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ABSTRACT: Malocclusion is a dental disorder that has often been overlooked in physiological studies. It is
defined as any malrelationship of dental arches with or without aberration in the teeth developmental disorder,
which alters functions like mastication, swallowing, speech, etc. Mounting evidence implies that malocclusion
might be associated with adjacent and remote organ dysfunction, albeit the underlying mechanisms are obscure.
However, to date, no review has unified the framework correlating malocclusion with oral (mastication, speech)
and distant organ pathologies such as ocular, auditory, nasal, cerebral, respiratory, musculoskeletal,
cardiovascular, blood-related, renal, and sexual physiologies. Therefore, this perspective provides the first
integrated framework correlating malocclusion with multiorgan pathology and outlines a prioritized research
agenda to investigate the causality. We have also documented the prevalence of malocclusion types in children
as well as adolescents, which has been revealed in Africans, followed by Europeans, Americans, and Asians.
Specifically, the impact of occlusal disharmony on brain activity could be attributed to rich neurological
connections between the stomatognathic system (jaw, teeth, muscles, joints) and brain regions involved in
sensory, autonomic, and emotional regulation. Consequently, chronic orofacial pain and dysfunction related to
malocclusion can activate limbic and cortical pathways modulating systemic inflammatory responses and
immune regulation, potentially influencing other organ systems through neuroimmune crosstalk and
neurobiological circuits. Malocclusion-associated dysfunction might alter neural inputs affecting broader
systemic control, thereby impacting bone metabolism, vascular tone, and inflammation. Taken together, we
presented our perspective on emerging data implying the possible malocclusion-associated pathological
complications. A detailed understanding of these intricate associations between malocclusion and multi-organ
system pathologies will offer a new direction for comprehensive intervention strategies to reduce significant
mortality and morbidity, resulting in improved quality of life.
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1. Introduction

Malocclusion has become an extensively distinct oral
health disorder in every age group, ranging from children
and adolescents to older populations around the globe.
This condition can be defined as an abnormal deflection
from the average orientation of the mandibular and
maxillary arch, forming an anomalous malocclusion [1].
According to Angle’s classical classification, occlusion
can be categorized into four specific classes, namely
normal occlusion, Class 1 (Neutro-occlusion), Class II
(Disto-occlusion), and Class III (Mesio-occlusion) [2].
Identifying and categorizing malocclusions is complex, as
the scope and range of abnormalities included are very
wide. Based on the extent and pattern of malocclusion, it
can be classified as (1) occlusal disorder, which could
contribute to difficulties in the operation of the jaw, and
(2) teeth-alignment disorder related to physical
deformities and abnormal facial aesthetics [3]. According
to the World Health Organisation (WHO), malocclusion
is the third most observed oral health related disorder,

significantly affecting the patient’s speech, appearance,
confidence, and other daily activities like chewing and
swallowing. Malocclusion may mediate extended
occlusal disorders associated with mixed and permanent
dentitions [4]. Evidence implies that malocclusion may
also act as a risk factor for other nearby or distant organ
systems that could be chronic and fatal. Therefore, in the
next section, we have discussed malocclusion
epidemiology and multi-organ pathologic associations.

2. Epidemiology

Over the years, malocclusion has been detected in many
ethnicities, races, and ages. Studies have documented that
malocclusion is a hereditary disease found in inhabitants
of many civilizations, and almost 56% of the world
population suffers from malocclusion deformities, mainly
from early childhood [4]. Table 1 represents the global,
continental (African, European, Asian), and the United
States-based higher prevalence of malocclusion.

Table 1. Global, continental (African, European, Asian), and the United States-based higher prevalence of

malocclusion. NA: Not available.

Country/ Population type Overall Class I Class 11 Class Other Traits
Region Prevalence | (%) (%) I (%)
(%)

Global Adolescents/Children 56 46.3-51.9 19.56-25.0 6.5-7.04 | Crowding: <84%, Spacing:
[4, 5] (Mixed/Permanent <60%, Posterior Crossbite:

Dentition) 9.39%, Open Bite: <10%
Africa Permanent/Mixed 81 93 (Mixed) 6.76 3.8 Open Bite: 10% (Mixed)
[6] Dentition 91 (Permanent) 8% (Permanent),
Europe Mixed/Permanent 72 NA 26 (Mixed) 5.92 Deep  Overbite:  33.08%,
[5, 6] Dentition 23 (Permanent) Posterior Crossbite: 15.38%
Asia Mixed/Permanent 48 50 14.14 9.63 Deep Bite: 16.3%, Overjet >6
[5] Dentition mm: 8.6%,
United States | Adolescents/ Children | 20-65 50-55 15 <1 NA
[7, 8]

Class I occlusion is highly prevalent in Afficans,
accounting for 89% of permanent dentition. While
Caucasians and Mongoloids exhibit Class II and III
occlusions of 23-26% and 9.6%, respectively [5]. In a
study on Nepalese adolescents (12-15 years old),
approximately 48.5% of children were identified to have

Class I occlusion, while Class III was the least
(4.32%), with an immediate need for orthodontic
treatment [9]. According to a recent report from the Indian
population aged 8-15, males had more cases of
malocclusion (36.2%). Facial beauty and appearance are
highly affected by the abnormal displacement of the jaw,
and enormous implications were observed in young
patients, such as low self-confidence, high social anxiety,
high consciousness, and psychological apprehensions
regarding facial aesthetics [1]. Nearly 49% of the sampled

population in the Uttar Pradesh (UP) state of India has
shown the occurrence of malocclusion. Class I, Class II,
and Class I1I constituted 34.2%, 11.6%, and 3.2% portions
of the sampled populations exhibiting higher percentages
of normal overjet, excessive overbite, crowding, and
straight profiles [10, 11]. In terms of cross-bite
conformations, i.e., anterior and posterior, and functional
shifts in cross-bite have been reported with 7.8%, 9%, and
12.2% of the world population by the MINORS tool [6].
In a seminal study, Chaturvedi et al. reviewed the
literature on malocclusion prevalence in various countries
as well as the different regions within India [12]. These
widespread variations in occlusal deformities could be
attributed to myriad factors, which have been discussed in
the next section.
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3. Etiopathology

Initially, malocclusion occurs during the developmental
fetal stages [6] and may also be caused by multiple factors
such as ethnicity, geographical location, climate,
environmental exposures, genetic mutations, nasal
obstructions, thumb sucking, mouth breathing, dental
caries, and periodontal disorders. Various ethnic groups
exhibit variations in facial skeletal structure, mandibular
and maxillary bone dimensions, and soft tissue
morphology. A systematic review revealed that in mixed
and permanent dentitions, Angle Class I malocclusion is
greatly prevalent compared to Class II, particularly among
Africans [5]. Class III was the least prevalent, however,
higher among Mongoloids in mixed dentition. Among
Mongoloids, the open bite was highest in mixed dentition,
while in Europe, the posterior cross-bite was more
prevalent in permanent dentition. Malocclusion may also
be affected indirectly by geographical location & climate
through oral habits, diet, and environmental pressures.
Some studies have advocated that idea, which aligns with
evidence on diet-jaw relationships and the climate’s
dietary influence. Specifically, warmer climate often
yields softer and processed diets, which can potentially
suppress masticatory stress & jaw size, while colder
climates might retain tougher diets [13, 14], contributing
to malocclusion. Heat stress may affect oral health as
dehydration and suppressed saliva levels enhance the risk
of dental caries and soft tissue inflammation [15].
Further, pollutants like lead, cadmium, selenium, and
mercury can adversely interfere with bone and cartilage
formation [16]. Prenatal exposure may change
maxillofacial growth, potentially reduce jaw size, or alter
tooth eruption patterns. Excess exposure to heavy metals
or mining wastes has been seen as a prevailing cause of
occlusal diseases in the inhabitants of mining areas [16].
Heavy metals can disrupt the absorption of minerals like
calcium, essential for jaw & tooth development,
contributing to malocclusion. Chemicals like Bisphenol A
and phthalates mimic hormones and can impact
osteogenesis and odontogenesis, leading to smaller jaws
and misaligned teeth [17]. Genetic predisposition could
also significantly contribute to malocclusion [18], in
which traits like jaw size, shape, and tooth size are often
inherited through the genetics of dentofacial variation in
malocclusion [19]. Hence, malocclusion parents are likely
to face similar issues, owing to inherited jaw and tooth
size discrepancies. This may occur with certain types of
malocclusions, such as class III running in families. Nasal
obstruction can lead to mouth opening, altering the normal
balance of forces exerted by lips, tongue, and cheeks on
dental arches [20]. Malocclusion linked with nasal
obstruction can result from deviated nasal septum,
adenoid hypertrophy, allergic rhinitis, chronic sinusitis,

nasal polyps, and congenital nasal deformities [21].
Reportedly, children with enlarged tonsils and adenoids
have higher malocclusion prevalence [22].

Childhood habits like thumb sucking may also be a
dental occlusal etiology leading to open bite or overjet by
exerting constant pressure on teeth, pushing upper front
teeth forward, and potentially retruding lower teeth [23].
Overall, during this pathological process, the physical
displacement of teeth is due to prolonged pressure.
Evidence indicates linking mouth breathing to
malocclusion, particularly class II, open bites, and
crowding through altered craniofacial development.
Longer duration and early onset may enhance severity
[24]. Radiographically, mouth breathers have longer faces
and narrower maxillae & retrognathic mandibles
compared to nasal breathers [25]. Dental caries and
periodontal disorder may engender premature tooth loss
and tooth mobility, leading to exacerbated malocclusion
[26]. Children breastfed during infancy exhibit less
malocclusion in the future compared to children fed with
milk powder, as sucking on the nutritional breast milk
helps in the healthy development of primary dentition
[27]. Other physiological factors, including deficiency of
metabolic factors and hormones like calcium and vitamin
D, loss of deciduous and permanent teeth at an early age,
and facial muscle dysfunction while growing up, are
prominent etiologies for developing malocclusion [28]. A
brief description of possible etiological factors inducing
malocclusion is represented in Figure 1.

Is malocclusion associated with other organs’
physiology?

The association between malocclusion and different organ
systems is intricate. Most of the patients develop
malocclusion and later advance to periodontitis, which is
more prominent in mature adults with inflamed gingiva
and poor oral health [29]. Some other major issues with
dental deformities are swallowing and speaking. Due to
jaw displacement, tongue positioning is also deformed in
childhood, hindering proper speaking ability. The patient
mainly faces issues with regular feeding, as adequate
chewing and swallowing channels are displaced from
their regular positions. The occlusal deformities bring
down confidence and hamper the patient’s mental health
through these daily life difficulties [30]. Acute
malocclusions result in heavy psychological stress among
children, while young adults with mild or severe
malocclusion have been diagnosed with depression,
anxiety, interpersonal sensitivity, compulsive behaviour,
and other stress-related diseases. However, these
psychological conditions heal away after orthodontic
treatment of their malocclusion [31].
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Different ethnic groups exhibit variations in facial skeletal

structure, mandibular and maxillary bone dimensions and soft

’ m tissue morphology. Data suggest higher prevalence of class | open

bite in Africans, class Il in Caucasians and class Ill in Mongoloids.
This may be attributed to heritability of dentofacial traits.

Ethnicity

Geographical location & climate may indirectly affect malocclusion
through oral habits, diet, and environmental pressures. Colder
regions reveal patterns tied to diet or genetics, while hot humid
climate may increase mouth breathing and crowding. Climate
shaped food availability. Warmer climate often yield softer and
processed diet, potentially suppressing masticatory stress & jaw
size, while colder climate might retain tougher diets.

- i’ ;\ :
o -
Geographical
location &
climate

Pollutants like lead, cadmium and mercury can adversely interfere
bone and cartilage formation. Prenatal exposure may change
maxillofacial growth, potentially reducing jaw size or altering tooth
eruption patterns. Heavy metals can disrupt absorption of mineral
like calcium, essential for jaw & tooth developement, contributing
to malocclusion. Chemicals like Bisphenol A and phthalate mimic
hormones impacting osteogenesis and odontogenesis, leading to
smaller jaws and misaligned teeth.

Genetic  predisposition could significantly contribute to
malocclusion in which traits like jaw size, shape and tooth size are
often inherited genetics of dentofacial variation in malocclusion.
Some Hence, malocclusion parents are likely to face similar issues,
Genetic owing to inherited jaw and tooth size discrepancies. This may
mutatio occur with certain type of malocclusion such as class Il running in

‘W‘\ e families.

Nasal obstruction can lead to mouth opening altering the normal
balance of forces exerted by lips, tongue and cheeks on dental
arches. Malocclusion linked with nasal obstruction can result from
deviated nasal septum, adenoid hypertrophy, allergic rhinitis,
Chronic sinusitis, nasal polyps, congenital nasal deformities.
obstiuction Reportedly, children with enlarged tonsils and adenoids have
higher malocclusion prevalence.

. Malocclusion

Childhood habits like thumb sucking may lead to open bite or
overjet by exerting constant pressure on teeth, pushing upper front
teeth forward and potentially retruding lower teeth. Overall, during
this pathologic process, the physical displacement of teeth due to
prolonged pressure.

Evidence indicate linking mouth breathing to malocclusion
particularly class Il, open bites and crowding through altered
craniofacial development. Longer duration and early onset may
enhance severity. Radiographically, mouth breathers have longer
faces and narrower maxillae & retrognathic mandibles compared to
nasal breathers.

Dental caries and periodontal disorder may cause premature tooth
loss. Periodontal disorder can engender tooth mobility, and loss,
leading to exacerbated malocclusion. Overall pathology is the shift
of teeth due to loss of support.

Figure 1. Etiopathological factors of malocclusion. PD: Periodontitis. Created in BioRender. Dubey, N. (2025)
https://BioRender.com/e99z061.
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The facial features deformation related to
malocclusion displaces the tongue muscles associated
with the trigeminal and oculomotor systems. The vision
of patients is henceforth affected by severe Class III
malocclusion. Ocular motility and midline deviation are
observed in all classes of malocclusion, with occasional
cases of convergence defects [32]. Malocclusion may be
associated with other complications like erosion of
cartilage and bones in different temporomandibular joints
(TMJ), resulting in osteoarthritis [33]. Notably,
orthodontic treatment doesn’t reduce the damage to these

SPEECH

joints. A lower heart rate is also observed in patients
suffering from malocclusion. Continued malocclusion-
related psychological stress leads to the reduction of heart
rate, portending the risk of multiple cardiovascular
disorders [34]. These impairments are irreversible even
after occlusion treatment.

Based on available evidence, we present our
viewpoint on possible pathological crosstalk between
malocclusion and different organ systems (Fig. 2) to better
understand and prevent these comorbidities, which may
cause permanent damage to the body.

AUDITORY DYSFUNCTION

* Malocclusion alters ideal facial anatomy by affecting the auditory tubes, middle ear position, and

tubes. D

d speaking and articulation impai due to:
+ Impacted jaw, tongue's alignment & pressure
« Increased tongue volume in class 3 malocclusion
* Lowered hyoid positionin class 2 malocclusion

MASTICATION
Malocclusion may impact masticatory performance by
uneven occlusal contacts, reduced bite force & dysfunctional TMJs, weakened
jaw muscle function
+ Dental misalignment & tapered interaction between the intermaxillary tooth
decreasing grinding surface

PD
« Imegularity and misalignment in the positioning of teeth and jaw O
may easily trap food particles

* Anterior and posterior crowding and spacing, anterior cross-bite, anterior
& posterior spacing, and deep overbites can jeopardize the buccal .

attachments & cause plaque deposition, resulting in heavy pocketing and
‘E s

gingival inflammation

NEUROLOGICAL
« Extreme sensitivity, anxiety, fear, depression, and psychological stress
have been prevalent in young adults with acute/mild malocclusions.
Higher phenotypic APOE genetic alleles frequency in people suffering
from malocclusion as well as AD

OCULAR
* Malocclusion patients suffer from exhibited exophoria (uncontrolled eye
divergence of eyes) and esophoria (uncontrolled eye convergence of
eyes) by malfunctioned fusional convergence reflexes. Lens and comeal
thickness, axial length, aqueous and anterior chambers viscosity are
highly impacted by disfigured mandibular archstrabismus (cross-eye),
refractive errors, and amblyopia (lazy eye) are directly or indirectly
influenced by dental ocdusion

. . . .
ERECTILE DYSFUNCTION
* Malocclusion-associated chronic local and
systemic inflammation along with

suppressed eNOS activities, might block
cavernosal arteries blockage and impair

iesin palate posi cause ventilation hindrance in the auditory

tubes, which can be prime causes of infections, inflamm ation, and allergies causing conditions like

ofitis media resulting in hearing loss

RESPIRATORY
+ Inmalocclusion patients, aberrant development of craniofacial structures, such as nasal passage
is deformed, leads to reduced airways causing asthma. Allergic rhinitis (nose inflam mation)
patients ex hibit longer anterior face, increased overjet, a deeper palate, and significantly
narrower interm olar distances in the upper arch, possibly by altered muscular function in
dentofacial anom alies

MUSCULOSKELTAL
+ The orofacial bone structure asymmetry enforces tension and pressure upon the spine
and muscles, causing chronic aches and discomfort. Class 2 malocclusion may be a
significant factor in increased craniocervical angle, contributing to reduced

prog; and maxillary prog Different m andi P
affect postural alterations, influencing the position of the foof's center of pressure and

‘ the gait stability.

* Malocclusion may be associated with ABO blood grouping due to abnommal
. @

expression of blood group ABO antigens on the alveolar bone or tooth.
Thalassemia m ay weaken bone density, due to rapid red cell turnover, bone marrow
hyperplasia leads to bony structural alterations in primarily in maxilla than
mandibular regions of thalassemic patients
CARDIOVASCULAR
* Occlusal disorders increases the PD risk, in which bacterial cells infiltrate
into the blood vessels and the heart, causing inflammation into arterial,
wveins, and coronary tissues. Malocclusion in healthy young adults may lead
to decreased heart rate vanability
RENAL DISORDER
* Class I malocclusion may be arisk factor for SDB, which can further cause
noctumal enuresis by decreasing arousal response, leading to impaired arousal
response to a full bladder

penile vasculature fanctions, engendering

ED

Figure 2. Possible pathologic association between malocclusion and multiple organs. AD: Alzheimer’s disease, TMI:
Temporomandibular joint, eNOS: endothelial nitric oxide synthase, BMD: Bone mineral density, SDB: Sleep-disordered breathing,

PD: Periodontitis, ED: Erectile dysfunction.
4. Oral

Malocclusions are highly relevant to an individual's
physiological and psychological well-being. Orthodontic
treatments [35] and malocclusions highly influence the
quality of life (QoL) directly and indirectly. This coined
the terminology “Oral Health-Related Quality of Life”
abbreviated as OHRQoL [36], which is reduced among
Malocclusion-affected children and young individuals.
Malocclusion leads to an impairment of mastication,
speech, swallowing, oral hygiene, and even breathing;
however, it prominently induces facial disfigurements,
which compels patients to opt for cosmetic surgeries or
treatments [36]. The influence of malocclusion on facial
aesthetics adversely affects the patient’s mental health and
psychology to a great extent.

4.1 Speech

The etiology of speech disorders can be genetic,
environmental, or physiological. However, in many cases,
orofacial myofunctional disorders are the primary reason
for speaking and articulation impairments. Malocclusions
impact the jaw alignment and hence the tongue's position
inside the oral cavity [37], which has been evidenced
through the radiographic studies in different populations.
Other evaluation methods include speech-language,
myofunctional, demographic, and statistical assessments
[38]. Children with anterior open-bite and posterior cross-
bite are susceptible to developing alterations in the tongue
position, which can result in speaking disorders. Males are
less prone to developing speech disorders due to
malocclusions [30]. The maxillofacial region is highly
altered due to Class III malocclusions. An increase in
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tongue volume is observed mainly in Class III patients,
whereas Class Il patients exhibit a lowering of the hyoid’s
position, causing an imbalance in the anatomy [39]. Jaw
deformities affect tongue position and the pressure which
is reduced in malocclusion patients. However, this could
be restored after the orthodontic treatments and surgeries
for malocclusion [40].

4.2 Mastication

Even with normal dentition, many people experience
difficulty while eating hard and chewy food items. These
individuals have poor oral health due to irresponsible oral
hygiene practices. Mastication is mostly affected in
malocclusion [41], which implies that the dental occlusal
pattern plays a vital role in chewing activity. Hence, any
dysfunction or misalignment hampers the regular
mastication process, reducing OHRQoL. Malocclusion
patients exhibit uneven occlusal contacts, reduced bite
force, and dysfunctional TMlJs. These symptoms
influence the masticatory performance drastically [42].
Weakened muscle function in the jaws due to the dental
misalignment and tapered interaction between the
intermaxillary tooth decreased the grinding surface area.
Consequently, malocclusion hampers efficient chewing
patterns and leads to degraded masticatory functioning
and uneven swallowing threshold. Even after post-
orthodontic treatment of malocclusion, abnormal chewing
activity had been evident [43].

4.3 Periodontitis (PD)

The etiology of PD involves plaque deposition in the
teeth’s roots, which harbors pathogenic microbiota,
leading to gum inflammation and loss of alveolar bone in
the tooth. Any irregularity and misalignment in teeth and
jaw positioning promotes bacterial plaque deposition
[29], which is an essential factor in PD development.
Malocclusion portends the PD risk, as misaligned teeth
may easily trap food particles. Food deposition and plaque
formation help develop inflammation in the gums due to
tissue softening and pocket formation [44]. As per reports,
angle Class I occlusion exhibits the highest risk of
developing PD, whereas Class II affects the least [45].
Anterior and posterior crowding and spacing, anterior
cross-bite, and deep overbites can jeopardize the buccal
attachments and cause plaque deposition, resulting in
heavy pocketing and gingival inflammation. Since even
orthodontic treatments do not guarantee periodontal well-
being, the post-orthodontic treatment is essential in cases
of severe crowding and plaque accumulation [46].

5. Ocular

The mandibular lateral deviation establishes a possible
connecting link between malocclusion and ocular vision.
As this axis houses the trigeminal nerve system,
controlling both facial and ocular muscle movements and
functionalities, it represents an anatomical, physical,
neurological, and functional correlation between dental
and ocular structures [47]. Any abnormality in the
occlusal region engenders motor control dysfunction.
Visual coordination, balance, and marginal vision are
remotely associated with the motor neurons of the
trigeminal system; therefore, the deformities caused by
malocclusion distort the smooth functioning of the
sensory nervous system and disorganize the symmetric
positioning of the eyes, causing asymmetric convergence
in vision. Surveys have reported that an open bite
enhances the left dominant eye, while a deep bite develops
the right dominant eye [48]. In the eyes, convergence
disorders (phorias) are observed more in Class II and III
malocclusion patients. Among other malocclusion types,
Class III patients mainly acquire ocular motility diseases.
As malocclusion affects the facial structure, posture, and
muscular alignments, the ocular muscles are deranged,
causing defects in normal vision and ocular motility [32].
In a report by Caruso et al., 2018 [49], 68% and 17% of
the patients exhibited exophoria (uncontrolled eye
divergence) and  esophoria  (uncontrolled eye
convergence), respectively, both of which are developed
by malfunctioning of the fusional convergence reflexes.
Exophoric deviations are more associated with Angel’s
Class II malocclusion in children. Untreated or
undiagnosed deviations in children with ocular errors can
result in multiple vision anomalies during adulthood.

The convergence errors also heighten the chances of
developing congenital ptosis due to refractive
inaccuracies in the eyesight. The lens and corneal
thickness, axial length, and viscosity of the aqueous and
anterior chambers are highly impacted by disfiguring the
mandibular arch, resulting in a ptotic eye in the younger
population [50]. Malocclusion directly or indirectly also
influences other disorders such as strabismus (cross-eye),
refractive errors, and amblyopia (lazy eye). Malocclusion-
associated deformities in the craniofacial muscles may
adversely impact the development of ocular muscles,
resulting in ocular dysfunction [51]. Bruxism (teeth
clenching and gnashing), influenced by the disparity in
bone anatomy due to malocclusion-induced continuous
strain, results in inflammation of craniofacial muscles
[52]. This leads to frequent headaches, eye strain and
irritation, reduced visual acuity, ptosis, and an inflamed
iris. Bruxism is highly detrimental as it enhances muscle
sensitivity, rendering it prone to triggered inflammation
and hindering other organs’ functionality [53]. Apart from
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these factors, an individual's environment, genetics, and
lifestyle also play an important role in maintaining both
oral and ocular health. Prolonged stress, faulty diet, and
electronic exposure are potential risk factors for
compromised visual and dental well-being [54]. Taken
together, malocclusion significantly affects the vision of
patients of all ages, especially young adults. Therefore,
conserving eyesight from malocclusion-induced ocular
disorders through continuous diagnosis is essential while
receiving orthodontic treatments to prevent incurable
vision loss.

6. Auditory

Malocclusion wholly or partially alters the ideal facial
anatomy, affecting the auditory tubes, middle ear position,
and nasopharyngeal tubes. These deformities may cause
multiple infections and disorders related to smooth
auditory functioning [55]. The auditory tube (eustachian
tube) is essential for the ventilation and drainage of the
auditory passage and its safeguarding. The soft palate and
associated muscles regulate the opening and closure of the
auditory tube. Deformities in the palate positioning cause
hindrances in the auditory tube ventilation, which can be
prime causes of infections, inflammation, and allergies in
the ear [56], leading to severe conditions such as otitis
media and hearing loss. This is caused by air pressure
disturbance inside the eustachian tube, causing tubal
dysfunction and microbial infection inside the middle and
inner ear. It has also been observed that children suffering
from overbite and cross-bite conditions develop otitis
media shortly. The maxillary misalignment may cause
constriction in the nasal passage, which is why oral habits
like mouth breathing develop. This worsens the
malocclusion and might result in enlarged tonsils and
adenoids, which open the way for bacterial and viral
infections in the nasal chambers. As the eustachian tube is
connected to the nasal passage, it also gets infected by
microbial invasion into the cochlear region [57].
However, after the treatment of the occlusal position, slow
improvements are observed in the cochlear placements,
leading to a cure in auditory discrepancies [58].

7. Neurological abnormalities
7.1 Neurological-psychological

Malocclusion can cause a lot of psychological stress in
young adults and teenagers. Along with deformities in
facial aesthetics, reduced development of the trigeminal
nerves results in mental disorders, including anxiety,
attention deficit hyperactivity disorder (ADHD), and
depression [59]. Patients experience behavioural
differences from their surrounding people, such as being

often bullied or discriminated against, which can exert
immense stress on their psychological well-being. These
may contribute to physical symptoms like body fatigue,
restlessness, headache, and irritation, which grow over
time and might lead to insecurities, a lack of
consciousness regarding facial beauty, and low self-
confidence in children and young adults [60]. The
frequency of individuals who have ADHD with a medical
condition of orofacial deformities, like malocclusion, is
relatively high. Adolescents diagnosed with various
classes of malocclusion are observed to develop psycho-
neurological disorders later in adulthood [61]. The
malocclusion-associated misalignment in the TMJs
results in musculoskeletal disorders in the mandibular and
maxillary movements. Bite pressure, bite force, and
smooth jaw movement are compromised in malocclusion,
causing headaches, muscle pain, jaw pain, mastication
issues, and dental decay [62]. Bruxism, musculoskeletal
damage, and TMJ disorders induced by malocclusion also
adversely impact the myofascial tissues, stimulating pain
not only in the occlusal region but also might lead to
severe headaches and migraine in patients [63]. Taken
together, cerebral illnesses, both physical and
psychological, such as ADHD, anxiety, and migraine, are
closely associated with malocclusion and oral well-being.

7.2 Neurological-Cognitive

Trigeminal input alters the cognitive brain's functions in
acute as well as chronic conditions and plays a vital role
in developing neurological disorders [64]. Malocclusion
and facial deformity also contribute to the repression of
the trigeminal nerve system, affecting multiple neural
functions and actions, including mastication, speech, and
other motor tasks. A proper masticatory function helps to
preserve brain functions, reducing the risk of developing
Alzheimer’s disease (AD) and other forms of dementia.
Pupil size and occlusal abnormalities are developed due
to a compromise in the trigeminal nerves. The unbalanced
and unilateral gene expression in the trigeminal system
worsens malocclusion conditions [65]. Other ailments,
including growth impairments, mandibular retrognathia,
hypodontia,  psychological disorders, behavioral
syndromes, lip and tongue disarrangement, have been
observed in patients of critical malocclusion [66]. Though
the pathology behind these correlations with acute
malocclusion is unclear, the genetic and neuro-
developmental mishaps may be attributed. In a study
reported by Ekuni et al. on Japanese teenagers, an upsurge
in neurological health conditions such as extreme
sensitivity, anxiety, fear, depression, and psychological
stress was observed in young adults with acute or mild
malocclusions [31]. Therefore, patients with severe
malocclusion and speech abnormalities should receive
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particular focus during orthodontic treatment to ascertain
the symptoms of possible neurodevelopmental disease at
the earliest.

7.2.1 Alzheimer's disease (AD)

Emerging evidence suggests a potential association
between malocclusion and the onset of AD through the
expression of allele-inducing AD. Malocclusion and other
occlusal disorders have been observed to be associated
with €3 and &4 allelic phenotypes of APOE genes. These
genes have a higher phenotypic frequency in people
suffering from AD than the other alleles of the APOE
genes [67]. Dental disorders such as PD and tooth loss are
also precursors of AD in the older population.
Malocclusion-associated buccal masticatory deficiency
affects oral digestion, leading to the loss of nutrients in the
later stages. Continuous loss of important biomolecules
and inadequate breakdown of food lead to nutrient
deficiency in the cognitive regions of the body. Heavy
nutrient loss results in frail physical conditions and
neurodegenerative issues in elderly patients above the age
of 60, resulting in AD [68]. Cognitive dysfunction further
worsens in older people due to poor oral health and
practices. In malocclusion patients with reduced
OHRQoL, the brain injury and degeneration may be
induced, which could further cause confusion and cerebral
hemorrhage, ensuing in a condition of delirium [69].

7.2.2 Dementia

Oral health in older people is a great concern, as the
continuous oral degenerative aging process could
contribute to disorders of multiple organ systems. In
correlation to oral health, cognitive disorders such as
dementia and delirium are primarily observed in the
elderly, which implies the need for special care for oral
hygiene. In a home visit survey of people with cognitive
decline, the number of teeth, clinical dementia rating, and
age were independently associated with periodontal
inflamed surface area (PISA) after adjusting for diabetes,
biological sex, visual disorder, depression, osteoporosis
medication, and collagen disease. It has been
hypothesized that PD portends the risk of dementia,
possibly through brain infiltration of P. gingivalis and
lipopolysaccharides through enhanced permeability of the
blood-brain barrier. PISA in young adults has been
reported to induce mild cognitive impairment onset [70,
71]. Mild or severe cases of malocclusion also tend to
develop PD by enhancing food particle accumulation in
the unreachable corners of occlusal regions, causing
plaque formation, which enhances the risk of dementia
and other neurological diseases. Patients with cognitive
impairment also suffer from the visuospatial decline of

reasoning, which reduces their ability to receive ideal
dental care, worsening the ailment. Collectively,
malocclusion-associated ~ facial  deformation  may
contribute to dementia through improper nutrition,
psychological stress, and deficient neurotransmission
[72].

7.2.3 Neurological-Sleep

Sleep is an essential component of well-being in addition
to development, learning, and growth [73]. Though the
sleep quantity differs by age, the recommended optimal
sleep for children (5-16 years) is 10 h/night; therefore,
compromised sleep may severely affect health by
inducing irritability, snoring, nocturia, learning
difficulties, behavioral disorders, and daytime sleepiness.
In addition, the risk of comorbidities like metabolic
syndromes (diabetes and cardiovascular disorders) also
remains elevated [74]. Sleep-disordered breathing (SDB)
may be caused primarily by dentocranial changes in the
form of severe malocclusion [75]. Studies have shown
that compared to neutral occlusion, daytime sleepiness
and feelings of extreme tiredness occurred significantly
more often in children with severe malocclusion
(maxillary inclination)[76].

8. Respiratory

In younger malocclusion patients, the development of
craniofacial structures, such as the nasal passage, is
deformed, which leads to reduced airways, causing the
incidence of respiratory disorders, especially asthma.
Mouth breathing, the most common asthma symptom, is
worsened by malocclusion, which shelters micro-
organisms in the saliva for a prolonged period. Asthmatic
patients are observed to suffer from other oral disorders,
such as caries, dental erosion, and candidiasis, caused by
pathogenic microbiota deposited in the buccopharyngeal
region [77]. Class II malocclusion could contribute to
anteroposterior disproportion in dentition, and these
vertical orofacial deformities alter the progressive
formation of the upper nasal passage by narrowing it.
Difficulty breathing through a narrow nasopharyngeal
tube results in inflammation and may cause the habit of
mouth breathing in patients, further displacing the TMJ
and mandibular condyle, deforming the malocclusion
even more [78]. In a Taiwanese study by Lin et al.,
patients suffering from acute and chronic sinusitis and
allergic rhinitis were observed to develop class I and 11
malocclusions [79]. Allergic rhinitis (inflammation of the
nose) patients had been found to exhibit longer anterior
faces, increased overjet, a deeper palate, and significantly
narrower intermolar distances in the upper arch [80],
possibly by altered muscular function in dentofacial
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anomalies caused by rhinitis. Therefore, detailed research
on this correlation and the awareness of regular check-ups
of both disorders is vital to providing efficient treatment
to patients [81].

9. Musculoskeletal
9.1 Musculoskeletal-Spine

Malocclusion conditions, such as cross-bite and abnormal
mandible, are associated with postural anomalies
affecting QoL. The misaligned dental aperture results in
severe headaches, migraine, and other oral difficulties.
Malocclusion can also cause an imbalance in facial bone
symmetry, putting unequal pressure on the collar bones
and vertebral column. TMJ disorders trigger conditions
such as scoliosis, false scoliosis, herniated discs,
paramorphism, lordosis, muscle spasm, and kyphosis due
to disturbances in the equilibrium of the spine and
columnal anatomy [82]. The orofacial bone structure
asymmetry enforces tension and pressure upon the spine
and muscles, causing chronic aches and discomfort. At
later ages, the alignment of the vertebral column is also
affected by poor posture, leading to severe medical
conditions like disc dislocation, disc degeneration, muscle
spasms, and herniated discs [83]. Therefore, an early
diagnosis followed by treatment is needed for
malocclusion patients.

Displacement in the dental structure and position also
significantly impacts the bone morphology and integrity
of the whole body. In malocclusion patients, low bone
density is the most commonly observed [84], primarily
caused by osteoporosis and aging. Mandibular
osteoporosis results in tooth loss in older patients
suffering from malocclusion and periodontal disorders
[85]. Specifically, the low bone density in the dental
stature may promote chronic temporomandibular diseases
in malocclusion patients [86]. This is in line with a report
in which Class II malocclusion was observed in
abundance along with Class 1 and Class III, with
temporomandibular diseases, predominantly in females
[87]. Oral hygiene also affects the functionality of bones
around arms, limbs, and joints. Poor oral health,
malocclusion, and reduced activity enhance microbial
growth in the periodontal realm, leading to nutrient loss in
the body, which results in a deficiency of essential
minerals such as calcium and phosphorus in the bony
structure, causing osteoarthritis [88]. Therefore, older
patients receiving orthodontic treatment should also be
subjected to skeletal radiographic screenings to prevent
probable muscle and bone deformities [89].

9.2 Musculoskeletal-postural

Studies have revealed an association between deviations
in cervical vertebral morphology and malocclusion,
emphasizing a pivotal link between craniofacial
dimensions and head posture. The cervical and overall
body posture has been correlated with class 1II
malocclusion, which is significantly associated with
elevated cervical curvature and forward head inclination
[90]. Class II malocclusion also seems to be a significant
factor in increased craniocervical angle, contributing to
reduced mandibular prognathism and maxillary
prognathism [91]. This concluded that increased head
extension in relation to the cervical spine might contribute
to class Il malocclusion.

Interestingly, a recent study observed the relationship
between foot posture and dental malocclusions [92]. For
the right foot, the Clarke angle and foot postural index
(FPI) score were found to be significantly correlated to
dental malocclusions as determined by Angle
classification. The Clarke angle tends to decrease as the
Angle classification increases from Class I to III, whereas
the FPI increases with the increase in Angle classification
from Class I to III. Evidence also supports that different
mandibular  positions affect postural alterations,
influencing the position of the foot's center of pressure
and gait stability [93]. Using a stabilometric platform, it
was confirmed that orthodontic plate positioning
rebalanced the postural system in patients with cranio-
cervical-mandibular disorders [94]. After the treatment,
64% of the patients experienced remission of the pain
symptoms. They concluded that this relationship must be
studied from a multidisciplinary point of view for an
overall therapeutic result.

9.3 Osteoarthritis (OA)

OA is typically characterized by deteriorative changes in
the osteochondral unit, consisting of cartilage, meniscus,
and subchondral bone [95]. Among musculoskeletal
disorders, the OA of the temporomandibular joint could
cause discomfort, altered jaw movement, and pain in
masticatory muscles and all associated neuromuscular
structures, leading to clicking noises and restricted mouth
opening [88]. Class II malocclusion and hyper-divergent
growth patterns have been associated with increased
frequency of TMJ disc displacement (short ramus,
posterior facial height, backward position, and rotated
mandible) and degenerative disorders [96]. This implies
that malocclusion may disrupt TMJ load-bearing
capacity, possibly contributing to TMD development.
Accumulated plaque and calculus in the occlusal regions
also greatly increase dental disease risk [88, 97].
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9.4 Osteoporosis

Osteoporosis is a condition affecting the skeletal system,
marked by weakened bone strength, making individuals
more susceptible to fractures [88, 98]. Studies have shown
that in adolescents, malocclusion may influence total bone
mineral density (BMD) and head density in males [85].
The abnormal craniofacial bone growth due to vitamin
deficiency may also contribute to skeletal and dental
abnormalities, resulting in malocclusion. Specifically,
vitamin D3 deficiency may influence maxillary
development by causing an increased risk of a narrowed
upper arch, crowding, and cross-bite [99]. A frequent
dehiscence has been observed in Class II and III
malocclusions, which could be attributed to elevated loss
of vertical alveolar bone and coronal alveolar bone
thickness [100]. These studies indicate a modest
correlation between BMD and malocclusion. Hence, bone
augmentation may be recommended to enhance the
alveolar dimension and prevent malocclusion episodes.

10. Cardiovascular-metabolic disorders

Malocclusion has been proven to be associated with many
systemic disorders. This dental deformity may
significantly impact the circulatory and cardiovascular
systems [101], probably by involving oral
microorganisms, inflammatory molecules, and stress-
induced hormones [102]. The bacterial accumulation in
the oral cavities due to occlusal disorders enhances PD
risk and consequently leads to inflammation of the gums.
PD has been observed as a risk factor for cardiovascular
disorders (CVDs) such as high cholesterol,
atherosclerosis, and high blood pressure, which makes the
patients susceptible to stroke or heart attack [103]. This
could be attributable to bacterial cell infiltration into the
blood vessels and the heart, causing inflammation in the
arteries, veins, and coronary tissue [104]. In this line, a
Spanish study on 4224 employed adults, PD with the
presence of deep periodontal pockets (>6 mm) was
significantly associated with high CVD risk [systemic
coronary risk estimation (SCORE > 5%)][105]. As an
immune response against invading oral bacteria, an
inflammatory reaction around the local infection is
observed along with the secretion of chemokines and
cytokines into the bloodstream [106]. However, the
production of anti-inflammatory signaling biomolecules
is compromised in malocclusion patients due to the
pathogenesis of oral bacteria, leading to unchecked
chronic inflammation in the oral cavity and systemic
organs [107]. Further, myeloperoxidase (MPO), a
neutrophil-derived biomarker, may activate proteolytic
destructive cascades, leading to subsequent immune-
pathological events in malocclusion-induced chronic PD

as well as coronary heart disease (CHD) [108]. The
stimulated neutrophils represent the principal pathogen-
fighting immune cells that stimulate the expression of
many proteinases and oxidative enzymes, degrading
extracellular ~matrix components. As per the
PAROKRANK study, the salivary matrix
metalloproteinase-8 and -9 and MPO have been
significantly positive with PD and its relation to CHD
[109].

Apart from this, in an eye-tracking survey, various
kinds of malocclusion (mid-line diastema, polydiastema,
crowding, gummy smile, low smile line) may induce
psychosocial stress due to facial unattractiveness [110].
Further, 10 years of study advocated that individuals with
physical attractiveness seem to have better biological
health with high levels of self-confidence, life
satisfaction, and ease of intimate partner finding [111].
However, evidence exists on facial fluctuating
asymmetry-based differential endocrine responses in
which increased cortisol levels could be correlated to
perceived stress and competitiveness [112]. This indicates
that due to poorer aesthetic self-perception, malocclusion
patients may suffer from societal pressure with reduced
oral health-related quality of life (OHRQoL), possibly by
the secretion of cortisol (stress hormone), which increases
cardiovascular risk [113]. Compared to healthy
individuals, higher salivary cortisol levels have also been
suggested in patients with temporomandibular disorders,
which may be caused by malocclusion [114]. In a seminal
study on over 9000 university adolescents, malocclusion
was found to be significantly associated with increased
rates of arrhythmia [81]. Though a clear relationship
between malocclusion and heart diseases is not identified,
as chronic stress, malocclusion in healthy young adults
may lead to decreased heart rate variability (HRV), a
measure of autonomic activity [115]. Hence,
malocclusion may likely induce arrhythmia by enhancing
sympathetic nerve activity. This aligns with a study
revealing alterations in the vertical occlusal dimension
affecting heart rate fluctuations in guinea pigs [116].
These data imply that cardiac health is closely impacted
by malocclusion, so cohesive monitoring and treating oral
and cardiovascular well-being is essential for patients’
complete recovery. It is expected that the orthodontic
treatment modalities cannot only fix oral aesthetic and
functional issues but also improve stress and HRV
indices.

11. Blood-related disorders

Interestingly, a Mysuru-based study on 278 people
showed a significant correlation between malocclusion
and ABO blood grouping [117], in which the blood group
‘O’ blood group was the commonest and associated with
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Angle’s Class I malocclusion (71.3%). In blood group
‘A’, Class II div 1 and 2 malocclusions were common,
with a prevalence of 42.68% and 4.9%, respectively.
Class III was the most common in the ‘B’ blood group
(6.5%). Therefore, it could be hypothesized that blood
group-based development of malocclusion may be
associated with abnormal expression of blood group ABO
antigens on the alveolar bone or tooth. Another
prospective study in Jaipur (an Indian state) revealed the
malocclusions prevalence order of blood groups as being
highest in B, followed by A, O, and AB [118]. In a cross-
sectional study on Saudi adults, blood group A
demonstrated a significantly higher prevalence of Class II
(34.2%) and 3 (19%) malocclusions [119]. Regarding
impacted teeth, blood group AB (48.8%) had the highest
occurrence. These differences could be attributed to racial
variation and geographical diversity of the population.
Blood-related disorders such as thalassemia may
weaken bone density, causing deprivation in the growth
and development of the individual [120] due to rapid red
cell turnover and bone marrow hyperplasia, leading to
bony structural alterations primarily in the maxilla than
the mandibular regions of thalassemic patients.
Thalassemia has been classified into major, intermediate,
and minor, depending on the severity of the symptoms and
the etiology of the disease. Thalassemia has been mostly
associated with dental disorders, including malocclusion
and misalignment of the jawbone and teeth. Bone density
loss in the whole body as well as in mandibular and
maxillary regions is a significant and chronic symptom in
thalassemic patients, which is caused by iron depositions,
bone marrow expansion, and reductive growth hormone-
insulin-like growth factor-1 axis [121]. The consequences
of thalassemia major include deformation in orofacial
structures caused by poor OHRQoL, maxillary protrusion,
and gingivitis, often leading to Class II malocclusion in
patients [121, 122]. In a study by Jeelani et al., about 59%
of thalassaemic children were confirmed to suffer from
Angel’s Class II malocclusion with high severity [123].
Besides, when compared to healthy individuals, a
high rate of very severe malocclusion has been observed
in patients with sickle cell disease (SCD), an inherited
blood disorder characterized by the production of
abnormal hemoglobin, leading to the distortion or sickling
of red blood cells [124, 125]. The most common
malocclusion types were class II molar relationship (due
to mandibular retrusion), increased overjet, and anterior
open bite. This can be explained by increased bone
marrow activity, possibly leading to changes in the
trabecular bone associated with bone expansion and with
increased overjet between the arches due to maxillary
protrusion. Hence, SCD patients should be followed up by
dentists to avert a severe impact on the dentition and thus
contribute to improving QoL. Overall, these data indicate

the association between malocclusion and blood-related
disorders.

12. Renal

The Class II malocclusion, a skeletal anteroposterior
discrepancy between the maxilla and mandible
accompanied by a vertical discrepancy, is a risk factor for
sleep-disordered breathing (SDB)[126]. Increasing
literature indicates SDB as one of the underlying
causative factors of nocturnal enuresis (NE)[127], by
decreasing arousal response, leading to impaired arousal
response to a full bladder [128]. Globally, about 10% of
children suffer from NE or bedwetting influence, which is
the second most common health issue in school-aged
children after asthma and allergies. SDB leads to excess
urine production at night by activating sodium-regulating
hormones and altering urodynamics. These reports
indicate the indirect association of malocclusion and renal
dysfunctions. In a cross-sectional study, the most
prevalent malocclusion Class II was identified, where
spacing and extrusion were prevalent types of pathologic
tooth transfer, mainly impacted by interdental clinical
attachment loss and tooth loss due to periodontitis [129].
It has also been reported that the tooth loss due to chronic
periodontitis might act as a potential indicator of
increased risk for lower urinary tract syndrome (LUTS),
specifically in relation to the onset and severity of storage
and voiding symptoms present in an overactive bladder.
These reports imply that malocclusion-associated PD may
enhance the risk of LUTS [130].

13. Erectile dysfunction (ED)

ED is characterized by failure to attain or sustain a penile
erection, which severely affects sexual health and activity
and adversely influences psychological status, personal
relationships, and, hence, the QoL in males [131]. Though
the ED etiology is multifactorial (vascular, hormonal,
drug-induced, psychological, or combined), vascular is
the most common. Among oral disorders, periodontal
disease (PD) is a major risk factor for systemic diseases
induced by periodontal pathogens and periodontal
infection-induced systemic inflammation leading to
endothelial dysfunction [132]. In malocclusion, any
irregularity and misalignment in teeth and jaw positioning
promotes bacterial plaque deposition, portending PD risk
[29]. In a recent study on 400 community-dwelling men,
poor occlusal support status was independently and
significantly associated with ED [133]. In another study
including 305 males, 22.9% men had ED, and 4.3% had
chronic PD [134]. Chronic PD was significantly more
prevalent among men with mild ED and moderate to
severe ED when compared to those without ED.
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Investigators have recently explored the possible
association between chronic PD and ED, which may be
mediated by endothelial dysfunction and atherosclerotic
plaques [134]. A systematic review and meta-analysis
also revealed a significant association between PD and
ED with an odds ratio of 2.56, possibly by increasing the
expression of proinflammatory cytokines and adhesion
molecules, and decreasing systemic inflammatory status
and endothelial nitric oxide synthase activity, and nitric
oxide synthase in penile cavernous tissues [135].
Therefore, it is plausible that during malocclusion-
induced PD, periodontal pathogens, such as
Porphyromonas gingivitis, might invade the systemic
circulation, followed by arterial wall homing, thereby
inducing an inflammatory response. In a randomized
controlled trial, periodontal treatment significantly
improved periodontal health, International Index of
Erectile Function (IIEF) score [136], improved
endothelial cell function, and inhibited pro-inflammatory
cytokine tumor necrosis factor-o (TNF-a) levels.

In progressive PD patients, TNF-a is associated with
various systemic disorders. Besides cytokines, other pro-
inflammatory markers, like nitric oxide (NO), increase
both in ED and PD [12]. Surprisingly, a nationwide
database study in Taiwan revealed that flap surgery or
gingivectomy in chronic PD patients exhibited a lower ED
prevalence than those without any treatment [137]. Local
and systemic inflammation induced by malocclusion-
associated chronic PD may increase inflammatory
mediators like TNF-a, IL-6, and IL-8, causing
atherosclerosis and endothelial dysfunction. During
endothelial dysfunction, reactive oxygen species (ROS)
are generated, leading to compromised vascular anti-
inflammatory responses and disrupted endothelial nitric
oxide synthase (eNOS) activities. Thus, atherosclerosis,
along with suppressed eNOS activities, might facilitate
cavernosal artery blockage and impair the functions of the
penile vasculature, engendering ED. This may also be
ascribed to testosterone levels [138]. Therefore, men with
ED should be encouraged to receive routine dental
examinations and appropriate preventive dental measures
to maintain oral and periodontal health.

Besides, dental disorders such as anterior tooth
trauma or malocclusion negatively affect social
acceptance and personal behavior, resulting in lower self-
esteem and depression [139]. It may cause ED and, hence,
an unsatisfactory sexual life [140]. The negative self-
perception effect on sexual behaviour is evident, and
sexual dysfunction is further aggravated by the
antidepressants (selective serotonin reuptake inhibitors-
SSRIs) for treating depression and anxiety [141]. Studies
have already reported increased prevalence and ED
severity due to anxiety and depression [142, 143]. This

implies that the malocclusion-associated psychological
disorder may induce ED.

14. Future prospects and challenges

Emerging research into the novel systemic sequelae of
malocclusion, including oral and non-oral diseases, needs
to be unravelled to determine their prevention and
treatment strategies. Specifically, extensive studies
should be conducted on malocclusion-associated oral
complications like jaw deformities, which can adversely
affect tongue alignment and suppress pressure, leading to
abnormal speech. Another oral complication, i.e., PD
induction, should be investigated for plaque deposition
due to crowding, spacing, anterior cross-bite, and deep
overbites, resulting in heavy pocketing and gingival
inflammation. Mandibular lateral deviation, a possible
mediator between malocclusion and ocular vision, should
be investigated, as this axis houses the trigeminal nerve
system, regulating facial and ocular muscle movements as
well as functionalities. Further, the maxillary-auditory
axis could be examined, as maxillary misalignment may
induce auditory dysfunctions such as otitis media and
hearing loss, occurring predominantly due to air pressure
disturbance inside the eustachian tube. This may cause
constricted nasal passage, leading to tubal dysfunction
and microbial infection inside the middle and inner ear.
Under the neurological complications, malocclusion-
associated PD could enhance the risk of dementia or AD,
possibly through brain infiltration of P. gingivalis and
lipopolysaccharides. Hence, the blood-brain barrier
should be examined for enhanced permeability.
Respiratory complications, including chronic sinusitis and
allergic rhinitis, may develop through vertical orofacial
deformities, altering the progressive formation of the
narrowed upper nasal passage. Therefore, research should
be conducted on cross-sectional associations toward
longitudinal, mechanistic, and interventional designs that
elucidate causality and guide integrated orthodontic-ENT
(ear, nose, throat) management. Poor oral health,
malocclusion, and reduced activity could increase
microbial growth in the periodontal regions, leading to
nutrient loss in the body, which results in a deficiency of
essential minerals such as calcium and phosphorus in the

bony structures. This implies the plausibility of
debilitating conditions like OA and spinal disc
degeneration.

Since the deep periodontal pocket in the PD is
associated with high CVD risk, periodontal dysbiosis,
bacteremia, and microbial strains should be characterized,
which are the driving factors for endothelial dysfunction,
plaque formation, and plaque instability through various
pathways. Similarly, endothelial dysfunction can be
examined as a mediator for ED. Tooth loss due to chronic
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PD might act as a potential indicator of increased risk for
LUTS, specifically in relation to the onset and severity of
storage and voiding symptoms present in an overactive
bladder. So, how chronic periodontal infection and
transient bacteremia allow key pathogens to colonize in
the urinary tract should be investigated using 16S
sequencing of urine and gingival samples. These reports
imply that malocclusion-associated PD may enhance the
risk of LUTS. Taken together, the large, prospective, and
multi-disciplinary ~ cohorts combining high-quality
orthodontic phenotyping with robust systemic outcomes
remain the highest research priority in bridging the gap
from dental to systemic health. This will require
interdisciplinary, mechanistically focused research based
on both clinical observation and experimental studies.

15. Conclusion

Malocclusion may negatively impact the QoL by inducing
multi-organ pathologies. The malocclusion not only
lowers self-esteem and psychological issues but also may
trigger various disorders associated with oral, ocular,
auditory, nasal, cerebral, respiratory, cardiovascular,
renal, metabolic, and sexual physiologies. Hence,
understanding the intricate association between these
disorders will offer a new direction for comprehensive
intervention strategies to improve the QoL, resulting in a
decrease in significant mortality and morbidity.
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