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Abstract 
Mouth breathing (MB) is a prevalent breathing pattern observed in both pediatric and adult 
populations. Although often regarded as a benign habit, growing evidence indicates that 
chronic MB represents a maladaptive functional disturbance with significant systemic and 
oral health implications. This narrative review synthesizes current evidence on the 
pathophysiology of MB, its effects on craniofacial development and orofacial function, and 
contemporary approaches to diagnosis and management, while highlighting important 
regional gaps in the literature. A comprehensive literature search was conducted across 
major electronic databases, including PubMed, Scopus, and Web of Science. To enhance 
retrieval sensitivity and ensure broader coverage, supplementary searches were performed 
using Google Scholar, alongside manual screening of reference lists of relevant articles. 
Available evidence consistently associates chronic MB with impaired nasal breathing, 
altered orofacial muscle function, characteristic craniofacial changes, and functional 
disturbances. It is also associated with sleep-disordered breathing and reduced oral health-
related quality of life. Emerging evidence further links it to temporomandibular joint 
dysfunction and cervical muscle impairment, likely mediated by postural adaptation and 
altered neuromuscular coordination. Epidemiological and functional data from regions such 
as Libya remain limited, with existing research predominantly focused on structural dental 
outcomes rather than airway- related determinants. MB should be recognized as a 
modifiable functional disorder with multisystem effects. Standardized diagnostic criteria, 
longitudinal studies, and region-specific epidemiological investigations, particularly in 
underrepresented settings, are essential to advance evidence-based and contextually 
relevant clinical practice. 
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Introduction  
Breathing is fundamental to physiological homeostasis, regulating gas exchange, blood pH, and oxygen 
delivery to tissues. Beyond its primary respiratory role, breathing patterns influence autonomic balance, 
cardiovascular function, and neurophysiological activity [1,2]. Under normal conditions, nasal breathing is 
the physiologically optimal route, providing filtration, humidification, and temperature regulation of inspired 
air, while also contributing to optimal airflow dynamics and nitric oxide-mediated pulmonary processes [3-
5]. Chronic mouth breathing disrupts these mechanisms, with evidence suggesting alterations in oxygen-
carbon dioxide balance and reduced nitric oxide bioavailability. Emerging evidence suggests associations 
with airway irritation, inflammatory responses, and possible alterations in autonomic regulation, with 
potential systemic implications [2,6]. MB often develops as a compensatory response to nasal obstruction, 
such as allergic rhinitis, adenoid hypertrophy, tonsillar enlargement, or structural nasal abnormalities, but 
may persist after resolution of the primary cause, evolving into a habitual or neuromuscular pattern that 
can independently affect orofacial function and craniofacial development [7-9]. 
Clinically, MB has been linked to altered respiratory mechanics and sleep-disordered breathing, with 
potential neurocognitive and behavioral consequences [10-12]. Within this broader physiological context, 
MB is particularly relevant in dentistry and orthodontics due to its association with dentofacial morphology, 
reflecting altered orofacial muscle activity, abnormal tongue posture, and disrupted functional stimuli 
during critical growth periods [13-15]. Although several studies report associations between MB and specific 
craniofacial features, findings remain heterogeneous and limit definitive conclusions [14,15]. 
Within this broader framework, MB is increasingly recognized as a clinically relevant functional disorder 
with implications for respiratory physiology, craniofacial development, and overall health. It frequently 
coexists with other oral habits, including non-nutritive sucking and dysfunctional swallowing patterns, 
suggesting a broader context of orofacial functional imbalance [16]. Although MB has been explored across 
diverse populations, its relationship with demographic factors remains inconclusive, with conflicting 
evidence regarding sex distribution and socioeconomic influences [17-19]. Epidemiological data indicate 
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substantial variability in prevalence, ranging from 5% to 75% in children, likely reflecting heterogeneity in 
diagnostic criteria and study populations [14,20]. A meta-analysis reported a pooled prevalence of 
deleterious oral habits of 28.9%, with MB accounting for 21.1% of cases, particularly among children aged 
6-12 years [21]. Overall, habitual or intermittent MB may affect up to 30-50% of children and is commonly 
associated with airway obstruction or obstructive sleep apnea [22]. 
These findings underscore the clinical importance of early identification and comprehensive evaluation, as 
MB often represents not merely a benign habit but a manifestation of underlying airway compromise with 
potential long-term functional and developmental consequences. However, despite growing international 
interest, important regional gaps persist. Research on MB in Libya remains limited. Existing studies have 
largely focused on dental caries and periodontal disease, with minimal attention to functional determinants 
such as breathing patterns [23-25]. Available epidemiological data indicate a high prevalence of 
malocclusion, including crowding, maxillary constriction, and anterior open bite features often reported in 
association with chronic MB [26,27]. Although causality cannot be established, these findings suggest that 
MB may represent an underrecognized factor in craniofacial development, occlusion patterns, and oral 
health. These considerations highlight the importance of incorporating airway assessment into routine 
dental and orthodontic evaluation and underscore the need for an interdisciplinary approach to 
management. This narrative review aims to synthesize current evidence on MB, focusing on its 
pathophysiology, impact on craniofacial development, and associated functional and quality-of-life 
outcomes, while outlining contemporary approaches to diagnosis and management. 
 
Pathophysiologic Consequences 
MB represents a fundamental disruption of normal respiratory physiology, with consequences that extend 
beyond the orofacial region to affect systemic homeostasis and airway defense mechanisms [3,6]. In MB, 
inhaled air reaches the lower respiratory tract inadequately conditioned, leading to mucosal dryness, 
increased airway irritation, and heightened susceptibility to infections. The loss of nasal filtration permits 
greater entry of allergens and particulate matter, potentially exacerbating inflammatory conditions [6]. Nasal 
breathing facilitates the delivery of endogenously produced nitric oxide (NO) from the paranasal sinuses into 
the lower airways [3]. NO plays a key role in pulmonary vasodilation, antimicrobial defense, and optimization 
of ventilation-perfusion matching [4,5]. MB reduces NO availability, which may impair oxygen uptake 
efficiency and contribute to suboptimal arterial oxygenation, particularly during sleep [6]. 
MB is associated with altered respiratory patterns, often characterized by shallow, rapid breathing and 
increased reliance on accessory muscles. This dysfunctional pattern reduces diaphragmatic efficiency and 
may increase the work of breathing [2]. Over time, such alterations can contribute to fatigue, reduced 
exercise tolerance, and impaired respiratory endurance [28]. 
Chronic MB is strongly associated with sleep-disordered breathing, including obstructive sleep apnea and 
snoring. The transition to mouth airflow promotes airway instability and collapsibility during sleep 
[10,11,14]. These disturbances can result in intermittent hypoxia, fragmented sleep architecture, and 
dysregulation of neuroendocrine function, with downstream effects on cognition, behavior, and 
cardiovascular health [2,28]. 
Beyond its effects on respiratory and sleep physiology, nasal breathing also appears to play a role in central 
neural regulation. Emerging evidence suggests that nasal breathing rhythmically modulates neural activity 
within the hippocampus and prefrontal cortex, regions critical for memory, attention, and executive function 
[29,30]. Disruption of nasal airflow, as occurs in chronic MB, may therefore interfere with these 
neurophysiological processes. This mechanism may, in part, explain the cognitive, behavioral, and academic 
difficulties frequently reported in children with persistent MB [30,31]. 
To maintain airway patency, individuals who breathe through the mouth often assume compensatory 
positions, most notably a forward head posture. This adaptation disrupts the functional balance between 
the muscles of the face, mouth, and neck, increasing mechanical stress and the likelihood of 
musculoskeletal dysfunction and pain. Over time, these changes may establish a self-sustaining 
compensatory cycle in which altered muscle tone and coordination between the jaw, tongue, and cervical 
muscles compromise the stability and integrity of the craniofacial and cervical systems [31-33]. 
 
Impact of MB on the Maxillofacial Complex 
Craniofacial development is governed by a dynamic interaction between genetic determinants and functional 
stimuli, particularly nasal respiration, tongue posture, and coordinated orofacial muscle activity; disruption 
of this balance leads to characteristic dento-craniofacial adaptations [13,34]. Chronic MB disrupts the 
functional equilibrium of the orofacial complex, leading to characteristic craniofacial adaptations driven by 
altered muscle dynamics and tongue posture [12,35]. Reduced tongue-to-palate contact diminishes the 
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lateral expansive forces required for normal maxillary development, while increased buccinator activity 
exerts inward pressure on the dental arches, resulting in a constricted maxillary arch and a high-arched, 
narrow palate [15,16]. These changes contribute to posterior crossbite, dental crowding, and reduced nasal 
cavity volume, further perpetuating airway compromise [4]. Concurrently, chronic lip incompetence and 
perioral muscle imbalance reduce the restraining influence on dentoalveolar structures. This promotes 
excessive eruption, increased lower anterior facial height, mandibular clockwise rotation, and a tendency 
toward skeletal open bite features commonly described as “long face syndrome” [14,34,35]. Altered tongue 
posture and downward and posterior mandibular positioning are associated with Class II skeletal 
relationships and may be associated with retrognathia by limiting functional stimulation of mandibular 
growth [36-38]. 
These structural changes are accompanied by functional impairments in mastication, swallowing, and 
speech, with atypical patterns such as tongue thrust further reinforcing malocclusion [37,38]. Soft tissue 
adaptations, including upper lip hypotonicity and mentalis hyperactivity, both reflect and reinforce these 
skeletal imbalances [35,39]. Importantly, these alterations form a self-reinforcing cycle in which reduced 
maxillary width, increased palatal height, and mandibular retrusion further compromise nasal airway 
patency, supporting the principle that function influences craniofacial form “Function Modifies Anatomy” 
[13,35]. 
 

Table 1. Classification and Clinical Interpretation of Mouth Breathing (MB) 

Aspect Description Clinical Interpretation 

 
Disease status 

 

Not recognized as an 
independent disease entity in 

current classifications 

Considered a clinical sign or 
functional breathing pattern rather 

than a diagnosis 

Syndromic classification 
No standardized syndromic 

classification 
“MB syndrome” represents 

descriptive, non-standardized usage 

International 
Classification of Diseases  

 
ICD-10 code R06.5 (MB) 

Classified under symptoms and 
signs involving the respiratory 

system 

Diagnostic and Statistical 
Manual of Mental 

Disorders 

 
Not included 

No psychiatric or behavioral disorder 
classification 

 
Neurocognitive and Quality-of-Life Implications 
MB has significant neurocognitive and psychosocial impacts, affecting sleep quality, oxygenation, and daily 
functioning, particularly in pediatric populations [40-42]. It can lead to attention deficits, reduced academic 
performance, and emotional dysregulation, mimicking attention-related disorders [41]. Chronic MB may 
influence neurodevelopment, contributing to longer-term cognitive and emotional challenges [42,43]. 
Additionally, oral symptoms and facial changes can affect self-confidence and social interactions [44,45]. 
 
Clinical Dental Assessment of MB 
A comprehensive evaluation of nasal patency is crucial in dental patients with suspected MB, as nasal 
obstruction is a primary cause of MB [46,47]. Dentists may be the first healthcare professionals to encounter 
mouth-breathing children and can play a key role in early identification. A structured assessment includes 
patient history, observation of resting breathing patterns, and evaluation for signs of upper airway 
obstruction, such as tonsillar enlargement. 
Inspection of the external nares, lip competence, tongue posture, dental malocclusion, and facial 
development can provide indirect indicators of compromised airflow [47-49]. However, reliance on subjective 
reporting or craniofacial features alone is insufficient for diagnosis and does not confirm underlying nasal 
obstruction. 
Chair-side screening tests-including the mirror (Glatzel) Fig. 1, lip seal, and water retention tests-are widely 
used to provide preliminary insights into nasal patency and help differentiate habitual from obstructive MB 
[48-50]. However, these methods remain semi-quantitative and technique-sensitive, limiting diagnostic 
reliability. Reported usage patterns vary across clinical settings, reflecting a lack of standardization [51]. 
No single test is definitive; therefore, combining multiple assessments is recommended to improve diagnostic 
confidence [5,40]. Comprehensive evaluation often requires a stepwise, multidisciplinary approach 
incorporating clinical examination, repeated observations, and, when indicated, objective measures of nasal 
and airway function in collaboration with otolaryngology and sleep medicine specialists [50-53]. 
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Fig. 1. Mirror test. A mirror is held beneath the nostrils to assess nasal airflow. In nasal breathing, the 
mirror fogs due to condensation during expiration, as shown on the right. Adapted with permission from 
the publisher. From: Rakosi T, Jonas I, Graber TM. Color Atlas of Dental Medicine: Orthodontic Diagnosis. 
Stuttgart: Thieme; 1994. pp. 163–164. 
 

Table 2. Screening and Diagnostic Methods for Mouth Breathing 
At-Home and Visual Screening Methods* Diagnostic Tools for Mouth Breathing Assessment 

Mirror test: nasal airflow causes fogging 
under the nostrils 

Lip seal / water-holding test: inability to 
maintain lip closure suggests an oral 

breathing pattern 
Paper tape (awake only): assesses ability to 

maintain lip seal (screening only) 
“Butterfly” cotton test: nasal airflow moves 
fibers downward; absent/altered movement 

suggests oral breathing 
Hand-over-mouth test (sleep observation): 

brief occlusion may help differentiate habitual 
vs. obstructive patterns 

Video observation (sleep): detects open-
mouth posture during sleep and records 

snoring 
Symptom check: dry mouth, chapped lips, 

halitosis, fatigue, snoring, gingival 
inflammation 

Rhinometry 
Acoustic rhinometry: sound waves to assess nasal cavity 

geometry 
Rhinomanometry: measures nasal airflow and resistance 

⎯ Quantifies nasal obstruction (e.g., septal 
deviation, turbinate hypertrophy) 
Cone Beam CT (CBCT) 

⎯ 3D evaluation of nasal cavity, sinuses, and 
upper airway anatomy 

3D Facial Scanning 

⎯ Assesses craniofacial morphology (e.g., adenoid 
facies) 

Virtual Endoscopy 

⎯ 3D airway visualization from CT/MRI datasets 
MRI 

⎯ Detailed soft tissue assessment (reserved for 
complex cases, especially pediatric) 

Lateral Cephalometric Radiography 

⎯ Evaluates skeletal relationships and airway 
dimensions (orthodontic use) 

*At-home methods are screening tools only and require clinical confirmation. 

 
Management Considerations 
The management of MB requires a comprehensive, etiology-driven, and interdisciplinary approach aimed at 
restoring nasal respiration, correcting functional imbalances, and preventing long-term consequences. As 
MB is typically a symptom rather than a primary disease entity, effective management depends on accurate 
identification and treatment of underlying causes [50,54]. 
Adequate airway patency is a prerequisite for successful intervention, as insufficient nasal permeability 
limits the effectiveness of breathing retraining. Structural or functional nasal obstruction should therefore 
be excluded before recommending mouth-closure adjuncts, such as taping or supportive devices [46,55]. 
Adjunctive strategies-including optimization of nasal hygiene, allergen avoidance, and the use of nasal 
dilators-may further support functional improvement [54,55]. 
Orofacial myofunctional therapy plays a central role in neuromuscular re-education, promoting nasal 
breathing and improving orofacial function. These interventions are particularly effective in pediatric 
populations, although benefits may extend to motivated adolescents and adults [50,56]. 
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In patients with dentoskeletal alterations, orthodontic intervention may be required to correct malocclusion 
and guide craniofacial growth. Functional appliances may also contribute to improved mandibular 
positioning and airway stability [57,58]. 
Given the chronic and multifactorial nature of MB, longitudinal monitoring is essential to ensure treatment 
efficacy and minimize relapse. Follow-up should include assessment of nasal patency, breathing patterns, 
craniofacial development, and patient adherence [59]. 
 

 
Fig. 2. Modification of habitual mouth breathing. A custom-made perforated oral screen is positioned 
within the oral vestibule. The perforations are progressively occluded to encourage transition from mouth 
breathing to nasal breathing. Adapted from Rakosi T, Jonas I, Graber TM. Color Atlas of Dental Medicine: 

Orthodontic Diagnosis. Stuttgart: Thieme; 1994. pp. 163–164. 
 
Patient and Family Engagement 
Effective management of MB requires active engagement of both patients and their families, particularly in 
pediatric populations where behavioral patterns and adherence are caregiver-dependent [59]. Structured 
education on the importance of nasal breathing and the consequences of untreated MB is essential. 
Clinicians should clearly explain underlying causes and the rationale for each component of treatment. 
Visual aids and age-appropriate explanations can enhance understanding [54]. Consistency at home plays 
a central role. Adherence to prescribed therapies, including medications, appliances, and myofunctional 
exercises, is critical. Regular follow-up reinforces motivation and allows for timely adjustments [54]. 
 
Emerging Technologies for Facilitating the Transition from Mouth to Nasal Breathing 
Recent advances in behavioral rehabilitation and digital health have introduced tools that support the 
transition from mouth to nasal breathing by targeting neuromuscular retraining and habit formation 
[58,59]. Device-based interventions include intraoral appliances designed to guide oral posture and 
discourage mouth airflow. These devices promote nasal breathing through passive positioning and sensory 
feedback mechanisms [60-62]. Biofeedback and wearable systems enable real-time monitoring of breathing 
parameters, translating physiological signals into cues that support self-regulation [60,63-65]. 
Digital and AI-driven tools further reinforce behavioral change through continuous feedback and adaptive 
responses, particularly in pediatric populations [64,65]. Although promising, these technologies remain in 
early or experimental stages, and further research is required to establish long-term efficacy and optimal 
clinical integration [50,56]. 
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Discussion 
Mouth breathing is increasingly conceptualized as a multifactorial functional condition arising from the 
interaction of structural airway factors, neuromuscular regulation, and behavioral adaptation. Rather than 
representing a discrete entity, it exists along a clinical continuum ranging from transient compensatory 
responses to persistent, maladaptive patterns with potential systemic and developmental consequences. 
Accordingly, MB is variably described as a clinical sign or compensatory response [2,6], as well as a learned 
behavior or functional disorder [14,66]. Functional determinants of airway pattern reflect the dynamic 
interplay of neuromuscular control, behavioral adaptation, and posture, supporting the concept of MB as a 
continuum often initiated by structural factors and maintained through neuromuscular adaptation [48,58]. 
Despite increasing recognition, significant gaps remain in its definition, pathophysiology, and management. 
Its relationship with craniofacial development is likely bidirectional rather than strictly causal, supporting 
multifactorial models over deterministic frameworks [34,36]. 
Systemic regulatory mechanisms, including nitric oxide signaling and inflammatory pathways, are 
increasingly recognized as contributing factors, although their precise clinical significance remains 
incompletely defined [4,5]. In addition, the maintenance of adequate hydration within the upper airway 
mucosa appears to play a critical role, particularly in the context of contemporary respiratory challenges 
associated with exposure to polluted and low-humidity air. Emerging evidence suggests that airway surface 
dehydration may promote inflammatory responses and neural activation through osmotic stress on the 
airway lining mucus, thereby exacerbating respiratory dysfunction [6]. It has also been hypothesized to 
influence neuroendocrine regulation, including the hypothalamic-pituitary-adrenal axis, though evidence 
remains limited [30]. 
Neurocognitive associations are well documented but appear largely mediated by sleep-disordered breathing 
rather than MB per se [12,41,42]. Diagnostic limitations persist due to reliance on subjective and semi-
quantitative methods [49,50], which may contribute to variability in reported prevalence and clinical 
interpretation. Standardized protocols and objective assessment tools are therefore needed. Although 
emerging evidence indicates that circadian regulation influences respiratory patterns, neuroendocrine 
activity, and tissue homeostasis, its direct role in the pathogenesis of mouth breathing remains incompletely 
defined. Circadian rhythms are closely linked to hypothalamic-pituitary-adrenal axis function and sleep 
architecture, both of which are frequently altered in individuals with sleep-disordered breathing [1,43]. In 
pediatric populations, circadian disruption may therefore act as a modifying factor rather than a primary 
cause, potentially interacting with intermittent hypoxia, airway obstruction, and neuromuscular adaptation, 
which may influence breathing behavior and potentially contribute to craniofacial developmental patterns 
[67]. These interactions suggest that temporal dysregulation may contribute to the persistence of 
maladaptive breathing patterns, reinforcing the concept of MB as a multifactorial condition shaped by both 
structural and systemic influences. 
MB may also be conceptualized within a triad linking respiratory patterns, cervical dysfunction, and 
temporomandibular disorders. Forward head posture and altered neuromuscular coordination contribute 
to dynamic, self-reinforcing interactions between airway function and the musculoskeletal system [2,32,33]. 
Overall, MB should be viewed not as an isolated condition but as part of an integrated, interacting system 
involving airway biology, neuromuscular adaptation, and craniofacial growth [68]. Management remains 
interdisciplinary but heterogeneous, with variable evidence supporting individual interventions, including 
myofunctional therapy, orthodontic interventions, and airway-targeted treatments [50,52,54,69]. 
Personalized, patient-centered approaches are therefore recommended. In Libya, limited epidemiological and 
functional data underscore the need for region-specific research and improved clinical awareness. Future 
studies integrating standardized diagnostic frameworks with longitudinal and context-specific approaches 
will be essential to advance understanding and optimize clinical management. 
 
Conclusion 
This narrative review positions mouth breathing (MB) as a clinically modifiable functional disorder with 
significant respiratory, musculoskeletal, and developmental consequences affecting the craniofacial 
complex, cervical region, and temporomandibular joint. A critical epidemiological gap persists in Libya, 
limiting understanding of its prevalence, risk factors, and long-term outcomes. Addressing this gap through 
standardized diagnostic criteria, longitudinal research, and context-specific studies is essential to advance 
evidence-based, contextually relevant clinical practice. Reframing MB as a clinically significant condition, 
particularly in underrepresented settings, may enhance early detection, support interdisciplinary 
management, and ultimately improve patient outcomes. 
 
Conflict of interest. Nil 

https://doi.org/10.47705/kjdmr.262
http://journals.khalijedental.com.ly/index.php/ojs/index


 

 

Khalij Libya Journal of Dental and Medical Research. 2026;10(2):99-107 

https://doi.org/10.47705/kjdmr.26203  

eISSN:2708-888X 

 

 

Journal homepage: http://journals.khalijedental.com.ly/index.php/ojs/index    105   

References 
1. Blackwell VK, Van Goor JJ, Prescott SL. The airway-brain axis: Connecting breath, brain, and behavior. Cell 

Reports. 2025 Sep 23;44(9). 
2. Dempsey JA, Gibbons TD. Rethinking O2, CO2 and breathing during wakefulness and sleep. Journal of 

Physiology. 2024;602(21):5571–5585. 
3. Ottaviano G. Physiology: nasal airflow. In: Contemporary rhinology: science and practice. Cham: Springer; 2023. 

p. 33–42. 

4. Lundberg JO, Weitzberg E, Nordvall SL, Kuylenstierna R, Lundberg JM, Alving K. Primarily nasal origin of 
exhaled nitric oxide and absence in Kartagener's syndrome. European Respiratory Journal. 1994 Aug 
1;7(8):1501-4. 

5. Weitzberg E, Lundberg JO. Humming greatly increases nasal nitric oxide. American journal of respiratory and 
critical care medicine. 2002 Jul 15;166(2):144-5. 

6. Edwards DA, Chung KF. Mouth breathing, dry air, and low water permeation promote inflammation, and 
activate neural pathways, by osmotic stresses acting on airway lining mucus. QRB discovery. 2023 Jan;4:e3. 

7. Ding Y, Xu Y, Han S, Gao M, Wang L, Xu S, Guo T, Bai H. Clinical features, pathophysiological mechanisms, 
and multidisciplinary management strategies for rhinitis-induced adenoid facies in children and adolescents: a 
review. Frontiers in Allergy. 2025 Sep 2;6:1650119. 

8. Valera FC, Trawitzki LV, Anselmo-Lima WT. Myofunctional evaluation after surgery for tonsils hypertrophy and 
its correlation to breathing pattern: a 2-year-follow up. International Journal of Pediatric Otorhinolaryngology. 
2006 Feb 1;70(2):221-5. 

9. English JD, Akyalcin S, Peltomäki T, editors. Mosby's Orthodontic Review-E-Book: Mosby's Orthodontic Review-

E-Book. Elsevier Health Sciences; 2025 Aug 26. 
10. Katz ES, D'Ambrosio CM. Pathophysiology of pediatric obstructive sleep apnea. Proceedings of the American 

Thoracic Society. 2008 Feb;5(2):253-62. 
11. Guilleminault C, Huang YS. From oral facial dysfunction to dysmorphism and the onset of pediatric OSA. Sleep 

Medicine Reviews. 2018 Aug 1;40:203-14. 
12. Zhang W, Shen Y, Ou X, Wang H, Liu S. Sleep disordered breathing and neurobehavioral deficits in children 

and adolescents: a systematic review and meta-analysis. BMC pediatrics. 2024 Jan 20;24(1):70. 
13. Moss ML, Salentijn L. The primary role of functional matrices in facial growth. American journal of orthodontics. 

1969 Jun 1;55(6):566-77. 
14. Zhang J, Fu Y, Wang L, Wu G. Adenoid facies: a long-term vicious cycle of mouth breathing, adenoid 

hypertrophy, and atypical craniofacial development. Frontiers in Public Health. 2024 Dec 12;12:1494517. 

15. Feștilă D, Ciobotaru CD, Suciu T, Olteanu CD, Ghergie M. Oral breathing effects on malocclusions and 

mandibular posture: Complex consequences on dentofacial development in pediatric orthodontics. Children. 
2025 Jan 8;12(1):72. 

16. Cheng B, Mohamed AS, Li H, Li Y, Liu J, Liu L, Zou R, Wang F. Evaluation of the influencing factors on facial 
development for mouth breathing children: insights from 3D scanning technology. Journal of Stomatology Oral 
and Maxillofacial Surgery. 2025 Apr 28:102384. 

17. Motta LJ, Alfaya TA, Marangoni AF, Ferrari RA, Fernandes KP, Bussadori SK. Gender as risk factor for mouth 
breathing and other harmful oral habits in preschoolers. Brazilian Journal of Oral Sciences. 2012;11(3):377-
80. 

18. Nielsen MW, Stefanick ML, Peragine D, Neilands TB, Ioannidis JP, Pilote L, Prochaska JJ, Cullen MR, Einstein 
G, Klinge I, LeBlanc H. Gender-related variables for health research. Biology of Sex Differences. 2021 Feb 
22;12(1):23. 

19. Bashir MB. Phenotypes of Airway Diseases in Adults and Variation by Socioeconomic Status. 2024 May 16. 
20. de Menezes VA, Leal RB, Moura MM, Granville-Garcia AF. Influence of socio-economic and demographic factors 

in determining breathing patterns: a pilot study. Brazilian Journal of Otorhinolaryngology. 2007 Nov 
1;73(6):826-34. 

21. Gyra GG, Kumar VS, Janakiram C. Prevalence of Oral Deleterious Habits among children: A systematic review 
and meta-analysis. Journal of Oral Biology and Craniofacial Research. 2025 Nov 1;15(6):1539-62. 

22. Abreu RR, Rocha RL, Lamounier JA, Guerra ÂF. Prevalence of mouth breathing among children. Jornal de 
pediatria. 2008;84:467-70. 

23. Gabroun E, Berbash A, Abusreweil S, Shetwi N. Dental Caries Experience among 6-14 years old Schoolchildren 
in Municipality of Tripoli Center, Libya. Al-Ostath J. 2021;10:1-5. 

24. Beaayou H, Shawash K, Aebeedah F, Elsharif M. Prevalence of Dental Caries and Oral Health Practices Among 
Preschool Children: School Screening Programs in Benghazi City, Libya. AlQalam Journal of Medical and 
Applied Sciences. 2025 Nov 4:2511-7. 

25. Peeran SW, Singh AR, Alagamuthu G, Kumar PN. Periodontal status and its risk factors among young adults of 
the Sebha city (Libya). Dental research journal. 2013 Jul;10(4):533. 

26. Senussi IB, Abdelgader I. Evaluation of changes on maxillo-facial skeleton of Class II patients with deep bite 

treated with anterior bite plane as a functional appliance. J Adv Res Dent Oral Health. 2019;4(1):1-9. 
27. Shetwi N. Prevalence and Distribution by Gender of Occlusal Characteristics in A Sample of Libyan Secondary 

School Students: A Cross-Sectional Study. Khalij-Libya J Dent Med Res. 2018;2 2):10-18.  

https://doi.org/10.47705/kjdmr.262
http://journals.khalijedental.com.ly/index.php/ojs/index


 

 

Khalij Libya Journal of Dental and Medical Research. 2026;10(2):99-107 

https://doi.org/10.47705/kjdmr.26203  

eISSN:2708-888X 

 

 

Journal homepage: http://journals.khalijedental.com.ly/index.php/ojs/index    106   

28. Lörinczi F, Vanderka M, Lörincziová D, Kushkestani M. Nose vs. mouth breathing-acute effect of different 

breathing regimens on muscular endurance. BMC Sports Science, Medicine and Rehabilitation. 2024 Feb 
9;16(1):42. 

29. Zelano C, Jiang H, Zhou G, Arora N, Schuele S, Rosenow J, Gottfried JA. Nasal respiration entrains human 
limbic oscillations and modulates cognitive function. Journal of Neuroscience. 2016 Dec 7;36(49):12448-67. 

30. Maric V, Ramanathan D, Mishra J. Respiratory regulation & interactions with neuro-cognitive circuitry. 
Neuroscience & Biobehavioral Reviews. 2020 May 1;112:95-106. 

31. Neiva PD, Kirkwood RN, Mendes PL, Zabjek K, Becker HG, Mathur S. Postural disorders in mouth breathing 
children: a systematic review. Brazilian journal of physical therapy. 2018 Jan 1;22(1):7-19. 

32. Canellas JVDS, Ritto FG, Medeiros PJ. Correlation between temporomandibular disorders and posture: a 
systematic review with meta-analysis. J Oral Rehabil. 2023;50(5):436-448.  

33. Gu L, Gai K, Liu X, Wang J, Xu L, Zhu Y. Association Between Mouth Breathing and the Temporomandibular 
System: A Narrative Review. Journal of Oral Rehabilitation. 2025 Jul;52(7):1152-9. 

34. Linder-Aronson S. Respiratory function in relation to facial morphology and the dentition. British journal of 
orthodontics. 1979 Apr;6(2):59-71. 

35. Satiti R, Susanto H, Narwidina A. Transverse maxillary dimensions and upper airway morphology in mouth-
and nasal-breathing children aged 10-12 years: A CBCT-based study. Journal of Oral Biology and Craniofacial 
Research. 2025 Sep 1;15(5):1064-70. 

36. Vig KW. Nasal obstruction and facial growth: the strength of evidence for clinical assumptions. American journal 
of orthodontics and dentofacial orthopedics. 1998 Jun 1;113(6):603-11. 

37. Gómez-González C, González-Mosquera A, Alkhraisat MH, Anitua E. Mouth breathing and its impact on atypical 
swallowing: A systematic review and meta-analysis. Dentistry Journal. 2024 Jan 23;12(2):21. 

38. Deshkar M, Thosar NR, Kabra SP, Yeluri R, Rathi NV. The influence of the tongue on the development of dental 
malocclusion. Cureus. 2024 May 29;16(5). 

39. Li J, Zhao Z, Zheng L, Daraqel B, Liu J, Hu Y. Effects of mouth breathing on maxillofacial and airway 
development in children and adolescents with different cervical vertebral maturation stages: a cross-sectional 
study. BMC oral health. 2022 May 23;22(1):197. 

40. Warnier M, Piron L, Morsomme D, Maillart C. Assessment of mouth breathing by Speech-Language Pathologists: 

an international Delphi consensus. InCoDAS 2023 May 29 (Vol. 35, No. 3, p. e20220065). Sociedade Brasileira 
de Fonoaudiologia. 

41. Luo R, Harding R, Galland B, Sellbom M, Gill A, Schaughency E. Relations between risk for sleep-disordered 
breathing, cognitive and executive functioning, and academic performance in six-year-olds. Early Education 
and Development. 2019 Oct 3;30(7):947-70. 

42. Yu PK, Cook K, Tapia IE, Ross KR, Ibrahim S, Amin R, Ishman SL, Hassan F, Chervin RD, Liu C, Mitchell RB. 
Symptoms, quality of life, and executive function in children who snore. JAMA Otolaryngology-Head & Neck 
Surgery. 2025 Feb;151(2):151-9. 

43. Hosomichi J, Ono T. A functional axis of mastication and respiration in cognitive function: A narrative review. 
Archives of Oral Biology. 2026 Jan 15:106517. 

44. Maniaci A, Lavalle S, Anzalone R, Lo Giudice A, Cocuzza S, Parisi FM, Torrisi F, Iannella G, Sireci F, Fadda G, 
Lentini M. Oral health implications of obstructive sleep apnea: A literature review. Biomedicines. 2024 Jun 
21;12(7):1382. 

45. Hasansulama W, Boesoirie SF, Septiani F. The Effect of Mouth Breathing on Facial Anthropometry. Archives of 

Plastic Surgery. 2025 Sep;52(05):287-94. 
46. Esmaili A, Acharya A. Clinical assessment, diagnosis and management of nasal obstruction. Australian Family 

Physician. 2017 Jul;46(7):499-503. 
47. Abdelghany AM, Elsamanody AN. A simple home test to differentiate habitual from pathological mouth 

breathing. International Journal of Pediatric Otorhinolaryngology. 2023 Nov 1;174:111719. 
48. Pacheco MC, Casagrande CF, Teixeira LP, Finck NS, Araújo MT. Guidelines proposal for clinical recognition of 

mouth breathing children. Dental press journal of orthodontics. 2015;20:39-44. 
49. Milanesi JD, Berwig LC, Marquezan M, Schuch LH, Moraes AB, Silva AM, Corrêa EC. Variables associated with 

mouth breathing diagnosis in children based on a multidisciplinary assessment. InCodas 2018 (Vol. 30, No. 4, 
p. e20170071). Sociedade Brasileira de Fonoaudiologia. 

50. Liu Y, Zhou JR, Xie SQ, Yang X, Chen JL. The effects of orofacial myofunctional therapy on children with 
OSAHS’s craniomaxillofacial growth: a systematic review. Children. 2023 Mar 31;10(4):670. 

51. Romanec CL, Panaite T, Rotaru EA, Platon AL, Savin C, Iacob M, Vieriu RM, Chehab A, Zetu IN, Balcos C. Mouth 

breathing and its impact on orthodontic treatment and orofacial development: a systematic review. Romanian 
Journal of Oral Rehabilitation. 2025;17(1):235–246. 

52. Inchingolo AD, Marinelli G, Cavino M, Zaminga LP, Savastano S, Inchingolo F, Tartaglia GM, Del Fabbro M, 
Palermo A, Inchingolo AM, Dipalma G. Assessment of the Effect of Rapid Maxillary Expansion on Nasal 
Respiratory Function and Obstructive Sleep Apnea Syndrome in Children: A Systematic Review. Journal of 
Clinical Medicine. 2025 Sep 18;14(18):6565. 

53. Heuer AJ. Wilkins' Clinical Assessment in Respiratory Care-E-Book. Elsevier Health Sciences; 2021 Jul 24. 
54. Camacho M, Malu OO, Kram YA, Nigam G, Riaz M, Song SA, Tolisano AM, Kushida CA. Nasal dilators (Breathe 

Right strips and NoZovent) for snoring and OSA: a systematic review and meta‐analysis. Pulmonary Medicine. 
2016;2016(1):4841310. 

https://doi.org/10.47705/kjdmr.262
http://journals.khalijedental.com.ly/index.php/ojs/index


 

 

Khalij Libya Journal of Dental and Medical Research. 2026;10(2):99-107 

https://doi.org/10.47705/kjdmr.26203  

eISSN:2708-888X 

 

 

Journal homepage: http://journals.khalijedental.com.ly/index.php/ojs/index    107   

55. Alotaibi S, Saddiq BW, Alfarhoud RS, Alghamdi ST, Alsaffar AJ, Alnabhan AM, Alkhateeb MA, Albahrani KH, 

Alowibidy SA, Almahdi ZI, Almaghrabi HA. Clinical Effectiveness of Nasal Dilators in Sleep-Disordered 
Breathing: A Systematic Review and Meta-Analysis. Cureus. 2026 Jan 3;18(1). 

56. Camacho M, Guilleminault C, Wei JM, Song SA, Noller MW, Reckley LK, Fernandez-Salvador C, Zaghi S. 
Oropharyngeal and tongue exercises (myofunctional therapy) for snoring: a systematic review and meta-
analysis. European Archives of Oto-Rhino-Laryngology. 2018 Apr;275(4):849-55. 

57. Pirelli P, Fiaschetti V, Mampieri G, Condo' R, Ubaldi N, Pachi F, Giancotti A. Effect of rapid maxillary expansion 
on nasomaxillary structure and sleep disordered breathing in children with obstructive sleep apnoea. Australian 
Dental Journal. 2024 Jun;69:S112-20. 

58. Lin L, Zhao T, Qin D, Hua F, He H. The impact of mouth breathing on dentofacial development: A concise review. 
Frontiers in public health. 2022 Sep 8;10:929165. 

59. Fang Z, Zhao Y. Knowledge, attitudes, and practices of family members of children aged 2-6 years with snoring 
regarding pediatric snoring and its management. BMC Public Health. 2025 Jul 29;25(1):2571. 

60. Malik K, Dua A. Advancing patient care with biofeedback. InStatPearls [Internet] 2025 Jan 18. StatPearls 
Publishing. 

61. Shi L, Liu F, Liu Y, Wang R, Zhang J, Zhao Z, Zhao J. Biofeedback respiratory rehabilitation training system 
based on virtual reality technology. Sensors. 2023 Nov 7;23(22):9025. 

62. Kujirai K, Takahashi M, Koizumi S, Seimiya K, Nakashizu T, Watanabe M, Yamaguchi T, Koizumi S, Nakashizu 
T. 3D Printer-Assisted Layered Fabrication of a Novel Appliance for Oral Myofunctional Therapy and Functional 
Evaluation of Its Effects on Orofacial Muscles During Wear. Cureus. 2024 Apr 28;16(4). 

63. Kang J, Hong J, Lee YH. Development and feasibility test of a mouth contactless breathing exercise solution 
using virtual reality: a randomized crossover trial. Asian Nursing Research. 2021 Dec 1;15(5):345-52. 

64. Pang Z, Zhao Y, Luo N, Chen D, Chen M. Flexible pressure and temperature dual-mode sensor based on 
buckling carbon nanofibers for respiration pattern recognition. Scientific reports. 2022 Oct 19;12(1):17434. 

65. Frey J, Grabli M, Slyper R, Cauchard JR. Breeze: Sharing biofeedback through wearable technologies. 
InProceedings of the 2018 CHI Conference on Human Factors in Computing Systems 2018 Apr 21 (pp. 1-12). 

66. Ramirez-Yanez German O. Mouth Breathing: Understanding the Pathophysiology of an oral habit and its 
consequences. Medical Research Archives [online]. 2022;11(1). 

67. Mortola JP, Seifert EL. Circadian patterns of breathing. Respiratory physiology & neurobiology. 2002 Jul 
1;131(1-2):91-100. 

68. Kashwani R, Bahadur R, Kumari A, Sawhney H, Kulkarni V, Kumar S. Open Mouth, Closed Health: An Extensive 
Review On Mouth Breathing And Its Effects On Overall Wellness. Eur Chem Bull. 2024;13(1):33. 

69. Ergenekon AP, Gokdemir Y, Ersu R. Medical treatment of obstructive sleep apnea in children. Journal of Clinical 
Medicine. 2023 Jul 30;12(15):5022. 
 
 

https://doi.org/10.47705/kjdmr.262
http://journals.khalijedental.com.ly/index.php/ojs/index

