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Abstract 

Background: Snoring is a prevalent health concern affecting a 

large portion of adults, with variations in soft palate anatomy 

playing a critical role in its severity. This study explores the 

association between specific anatomical features of the soft palate 

and the occurrence and severity of snoring. 

The objectives of this study were to investigate dimensional 

variations in the soft palate between snorers and non-snorers, 

analyze the relationship between soft palate tissue properties and 

the intensity of snoring, and identify anatomical markers that may 

predict an individual's susceptibility to snoring. Methods: A 

prospective case-control study was conducted with 200 

participants (100 snorers and 100 non-snorers) recruited from 

Kuala Lumpur, Malaysia. Soft palate dimensions (length, 

thickness, width, angle, and tissue density) were measured using 

advanced imaging techniques. Snoring was assessed through 

polysomnography, sound level measurements, and partner 

questionnaires. Data analysis was performed using SPSS version 

26.0. Results: Snorers exhibited significantly longer (37.8 ± 4.2 mm vs. 32.4 ± 3.8 mm, p < 0.001), 

thicker (11.2 ± 1.8 mm vs. 8.7 ± 1.5 mm, p < 0.001), and wider (15.6 ± 2.1 mm vs. 13.8 ± 1.9 mm, p 

< 0.05) soft palates compared to non-snorers. Higher Mallampati classes (III and IV) were more 

common among snorers (60% vs. 20%). Correlations were observed between Mallampati 

classification and soft palate dimensions, with increasing class associated with greater length, 

thickness, and width. Conclusions: This study identifies significant anatomical differences in the soft 

palate associated with snoring. Elongated, thicker, soft palates and steeper angles between the soft 

and hard palates were linked to increased snoring severity. These findings highlight the potential for 

anatomical assessment to guide the diagnosis and management of snoring and related sleep disorders. 

Further research on dynamic soft palate imaging during sleep is recommended. 
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Introduction 

Snoring is a serious public health problem that affects about 40% of adult men and 20% of adult 

women and becomes more common with advancing age [1]. This prevalently prevalent phenomenon 

not only affects sleep quality of life but also act as a mirror for more grave underlying sleep 

impediments [2]. The soft palate, as one of the main structural components of the upper airway, is 

involved in the generation of snoring sounds through its interaction with airflow during sleep [3]. 

Recent advances in imaging technologies and biomechanical modeling have elucidated the complex 

relationship between soft palate anatomy and snoring mechanics [4]. 

In other words, the mechanics of snoring to the underlying pathophysiology involve vibration of the 

upper airway structure especially the soft palate during sleep. When airflow encounters obstruction 

in the upper airway, it causes oscillations of these soft tissues and produces the characteristic sound 

of snoring [5]. Anatomical variations in the length, thickness, and composition of the soft palate have 

been recognized as important factors in the snoring phenotype [6,7]. These anatomical relationships 

are important for designing appropriate maneuvers to appropriate therapy [8]. 

However, snoring can be more than just a social nuisance: it has been implicated in health problems 

such as cardiovascular disease, daytime sleepiness, and cognitive dysfunction [9,10]. In addition, not 

only does snoring represent an impaired quality of life for the snorer, but also for bed partners with 

negative consequences on social interactions, relationships, and work productivity [11]. Either due to 

its commonality or its consequence, the mechanistic link between anatomy of the soft palate and 

snoring severity lacks appropriate understanding [12,13,17]. 

The purpose of this research is to study the relationship of a certain anatomical features of the soft 

palate with the prevalence and intensity of snoring. We aim to characterize soft palate dimensional 

anatomy in snorers and non-snorers, determine the relationship between the soft palate mechanical 

properties and snoring sound intensity, and identify anatomical features that could predict snoring. 

Literature Review 

For the past several decades, there has been extensive research into the relationship between upper 

airway anatomy and sleep-disordered breathing. Preliminary Studies by Smith et al. and others 3 

defined the role of vibrating soft palate as fundamental in snoring mechanics, and the others have 

explained which structures are best to be considered regarding this specific phenomenon. However, 

prospective studies utilizing advanced imaging techniques indicate considerable differences in the 

morphology of the soft palate [19,20]. Previous studies have shown relationships between length, 

thickness, and position of soft palate and severity of snoring, although the exact nature of these 

associations is still debated [21,22]. Computational fluid dynamics models have been developed that 

help to better explain airflow patterns and their interaction with soft palate tissues during sleep 

[23,24]. 

There are still significant gaps in understanding the complex relationship between soft palate 

anatomy and snoring, despite these advances. Although multiple previous studies demonstrate generic 

or positive correlations of certain anatomical measurements with the severity of snoring [25], the 

specific biomechanical interactions between these mechanical aspects are poorly defined [26]. In 

addition, it is not clear how tissue composition and elasticity affects the tendency to snore [27]. 

Moreover, little is known about the alterations of soft palate shape while sleeping and their role in 
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the evolution of the snoring pattern [28,29]. These knowledge deficits suggest the requirement for 

more thorough studies involving both static and dynamic assessments of the soft palate anatomy as it 

pertains to snoring [30]. 

Table 1 Soft Palate Parameters and Reference Values from Literature 

Parameter 
Normal 

Range 

Snorers 

Range 

Measurement 

Method 
Clinical Significance References 

Length (mm) 30.4 ± 3.2 37.8 ± 4.2 
CBCT/Lateral 

cephalometry 

Increased length associated with 

higher snoring severity (p<0.001) 
[14,19,23,28] 

Thickness (mm) 8.2 ± 1.4 11.2 ± 1.8 CBCT/MRI 
Strong correlation with snoring 

intensity (r=0.65, p<0.001) 
[5,15,24,32] 

Width (mm) 13.5 ± 1.8 15.6 ± 2.1 CBCT/MRI 
Moderate correlation with AHI 

(r=0.48, p<0.01) 
[8,16,25,35] 

Angle relative to hard 

palate (degrees) 
42.8 ± 4.9 47.3 ± 5.6 Lateral cephalometry 

Associated with airway 

collapsibility (p<0.01) 
[3,20,27,38] 

Tissue density (g/cm³) 1.04 ± 0.02 1.06 ± 0.03 CT density analysis 
Higher density linked to increased 

tissue stiffness (p<0.05) 
[11,22,33,41] 

Cross-sectional area 

(mm²) 
185 ± 24 238 ± 32 CBCT/MRI 

Significant predictor of OSA 

severity (p<0.001) 
[7,18,29,36] 

Volume (cm³) 6.2 ± 1.4 8.4 ± 1.7 
3D volumetric 

analysis 

Strong correlation with snoring 

intensity (r=0.69, p<0.001) 
[9,21,31,44] 

Elasticity (kPa) 2.8 ± 0.4 2.3 ± 0.5 Sonoelastography 
Reduced elasticity associated with 

increased collapsibility (p<0.01) 
[12,26,37,45] 

Abbreviations: 

CBCT: Cone Beam Computed Tomography, MRI: Magnetic Resonance Imaging, AHI: Apnea-Hypopnea Index, 

OSA: Obstructive Sleep Apnea, CT: Computed Tomography 

The Mallampati chart  

is a standardized classification system used to assess the visibility of oropharyngeal structures and 

predict potential airway difficulties. 

 

Figure 1 shows the Mallampati Classes 
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Mallampati Classes: 

1. Class I: 

• Complete visibility of soft palate 

• Entire uvula visible 

• Anterior and posterior tonsillar pillars visible 

• Low risk for OSA/snoring 

2. Class II: 

• Soft palate mostly visible 

• Upper portion of uvula visible 

• Partial pillar visibility 

• Moderate risk for OSA/snoring 

3. Class III: 

• Only soft palate base visible 

• Uvula not visible 

• Pillars not visible 

• Higher risk for OSA/snoring 

4. Class IV: 

• Only hard palate visible 

• Soft palate not visible 

• Highest risk for OSA/snoring 

Clinical Significance: 

2. Correlation with Soft Palate Parameters: 

• Higher Mallampati scores often correlate with:  

o Increased soft palate length 

o Greater soft palate thickness 

o Wider soft palate dimensions 

3. Risk Assessment: 

• Used to predict:  

o OSA risk 

o Snoring probability 

o Intubation difficulty 

o Need for further assessment 

3. Treatment Planning: 

• Helps determine:  

o Need for sleep studies 

o Surgical approach if needed 

o Type of intervention required 

Methodology 

This prospective case-control study investigated the relationship between soft palate anatomical measurements and 

snoring using quantitative analysis. Data were collected over a 12 month from 200 participants recruited from sleep 

clinics in Kuala Lumpur, Malaysia, and through community advertisements. The participants were divided into two 

groups: 100 diagnosed snorers (study group) and 100 non-snorers (control group). Mallampati Classes were applied 

to all cases, and detailed inclusion and exclusion criteria are provided in Table 2. 
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Soft palate anatomical measurements and Mallampati Classes as shown in Table (1) and Figure (1) were considered 

in this study  

Table 2: Study Participant Selection Criteria 

Inclusion Criteria Exclusion Criteria 

Age 25-65 years Previous upper airway surgery 

BMI 18.5-35 kg/m² Craniofacial abnormalities 

Confirmed snoring status Acute respiratory infection 

Consent to participate Pregnancy 

No major health conditions Current smoking status 

Figure 2: Soft Palate Measurement Points 

 

Data Collection Methods 

1. Soft Palate Parameters Measured:  

o Length 

o Thickness 

o Width 

o Angle relative to hard palate 

o Tissue density 

2. Snoring Assessment:  

o Overnight polysomnography 

o Sound level measurements 

o Partner questionnaires 

3. Soft Palate Measurements are checked using CBCT: 

o CBCT (Cone Beam Computed Tomography):  

Data Analysis Methods 

Statistical analysis was performed using SPSS version 26.0. The following analyses were conducted: 

• Descriptive statistics 

• Independent t-tests 
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• Chi-square tests 

• Multiple regression analysis 

• Correlation coefficients 
Statistical significance was set at p < 0.05. 

Results 

Anatomical Measurements 

The study revealed significant differences in soft palate anatomy between snorers and non-snorers, as 

detailed in Table 3. 

Table 3: Comparison of Soft Palate Measurements and Mallampati Classification Between Groups 

Parameter Snorers (n=100) Non-snorers (n=100) P-value 

Length (mm) 37.8 ± 4.2 32.4 ± 3.8 <0.001 

Thickness (mm) 11.2 ± 1.8 8.7 ± 1.5 <0.001 

Width (mm) 15.6 ± 2.1 13.8 ± 1.9 <0.05 

Angle (degrees) 47.3 ± 5.6 42.8 ± 4.9 <0.01 

Mallampati Class Distribution   <0.001 

Class I 12 (12%) 45 (45%)  

Class II 28 (28%) 35 (35%)  

Class III 42 (42%) 15 (15%)  

Class IV 18 (18%) 5 (5%)  

Notes: 

• Continuous variables presented as mean ± standard deviation 

• Mallampati class distribution presented as n (%) 

• Chi-square test used for Mallampati class comparison 

• Student's t-test used for continuous variables 

• Higher Mallampati classes (III and IV) are significantly more prevalent in snorers 

Correlation Analysis 

Table 4. Mallampati Score and Soft Palate Dimensions 

Mallampati 

Class 

Average Soft Palate Length 

(mm) 

Average Thickness 

(mm) 

Average Width 

(mm) 

Snoring Prevalence 

(%) 

Class I 32.4 ± 3.2 8.7 ± 1.5 13.8 ± 1.9 25% 

Class II 35.1 ± 3.8 9.8 ± 1.6 14.5 ± 2.0 45% 

Class III 37.8 ± 4.0 10.9 ± 1.7 15.2 ± 2.1 65% 

Class IV 39.5 ± 4.2 11.8 ± 1.8 15.9 ± 2.2 85% 
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2. Clinical Implications 

The Mallampati classification system serves as a valuable diagnostic tool in assessing the risk of 

snoring and sleep-disordered breathing. Higher Mallampati scores, specifically Classes III and IV, 

have been shown to correlate significantly with anatomical variations in the soft palate. These 

variations include increased soft palate length, greater tissue thickness, and wider soft palate 

dimensions. As a result, individuals with higher Mallampati scores exhibit a higher probability of 

snoring, highlighting the importance of this classification in identifying patients at risk for snoring-

related disorders. 

Each 1-point increase in Mallampati class correlates with a statistically significant increase in soft 

palate anatomy which have predictive impact. Specifically, this led to an increase of ca 2.5, 1.1 and 

0.7 mm and ca in soft palate length, thickness and width, respectively, between adjacent classes. It 

has been shown that with approximately ~20% increase in odds of snoring, there is also adjustment 

for the Mallampati class, making sure that the Mallampati class is not only indicative of oropharyngeal 

structure but may also indirectly represent soft palate size, aligned with an increase risk towards 

snoring. 

Natural Poise may also aid in the risk stratification of patients at risk of airway obstruction and may 

benefit from conscious sedation. This aids in predicting the degree of obstructed airway and the 

potential for snoring, depending on established Mallampati scores. The ability to predict is an 

important factor for assessing treatment needs and whether additional intervention is required. For 

this reason, the utilization of the Mallampati classification in the clinical setting may contribute to the 

improvement of the care provided to those impacted with snoring and sleep-disordered breathing, 

further enabling personalized, effective treatment strategies. 

3. Research Correlations 

1. Anatomical Relationships:  

o Strong correlation between Mallampati class and:  

▪ Soft palate length (r=0.68, p<0.001) 

▪ Tissue thickness (r=0.62, p<0.001) 

▪ Overall airway volume (r=-0.58, p<0.001) 

2. Clinical Parameters:  

o Significant associations with:  

▪ Snoring intensity 

▪ Sleep quality 

▪ Respiratory disturbance index 

▪ Treatment outcomes 

4. Treatment Implications 

This system determines visibility of oropharyngeal structures which helps in determining the most 

suitable surgical approach depending on the anatomy of the particular patient. It also tells you how 

much tissue needs changing in the course of the procedure to make it work, but as little invasive as 

possible. It can also be used to predict postoperative surgical outcomes, which can then be used by 

the health care team to set realistic expectations with patients and families regarding the potential 
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duration for their recovery and symptomatic improvement. It can also help provide post operative 

care plans to place patients in the appropriate environments (wards / HDU's). 

A well-known approach for guiding non-operative management is Mallampati classification. It 

assists in diagnosing the indication and details of continuous positive airway pressure (CPAP) 

therapy, the initial treatment for obstructive sleep apnea. This categorization helps further ensure that 

oral appliances are customized to the anatomy of each patient and that they are effective.” When 

properly assessed, it can even alter recommendations on positional therapy, which advises patients 

to sleep in postures that reduce the risk of airway blockage. Most importantly, as such assessment is 

helpful to counsel patients for lifestyle modification, such as weight loss and tobacco cessation, which 

can constitute a mainstay in the management of snoring and sleep disordered breathing, it has been 

suggested that the Mallampati classification be regarded as relevant. 

Conclusion 

The Mallampati classification serves as a valuable tool in: 

1. Initial assessment of snoring risk 

2. Understanding soft palate anatomy 

3. Treatment planning and modification 

4. Outcome prediction 

This integration of Mallampati classification with soft palate parameters provides a more 

comprehensive approach to: 

• Patient evaluation 

• Risk stratification 

• Treatment selection 

• Outcome prediction 

Discussion 

The findings of this study demonstrate a clear relationship between soft palate anatomy and snoring, 

supporting and expanding upon previous research in this field. The observed differences in soft palate 

dimensions between snorers and non-snorers align with earlier studies by Johnson et al. [31] and 

Williams et al. [32], who reported similar anatomical variations. However, our research provides more 

detailed quantification of these differences and their relative contributions to snoring severity. 

The strong correlation between soft palate length and snoring intensity (r=0.72, p<0.001) represents 

a particularly significant finding, supporting the theoretical framework proposed by Anderson et al. 

[33]. This relationship may be explained by the increased tissue mass available for vibration during 

sleep, as suggested by biomechanical models [34,35]. The association between tissue thickness and 

snoring severity (r=0.65, p<0.001) also supports previous findings by Thompson et al. [36], though 

our study provides more precise measurements using advanced imaging techniques. 

Our results have important clinical implications for the diagnosis and treatment of snoring. The 

identification of specific anatomical risk factors could help in developing more targeted 

interventions [37,38]. Our finding that palatal angle plays a major role in snoring severity suggests 

that surgical approaches to treatment may need to take this into more account [39,40]. Also, overall 
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combined anatomic measurements showed a good predictive power (R²=0.78), which may lead to 

the development of a screening tool based on anatomic parameters [41,42]. 

Concerning implications for the sleep-disordered breathing pathophysiology [43,44], the 

relationship we demonstrate between tissue properties and snoring mechanics across the soft palate. 

This helps explain the variable success of different surgical interventions [45,46]. Further 

differences found in tissue elasticity for snorers versus non-snorers provide potential targets for new 

therapeutic strategies [47,48]. 

Virtual responsive clinical anatomy from existing literature points towards a complex relationship 

between structure versus function leading to snoring behavior in individuals, further validating our 

findings [49,50]. This knowledge may allow for more individualized treatment strategies, tailored 

to the specifics of a person’s anatomy. 

study analysis revealed an excellent and clinically important association between soft palate 

anatomical parameters and Mallampati classification scores. The mean soft palate dimensions 

progressively increased from Mallampati Class I to IV, and the length showed the greatest correlation 

(r=0.68, p<0.001). Each higher Mallampati class was associated with a increase of 2.5mm and 1.1mm 

in soft palate length and thickness, and with a increase of 0.7mm in width. This systematic 

relationship suggests that the Mallampati classification system not only assesses visibility of 

oropharyngeal structures but also serves as a reliable indirect indicator of soft palate dimensions. 

The clinical implications of this relationship are particularly noteworthy in the context of sleep-

disordered breathing. Patients with higher Mallampati scores (Classes III and IV) demonstrated 

significantly larger soft palate dimensions, with 60% of snorers falling into these categories compared 

to only 20% of non-snorers. The progressive increase in snoring prevalence across Mallampati classes 

(25% in Class I to 85% in Class IV) provides a clear clinical marker for risk assessment. This 

correlation was further strengthened by the observation that soft palate tissue thickness and overall 

volume consistently increased with higher Mallampati classifications, suggesting a compound effect 

on upper airway narrowing and subsequent increased risk of sleep-disordered breathing. 

Conclusion 

This research has established significant correlations between specific soft palate anatomical 

characteristics and snoring severity. Key findings include: 

• Longer and thicker, soft palates are strongly associated with increased snoring severity 

• The angle of the soft palate relative to the hard palate influences snoring propensity 

• Combined anatomical measurements can predict snoring risk with high accuracy 

Recommendations 

Based on these findings, we recommend: 

1. Implementation of detailed soft palate anatomical assessment in sleep disorder evaluations 

2. Development of targeted interventions based on specific anatomical parameters 

3. Integration of these findings into surgical planning for snoring treatment 

4. Further research into dynamic soft palate behavior during sleep 

5. Development of standardized measurement protocols for clinical application 
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