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Abstract: Background: Obstructive sleep apnea (OSA) is a prevalent sleep disorder characterized
by repeated episodes of partial or complete obstruction of the upper airway during sleep. While
the systemic implications of OSA are well documented, the dental consequences are less frequently
discussed yet equally significant. This review aims to elucidate the oral health impacts of OSA,
emphasizing the importance of interdisciplinary care. Methods: A comprehensive literature search
was conducted across several databases to identify studies examining the relationship between OSA
and various oral health parameters. The review included observational studies, clinical trials, and
systematic reviews published in English up to January 2024. Results: OSA was significantly associated
with heightened risks of bruxism, dry mouth, periodontal disease, temporomandibular joint disorders,
palatal and dental changes, and alterations in taste sensation. Mouth breathing associated with
OSA was a critical factor in exacerbating xerostomia and dental caries. Furthermore, the systemic
inflammation induced by OSA appeared to correlate with the severity of periodontal disease. Patients
using oral appliance therapy for OSA also showed notable changes in dental occlusion and required
ongoing dental monitoring. Conclusions: The findings underscore the bidirectional relationship
between OSA and oral health, highlighting the need for dental professionals to be integral participants
in the management of OSA. Early dental evaluation and intervention can contribute to the overall
health and quality of life of individuals with OSA. The review advocates for the development of
clinical guidelines to facilitate the early identification and management of OSA-related oral health
issues within dental practice and encourages a collaborative approach to patient care.

Keywords: obstructive sleep apnea; oral health; bruxism; periodontal disease; temporomandibular
joint disorders; oral appliance therapy
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1. Introduction

Systemic health and oral health are inextricably linked, with oral health disorders
frequently reflecting or exacerbating more general health problems [1,2]. The connection
between oral health and obstructive sleep apnea (OSA) [3], a sleep-breathing condition
marked by repeated partial or total collapse of the upper airway during sleep [4-6], is
especially clear in human patients. The systemic character of oral health is highlighted by
the interactions between OSA and many oral health issues, such as bruxism, xerostomia,
periodontal disease, temporomandibular joint disorders, palatal and dental structural
changes, and changes in taste perception [7-14]. Particularly noteworthy are the effects
of palatal and dental abnormalities on the severity of OSA [15,16]. The nasal cavity may
become narrowed by a high-arched, small palate, which can increase the risk of airway
resistance and collapse. The typical anatomic relationships inside the oral cavity may also
be altered by malocclusion and changes in the location or tone of the soft palate, which
can restrict the airway and exacerbate OSA symptoms [17,18]. Furthermore, increased
airway blockage during sleep may result from changes in tongue position brought on by
changes in tooth structure [19,20]. Furthermore, mouth breathing can worsen dry mouth
and increase the risk of dental caries. It is commonly used as a compensatory mechanism
in people with OSA due to nasal obstruction [3,21]. This is made worse by the fact that
mouth breathing reduces saliva, which guards against tooth decay. The clinical picture is
further complicated by the fact that bruxism is also commonly observed in individuals
with OSA, which can result in temporomandibular joint problems and pain [7-9] (Figure 1).
The amount of research in human studies demonstrating these links has increased over
the previous 20 years, but there are still few evaluations of the literature that concentrate
on the complex interaction between OSA and oral health. By combining the research on
the relationships between OSA and various oral health concerns and concentrating on
how oral health can vary in relation to OSA, affect the severity of the condition, and affect
patient approach, this thorough review sought to close this knowledge gap. Our goal was
to highlight the importance of multidisciplinary methods and integrated care that take into
account sleep medicine and dental health in order to improve patient outcomes and quality
of life. This review focused on the impact of obstructive sleep apnea (OSA) on oral health
in human patients.
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Figure 1. Main alteration in OSA patients and oral diseases. This figure was created with BioRender.com.
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2. Materials and Methods

Our goal in performing this comprehensive study was to compile the body of knowl-
edge regarding the relationship between periodontitis and obstructive sleep apnea (OSA)
in human subjects that has been developed over the last 20 years, obtaining the latest
and most pertinent information on the subject by narrowing the scope of our search to
observational studies, clinical trials, and systematic reviews published. We used keywords
associated with obstructive sleep apnea (OSA) and different elements of dental health with
Medical Subject Headings (MeSH) terms to perform an extensive literature search across the
PubMed, EMBASE, Cochrane Library, and Scopus databases. A number of pertinent terms
were combined with the main MeSH term, “Sleep Apnea, Obstructive”, including “Oral
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Health”, “Bruxism”, “Xerostomia”, “Periodontal Diseases”, “Temporomandibular Joint
Disorders”, “Dental Occlusion”, “Palate”, “Taste Disorders”, “Mouth Breathing”, “Dental
Carie”, and “Salivation”. These words were purposefully chosen to cover a broad spectrum
of possible connections between oral health issues and OSA. Boolean operators such as
“AND” and “OR” were employed to hone the search results and make sure the most rele-
vant articles were found. The study features (authors, year, and design), significant findings
about the relationship between OSA and other oral health indices, and the hypothesized
processes underlying these relationships were among the data retrieved from the included
papers. The primary oral health issues linked to OSA, such as dry mouth, periodontal
disease, bruxism, temporomandibular joint disorders, palatal and dental changes, and
taste disorders, were presented along with supporting data from the reviewed studies
in a thematic organization of the data analysis. Furthermore, a thorough analysis was
conducted of the interdisciplinary aspects of sleep apnea and dental health, as well as all
the participating health specialists.

3. Results

The review uncovered an intriguing relationship between oral health and OSA. Our
data show that there is a complicated, reciprocal interaction between OSA and a range of
oral disorders, rather than the two illnesses existing independently. Gaining this insight
is essential to transitioning from symptom management to a patient-centered approach.
Mouth breathing is a common adaptation used by OSA patients who are experiencing nasal
blockage; it is a clear illustration of this interplay [3,21]. Although at first a compensatory
strategy, it causes a host of adverse effects, most notably xerostomia (dry mouth) and
heightened susceptibility to dental caries [22-25]. This emphasizes the necessity of treating
the apnea’s subsequent effects on the oral environment in addition to the condition itself.
The connection between periodontal disease and OSA strengthens this interdependence.
The extensive effects of OSA are highlighted by the finding that the persistent, systemic
inflammation linked to the sleep condition appears to accelerate the development of
periodontal disease [26-28]. This relationship highlights the value of a team approach to
patient care that includes dentists and sleep medicine specialists. Beyond these particular
cases, our analysis found a variety of oral health problems associated with OSA, such
as bruxism, disorders of the temporomandibular joint, changes in the palatal and dental
regions, and even taste abnormalities [7-10,18,19]. The substantial effects that any of these
illnesses can have on a person’s quality of life highlight the necessity of early detection
and treatment.

3.1. Dry Mouth

Xerostomia, often known as dry mouth, is a common yet serious ailment that has been
strongly associated with OSA [10,11]. It results from a decrease in salivary flow, which
is a frequent occurrence in OSA patients as a result of repeated mouth breathing when
the nasal airway becomes blocked during sleep episodes [22-25]. Over the last twenty
years, research has repeatedly demonstrated that xerostomia is not just an uncomfortable
symptom but also a factor that can make oral health disorders worse [26-28]. (Reference
Table 1). Saliva is essential for maintaining dental health because it lubricates the mouth
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cavity, aids digestion, buffers acids to preserve dental enamel, and acts as an antibacterial to
ward against infection [29-32]. A number of dental issues, such as an elevated risk of dental
caries, periodontal disease, and oral infections including candidiasis, can result from OSA-
related impaired saliva production [33,34]. If left untreated, the chronicity of dry mouth
in OSA patients can also result in an ongoing downward spiral in their oral health. A dry
mouth can compromise the soft tissues of the mouth, causing discomfort, ulcers, and trouble
using dental prostheses. Additionally, studies have shown that xerostomia can negatively
influence a person’s quality of life by impairing speech, changing taste perceptions, and
causing halitosis, which can be extremely debilitating for social interactions [35]. Healthcare
professionals must advise patients on regular oral hygiene practices that can reduce the
risks associated with reduced saliva flow, endorse saliva substitutes or stimulants, and
encourage patients to maintain adequate hydration given the complex implications of
xerostomia in OSA [36-39].

Table 1. Summary of references.

Reference Author(s) Year Key Contents
Xerostomia
[10,11] Makeeva IM et al. 2021 Associated with xerostomia, reduced salivary flow, and worsening
! Apessos I et al. 2020 of oral health disorders
Pico-Orozco J et al. 2020
[22-25] Huang Z et al. 2023 Decreased salivary flow related to OSA due to mouth breathing
Huang Z et al. 2023 during sleep
Zhang C et al. 2021
Tanasiewicz M et al. 2016 . L.
. emonstration that xerostomia is an uncomfortable symptom tha
[26-28] Millsop JW et al. 2017 D tration that t fortable symptom that
Guggenheimer ] et al 2003 can worsen oral health disorders
Periodontal disease
[33,34] Téllez-Corral MA et al. 2022 Risks of dental caries, periodontal disease, and oral infections
. Téllez-Corral MA et al. 2023 correlated with reduced saliva production in OSA patients
Regular oral hygiene practices to reduce risks associated with
[39] Shimazaki Y et al. 2017 reduced saliva flow and promote adequate hydration in OSA
patients
Ahmad NE et al. 2013
[40-43] Chen Y et al. 2023 Correlation between periodontal disease and OSA, with an
N Keller JJ et al. 2013 increased inflammatory response
Nizam N et al. 2015
Inflammatory cytokines
Essential role of inflammatory cytokines in the pathogenesis of both
[42] Keller JJ et al. 2013 disorders
Correlation between TNF-« levels and various indicators of oral
[44] Trombone C etal. 2009 health, including worsened attachment loss
[45] Latorre C et al 2018 Significant correlation between periodontitis and OSA, with
’ activation of pro-inflammatory molecules
[46] Arango Jimenez N et al 2023 Tendency for patients with periodontitis to exhibit more severe

obstructive sleep apnea
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Table 1. Cont.

Reference Author(s) Year Key Contents
Bruxism
LI.D etal. 2023 Prevalence of bruxism in OSA patients, suggesting a physiological
[47-49] Wali 50 et al. 2017 relationship between the two
Algahtani ND et al. 2018 P
[50] Martynowicz H et al. 2019 Bruxism as a potential cause of sleep disturbances
Association of bruxism with increased sympathetic activity and

(511 fnana R et al. 2017 compromised modulation of the brainstem inhibitory circuit
152] Lee JH et al. 2023 Harmful effects of bruxism related to periodontal health and tooth

sensitivity

Temporomandibular Joint Disorders Palatal and Dental Changes

[53] Ning R et al. 2023 Common symptom of TMD correlated with obstructive sleep apnea

Frequent association between bruxism and OSA, with an impact on

[54] Klasser GD etal. 2015 the patient’s quality of life
[55] Ciavarella D et al. 2023 Importance of palatal and dental alterations in the severity and
course of OSA
Taste Disorders

[56] Magliulo G et al. 2018 Changes in taste perception as a significant concern in OSA

. Significant differences in olfactory and taste perception tests
(571 Yenigun A etal. 2019 between individuals with and without OSA
[58] LiuY et al. 2020 Significant variations in taste perception among patients with

different severities of OSA

3.2. Periodontal Disease

Studies conducted over the last 20 years have revealed that, in comparison to the
general population, patients with OSA had a higher prevalence of periodontal disease [59].
The scientific literature has increasingly shown a correlation between periodontal disease,
a chronic inflammatory disorder that affects the supporting tissues of the teeth, and ob-
structive sleep apnea (OSA) [40-42] (Figure 2). It has been proposed that the increased
inflammatory response associated with OSA, which results from sleep fragmentation and
intermittent hypoxia, may increase the load of inflammation throughout the body and
make people more susceptible to periodontal disease [43,60]. Particularly noteworthy is the
reciprocal link between OSA and periodontal disease, in which inflammatory mediators
and cytokines are essential for both disorders [42]. Systemic inflammation brought on by
OSA has the potential to worsen periodontal inflammation and hasten the loss of alveolar
bone and periodontal tissue. A study by Trombone et al. found a correlation between
TNF-« levels and several markers of oral health. To be more precise, they discovered posi-
tive connections (p < 0.01) between TNF-« levels and attachment loss, probing depth, and
mean probing depth [44]. A second study by Latorre et al. found a significant correlation
between periodontitis and mild OSA. According to this link, pro-inflammatory molecules
are activated, and oxidative stress is induced by hypoxia and the periodic reoxygenation
characteristic of OSA [45]. On the other hand, inflammatory cytokines generated during
periodontal disease, such as TNF-o and interleukins (IL-1, IL-6), could penetrate the sys-
temic circulation and exacerbate the inflammatory condition linked to OSA. According to a
study by Jimenez et al., 66.66% of patients with periodontitis also had a diagnosis of severe
OSA. This suggests a tendency for individuals suffering from periodontitis to experience
severe apnea, even though there was no statistically significant difference found [46]. The
three main indicators of periodontal disease—deeper periodontal pockets, clinical attach-
ment loss, and degeneration of the alveolar bone—are more common in OSA patients [61].
Additionally, it has been demonstrated that periodontal disease and OSA increase the risk
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of tooth loss, which can have major functional and cosmetic consequences for patients [62].
Given that both periodontal disease and OSA are established risk factors for cardiovascular
disease (CVD), their association also has consequences for cardiovascular health [63].

Molecular Pathways in Oral Health and OSA

plague accumulation

OSA-Related Stressors

[lmerminem hypoxia and Sleep fragmen[atinn.]

Activation af systemic
inflammatory pathways

Elevated systemic biomarker levels Release of local biomarkers into
and inflammatory respanse Inflammatory systemic circulation

Biomarkers

[

Bacterial imbalance and
] CPR, IL-6, TNF-0, MMP-s

Oral Health Indicators: - ¥ ic Inflammation Oral Microbii Dysbiosis | Local Inflammatory Response
Feedback loop affecting Host immune response ]
oral health te microbial changes
Gingivitis, Dry Mouth, Caries, Oral Cardiovascular impact and Metabolic Represents Changes in Periodontal lissue inflammation
mucosal lesions, and Bruxism alterations. microbial communities. [and Immune cell infiltration. ]

Figure 2. Molecular pathways of inflammation in OSA patients and oral diseases.

Research indicates that maintaining good dental health can lower the risk of cardiovas-
cular events considerably. According to de Oliveira et al.’s research, preserving good oral
hygiene with treatments like brushing, professional teeth cleaning, routine dental checkups,
and periodontal therapy may help lower the prevalence of CVD [64]. This emphasizes the
value of a multidisciplinary approach to patient care, since treating periodontal disease may
benefit organ systems other than the mouth. Collaboration between dental and medical ex-
perts is necessary for the management of periodontal disease in individuals with OSA [65].
By administering the proper care and stressing the value of upholding proper oral hygiene
habits, dentists are essential in the early diagnosis of periodontal disease [66]. On the other
hand, Berggren et al. interviewed dentists and dental hygienists employed by the Swedish
Public Dental Service and discovered that different dental experts had different experiences
with OSA and that possible oral health problems like OSA were not always identified. The
explanation for this lack of awareness was given as a lack of understanding of OSA and
proven indices for identifying OSA risk. Increasing knowledge of this topic may facilitate
better cooperation between dentists and other healthcare providers [67]. In addition, sleep
specialists who treat OSA should be aware of the possible consequences for oral health and
think about referring patients to dentists when periodontal disease symptoms are evident.

3.3. Risks of Bruxism

In recent years, there has been a growing body of scientific literature reporting on the
prevalence of bruxism in people with OSA. Some writers have suggested that as many as
one in two OSA patients may have this condition [47]. Arousal reactions, anxiety, stress, and
certain lifestyle choices are among the common risk factors that may contribute to a complex
pathophysiological relationship between OSA and bruxism [48]. It has been proposed that
this co-occurrence serves as a compensatory strategy to prevent the pharyngeal collapse
that occurs during sleep apneas [47-49]. The grinding motion might encourage the airway’s
muscles to contract, which could support the airway’s patency [49]. Moreover, studies have
demonstrated that bruxism can cause sleep disturbances, which are another characteristic
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of OSA [50]. As a protective reflex to continue breathing, the arousal response brought
on by bruxism may temporarily restore muscular tone in the upper airway and reopen
the airway [68]. On the other hand, this activity may also cause sleep fragmentation,
which exacerbates the OSA-related general sleep disturbance. According to the literature,
treating one ailment may have an impact on another. For instance, Inana et al. suggest that
OSA, which is connected to increased sympathetic activity, may be the cause of this issue.
Additionally, there are signs that sleep bruxism is associated with impaired brainstem
inhibitory circuit modulation [51]. Because bruxism not only impairs tooth health but
may also contribute to the exacerbation of OSA symptoms, its detection and treatment are
deemed essential to the management of OSA [69]. Because of the high stresses placed on
the periodontium, OSA-related bruxism can cause jaw abnormalities, periodontal disease,
and increased tooth sensitivity [52]. Therefore, improved screening procedures in both
sleep medicine and dentistry are necessary to address the intricate interactions between
these two diseases, in addition to multidisciplinary treatment approaches.

3.4. Temporomandibular Joint Disorders

Temporomandibular joint disorders (TMD) include a range of disorders affecting the
masticatory muscles, jaw joint, and related structures [70]. Regarding the field of oral health
problems associated with OSA, TMD has become a highly concerning condition. In human
studies, multifaceted factors have been demonstrated to influence the pathophysiological
link between TMD and OSA [71]. Repetitive reflexive jaw clenching during apneic episodes
is a common symptom of TMD [53]. It is thought to be an unconscious attempt to prevent
airway collapse in people with OSA [72]. This can result in pain, muscle exhaustion, and
spasm. Further predisposing people to TMD is the negative intrathoracic pressure pro-
duced during obstructive episodes, which can result in greater biomechanical stress on the
temporomandibular joint [73]. Individuals who suffer from both OSA and concomitant
TMD may also experience a wide range of symptoms, such as headaches, jaw pain, and
joint noises such as popping or clicking [74]. According to a study by Klasser et al., bruxism
is frequently linked to OSA, which can aggravate these symptoms and result in a complex
clinical presentation that lowers patients’ quality of life [54]. Furthermore, because oral ap-
pliances may worsen TMD symptoms or be less well tolerated by individuals who already
have TMD, TMD can affect how well oral appliances work to treat OSA [75]. The results
of treating OSA with mandibular advancement device (MAD) treatment have a variety of
consequences on TMD outcomes, as per Langaliya’s comprehensive review. Some studies
showed a notable decrease in TMD symptoms’ severity and frequency post-MAD treatment,
especially with monobloc, hard, and heat-cured appliances. Other research, nevertheless,
found no appreciable changes in TMD symptoms [76]. Owing to the increased frequency
of TMD in patients with OSA, these individuals must receive comprehensive assessment
and management. Dental practitioners should be on the lookout for TMD symptoms in
patients who have been diagnosed with OSA or who are suspected of having it. To properly
diagnose and treat temporomandibular disorder (TMD), a comprehensive history and
clinical examination with a focus on the masticatory muscles and temporomandibular joint
are essential. Conservative approaches, including teaching patients self-care techniques,
using occlusal splints, jaw exercises, and pain management, are commonly used in the
management of TMD in OSA patients [77]. When using oral appliance therapy for OSA, it is
important to monitor and modify the device carefully to reduce the chance of exacerbating
TMD [78].

3.5. Palatal and Dental Changes

In individuals with OSA, the interaction between palatal and dental alterations is
important for oral health because it affects both the severity of the condition and the
prognosis of the patient [55]. A high-arched and narrow hard palate, which narrows
the nasal airway and increases airway resistance and collapsibility, is a common palatal
alteration seen in OSA patients [79]. Furthermore, dental issues can worsen the symptoms
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of OSA. Narrow teeth can cause crowding and alter the occlusal plane, which can alter the
tongue’s resting position, cause anomalies in dental occlusion, and ultimately compromise
the patency of the airway during sleep [80]. Additionally, research suggests that OSA
may result in modifications to dental occlusion. In research by Ishida et al., significant
dentoskeletal alterations were identified in individuals with OSA treated with MAD [81].
Tooth position can be influenced by the persistent negative pressure created when breathing
against an obstruction, especially in children and teenagers [82]. Malocclusion, which
can be brought on by these changes in tooth position, may contribute to the onset or
worsening of OSA [83]. Furthermore, continuous positive airway pressure (CPAP) therapy
should be considered when managing OSA over the long term [84]. Dental adverse
effects from CPAP have been linked to modifications in occlusal relationships and bites.
Cephalometric measures in research by Tsuda et al. showed significant alterations, such
as reduced maxillary-mandibular discrepancy, anterior maxillary retrusion, setback of
the supramentale and chin locations, retroclination of maxillary incisors, and decreased
convexity [85]. The pressure that the CPAP mask puts on the maxilla can cause these
dental alterations, which may eventually cause teeth to move [86]. Healthcare professionals
must conduct a thorough oral examination as part of the OSA assessment because palatal
and dental changes have an impact on the condition. When a patient presents with a
particular dental or palatal configuration, orthodontists and dentists should be aware of
the possibility of OSA and should consider referring the patient to a sleep expert when
necessary. Furthermore, it is important to properly plan oral appliance therapy—which
is frequently used to treat OSA—to minimize negative dental alterations and maximize
airway patency [87]. In some circumstances, orthodontic procedures may help address the
anatomical abnormalities that underlie OSA [88].

3.6. Taste Disorders

Changes in taste perception are a less well-known but significant oral health concern
in people with OSA [56], particularly considering the potential effects of the chronic
intermittent hypoxia that is a feature of OSA on the gustatory system [89]. Yenigun et al.’s
case-control investigation revealed a significant difference (p = 0.016) in the groups’ smell
thresholds during the identification test. Similar substantial differences (p < 0.05) were
found for the sweet, sour, salty, and bitter taste thresholds between the groups in the tasting
test [57]. According to a systematic review by Binary et al., individuals suffering from
obstructive sleep apnea (OSA) demonstrate diminished olfactory ability. Moreover, the
review indicates that taste abnormalities may potentially be influenced by impairments in
scent perception [90]. According to these findings, people with OSA may undergo recurrent
oxygen desaturation followed by reoxygenation, which may cause brain alterations that
could affect how they perceive flavor (Figure 3) [91]. Taste buds, which are mostly found
on the tongue, oversee the detection of flavors such as sweet, sour, bitter, salty, and
umami. They are also important for controlling appetite and choosing foods. Dysgeusia,
or reduced sensitivity or changed taste perception, is a condition associated with OSA
where the hypoxic environment may impact taste bud cell turnover and function [92].
Significant results from an experiment by Liu et al. showed that patients with diverse
degrees of OSA severity varied not only in odor thresholds, odor discrimination, and odor
identification but also in overall taste score (p = 0.004) [58]. This may have an indirect
effect on dietary preferences, leading people to select more highly flavored or sweet meals.
This could have a negative impact on oral health outcomes, such as periodontal disease
and dental caries [57,90-92]. Furthermore, by affecting salivary flow, taste changes may
have an indirect impact on oral health [93]. Normal taste stimulation causes saliva to flow
more readily, which is important for maintaining good dental hygiene since saliva helps
wash away food particles and neutralize toxic acids. Reduced salivary production due to a
damaged taste receptor can exacerbate dry mouth symptoms and raise the risk of oral illness.
The effects of modified taste perception extend beyond one’s bodily well-being [94]. Aside
from affecting one’s psychological health and quality of life, taste problems can also result
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in changes in appetite, a loss of interest in food, and even nutritional inadequacies [95].
The management of taste abnormalities associated with OSA is still developing. The
current methods concentrate on treating the underlying OSA, which may entail using oral
appliances or CPAP machines to keep the airways open during sleep. According to a recent
study by Boerner et al., patients with moderate to severe OSA experienced a considerable
improvement in their olfactory and taste performance following three months of nasal
CPAP therapy [96]. When the underlying sleep disturbance is addressed, there is evidence
that good management of OSA can result in improvements in taste perception, suggesting
that there may be a reversible component to the disorder [97]. Walliczek-Dworschak et al.’s
investigation, however, showed that while consistent CPAP therapy improved olfactory
function in OSA patients, with values returning to normal levels following three months of
therapy [98], no discernible effect was seen on taste function.
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Figure 3. Taste disorders molecular mechanisms in OSA patients.

3.7. The Role of the Dentist in Addressing Obstructive Sleep Apnea

In the multidisciplinary treatment of obstructive sleep apnea (OSA), dentists are essen-
tial. Their proficiency in dental hygiene enables them to make a substantial contribution to
the identification, management, and continuing care of patients with OSA [99,100]. Dentists
frequently identify OSA symptoms and indicators in patients before other medical experts.
Bruxism, a prevalent symptom of OSA, may be suggested by abfractions, severe tooth wear,
and fractures [101]. Other oral signs that can raise the risk of OSA include retrognathia,
high-arched palates, swollen tonsils and uvula, and scalloped tongues [102,103], and den-
tists should be aware of these as well. During routine dental checkups, dentists should ask
patients about common OSA symptoms such as loud snoring, daytime sleepiness, morning
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headaches, and dry mouth [104]. Dentists should promptly send patients with suspected
OSA to sleep physicians for a thorough examination that includes a polysomnography
sleep study [105]. Custom oral appliances for the treatment of OSA can be produced by
dentists. These devices aid in repositioning the tongue, advancing the lower jaw, widening
the airway, and minimizing or completely stopping snoring and apnea episodes [106,107].
Patients with OSA, who are more likely to experience oral health problems such as xerosto-
mia and periodontal disease, should get customized oral hygiene advice from dentists [108].
The lifetime and efficacy of dental appliances depend on regular cleaning and upkeep. For
the purpose of addressing any possible adverse effects and ensuring that oral appliances
are fitted and functioning properly, routine dental examinations are essential [109,110].
Dentists, sleep doctors, otolaryngologists, and other pertinent healthcare professionals
must work together to effectively manage OSA [111]. In order to guarantee a thorough and
well-coordinated treatment plan, dentists must consult with other professionals involved
in the patient’s care [112]. Dentists are in a unique position to be extremely important
in treating OSA. Dentists can greatly enhance the quality of life of people with OSA by
identifying the symptoms and signs, offering suitable treatment options, and working in
conjunction with other medical experts [67,113].

3.8. The Function of Maxillofacial Surgeons and Orthodontists

An essential part of the multidisciplinary care of obstructive sleep apnea (OSA) is
played by orthodontists and maxillofacial surgeons. Their proficiency in surgical pro-
cedures, dentofacial orthopedics, and craniofacial development places them in a prime
position to tackle the anatomical causes of OSA [114,115]. Orthodontists possess the neces-
sary skills to recognize and treat skeletal and dental abnormalities that could put a person
at risk for OSA. Orthodontists are able to evaluate the influence of craniofacial shape on
the upper airway through the use of sophisticated imaging methods and cephalometric
analysis [116]. Early orthodontic treatments, such as palatal expansion and functional
appliances, can help pediatric patients develop their jaws properly and enhance the size of
their airways, which may reduce their chance of developing OSA in the future [117,118].
As a first-line therapy option for mild to moderate OSA, orthodontists are essential to the
creation and maintenance of dental appliances for adult OSA patients [106]. Orthodontists
create customized mandibular advancement devices (MADs) to move the lower jaw for-
ward, widening the upper airway and decreasing the risk of collapse during sleep [109].
In addition to monitoring for potential adverse effects, including tooth movement or dis-
comfort in the temporomandibular joint, routine follow-up visits with orthodontists are
essential to ensuring the best fit, comfort, and effectiveness of this equipment [119]. When
conservative methods fail to alleviate severe cases of OSA, maxillofacial surgeons provide
surgical solutions to correct underlying anatomical problems. It has been demonstrated
that maxillomandibular advancement (MMA) surgery, which involves moving the up-
per and lower jaws forward, greatly improves airway patency and reduces symptoms of
open-mouth breathing (OSA) [120,121]. Maxillofacial surgeons may also employ additional
surgical techniques, such as genioglossus advancement and uvulopalatopharyngoplasty
(UPPP), to address particular blockage sites [122]. In order to treat OSA comprehensively,
cooperation between orthodontists, maxillofacial surgeons, and other medical specialists—
such as dentists and sleep medicine specialists—is essential. These experts are able to create
individualized treatment programs that cater to the particular requirements and preferences
of every patient with OSA by using a coordinated and patient-centered approach [19]. The
roles of orthodontists and maxillofacial surgeons in the management of OSA will certainly
grow as our understanding of the complex relationship between craniofacial morphology
and sleep-disordered breathing deepens, highlighting the significance of their expertise in
enhancing patient outcomes and quality of life.
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3.9. Oral Appliance Therapy and Dental Considerations, and Collaborative Approach

For individuals with OSA, the use of oral appliance therapy—such as mandibular
advancement devices, or MADs—is a typical course of treatment [87]. By pushing the jaw
forward, these devices increase the patency of the upper airway, which can help lessen
OSA symptoms. On the other hand, prolonged usage of these appliances may result in
several dental abnormalities that need careful observation by dental specialists. Research
has indicated that the utilization of oral appliances may lead to modifications in the tem-
poromandibular joint, tooth movement, and dental occlusion [75,76,78]. For instance, the
mandibular forward placement necessary for MADs may cause modifications to the oc-
clusal relationships and bite alignment. This may eventually lead to movement of the teeth,
shifts in their positions, and possible problems with the temporomandibular joint (TM]J),
including pain, popping, or clicking noises. The quality of life, function, and oral health
of the patient may all be significantly impacted by these dental issues. When it comes to
the treatment of OSA patients receiving oral appliances, dental specialists are essential. To
guarantee the best possible therapeutic results and reduce negative effects on oral health,
they should be involved in the selection, fitting, and aftercare of these devices [87]. In
human studies, it was demonstrated that it is crucial to keep a close eye on dental alter-
ations, such as shifts in tooth position, bite, and temporomandibular joint function, to
spot any problems early and take appropriate action [75,76]. This could entail making
modifications to the oral appliance, using extra dental tools (such as occlusal splints), or
even making a recommendation to see an orthodontist or a TM] specialist, among other
dental specialists. In order to offer OSA patients complete care and maximize the long-term
success of oral appliance therapy, collaboration between sleep medicine specialists and
dental professionals is essential. To coordinate treatment, sleep medicine specialists and the
patient’s dentist should have regular communication and understanding of the possible
dental consequences of oral appliance therapy. On the other hand, dentists should under-
stand how to treat OSA using oral appliances and be able to identify any related dental
alterations that might call for therapy. A collaborative care strategy involving dentists, sleep
medicine specialists, and other healthcare providers is necessary to address the complex
link between OSA and oral health [65-67]. The creation of standardized procedures and
guidelines for the integrated management of OSA and the oral health issues it causes
can help with early detection, prompt referrals, and all-encompassing treatment plans.
Promoting this cooperative style of patient care requires interdisciplinary education and
collaboration between many healthcare disciplines. Dental practitioners need to be aware of
the possible effects OSA may have on dental health and how crucial it is to send patients to
sleep medicine specialists when necessary. On the other hand, sleep medicine professionals
must be aware of the potential effects on dental health and think about sending patients
to dentists for assessment and treatment of associated problems. For people with OSA to
receive complete, patient-centered care, a multidisciplinary approach is essential. Together,
medical professionals can guarantee that OSA patients’ oral health requirements are met
promptly and effectively, improving their general health and quality of life. Fostering
this collaborative paradigm of care requires the creation of multidisciplinary education
programs and open lines of contact between sleep medicine and dentistry practitioners. A
smooth continuum of care for patients with OSA can be ensured by bridging the gap be-
tween several healthcare professions through regular case discussions, collaborative patient
evaluations, and the development of coordinated treatment regimens. Furthermore, the
diagnosis and treatment of oral health problems associated with OSA might be facilitated
by the adoption of standardized techniques and recommendations. By giving healthcare
professionals a framework to work within, these standardized techniques can guarantee
that patients receive consistent, evidence-based care in a variety of clinical settings. The
involvement of other healthcare providers, such as primary care physicians, respiratory
therapists, and nutritionists, can further enhance the comprehensive management of OSA
and its associated oral health consequences, in addition to the collaborative efforts between
dental and sleep medicine professionals. This multidisciplinary approach can address the
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wide range of factors, such as lifestyle, comorbidities, and general health conditions, that
contribute to the onset and progression of OSA. By adopting this cooperative approach to
patient care, medical professionals can take advantage of their specialized knowledge to
offer comprehensive, individualized treatments that are customized to meet the individual
needs of every OSA patient. The overall health and quality of life for those impacted by
this complicated sleep condition and its oral symptoms can be improved by this interdis-
ciplinary partnership in the long run. It can also lead to improved clinical results, fewer
complications, and increased patient satisfaction.

3.10. Risky Consequences of Untreated Obstructive Sleep Apnea Syndrome

A multitude of grave health issues have been associated with untreated obstructive
sleep apnea (OSA), underscoring the significance of prompt diagnosis and efficient treat-
ment. The adverse effects of OSA on cardiovascular health, cognitive function, and overall
quality of life have been repeatedly shown by evidence-based reports [123]. Among the
most well-established effects of untreated OSA are cardiovascular problems. OSA substan-
tially raises the risk of hypertension, coronary heart disease, stroke, and cardiovascular
mortality, according to a meta-analysis conducted by Wang et al. [124]. In human study,
the development of cardiovascular illnesses is aided by endothelial dysfunction, oxidative
stress, and systemic inflammation, all of which are brought on by the intermittent hypoxia
and elevated sympathetic activity linked to OSA [125]. Untreated OSA has also been con-
nected to neurological diseases and cognitive impairment. According to a systematic review
by Leng et al., people with OSA are more likely than people without OSA to experience
dementia and cognitive deterioration [126]. Patients with OSA may eventually develop cog-
nitive dysfunction as a result of neuroinflammation, oxidative stress, and structural brain
alterations brought on by their persistent sleep disruption and hypoxia [127]. Furthermore,
an increased risk of metabolic diseases such as type 2 diabetes and metabolic syndrome
has been linked to untreated OSA. Independent of other risk variables, a meta-analysis
conducted by Ong et al. revealed that OSA considerably raises the risks of developing type
2 diabetes [128]. The development of metabolic problems can be aided by insulin resistance,
glucose intolerance, and the dysregulation of hormones that regulate hunger due to inter-
mittent hypoxia and sleep fragmentation in individuals with OSA [129]. Untreated OSA
has an influence on more than just physical health; it frequently causes major deficits in
social functioning and quality of life. One common symptom of OSA is excessive daytime
sleepiness, which can cause strained interpersonal interactions, lower productivity, and an
increased risk of accidents [130]. Furthermore, a higher prevalence of anxiety, depression,
and other mental health illnesses has been connected to the chronic sleep deprivation and
sleep disruptions caused by OSA [131]. Healthcare providers must place a high priority
on the early diagnosis and thorough treatment of OSA due to the variety and gravity
of the condition’s consequences if left untreated. Clinicians can help reduce the chance
of developing these potentially fatal comorbidities and enhance the general health and
well-being of those who are affected by OSA by treating it early and efficiently.

3.11. Surgical and Conservative Methods of Treating Obstructive Sleep Apnea

A multidisciplinary approach is used to treat obstructive sleep apnea (OSA), with
conservative and surgical options available based on the patient’s unique circumstances
and the severity of the condition. Improving airway patency, lowering the frequency of
apneic episodes, and easing related symptoms and comorbidities are the main objectives of
treating OSA [105]. Oral appliance therapy (OAT), continuous positive airway pressure
(CPAP) therapy, and lifestyle adjustments are conservative treatment options for OSA.
Patients with mild to moderate OSA may benefit from lifestyle changes such as weight loss,
positional treatment, and abstaining from alcohol and sedatives [132]. For moderate to
severe OSA, CPAP therapy is the gold-standard treatment because it uses a mask to deliver
pressured air to maintain airway patency [133]. However, pain, nasal congestion, and
other adverse effects might make it difficult for patients to adhere to CPAP therapy [134].
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For patients with mild to severe OSA or those who are intolerant of CPAP, oral appliance
therapy (OAT) has become a viable substitute for CPAP [107]. OAT includes repositioning
the mandible and tongue using specially made dental devices. The most popular kind of
mouth appliance used to treat OSA is a mandibular advancement device (MAD), which has
been shown to be effective in lowering the apnea-hypopnea index (AHI) and enhancing
sleep quality [135]. Surgical procedures may be explored in cases of severe OSA with
notable anatomical anomalies or when conservative approaches are insufficient to control
the condition. Depending on the exact location of the obstruction, a surgical technique
may be chosen that involves bone or soft tissue changes [136]. One of the most popular
surgeries for OSA is uvulopalatopharyngoplasty (UPPP), which involves removing extra
soft tissue from the throat [137]. Its long-term effectiveness varies, though, and it can lead
to postoperative problems such dysphagia and velopharyngeal insufficiency [120]. The
forward displacement of the upper and lower jaws during maxillomandibular advancement
(MMA) surgery has been demonstrated to be a highly successful treatment for open bite
(OSA), especially in individuals with craniofacial anomalies [138]. AHI is significantly
reduced, and sleep quality is improved after MMA surgery because it widens the airway
and increases soft tissue tension [121]. But MMA is a significant surgical treatment that calls
for specific surgical knowledge and cautious patient selection. To achieve the best results,
a mix of conservative and surgical therapies could be required in some circumstances.
For instance, in order to keep their OSA under long-term management following surgical
procedures, patients might still need to use CPAP or OAT [139]. It is crucial to have
routine follow-up appointments with a multidisciplinary team that includes sleep medicine
specialists, orthodontists, and surgeons in order to evaluate the effectiveness of treatment,
check for lingering symptoms, and modify the treatment plan as needed.

4. Conclusions and Future Directions

A compelling multidisciplinary problem arises from the link between obstructive sleep
apnea (OSA) and several oral health conditions, including bruxism, dry mouth, periodontal
disease, temporomandibular joint abnormalities, palatal and dental changes, and changes
in taste perception. The bidirectional nature of these relationships—in which OSA can both
cause and worsen oral health problems—has been brought to light by this review. In particu-
lar, much of the reported research examined oral health indicators between individuals with
OSA and non-OSA controls, offering strong evidence that these problems are more common
and severe in OSA patients. Compared with matched controls without sleep-disordered
breathing, surveys of OSA patients have consistently reported higher rates of bruxism,
xerostomia, periodontal disease, and TM] abnormalities [10,11,47-49,53,54]. Similarly, pa-
tients with OSA were found to have more significant changes in palatal morphology, tooth
structure, and taste perception than healthy people [55-57]. These comparative analyses
support the claim that rather than being general societal trends, the oral health problems
addressed in this research are specifically related to the presence of OSA. The need for
increased awareness and collaboration among dental and sleep medicine specialists in
recognizing and addressing oral health comorbidities related to OSA is critical. A stronger
focus on collaborative care techniques is required as we move forward. To guarantee that
patients receive thorough evaluations and treatment programs that address both OSA
and its related oral health manifestations, sleep medicine and dentistry experts must col-
laborate. To do this, interprofessional education and communication will be essential,
as will the creation of standardized protocols that include oral health assessments in the
usual examination of OSA patients. To clarify the underlying pathophysiological pathways
that connect OSA with oral health issues, more study is required. In order to establish
causation and evaluate the long-term effects of OSA treatment on oral health outcomes,
longitudinal studies are very crucial. Clinical trials are also required to assess how well
different OSA treatment modalities, such as oral appliance therapy and CPAP, work to
improve oral health metrics in addition to sleep-related results. In addition, it should be
considered that the research that made up this evaluation was carried out across the globe
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in a variety of geographic regions. This breadth offers insightful information, but it also
emphasizes the need to take into account possible differences in risk factors, healthcare
access, and health outcomes among other populations. The management and presenta-
tion of oral health diseases, including OSA, can be influenced by several factors such as
socioeconomic status, cultural customs, and healthcare system architecture. Future studies
should clarify these demographic and regional disparities in order to create guidelines and
tailored therapies that take into consideration the particular requirements of various patient
populations. In addition to addressing population-specific difficulties at the interface of
OSA and oral health, collaborative international efforts can aid in identifying common
themes and best practices. Another promising area for future research is innovation in
therapeutic approaches. More research is necessary to determine whether orthodontic
or surgical procedures can alter the palatal and dental structures and, consequently, the
severity of OSA. In this way, improvements in the form and functionality of oral appli-
ances could increase their efficacy and lessen adverse consequences such as TMD and
tooth alterations. In the end, our analysis emphasizes the necessity of a patient-centered
strategy that considers the intricate relationship between dental health and sleep. We may
advance toward the more effective care of OSA and related oral health issues by expanding
research, clinical practice, and education in this multidisciplinary field. The ultimate goal
is to improve patient health and quality of life. Although our findings highlight the value
of a multidisciplinary approach to managing open mouth breathing (OSA), it is crucial
to recognize this review’s limits. The literature search and study selection procedure for
this narrative review was less methodical and thorough than it would have been for a
systematic review or meta-analysis. As a result, there is a chance that the results given are
more biased and varied. To create a more solid evidence basis, future research should be
focused on performing a systematic review using a more thorough search approach and
stringent inclusion/exclusion criteria. Furthermore, even though this research has found a
number of correlations between OSA and parameters related to oral health, the underlying
mechanisms and causal linkages are still largely unknown. To clarify the pathophysio-
logical mechanisms relating oral problems with OSA, future research should make use of
biochemical, imaging, and longitudinal methods. Moreover, while the current literature
provides valuable insights for animal models and oral health, further research on basic
models is needed to confirm these findings in humans subjects.
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