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Adenotonsillar hypertrophy has been well-acknowledged as the primary instigator of sleep-disordered breathing in
the pediatric population. This condition spans a spectrum, from typical age-related growth that the immune system
influences to persistent pathological hypertrophy. Reduction in air spaces, metabolic changes, neurobehavioral

alterations, and chronic inflammation characterizes the latter form. As the go-to treatment, adenotonsillectomy has

proven effective.

craniofacial development craniofacial anomaly obstructive sleep apnea

sleep-disordered breathing

| 1. Introduction

The development of skeletal and facial alterations is undoubtedly influenced by an amalgamation of diverse
factors, ranging from genetics and diet to oral behavior and human development . These intrinsic and extrinsic
factors can come into play during fetal development and persist throughout an individual's life, ultimately affecting
the likelihood of developing OSA and related SDB conditions.

Exploring Theories on Craniofacial Structure and SDB:

In the quest to understand the relationship between craniofacial structure and SDB, two prominent theories have
emerged the “gracilization theory” [@ and the “gravitational hypothesis” [Bl. These theories offer distinct

physiological mechanisms that underpin the association between craniofacial structure and SDB.
The Gracilization Theory:

The gracilization theory revolves around evolutionary diet and facial anatomy changes over time. It suggests that
alterations in diet and lifestyle have contributed to the gradual refinement and “gracilization” of the facial structure.
Such changes may influence the airway dimensions and respiratory mechanics, potentially leading to an increased
susceptibility to SDB.

The Gravitational Hypothesis:
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On the other hand, the gravitational hypothesis highlights the significance of body position during sleep and the
role of gravity in affecting the upper airways. When individuals assume specific sleeping postures, the influence of
gravity on the upper airway can potentially lead to airway collapse and obstruction, contributing to SDB. This theory
postulates that the body’s positioning during sleep interacts with the anatomical features of the upper airway,

shaping the development of SDB .,

| 2. Gracilization Hypothesis

The gracilization theory, put forth by Weber in 2023 [, posits that changes in the human diet over time, as
supported by Luca et al. in 2010 [ have weakened the masticatory muscles. Consequently, this has influenced
the craniofacial structure, reducing the volume of the upper airways. According to this theory, the mandible and
tongue have evolved to be less voluminous to adapt to dietary shifts, including consuming solid foods and
developing language. However, this reduction in tongue space within the oral cavity may contribute to airway

obstruction during sleep, as discussed by Katz et al. in 2017 [,

Additionally, the gracilization hypothesis proposes that the decrease in the robustness of the human skeleton and
facial bones can be attributed to the transition from an active foraging lifestyle and a diet of raw foods to a more
sedentary lifestyle and an agricultural diet. Lacruz et al. B support this notion, stating that this transition has

reduced bone mass and decreased mechanical load on the jaws during chewing.

Recognizing that these theories offer possible explanations for the connection between craniofacial changes and
SDB is essential (Figure 1). However, further research is required to fully comprehend the intricate interplay

between diet, craniofacial conformation, and the development of airway obstruction during sleep LI,
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Figure 1. The hypothesis of gracilization on the genesis of sleep-disordered breathing.

Eimar et al. conducted two cross-sectional studies to explore the impact of OSA on bone density, using Mandibular
Cortical Width (MCW) as a measure. The studies revealed that children with OSA had lower MCW than controls,
suggesting a potential link between OSA and bone density. The authors proposed that an inability to attain
maximum skeletal mass or delayed growth of craniofacial bones might lead to a reduced nasopharynx size,
potentially playing a role in the emergence of SDB 9. Similarly, a study by Fernandes Fagundes et al. 11
observed reductions in MCW among children with OSA or those at high risk of OSA, indicating potential

interactions between mandibular bone development and pediatric OSA.

Skeletal alterations and oral breathing can result in changes in the position of the maxillary palate and mandibular
body relative to the mandibular ramus, leading to an increased gonial angle 22 These changes can affect various
structures, including the maxillary alveolar crest, the vomer, and the ethmoid, leading to septal deformities and
retroclination of the pre-maxilla and its incisors. The development of OSA has been associated with a reduction in

the size of the hard palate, which can subsequently decrease the available space for the tongue [23]24],
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During sleep, the reduced retaining mechanism within the oral cavity can cause the tongue to collapse into the
pharynx, increasing the likelihood of OSA worsening. This condition can further impede airflow and exacerbate
symptoms of SDB 2],

In conclusion, the gracilization theory posits that changes in the human diet have reduced masticatory muscle
strength, shaped the craniofacial region, and result in a decreased upper airway volume. This reduction in airway
space increases the risk of tongue collapse during sleep, contributing to OSA. Additionally, some researchers
propose that gracilization is linked to transitioning from a raw food-based diet to a sedentary lifestyle and

agricultural diet, leading to reduced bone mass and jawbone load.

Furthermore, studies suggest that children with OSA exhibit lower bone density than those without the condition.
This lower bone density could be attributed to the failure to achieve optimal skeletal mass or delayed craniofacial

bone growth, leading to a smaller nasopharynx and consequent SDB.

These findings provide valuable insights into the intricate relationship between craniofacial anatomy, the human
diet, and the development of OSA. However, further research is essential to comprehensively understand these

factors’ complex interactions and develop practical preventive and therapeutic approaches for OSA.

3. The Impact of Gravity on Sleep-Disordered Breathing:
Unraveling the Complexity

Sleep, a fundamental aspect of human existence, is a physiological state during which the body undergoes various
intricate processes. Among them, the loss of muscle tone during sleep can lead to the collapse of the upper
airways, giving rise to conditions such as apnea and snoring 8. However, the influence of gravity on sleep-related

breathing disorders (SDB) is a captivating facet that warrants exploration.

Gravity exerts its force on the body, mainly when one adopts a supine position (lying on the back) during sleep.
This positioning can trigger increased compression and narrowing of the upper airways, accentuating the likelihood
of SDB 7. Remarkably, the impact of gravity extends beyond mere airway mechanics, extending its grasp to

influence craniofacial conformation, consequently contributing to SDB (Figure 2).
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Figure 2. Impact of gravity on the airways during sleep.

Gravity also orchestrates the ballet of oral breathing, regulating the interplay of forces determining jaw movement.
The delicate balance between the forces promoting jaw opening and those ensuring its closure is influenced by this
gravitational pull 18, Studies have suggested that an obtuse gonial angle could favor oral breathing by increasing

the gravitational force on the jaw 18],

Intriguingly, investigations conducted on astronauts in gravity-deficient environments have unveiled a positive
influence on sleep-related breathing. The absence of gravity in such settings correlates with reduced apnea and

snoring incidents 12,

To comprehend the pathophysiology of SDB disorders comprehensively, it is imperative to acknowledge the
combined effect of muscle tone loss and gravitational influence on the collapse and constriction of the upper
airways 18 Moreover, gravity’s impact on the human body is far from uniform, varying considerably based on
individual body position and anatomical structure. Thus, a comprehensive exploration of gravity's influence on the

airways and sleep necessitates further research and investigation 17,
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In conclusion, the intricate relationship between gravity and SDBs is a captivating study area that illuminates
human physiology’s complexities during slumber. Understanding the interplay between muscle tone loss, gravity’s
influence on the upper airways, and its impact on oral breathing is crucial in comprehending the pathophysiology of
SDB.
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