
of dental caries has decreased among children in western countries, tooth decay in preschool-aged
children remains a significant issue in both developed and developing nations. The prevalence of
early childhood caries ranges from 1% to 12% in most developed countries, with a reported rate of
70% in less developed countries and among disadvantaged populations in developed countries
(139). Children have a high incidence of caries, which is caused by poor food consumption, poor
oral hygiene, and the physical features of deciduous teeth. Cavity formation is then triggered by the
localized disintegration and destruction of the calcified tissues of the teeth caused by the acid
generation by bacterial fermentation of dietary debris (140). Streptococcus mutans and
Streptococcus sobrinus are the primary microorganisms linked to early childhood -caries.
Lactobacilli also contribute to the development of caries lesions and are involved in lesion
progression, but not in its initiation (139). Streptococcus mutans can be transmitted from mother to
child through vertical transmission, mainly through the transfer of saliva from the mother to the
child during the first 12-24 months of life. Poor maternal oral hygiene maintenance, frequent
snacking, and sugar exposure increase the chances of transmission of the infection to the child.
Horizontal transmission of microbes may also occur between siblings and caregivers. The risk of
early colonization of Streptococcus mutans is higher in infants delivered via cesarean section due to
the more sterile nature of this delivery method, which creates an atypical microbial environment
(141-143). The presence of fermentable carbohydrates in a child's diet is a significant factor in the
development of early childhood caries. If the child consumes high levels of such carbohydrates, the
risk of dental caries increases. The question of whether Formula- Milk used in Bottlefeeding
promotes the development of Caries, which can ultimately lead to Early Tooth loss and
malocclusion, is answered by a study from 2021, conducting 166 13 — 18 month-old infants.The
prevalence of caries in breastfed and formula-fed infants was 31.8% and 36.0%, respectively, with
no statistically significant difference (p=0.579) (144)

Large-scale untreated caries and its effects, like tooth discomfort, directly cause mastication to
reduce or become asymmetrical, which alters the distribution of functional occlusal contact [Fig.6].
Poor facial growth and development caused by prolonged unilateral mastication might result in
malocclusion and dental-facial abnormalities (4). Mesiodistal crown width might shrink as a result
of primary canine and molar interproximal decay. The data shows that adjacent teeth have the
propensity to move toward the damaged location, which could result in a shorter dental arch. Loss

of arch length may result in issues with chewing, occlusal stability, tooth displacement, dental



crowding, and more (145). Nevertheless, in both mixed and permanent dentitions, caries is thought
to predispose to occlusal abnormalities.

Malocclusion makes it harder for patients to practice proper oral hygiene, which leads to an increase
in plaque buildup on the surfaces of the teeth and makes them more vulnerable to the onset of caries
(146). Especially in deciduous teeth, caries is the main cause of malocclusion. Because of the
common misconception that caries in primary teeth need no treatment due to their temporary nature,
most often malocclusions develop at an early age. Here most scientific data refers to the space
maintaining properties of a deciduous tooth which allows the successor to be guided into its correct
position preventing malocclusion (147). The scientific data shows that in sites where primary teeth
had to be extracted due to caries, malocclusion developed due to the lack of proper space-

maintanance (148)

Fig.6 (4) Severe decay of the first and second mandibular primary molars, intraoral arch length

decreased

Nutrition

The connection between nutrition and oral health is evident in the scientific literature (149).
Malnutrition, characterized by inadequate or excessive nutrient intake, has a strong worldwide
prevalence. Currently, approximately 828 million individuals suffer from hunger, and
approximately 1 billion people are obese, accounting for approximately 23% of the world's

population experiencing malnutrition (150,151). A 2021 cross-sectional study conducting 220



malnourished children found that malnourishment is directly linked to dental crowding. 98 of the
220 children (44.54%) had Angle's Class I malocclusion with crowding, 18 (8.1%) had spacing, 52
(23.63%) had Angle's Class II division 1 malocclusion, 38 (17.27%) had Angle's Class II division 2
malocclusion, and only 14 (6.3%) had Angle's class III malocclusion (152).

One key nutrient that has been identified as a potential contributor to malocclusion is vitamin D.
Recent studies have proposed a correlation between vitamin D deficiency and the development of
malocclusion. Vitamin D plays a crucial role in the development and maintenance of the skeleton,
including teeth, by regulating the expression of genes involved in bone mineralization and
remodeling, as well as the differentiation of cells responsible for bone formation and resorption
(153). This deficiency has been correlated with various oral health problems, such as dental caries,
periodontal disease, and osteoporosis, as well as an increased risk of malocclusion (154). Data from
a study conducted in 2021, suggests that Patients with Vitamin D deficiency were at higher risk of
developing malocclusion than Patients with sufficient Vitamin D levels (155). The underlying
mechanism behind this correlation remains poorly understood, however, it is hypothesized that
vitamin D plays a role in the development and maintenance of jaw bones, affecting the alignment of
teeth and their roots, and the function of the temporomandibular joint, which can lead to
malocclusion (156,157). Additionally, it may also affect the development of the craniofacial
skeleton, leading to malocclusion (158).

Another nutrient that has been associated with preventing malocclusion is fluoride (159). Fluoride is
a naturally occurring mineral that is commonly found in water, soil, and food. It is well known for
its capacity to fortify tooth enamel, by promoting the remineralization of tooth structure and
reducing demineralization, which is as mentioned earlier, a key factor for developing malocclusion.
It is a substance that is found in many dental products, including toothpaste and mouthwash, and
has been used for many years as a public health measure to prevent tooth decay. Fluoride is also
known to affect the development and maintenance of the craniofacial skeleton. A number of studies
have investigated the relationship between fluoride exposure and the development of malocclusion.
One study found that children who had higher levels of fluoride in their drinking water had a lower
risk of developing malocclusion (160). On the contrary, one study found that fluoride may exhibit a
negative effect on mandibular development. In this study, a disturbance in horizontal bone growth
was documented (161). This research was carried out on rats, and each rat was administered a daily
dose of 0.25 mg fluoride from the time of their birth. If this dosage is extrapolated to a child with a
weight of 4 kg, the required dosage would be 3.7 mg of fluoride per day. It is important to note that
the recommended daily fluoride intake for a child is determined by several factors such as age,
weight, and individual needs. According to the Pediatrics Child Health Journal a child between 3
months and 6 years of age should receive a daily dosage of 0,25mg of fluoride a day [Fig.7] (162).



It is also important to exercise caution when interpreting the results of animal studies and applying
them to human beings, as the mechanisms and effects of fluoride exposure can vary between
species. Additionally, the impact of fluoride intake on human health can also be influenced by other
factors such as diet, genetics, and environmental exposure (163). Regardless of this Study, it is
evident that fluoride exhibits a positive effect on developing a healthy occlusion. Especially when it
comes to remineralizing tooth structure to prevent the progression of caries, fluoride has become
indispensable.

Proteins also play a crucial role in the development and maintenance of teeth and jaws. Inadequate
protein intake has been linked to delayed tooth eruption and reduced jaw growth, both of which can
contribute to malocclusion (164). This is particularly relevant for growing children and adolescents,
as the majority of jaw growth occurs during this stage of development. Studies have shown that

individuals with malocclusion often have a lower protein intake than individuals with proper tooth

alignment (149,165).

Fluoride concentration

Age of child =0.3 ppm =0.3 ppm

0 to 6 months None None
=6 months to 3 years 0.25mg/day  None
=3 to 6 years 0.5 mg/day None
>6 years 1.00 mg/day  None

Fig. 7 Recommended supplemental fluoride concentrations for children (162)

Masticatory performance

When discussing nutrition it is also important to consider the masticatory process of chewing food.
The act of chewing involves a complicated interplay of muscles and joints responsible for
facilitating the grinding of food within the oral cavity. Scientific data proved that habits like
unilateral chewing or weakend muscles due to poor masticatory performance promote
temporomandibular disorders, which ultimately can lead to malocclusions (166—168). Additionally,
the University of Ottawa conducted a literature review on the relationship between food consistency

and malocclusion (169) and found that the decrease in tooth wear, resulting from the shift to an



agricultural diet, has contributed to the development of malocclusion. Furthermore it was shown

that the decrease in tooth wear resulted from softer diets. An earlier research has also documented

that the ingestion of soft contemporary sustenance, particularly processed foods that can be quickly

ingested and digested, has led to a reduction in mastication frequency and meal duration (170).
Especially in children it is important to monitor dietary intake in order prevent the emergence of
poor masticatory performance (171). In childhood and adolescence, masticatory performance shows
an increasing trend that reaches its highest level in young adulthood and then stabilizes, eventually
declining with aging. Hence, it is crucial to achieve the maximum possible level of masticatory
performance during the growth phase to impede any subsequent reduction in masticatory
performance (172).Clinical research has shown that there is a correlation between poor masticatory
performance and a higher body mass index (BMI) in children aged 3-5. Additionally, inadequate
masticatory performance has been found to be linked to a greater frequency of consuming liquid
foods daily, particularly in children with a high BMI (173,174).

As previously mentioned, prolonged unilateral chewing can result in an imbalanced pressure
distribution across the teeth, leading to gradual dental displacement (79). A study by Yukie Fujita et
al. found a correlation between oral habits and temporomandibular joint disorder symptoms in
orthodontic patients, with unilateral chewing being the most prevalent habit (80). The research
involved 57 female patients with an average age of 23.5 years who had sought treatment for TMD
symptoms and occlusion abnormalities. The most common primary symptom was joint sound,
while joint sound and pain were the second most common. The study found that 82.8% of patients
had significant oral habits, with unilateral chewing being the most prevalent. The research also
revealed that patients with unilateral chewing and bruxism tended to have more complex symptoms
compared to those without these habits (80). Unilateral chewing can develop due to dental issues
like caries, muscular weakness, injuries, neurological disorders but also habitual preferences. In
2012, a study was conducted to investigate the preference of chewing side during the first and
subsequent cycles of mastication for both hard and soft food. The study's results indicated that for
hard food, 73.68% of the participants displayed a masticatory preference, while for soft food,
57.89% of the participants exhibited a preference [Fig.8] (84).

Regarding the dynamic occlusal parameters in association with the preferred chewing side (PCS),
the ,,Journal of International Medical Research* states that tooth contact area, initial contact, and the
center of force during maximum intercuspation were primarily towards the preferred chewing side
(175). Unilateral chewing on the PCS supports accelerated deterioration of dentition, muscles, and
temporomandibular joint. Regular dental examination and treatment of the chewing side are
imperative to maintain masticatory efficiency and quality of life (84,175). Not only can the chewing

process itself be a contributing factor to malocclusion, but the scientific literature also indicates that



the consistency of food plays a significant role in its development as well .

Chewing cycle(s) Food type Preferred side Overall preference

Right Left None

First Hard 63.6% 36.3% - -
First Soft 57.9% 42.1% - -
All Hard 47.36% 26.32% 26.32% 73.68%
All Soft 47.36% 10.53% 42.11% 57.89%

Fig.8 Chewing preference in the four different occurrences, presented as percentages (84)

Body Posture and TMD

Lately, there has been a rise in the number of research studies examining the potential connections
between malocclusion and body posture (176). Body posture refers to how an individual positions
and holds their body while standing, sitting, or lying down (177). Maintaining poor body posture
can have adverse effects on an individual's health and well-being (178). Extended periods of a
sedentary lifestyle, such as sitting at a desk, can result in poor postural habits, including rounded
shoulders, a slouched position, and forward head posture (179). These postures, when maintained
for long periods, can cause muscle imbalances, limited range of motion, and chronic pain in the
back, shoulders, and neck.

In a study involving a sample size of 94 children between the ages of 7 and 14, a high prevalence
rate of postural disorders (76%) was observed. Analysis of the data revealed a statistically
significant correlation between the presence of kyphotic posture and a reduction in the SNB angle
resulting in a retruded mandible (176,180). Another study by Sergio Sambataro et al. also revealed
correlations between temporomandibular disorders (TMD) and other pathologies such as headaches,
cervical spine dysfunction, and Ehlers-Danlos syndrome (181). According to epidemiological
research on TMD, approximately 5 to 6% of the global population will experience a painful incident
related to TMJ at some stage in their lifetime (182).

The chain theory of body linkage explains how bad posture can lead to temporomandibular disorder
[Fig.9], as the interconnected rings of the upper, middle, and lower body segments must work in
coordination. Changes in tissue tension-compression, electromyographic activity of muscles, and

alterations in the center of gravity can all contribute to bad posture and TMD. High heels can also



contribute to bad posture and TMD by changing the alignment of the hips and spine (183).

The objective of an older study in 1992 was to examine the potential association between occlusal
factors, body posture, and temporomandibular disorders (TMD) in a cohort of 40 children with
primary dentition and 40 children with mixed dentition (184). The hypothesis of a correlation
between TMD and malocclusion, as well as between body posture and TMD in the study
population, was tested. The study findings demonstrated a significant association between forward
head position and TMD in the mixed dentition group. Additionally, various occlusal factors were
found to be closely associated with TMD in the study population. The prevalence of TMD was
2.5% in primary dentition and 90% in mixed dentition (184).The importance of preventing TMD
due to bad body posture is shown in a study which analyzed the prevalence of TMD and its
association with malocclusion. The study found a significant association between TMD and
malocclusions in the sagittal plane, altered bite, and deviation of the inter-incisive line (185).

In order to promote good health and avoid musculoskeletal disorders, it is essential to prevent poor
body posture in children. To achieve this, a combination of education, physical activity, and
ergonomic interventions can be utilized to encourage good posture habits among children
(186,187). To promote good posture in children, educational initiatives targeted at parents, teachers,
and children can increase awareness about the significance of maintaining good posture and the
potentially detrimental effects of poor posture. Such programs can provide guidance on how to
improve posture as well (188). Physical education programs or after-school activities can include
exercises that are effective in enhancing posture, including back-strengthening exercises. Properly
fitting furniture and computer equipment can be employed as ergonomic interventions to foster

good posture (189,190).




Fig.9 (181) A visual depiction is shown of an asymmetrical posture where the left side is
imbalanced and the right side is balanced. It is important to observe that the position of the jaw is

closely linked to the posture of the trunk.

Parental Education

The primary influence on children's development of regular oral health behaviors is typically their
parents. Parents with greater levels of education tend to have a more beneficial influence on their
kids' health behaviors and motivation to preserve good teeth (191). Developing malocclusion out of
an oral habit or early childhood caries can mostly be prevented with adequate parental education. A
Lithuanian study showed that children with parents who are highly educated are less prone to caries
and caries-related disorders than children with low-educated parents. Also, it is shown that families
with sufficient income and high education attended more often preventive dental check-ups than
families with low income. Especially when it comes to toothbrushing it was shown that children
with highly educated parents brush their teeth more frequently than those with low education (191).

On the contrary a study from Turkey in 2020 couldn’t prove that a high level of education of parents
directly contributes to positive oral health of their children (192).

However, it is undeniable that proper education on oral hygiene and maintenance as well as teeth in
general help parents achieve optimal preventive focus on the development of their children’s teeth
and jaws. Oral hygiene, access to dental services, proper care of teeth and gums, use of appropriate
cleaning objects, and toothpaste use are all aspects of prevention behavior. These elements related
to the specificity of oral care, as well as visits to the dentist, must be carried out on a regular basis
from an early age in order to prevent the occurrence of health problems in the body (191,193-195).
As mentioned prior poor oral hygiene causes tooth decay, which, if not treated properly, can lead to
tooth loss (4,146). Parents, particularly mothers, have a significant impact on children's oral health
behavior because they help them develop persistent behavioral routines (196). The participation of
parents and other primary caregivers is crucial for caries control, especially for younger children.
According to studies, parental education directly affects children's dental health. Dental caries
develops as a result of low-education families not paying enough attention to dental care procedures

and routine preventive visits to a dentist [Fig.10](191)



Variable Parental education p
High educational level Low educational level

Frequency of tooth brushing

Trwice 2 day 375 (48,5 201 (42.4)* 32 = 13.456, df = 2, P = 0.001
Once 2 day 350 (45.3) 218 (45.8) #D 0,005
Several imesa week 48 (6.2 56 (11.8)%*

Preventive measures
Applied 224 :::33.0} 104 ::25.?:: P=0.012

Nonapplied 453 (67.0) 300 (74.3)

Values are number (percentage).

Fig. 10 (191)Frequency of tooth brushing in relation with parental education level

Hyperdontia

Supernumerary teeth, also known as hyperdontia, refer to the presence of extra teeth in the dental
arch. These teeth can appear anywhere along the tooth arch and can be functional or non-functional.
Supernumerary teeth are uncommon, with a prevalence rate ranging from 0.1% to 3.5% in the
general population (197) While these teeth can sometimes be benign and have no negative effects
on oral health, they can also cause significant problems, particularly when they are associated with
malocclusion [Fig.11](4). The underlying causes of supernumerary teeth remain elusive, however, it
is believed that both genetic and environmental factors play a role (198). Some studies have also
suggested a genetic component to the development of supernumerary teeth, with some families
showing a higher frequency of the condition (12,199). Supernumerary teeth are usually diagnosed
through a comprehensive clinical examination and radiographic evaluation. A panoramic radiograph
or cone beam computed tomography (CBCT) is required to completely assess the presence,
location, and number of supernumerary teeth. It is also critical to correctly determine the type of
supernumerary tooth, as various types can have different management options and oral health
implications (200).

Supernumerary teeth can play a significant role in the development of malocclusion, particularly
when they are located in areas that are critical for proper tooth alignment and occlusion. This is

because the presence of extra teeth can cause crowding, shifting, and rotation of other teeth, leading



to a variety of dental and skeletal problems. In some cases, supernumerary teeth can also cause
impaction, which is when a tooth is prevented from fully erupting into the dental arch. Impacted
teeth can cause several problems, including resorption of adjacent teeth, periodontal disease, and
caries. Additionally, impacted supernumerary teeth can also contribute to the development of
malocclusion by altering the normal relationship between the upper and lower dental arches. The
specific impact of supernumerary teeth on malocclusion will depend on a number of factors,
including the location, number, and type of the supernumerary tooth, as well as the stage of tooth
development. In some cases, early diagnosis and management of supernumerary teeth may help to
prevent or mitigate the development of malocclusion (12,147,200,201).

A scientific review in the ,,International journal of dentistry (202) stated, that the management of
supernumerary premolars depends on various factors such as their alignment and impact on
occlusion. If the tooth has erupted and does not cause any occlusal problems, it can be left in place.
However, if the eruption results in crowding or affects the occlusion, it is advisable to remove the
tooth early. In case of unruptured supernumerary premolars, early removal prior to orthodontic
treatment is often recommended if diagnosed early. On the other hand, some practitioners

recommend delaying the removal until the roots have developed further or the permanent dentition

has been established to minimize potential damage to neighboring structures (202).

Fig.11 Supernumerary teeth in the area of maxillary anterior teeth resulted in rotation of the right

upper incisor and a large Gap, Lef:, intraoral photograph, Right,: Radiographic illustration(4)



Conclusion

In deduction, the prevention of malocclusion is crucial for optimal oral health and quality of life. As
mentioned earlier interceptive measures are most effective during the mixed dentition stage, which
typically occurs between the ages of 6 and 12 years . This stage allows the orthodontist to identify
and treat any developing malocclusion issues, such as crowding, spacing, or an improper bite,
before they become more severe and difficult to treat.

During this mixed dentition stage, removing deciduous teeth can prevent crowding and facilitate
permanent teeth to emerge. When determining the appropriate timing for tooth extraction, it is
crucial to consider factors such as age, dental development, and the individual needs of each patient.
Malocclusion due to early tooth loss can be avoided by replacing missing teeth on time, maintaining
space, and practicing good oral hygiene. When space is lost due to early primary tooth loss, the
amount of space available for permanent teeth to emerge properly is reduced, resulting in crowding,
rotations, and other alignment issues. By holding open the space created by the early loss of primary
teeth, space maintainers can help prevent space loss and maintain proper tooth alignment.

To reduce the risk of dental trauma and subsequent malocclusion, preventive measures can be taken.
Wearing protective gear during contact sports, avoiding risky behaviors such as biting hard objects,
and practicing good oral hygiene are all examples of preventative measures. Individuals,
particularly parents and caregivers, must be educated on the importance of taking preventive
measures to reduce the risk of dental trauma and subsequent malocclusion.

Thumbsucking, tongue thrusting, and mouth breathing can all disrupt the normal growth and
development of the teeth and jaws, also resulting in alignment - and other orthodontic issues.
Identifying and addressing the underlying causes of the habit, such as anxiety or stress, as well as
implementing behavioral interventions to encourage the individual to stop the habit, are examples of
these measures.

Myofunctional therapy is a type of treatment that focuses on promoting proper oral muscle function
and correcting bad oral habits. Exercises and techniques are used in this therapy to strengthen the
muscles of the mouth, tongue, and throat, as well as to improve breathing and swallowing patterns.
To avoid long-term orthodontic problems, it is critical to identify and address these habits as early
as possible. Regular dental check-ups, good oral hygiene practices, and a healthy diet can all help to
control the development of caries. Fluoride treatment and sealants can also provide additional caries
protection. When caries is discovered, prompt treatment is essential to prevent disease progression
and subsequent malocclusion. Preventing caries and malocclusion can also include lifestyle changes
such as limiting sugary and acidic foods and beverages.

Overall, a multidisciplinary approach is necessary for the prevention and management of



malocclusion, involving collaboration between dentists, orthodontists, and other healthcare
professionals. Further research is needed to better understand the underlying mechanisms of

malocclusion and its prevention in different populations and age groups.



10.

11.

12.

13.

14.

15.

References

Masucci C, Oueiss A, Maniere-Ezvan A, Orthlieb JD, Casazza E. [What is a malocclusion?].
Orthod Francaise. 2020 Jun 1;91(1-2):57-67.

Malocclusion - an overview | ScienceDirect Topics [Internet]. [cited 2023 Mar 25]. Available
from: https://www.sciencedirect.com/topics/medicine-and-dentistry/malocclusion

Ruf' S, Proff P, Lisson J. [Health relevance of malocclusions and their treatment].
Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. 2021 Aug;64(8):918-23.

Zou J, Meng M, Law CS, Rao Y, Zhou X. Common dental diseases in children and
malocclusion. Int J Oral Sci. 2018 Mar 13;10(1):7.

Macey R, Thiruvenkatachari B, O’Brien K, Batista KBSL. Do malocclusion and orthodontic
treatment impact oral health? A systematic review and meta-analysis. Am J Orthod Dentofac
Orthop Off Publ Am Assoc Orthod Its Const Soc Am Board Orthod. 2020 Jun;157(6):738-
744.e10.

Cadenas de Llano-Pérula M, Ricse E, Fieuws S, Willems G, Orellana-Valvekens MF.
Malocclusion, Dental Caries and Oral Health-Related Quality of Life: A Comparison between

Adolescent School Children in Urban and Rural Regions in Peru. Int J Environ Res Public
Health. 2020 Jan;17(6):2038.

Anthony SN, Zimba K, Subramanian B. Impact of Malocclusions on the Oral Health-Related
Quality of Life of Early Adolescents in Ndola, Zambia. Int J Dent. 2018 Jun 3;2018:7920973.

Lombardo G, Vena F, Negri P, Pagano S, Barilotti C, Paglia L, et al. Worldwide prevalence of
malocclusion in the different stages of dentition: A systematic review and meta-analysis. Eur J
Paediatr Dent. 2020 Jun;21(2):115-22.

Stahl F, Grabowski R. Orthodontic findings in the deciduous and early mixed dentition--
inferences for a preventive strategy. J Orofac Orthop Fortschritte Kieferorthopadie
OrganOfficial J Dtsch Ges Kieferorthopadie. 2003 Nov;64(6):401-16.

Legovic M, Mady L. Longitudinal occlusal changes from primary to permanent dentition in
children with normal primary occlusion. Angle Orthod. 1999 Jun;69(3):264—6.

Okoye LO, Onah II, Ekwueme OC, Agu KA. Pattern of malocclusion and caries experience in
unrepaired cleft lip and palate patients in Enugu. Niger J Clin Pract. 2020 Jan;23(1):59-64.

Khambete N, Kumar R. Genetics and presence of non-syndromic supernumerary teeth: A
mystery case report and review of literature. Contemp Clin Dent. 2012;3(4):499-502.

Cenzato N, Nobili A, Maspero C. Prevalence of Dental Malocclusions in Different
Geographical Areas: Scoping Review. Dent J. 2021 Oct 11;9(10):117.

Thadchanamoorthy V, Dayasiri K. A Study on Digit Sucking Among Children Presented to a
Tertiary Care Paediatric Clinic in Sri Lanka. Cureus. 13(2):e13306.

Dogramaci EJ, Rossi-Fedele G. Establishing the association between nonnutritive sucking
behavior and malocclusions: A systematic review and meta-analysis. ] Am Dent Assoc 1939.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

2016 Dec;147(12):926-934.¢6.
Preventive and Interceptive Orthodontics. Int J Paediatr Dent. 2021;31(S2):355-77.

Kher MS, Rao A. Space Maintenance in the Primary Dentition: Custom Made and
Prefabricated. In: Kher MS, Rao A, editors. Contemporary Treatment Techniques in Pediatric
Dentistry [Internet]. Cham: Springer International Publishing; 2019 [cited 2022 Apr 18]. p.
141-74. Available from: https://doi.org/10.1007/978-3-030-11860-0 6

Spodzieja K, Olczak-Kowalczyk D. Premature Loss of Deciduous Teeth as a Symptom of
Systemic Disease: A Narrative Literature Review. Int J Environ Res Public Health. 2022 Mar
13;19(6):3386.

Jayachandar D, Gurunathan D, Jeevanandan G. Prevalence of early loss of primary molars
among children aged 5—10 years in Chennai: A cross-sectional study. J Indian Soc Pedod Prev
Dent. 2019 Jun;37(2):115.

Law CS. Management of premature primary tooth loss in the child patient. J Calif Dent Assoc.
2013 Aug;41(8):612-8.

Al-Shamahy H, Al-dossary O, Al-Haddad K, Al-Najhi M, Al-labani M, al-akwa A, et al.
Malocclusion And Premature Teeth Loss: Its Prevalence And Association Among Yemeni
School Children In Sana’a. J Oral Med Dent Res. 2021 Nov 30;2:14.

Nadelman P, Magno MB, Pithon MM, Castro ACR de, Maia LC. Does the premature loss of
primary anterior teeth cause morphological, functional and psychosocial consequences? Braz
Oral Res. 2021;35:e092.

Nadelman P, Bedran N, Magno MB, Masterson D, de Castro ACR, Maia LC. Premature loss
of primary anterior teeth and its consequences to primary dental arch and speech pattern: A
systematic review and meta-analysis. Int J Paediatr Dent. 2020 Nov;30(6):687-712.

Saloom HF. Early Loss of Deciduous Teeth and Occlusion.

Suresh KS, Uma H, Nagarathna J, Kumar P. Management of Ectopically Erupting Maxillary
Incisors: A Case Series. Int J Clin Pediatr Dent. 2015;8(3):227-33.

Monte-Santo AS, Viana SVC, Moreira KMS, Imparato JCP, Mendes FM, Bonini GAVC.
Prevalence of early loss of primary molar and its impact in schoolchildren’s quality of life. Int
J Paediatr Dent. 2018 Nov;28(6):595-601.

Lin YT, Lin WH, Lin YTJ. Immediate and six-month space changes after premature loss of a
primary maxillary first molar. ] Am Dent Assoc 1939. 2007 Mar;138(3):362-8.

Ronnerman A. The effect of early loss of primary molars on tooth eruption and space
conditions. A longitudinal study. Acta Odontol Scand. 1977;35(5):229-39.

Tunison W, Flores-Mir C, ElBadrawy H, Nassar U, El-Bialy T. Dental arch space changes
following premature loss of primary first molars: a systematic review. Pediatr Dent.
2008;30(4):297-302.

Padma Kumari B, Retnakumari N. Loss of space and changes in the dental arch after
premature loss of the lower primary molar: a longitudinal study. J Indian Soc Pedod Prev
Dent. 2006 Jun;24(2):90-6.



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Lin YT, Chang LC. Space changes after premature loss of the mandibular primary first molar:
a longitudinal study. J Clin Pediatr Dent. 1998;22(4):311-6.

Lucas-Rincon SE, Robles-Bermeo NL, Lara-Carrillo E, Scougall-Vilchis RJ, Pontigo-Loyola
AP, Rueda-Ibarra V, et al. Interproximal caries and premature tooth loss in primary dentition as

risk factors for loss of space in the posterior sector. Medicine (Baltimore). 2019 Mar
15;98(11):e14875.

Martins-Jinior PA, Marques LS. Clinical implications of early loss of a lower deciduous
canine. Int J Orthod Milwaukee Wis. 2012;23(3):23-7.

Davies KR, Schneider GB, Southard TE, Hillis SL, Wertz PW, Finkelstein M, et al. Deciduous
canine and permanent lateral incisor differential root resorption. Am J Orthod Dentofac Orthop
Off Publ Am Assoc Orthod Its Const Soc Am Board Orthod. 2001 Oct;120(4):339-47.

Christensen RT, Fields HW, Christensen JR, Beck FM, Casamassimo PS, McTigue DJ. The
Effects of Primary Canine Loss on Permanent Lower Dental Midline Stability. Pediatr Dent.
2018 Jul 15;40(4):279-84.

Christensen RT, Fields HW, Christensen JR, Beck FM, Casamassimo PS, McTigue DJ. The
Effects of Primary Canine Loss on Permanent Lower Dental Midline Stability. 40(4).

Aljabab MA, Algharbi M, Huggare J, Bazargani F. Impact of early extraction of the deciduous
canine on relief of severe crowding: Angle Orthod. 2021 Nov;91(6):743-8.

Sjogren A, Arnrup K, Lennartsson B, Huggare J. Mandibular incisor alignment and dental arch
changes 1 year after extraction of deciduous canines. Eur J Orthod. 2012 Oct 1;34(5):587-94.

Sachan A, Chaturvedi TP. Orthodontic management of buccally erupted ectopic canine with
two case reports. Contemp Clin Dent. 2012;3(1):123-8.

Ajith SD, Shetty S, Hussain H, Nagaraj T, Srinath M. Management of Multiple Impacted
Teeth: A Case Report and Review. J Int Oral Health JIOH. 2014 Jun;6(3):93-8.

Gianelly AA. Treatment of crowding in the mixed dentition. Am J Orthod Dentofac Orthop
Off Publ Am Assoc Orthod Its Const Soc Am Board Orthod. 2002 Jun;121(6):569-71.

Nasehi A, Mazhari F, Mohtasham N. Localized idiopathic root resorption in the primary
dentition: Review of the literature and a case report. Eur J Dent. 2015;9(4):603-9.

Roulias P, Kalantzis N, Doukaki D, Pachiou A, Karamesinis K, Damanakis G, et al. Teeth
Eruption Disorders: A Critical Review. Children. 2022 May 24;9(6):771.

Patel S, Saberi N, Pimental T, Teng P. Present status and future directions: Root resorption. Int
Endod J. 2022 Oct;55(Suppl 4):892-921.

Kau CH, Durning P, Richmond S, Miotti FA, Harzer W. Extractions as a form of interception
in the developing dentition: a randomized controlled trial. J Orthod. 2004 Jun;31(2):107-14.

Yoshihara T, Matsumoto Y, Suzuki J, Sato N, Oguchi H. Effect of serial extraction alone on
crowding: spontaneous changes in dentition after serial extraction. Am J Orthod Dentofac
Orthop Off Publ Am Assoc Orthod Its Const Soc Am Board Orthod. 2000 Dec;118(6):611-6.

Sayin MO, Tiirkkahraman H. Effects of lower primary canine extraction on the mandibular



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

38.

59.

60.

61.

dentition. Angle Orthod. 2006 Jan;76(1):31-5.

Naoumova J, Kurol J, Kjellberg H. Extraction of the deciduous canine as an interceptive
treatment in children with palatal displaced canines—part I: shall we extract the deciduous
canine or not? Eur J Orthod. 2015 Apr 1;37(2):209-18.

AlWadiyah M, Athanasiou AE, Makrygiannakis MA, Kaklamanos EG. Does interceptive
extraction of multiple primary teeth increase the chances of spontaneous eruption of

permanent maxillary canines positioned palatally or centrally in the alveolar crest? A
Systematic review. Int Orthod. 2022 Jun 1;20(2):100638.

yearlvisit.pdf [Internet]. [cited 2023 Apr 19]. Available from:
https://www.aapd.org/globalassets/media/policy-center/year1visit.pdf

Kanavakis G, Curran K, Wiseman K, Barone N, Finkelman M, Srinivasan S, et al. Evaluation

of crown-root angulation of lateral incisors adjacent to palatally impacted canines. Prog
Orthod. 2015 Feb 26;16:1-6.

Caprioglio A, Comaglio I, Siani L, Fastuca R. Effects of impaction severity of treated palatally
displaced canines on periodontal outcomes: a retrospective study. Prog Orthod. 2019 Feb
4;20:5.

Naoumova J, Kjellberg H. The use of panoramic radiographs to decide when interceptive
extraction is beneficial in children with palatally displaced canines based on a randomized
clinical trial. Eur J Orthod. 2018 Feb 15;40.

Naoumova J, Kjellberg H. The use of panoramic radiographs to decide when interceptive
extraction is beneficial in children with palatally displaced canines based on a randomized
clinical trial. Eur J Orthod. 2018 Nov 30;40(6):565-74.

Extraction of primary canines for interceptive orthodontic treatment of palatally displaced
permanent canines: A systematic review - PMC [Internet]. [cited 2023 Apr 19]. Available
from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8317556/

Naoumova J, Kiirol J, Kjellberg H. Extraction of the deciduous canine as an interceptive
treatment in children with palatally displaced canines - part II: possible predictors of success
and cut-off points for a spontaneous eruption. Eur J Orthod. 2015 Apr;37(2):219-29.

Bazargani F, Magnuson A, Lennartsson B. Effect of interceptive extraction of deciduous
canine on palatally displaced maxillary canine: a prospective randomized controlled study.
Angle Orthod. 2014 Jan;84(1):3-10.

Baccetti T, Leonardi M, Armi P. A randomized clinical study of two interceptive approaches to
palatally displaced canines. Eur J Orthod. 2008 Aug;30(4):381-5.

Leonardi M, Armi P, Franchi L, Baccetti T. Two interceptive approaches to palatally displaced
canines: a prospective longitudinal study. Angle Orthod. 2004 Oct;74(5):581-6.

Choonara SA. Orthodontic space maintenance--a review of current concepts and methods.
SADJ J South Afr Dent Assoc Tydskr Van Suid-Afr Tandheelkd Ver. 2005 Apr;60(3):113, 115-
7.

Space maintenance in the primary and mixed dentitions - PubMed [Internet]. [cited 2023 Jan
17]. Available from: https://pubmed.ncbi.nlm.nih.gov/22439522/



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Setia V, Pandit IK, Srivastava N, Gugnani N, Sekhon HK. Space Maintainers in Dentistry: Past
to Present. J Clin Diagn Res JCDR. 2013 Oct;7(10):2402-5.

Watt E, Ahmad A, Adamji R, Katsimbali A, Ashley P, Noar J. Space maintainers in the primary
and mixed dentition — a clinical guide. Br Dent J. 2018 Aug;225(4):293-8.

Laing E, Ashley P, Naini FB, Gill DS. Space maintenance. Int J Paediatr Dent. 2009
May;19(3):155-62.

Gurcan AT, Koruyucu M, Kuru S, Sepet E, Seymen F, Gurcan AT, et al. Effects of Fixed and
Removable Space Maintainers on Dental Plaque and DMFT/dft Values. Odovtos Int J Dent
Sci. 2021 Aug;23(2):137-47.

Bindayel NA. Clinical evaluation of short term space variation following premature loss of
primary second molar, at early permanent dentition stage. Saudi Dent J. 2019 Jul;31(3):311-5.

Khalaf K, Mustafa A, Wazzan M, Omar M, Estaitia M, El-Kishawi M. Clinical effectiveness
of space maintainers and space regainers in the mixed dentition: A systematic review. Saudi
Dent J. 2022 Feb 1;34(2):75-86.

Ahmad AJ, Parekh S, Ashley PF. Methods of space maintenance for premature loss of a
primary molar: a review. Eur Arch Paediatr Dent. 2018 Oct 1;19(5):311-20.

Arikan V, Kizilci E, Ozalp N, Ozcelik B. Effects of Fixed and Removable Space Maintainers
on Plaque Accumulation, Periodontal Health, Candidal and Enterococcus Faecalis Carriage.
Med Princ Pract. 2015 Jun;24(4):311-7.

Traumatic Malocclusion of the Mandible: The Essence of Balanced Occlusion | Annals of
Saudi Medicine [Internet]. [cited 2023 Feb 20]. Available from:
https://www.annsaudimed.net/doi/10.5144/0256-4947.1991.106

Abreu MGL, Milani AJ, Fernandes T de O, Gomes CC, Antunes LS, Antunes LAA. Dental
trauma in primary dentition, its effect on permanent successors and on Oral Health-Related
Quality of Life: a 4-year follow-up case report. Int J Burns Trauma. 2020 Oct 15;10(5):201-9.

Traumatic dental injuries and their association with malocclusion in the primary dentition of
Irish children - Norton - 2012 - Dental Traumatology - Wiley Online Library [Internet]. [cited
2023 Feb 20]. Available from: https://onlinelibrary.wiley.com/doi/10.1111/3.1600-
9657.2011.01032.x

Majewski M, Kostrzewska P, Ziotkowska S, Kijek N, Malinowski K. Traumatic dental injuries
- practical management guide. Pol Merkur Lek Organ Pol Tow Lek. 2022 Jun 24;50(297):216—
8.

Aldrigui JM, Abanto J, Carvalho TS, Mendes FM, Wanderley MT, Bonecker M, et al. Impact
of traumatic dental injuries and malocclusions on quality of life of young children. Health
Qual Life Outcomes. 2011 Sep 24;9(1):78.

Young EJ, Macias CR, Stephens L. Common Dental Injury Management in Athletes. Sports
Health. 2015 May;7(3):250-5.

Badel T, Jerolimov V, Panduri¢ J, Carek V. [Custom-made mouthguards and prevention of
orofacial injuries in sports]. Acta Medica Croat Cas Hravatske Akad Med Znan. 2007;61 Suppl
1:9-14.



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Hwang MJ, Dillon JK, Dodson TB. Helmets Decrease Risk of Bicyclist-Related Maxillofacial
Injuries But Not Severity. J Oral Maxillofac Surg Off J Am Assoc Oral Maxillofac Surg. 2019
Oct;77(10):2055-63.

Reddy LV, Bhattacharjee R, Misch E, Sokoya M, Ducic Y. Dental Injuries and Management.
Facial Plast Surg FPS. 2019 Dec;35(6):607-13.

Wang Z, Feng J, Wang Q, Yang Y, Xiao J. Analysis of the correlation between malocclusion,
bad oral habits, and the caries rate in adolescents. Transl Pediatr. 2021 Dec;10(12):3291300—
3300.

Fujita Y, Motegi E, Nomura M, Kawamura S, Yamaguchi D, Yamaguchi H. Oral habits of
temporomandibular disorder patients with malocclusion. Bull Tokyo Dent Coll. 2003
Nov;44(4):201-7.

Kamdar RJ, Al-Shahrani I. Damaging Oral Habits. J Int Oral Health JIOH. 2015 Apr;7(4):85—
7.

Dacosta O, Orenuga O. Dentofacial anomalies related to the digit sucking habit. Afr J Med
Med Sci. 2002 Oct 1;31:239-42.

Heimer MV, Tornisiello Katz CR, Rosenblatt A. Non-nutritive sucking habits, dental
malocclusions, and facial morphology in Brazilian children: a longitudinal study. Eur J
Orthod. 2008 Dec;30(6):580-5.

Zamanlu M, Khamnei S, SalariLak S, Oskoee SS, Shakouri SK, Houshyar Y, et al. Chewing
side preference in first and all mastication cycles for hard and soft morsels. Int J Clin Exp
Med. 2012 Aug 22;5(4):326-31.

Analysis of the correlation between malocclusion, bad oral habits, and the caries rate in
adolescents - Wang - Translational Pediatrics [Internet]. [cited 2022 Nov 30]. Available from:
https://tp.amegroups.com/article/view/86024/html

Grippaudo C, Paolantonio EG, Antonini G, Saulle R, La Torre G, Deli R. Association between
oral habits, mouth breathing and malocclusion. Acta Otorhinolaryngol Ital. 2016
Oct;36(5):386-94.

Mendoza Oropeza L, Meléndez Ocampo AF, Ortiz Sanchez R, Fernandez Lopez A. Prevalence
of malocclusions associated with pernicious oral habits in a Mexican sample. Rev Mex Ortod.
2014 Oct 1;2(4):e216-23.

Fraser C. Tongue thrust and its influence in orthodontics. Int J Orthod Milwaukee Wis.
2006;17(1):9-18.

Dixit UB, Shetty RM. Comparison of soft-tissue, dental, and skeletal characteristics in
children with and without tongue thrusting habit. Contemp Clin Dent. 2013;4(1):2—6.

Tulley WJ. A critical appraisal of tongue-thrusting. Am J Orthod. 1969 Jun;55(6):640-50.

Jalaly T, Ahrari F, Amini F. Effect of Tongue Thrust Swallowing on Position of Anterior Teeth.
J Dent Res Dent Clin Dent Prospects. 2009;3(3):73-7.

Brauer JS, Holt TV. TONGUE THRUST CLASSIFICATION. Angle Orthod. 1965
Apr;35:106-12.



93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Khinda V, Grewal N. Relationship of tongue-thrust swallowing and anterior open bite with
articulation disorders: a clinical study. J Indian Soc Pedod Prev Dent. 1999 Jun;17(2):33-9.

Iwasaki T, Sato H, Suga H, Takemoto Y, Inada E, Saitoh I, et al. Relationships among nasal
resistance, adenoids, tonsils, and tongue posture and maxillofacial form in Class II and Class
III children. Am J Orthod Dentofac Orthop Off Publ Am Assoc Orthod Its Const Soc Am
Board Orthod. 2017 May;151(5):929—40.

Low Tongue Rest Posture [Internet]. aomtinfo. [cited 2023 Mar 5]. Available from:
https://aomtinfo.org/orofacial-myofunctional-disorders/low-tongue-rest-posture/

Shah SS, Nankar MY, Bendgude VD, Shetty BR. Orofacial Myofunctional Therapy in Tongue
Thrust Habit: A Narrative Review. Int J Clin Pediatr Dent. 2021;14(2):298-303.

What is Myofunctional Therapy & Orofacial Myofunctional Disorders? [Internet]. aomtinfo.
[cited 2023 Mar 5]. Available from: https://aomtinfo.org/myofunctional-therapy/

Benkert KK. The effectiveness of orofacial myofunctional therapy in improving dental
occlusion. Int J Orofac Myol Off Publ Int Assoc Orofac Myol. 1997;23:35-46.

Cenzato N, Tannotti L, Maspero C. Open bite and atypical swallowing: orthodontic treatment,
speech therapy or both? A literature review. Eur J Paediatr Dent. 2021 Dec;22(4):286-90.

Mouth Breathing - an overview | ScienceDirect Topics [Internet]. [cited 2023 Mar 25].
Available from: https://www.sciencedirect.com/topics/medicine-and-dentistry/mouth-breathing

Association between oral habits, mouth breathing and malocclusion - PubMed [Internet].
[cited 2022 Nov 30]. Available from: https://pubmed.ncbi.nlm.nih.gov/27958599/

Zhao Z, Zheng L, Huang X, Li C, Liu J, Hu Y. Effects of mouth breathing on facial skeletal
development in children: a systematic review and meta-analysis. BMC Oral Health. 2021 Mar
10;21:108.

Surtel A, Klepacz R, Wysokinska-Miszczuk J. [The influence of breathing mode on the oral
cavity]. Pol Merkur Lek Organ Pol Tow Lek. 2015 Dec;39(234):405-7.

LiJ, Zhao Z, Zheng L, Daraqgel B, Liu J, Hu Y. Effects of mouth breathing on maxillofacial
and airway development in children and adolescents with different cervical vertebral
maturation stages: a cross-sectional study. BMC Oral Health. 2022 May 23;22:197.

Harari D, Redlich M, Miri S, Hamud T, Gross M. The effect of mouth breathing versus nasal
breathing on dentofacial and craniofacial development in orthodontic patients. The
Laryngoscope. 2010 Oct;120(10):2089-93.

D’Onofrio L. Oral dysfunction as a cause of malocclusion. Orthod Craniofac Res. 2019
May;22(Suppl 1):43-8.

Fields HW, Warren DW, Black K, Phillips CL. Relationship between vertical dentofacial
morphology and respiration in adolescents. Am J Orthod Dentofac Orthop Off Publ Am Assoc
Orthod Its Const Soc Am Board Orthod. 1991 Feb;99(2):147-54.

Majorana A, Bardellini E, Amadori F, Conti G, Polimeni A. Timetable for oral prevention in
childhood—developing dentition and oral habits: a current opinion. Prog Orthod. 2015 Nov
2;16:39.



109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Stupak HD. Strategies for Addressing Mouth-Breathing Treatment with an “Adequate” Nose.
Rethink Rhinoplasty Facial Surg. 2020 Mar 9;193-207.

Limme M. [Orthodontic treatment in mouth breathing]. Acta Otorhinolaryngol Belg.
1993;47(2):263-71.

Farid M, Metwalli N. Computed tomographic evaluation of mouth breathers among paediatric
patients. Dentomaxillofacial Radiol. 2010 Jan;39(1):1-10.

Borrie FR, Bearn DR, Innes NP, Theozor-Ejiofor Z. Interventions for the cessation of non-
nutritive sucking habits in children. Cochrane Database Syst Rev [Internet]. 2015 [cited 2023
Feb 8];(3). Available from:
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD008694.pub2/full

Recommendations for the use of pacifiers | Paediatrics & Child Health | Oxford Academic
[Internet]. [cited 2022 Dec 1]. Available from:
https://academic.oup.com/pch/article/8/8/515/2648440

Ferrante A, Ferrante A. [Finger or thumb sucking. New interpretations and therapeutic
implications]. Minerva Pediatr. 2015 Aug 1;67(4):285-97.

Karjalainen S, Rénning O, Lapinleimu H, Simell O. Association between early weaning, non-
nutritive sucking habits and occlusal anomalies in 3-year-old Finnish children. Int J Paediatr
Dent. 1999 Sep;9(3):169-73.

Reid DA, Price AH. Digital deformities and dental malocclusion due to finger sucking. Br J
Plast Surg. 1984 Oct;37(4):445-52.

Kohler L, Holst K. Malocclusion and sucking habits of four-year-old children. Acta Paediatr
Scand. 1973 Jul;62(4):373-9.

Larsson E. Treatment of children with a prolonged dummy or finger-sucking habit. Eur J
Orthod. 1988 Aug;10(3):244-8.

Warren JJ, Bishara SE. Duration of nutritive and nonnutritive sucking behaviors and their
effects on the dental arches in the primary dentition. Am J Orthod Dentofac Orthop Off Publ
Am Assoc Orthod Its Const Soc Am Board Orthod. 2002 Apr;121(4):347-56.

daCosta OO, Orenuga OO. Dentofacial anomalies related to the digit sucking habit. Afr J Med
Med Sci. 2002 Sep;31(3):239-42.

Borrie FR, Bearn DR, Innes NP, Theozor-Ejiofor Z. Interventions for the cessation of non-
nutritive sucking habits in children. Cochrane Database Syst Rev. 2015 Mar
31;2015(3):CD008694.

Haryett RD, Hansen FC, Davidson PO, Sandilands ML. Chronic thumb-sucking: the
psychologic effects and the relative effectiveness of various methods of treatment. Am J
Orthod. 1967 Aug;53(8):569-85.

Larsson E. Dummy- and finger-sucking habits with special attention to their significance for
facial growth and occlusion. 3. Weaning. Sven Tandlakare Tidskr Swed Dent J. 1972
Jan;65(1):1-5.

Azrin NH, Nunn RG, Frantz-Renshaw S. Habit reversal treatment of thumbsucking. Behav



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Res Ther. 1980 Jan 1;18(5):395-9.

Christensen AP, Sanders MR. Habit reversal and differential reinforcement of other behaviour
in the treatment of thumb-sucking: an analysis of generalization and side-effects. J Child
Psychol Psychiatry. 1987 Mar;28(2):281-95.

Bate KS, Malouff JM, Thorsteinsson ET, Bhullar N. The efficacy of habit reversal therapy for
tics, habit disorders, and stuttering: A meta-analytic review. Clin Psychol Rev. 2011 Jul
1;31(5):865-71.

Corréa-Faria P, de Abreu MHNG, Jorddao LMR, Freire M do CM, Costa LR. Association of
breastfeeding and malocclusion in 5-year-old children: Multilevel approach. Int J Paediatr
Dent. 2018 Nov;28(6):602—7.

Abate A, Cavagnetto D, Fama A, Maspero C, Farronato G. Relationship between
Breastfeeding and Malocclusion: A Systematic Review of the Literature. Nutrients. 2020 Nov
30;12(12):3688.

Westerfield KL, Koenig K, Oh R. Breastfeeding: Common Questions and Answers. Am Fam
Physician. 2018 Sep 15;98(6):368-73.

Hermont AP, Martins CC, Zina LG, Auad SM, Paiva SM, Pordeus IA. Breastfeeding, bottle
feeding practices and malocclusion in the primary dentition: a systematic review of cohort
studies. Int J Environ Res Public Health. 2015 Mar 1;12(3):3133-51.

Peres KG, Chaffee BW, Feldens CA, Flores-Mir C, Moynihan P, Rugg-Gunn A. Breastfeeding
and Oral Health: Evidence and Methodological Challenges. J Dent Res. 2018 Mar;97(3):251—
8.

Sanchez-Molins M, Grau Carbo J, Lischeid Gaig C, Ustrell Torrent JM. Comparative study of
the craniofacial growth depending on the type of lactation received. Eur J Paediatr Dent. 2010
Jun;11(2):87-92.

Effects of breastfeeding and sucking habits on malocclusion in a birth cohort study - PubMed
[Internet]. [cited 2022 Nov 28]. Available from: https://pubmed.ncbi.nlm.nih.gov/17515986/

Thomaz EBAF, Alves CMC, Gomes E Silva LF, Ribeiro de Almeida CCC, Soares de Britto E
Alves MTS, Hilgert JB, et al. Breastfeeding Versus Bottle Feeding on Malocclusion in
Children: A Meta-Analysis Study. ] Hum Lact Off J Int Lact Consult Assoc. 2018
Nov;34(4):768-88.

Bottle-feeding and malocclusion: Is there an association? - ScienceDirect [Internet]. [cited
2023 Jan 21]. Available from:
https://www.sciencedirect.com/science/article/abs/pii/0889540688902934

Hidayati H, Purnakarya I, Hafiz F, Sari D. Correlation of Bottle Feeding to Malocclusion on
Indonesian 3-6-year-old Preschool Children in Pariaman City, West Sumatera, Indonesia. In:
Proceedings of the Proceedings of the 1st EAI International Conference on Medical And
Health Research, [COMHER November 13-14th 2018, Padang, West Sumatera, Indonesia
[Internet]. Padang, West Sumatera, Indonesia: EAI; 2019 [cited 2022 Nov 28]. Available from:
http://eudl.eu/doi/10.4108/eai.13-11-2018.2283784

Oral health [Internet]. [cited 2023 Feb 19]. Available from: https://www.who.int/news-
room/fact-sheets/detail/oral-health



138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

Policy on Early Childhood Caries (ECC): Classifications, Consequences, and Preventive
Strategies. Pediatr Dent. 2016 Oct;38(6):52—4.

Anil S, Anand PS. Early Childhood Caries: Prevalence, Risk Factors, and Prevention. Front
Pediatr. 2017 Jul 18;5:157.

Bernhardt O, Krey KF, Daboul A, Vélzke H, Splieth C, Kocher T, et al. Association between
coronal caries and malocclusion in an adult population. J Orofac Orthop Fortschritte
Kieferorthopadie OrganOfficial J Dtsch Ges Kieferorthopadie. 2021 Sep;82(5):295-312.

Kawashita Y, Kitamura M, Saito T. Early childhood caries. Int J Dent. 2011;2011:725320.

Mitchell SC, Ruby JD, Moser S, Momeni S, Smith A, Osgood R, et al. Maternal transmission
of mutans Streptococci in severe-early childhood caries. Pediatr Dent. 2009;31(3):193-201.

LiY, Caufield PW, Dasanayake AP, Wiener HW, Vermund SH. Mode of delivery and other
maternal factors influence the acquisition of Streptococcus mutans in infants. J Dent Res. 2005
Sep;84(9):806—11.

Suparattanapong P, Chankanka O, Matangkasombut O, Govitvattana N. Dental caries and
associated risk factors in 13- to 18-month-old infants receiving breast or formula milk feeding:
A cross-sectional study. Int J Paediatr Dent. 2022 Jul;32(4):527-37.

Effect of unilateral masticatory function on craniofacial growth in the rabbit - PubMed
[Internet]. [cited 2022 Dec 1]. Available from: https://pubmed.ncbi.nlm.nih.gov/7767704/

Gaikwad SS, Gheware A, Kamatagi L, Pasumarthy S, Pawar V, Fatangare M. Dental Caries
and its Relationship to Malocclusion in Permanent Dentition Among 12-15 Year Old School
Going Children. J Int Oral Health JIOH. 2014;6(5):27-30.

Vithanaarachchi V s. N. The Prevention of Malocclusions. Open Access J Dent Sci. 2017 Aug
5;2:1-4.

Melsen B, Terp S. The influence of extractions caries cause on the development of
malocclusion and need for orthodontic treatment. Swed Dent J Suppl. 1982;15:163-9.

Popat P. The Role of Nutrient Content in Diet in the Etiology of Dental Crowding [Internet].
UCSF; 2017 [cited 2023 Jan 20]. Available from: https://escholarship.org/uc/item/5nj2t2nb

World Obesity Day 2022 — Accelerating action to stop obesity [Internet]. [cited 2023 Mar §].
Available from: https://www.who.int/news/item/04-03-2022-world-obesity-day-2022-
accelerating-action-to-stop-obesity

World Hunger Facts & Statistics [Internet]. Action Against Hunger. [cited 2023 Mar §].
Available from: https://www.actionagainsthunger.org/the-hunger-crisis/world-hunger-facts/

Anand K, Menka K, Maloth S, Nayak SC, Chowdhary T, Bhargava M. Analyzing the Role of
Malnourishment in Malocclusion: A Cross-sectional Study. J Pharm Bioallied Sci. 2021
Jun;13(Suppl 1):S452-5.

Hossein-nezhad A, Spira A, Holick MF. Influence of Vitamin D Status and Vitamin D3
Supplementation on Genome Wide Expression of White Blood Cells: A Randomized Double-
Blind Clinical Trial. PLoS ONE. 2013 Mar 20;8(3):e58725.



154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

Botelho J, Machado V, Proenca L, Delgado AS, Mendes JJ. Vitamin D Deficiency and Oral
Health: A Comprehensive Review. Nutrients. 2020 May 19;12(5):1471.

Leszczyszyn A, Hnitecka S, Dominiak M. Could Vitamin D3 Deficiency Influence
Malocclusion Development? Nutrients. 2021 Jun 21;13(6):2122.

Kui A, Buduru S, Labunet A, Balhuc S, Negucioiu M. Vitamin D and Temporomandibular
Disorders: What Do We Know So Far? Nutrients. 2021 Apr 14;13(4):1286.

Tehranchi A, Sadighnia A, Younessian F, Abdi AH, Shirvani A. Correlation of Vitamin D status
and orthodontic-induced external apical root resorption. Dent Res J. 2017;14(6):403—11.

Zihni Korkmaz M, Yemenoglu H, Giinagar DN, Ustaoglu G, Ates Yildirim E. The effects of
vitamin D deficiency on mandibular bone structure: a retrospective radiological study. Oral
Radiol. 2023 Jan 1;39(1):67-74.

Shekar BRC, Suma S, Kumar S, Sukhabogi JR, Manjunath BC. Malocclusion status among 15
years old adolescents in relation to fluoride concentration and area of residence. Indian J Dent
Res Off Publ Indian Soc Dent Res. 2013;24(1):1-7.

Smoliar NI, Bezvushko EV, Chukhrai NL, Dzhaser AK. [Incidence of malocclusion in children
living in areas with high fluoride content in water]. Stomatologiia (Sofiia). 2014;93(4):52—4.

dos Santos-Pinto LA, Rocca RA, Dias Mendes AJ. [Change in body weight and mandibular
development in rats from fluoride administration]. Rev Odontol UNESP. 1990;19(1):141-54.

The use of fluoride in infants and children. Paediatr Child Health. 2002 Oct;7(8):569—72.

Guth S, Hiiser S, Roth A, Degen G, Diel P, Edlund K, et al. Toxicity of fluoride: critical
evaluation of evidence for human developmental neurotoxicity in epidemiological studies,
animal experiments and in vitro analyses. Arch Toxicol. 2020;94(5):1375-415.

Philbrick WM, Dreyer BE, Nakchbandi IA, Karaplis AC. Parathyroid hormone-related protein
1s required for tooth eruption. Proc Natl Acad Sci U S A. 1998 Sep 29;95(20):11846-51.

Thomaz EBAF, Cangussu MCT, da Silva AAM, Assis AMO. Is Malnutrition Associated with
Crowding in Permanent Dentition? Int J Environ Res Public Health. 2010 Sep;7(9):3531-44.

Marchesi A, Bellini D, Sardella A, Fornarelli G, Zefi T, Marchesi A, et al. Correlation between
temporomandibular disorders and malocclusions: A retrospective observational study-can

malocclusions or previous orthodontic treatments affect Temporo-Mandibular Disorders? Int J
Oral Craniofacial Sci. 2022 Feb 18;8(1):001-9.

Reinhardt R, Tremel T, Wehrbein H, Reinhardt W. The unilateral chewing phenomenon,
occlusion, and TMD. Cranio J Craniomandib Pract. 2006 Jul;24(3):166-70.

Pathophysiology of TMD pain — basic mechanisms and their implications for pharmacotherapy
- CAIRNS - 2010 - Journal of Oral Rehabilitation - Wiley Online Library [Internet]. [cited
2023 Apr 1]. Available from: https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-
2842.2010.02074.x?casa_token=Uhkv3PxQqO0YAAAAA

%3Ad2Usxqs)yejPINV3 C004SfDApwI9eP5z AuNkKUp3ZbAIEUyuevDy2zsgnsuNfvnW§
FEw3oFGwagg

Abbas AH, Kabir B, Kachouh F, Hafizi S. Chewing the Way to Better Dental Health: A



170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

Structured Literature Review on the Impacts of Hard Food on Malocclusion.

Yanagisawa Y, Tamura A, Akasaka M, Teramoto Y. [Physical properties of food and eating
functions. 1: An objective method for the measurement of the physical properties of foods, and
classification of foods]. Shoni Shikagaku Zasshi. 1985;23(4):962-83.

Almotairy N, Kumar A, Grigoriadis A. Effect of food hardness on chewing behavior in
children. Clin Oral Investig. 2021;25(3):1203-16.

Fujita Y, Ichikawa M, Hamaguchi A, Maki K. Comparison of masticatory performance and
tongue pressure between children and young adults. Clin Exp Dent Res. 2018 Mar 22;4(2):52—
8.

Consolagdo Soares ME, Ramos-Jorge ML, de Alencar BM, Marques LS, Pereira LJ, Ramos-
Jorge J. Factors associated with masticatory performance among preschool children. Clin Oral
Investig. 2017 Jan;21(1):159-66.

Soares ME, Ramos-Jorge ML, de Alencar BM, Oliveira SG, Pereira LJ, Ramos-Jorge J.
Influence of masticatory function, dental caries and socioeconomic status on the body mass
index of preschool children. Arch Oral Biol. 2017 Sep;81:69—73.

Association between preferred chewing side and dynamic occlusal parameters - PMC
[Internet]. [cited 2023 Mar 7]. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6567747/

Sidlauskiené M, Smailiené D, Lopatiené K, Cekanauskas E, Pribuisiené R, Sidlauskas M.
Relationships between Malocclusion, Body Posture, and Nasopharyngeal Pathology in Pre-
Orthodontic Children. Med Sci Monit Int Med J Exp Clin Res. 2015 Jun 18;21:1765-73.

Pérez-Belloso AJ, Cohenia-Jiménez M, Cabrera-Dominguez ME, Galan-Gonzalez AF,
Dominguez-Reyes A, Pabon-Carrasco M. Influence of Dental Malocclusion on Body Posture
and Foot Posture in Children: A Cross-Sectional Study. Healthcare. 2020 Nov 14;8(4):485.

Chau JY, Grunseit AC, Chey T, Stamatakis E, Brown WJ, Matthews CE, et al. Daily Sitting
Time and All-Cause Mortality: A Meta-Analysis. PLOS ONE. 2013 Nov 13;8(11):e80000.

Kett AR, Sichting F, Milani TL. The Effect of Sitting Posture and Postural Activity on Low
Back Muscle Stiffness. Biomechanics. 2021 Sep;1(2):214-24.

Vasconcelos MB, Pinzan-Vercelino CRM, Gurgel J de A, Bramante F da S. Cephalometric
characteristics of Class III malocclusion In Brazilian individuals. Braz J Oral Sci. 2014
Dec;13(4):314-8.

Sambataro S, Cervino G, Bocchieri S, La Bruna R, Cicciu M. TMJ Dysfunctions Systemic
Implications and Postural Assessments: A Review of Recent Literature. J Funct Morphol
Kinesiol. 2019 Aug 19;4(3):58.

Saito ET, Akashi PMH, de Camargo Neves Sacco 1. Global Body Posture Evaluation in
Patients with Temporomandibular Joint Disorder. Clin Sao Paulo Braz. 2009
Jan;64(1):35-9.

TMJ and posture, yes it’s all connected: the chain theory of body linkage. J Dent Health Oral
Disord Ther [Internet]. 2015 Aug 28 [cited 2023 Mar 16];Volume 2(Issue 6). Available from:
https://medcraveonline.com/JDHODT/JDHODT-02-00069.pdf



184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

Kritsineli M, Shim Y'S. Malocclusion, body posture, and temporomandibular disorder in
children with primary and mixed dentition. J Clin Pediatr Dent. 1992 Jan 1;16(2):86-93.

Alessandro M, Dorothea B, Andrea S, Giulia F, Tomson Z. Correlation between
temporomandibular disorders and malocclusions: A retrospective observational study-can
malocclusions or previous orthodontic treatments affect Temporo-Mandibular Disorders? Int J
Oral Craniofacial Sci. 2022 Feb 18;8(1):001-9.

Robbins M, Johnson I, Cunliffe C. Encouraging good posture in school children using
computers. Clin Chiropr. 2009 Mar 1;12:35-44.

Minghelli B, Nunes C, Oliveira R. Back School Postural Education Program: Comparison of
Two Types of Interventions in Improving Ergonomic Knowledge about Postures and Reducing
Low Back Pain in Adolescents. Int J Environ Res Public Health. 2021 Jan;18(9):4434.

Sellschop 1V, Myezwa H, Mudzi W, Musenge E. Ergonomic behaviour of learners in a
digitally driven school environment: Modification using an ergonomic intervention
programme. South Afr J Physiother. 2018 Apr 11;74(1):348.

Sigurdsson SO, Artnak M, Needham M, Wirth O, Silverman K. Motivating Ergonomic
Computer Workstation Setup: Sometimes Training Is Not Enough. Int J Occup Saf Ergon
JOSE. 2012;18(1):27-33.

THE EFFECT OF SCHOOL CHAIRS ON CHILDREN’S POSTURE - [Internet]. [cited 2023
Mar 17]. Available from: https://foimm.com/index.php/2021/02/01/the-eftect-of-school-chairs-
on-childrens-posture/

Saldunaité K, Bendoraitiené EA, Slabsinskiené E, Vasiliauskiené I, Andruskevi¢iené V,
Ziubiene J. The role of parental education and socioeconomic status in dental caries prevention
among Lithuanian children. Med Kaunas Lith. 2014;50(3):156-61.

Karaaslan F, Dikilitas A, Yigit T, Kurt S. The Role of Parental Education in the Dental Health
Behavior of Turkish Secondary School Children. Balk J Dent Med. 2020 Aug 3;24.

Pullishery F, Shenoy Panchmal G, Shenoy R. Parental Attitudes and Tooth Brushing Habits in
Preschool Children in Mangalore, Karnataka: A Cross-sectional Study. Int J Clin Pediatr Dent.
2013;6(3):156-60.

Ramazani N. Child Dental Neglect: A Short Review. Int J High Risk Behav Addict. 2014 Sep
21;3(4):e21861.

Alhareky M, Nazir MA. Dental Visits and Predictors of Regular Attendance Among Female
Schoolchildren in Dammam, Saudi Arabia. Clin Cosmet Investig Dent. 2021 Mar 17;13:97—
104.

Hoeft KS, Masterson EE, Barker JC. Mexican American mothers’ initiation and understanding
of home oral hygiene for young children. Pediatr Dent. 2009;31(5):395-404.

Syriac G, Joseph E, Rupesh S, Philip J, Cherian SA, Mathew J. Prevalence, Characteristics,
and Complications of Supernumerary Teeth in Nonsyndromic Pediatric Population of South
India: A Clinical and Radiographic Study. J Pharm Bioallied Sci. 2017 Nov;9(Suppl 1):S231-
6.

Ata-Ali F, Ata-Ali J, Peniarrocha-Oltra D, Pefiarrocha-Diago M. Prevalence, etiology,



199.

200.

201.

202.

diagnosis, treatment and complications of supernumerary teeth. J Clin Exp Dent. 2014 Oct
1;6(4):e414-8.

Subasioglu A, Savas S, Kucukyilmaz E, Kesim S, Yagci A, Dundar M. Genetic background of
supernumerary teeth. Eur J Dent. 2015;9(1):153-8.

Ng’ang’a PM, Guthua SW, Ng’ang’a RN. Multiple supernumerary teeth in association with
malocclusion: report of two cases. East Afr Med J. 2002 Apr;79(4):221-3.

Nagahara K, Yuasa S, Yamada A, Ito K, Watanabe O, lizuka T, et al. [Etiological study of
relationship between impacted permanent teeth and malocclusion]. Aichi Gakuin Daigaku
Shigakkai Shi. 1989 Dec;27(4):913-24.

Khalaf K, Al Shehadat S, Murray CA. A Review of Supernumerary Teeth in the Premolar
Region. Int J Dent. 2018 Dec 3;2018:6289047.



	Abstract
	Literature search methodolodgy
	Introduction
	Early tooth loss
	Timely removal of deciduous teeth
	Spacemaintaining
	Dental trauma
	Bad oral habits
	Tongue thrusting
	Mouth breathing
	Digit/Thumb sucking and pacifier use
	Breast feeding/ bottle feeding

	Caries control
	Nutrition

	Masticatory performance
	Body Posture and TMD
	Parental Education
	Hyperdontia
	Conclusion
	References

