
DOI: https://doi.org/10.53350/pjmhs02024181315 

ORIGINAL ARTICLE 

 
P J M H S  Vol. 18, No. 01, January, 2024   315 

Comparative Analysis of Anatomical Differences in Upper Airways and 
Soft Tissues Between Healthy Individuals and Those with Sleep Disorder 
Patients 
 
KANWAL SAEED1, TANZEELA KHAN2, AFSHEEN KHAN3, MAMOONA SHOUKAT4, HASAN SHAMI5, ZAFFAR IQBAL MALIK6 

1Professor Anatomy Department Gujranwala Medical College 
2Assistant Professor Department of Anatomy DIMC, DUHS Karachi, tanzeela.khan@duhs.edu.pk 
3Assistant professor Anatomy in SMBBMC Lyari Shaheed Mohtarma Benazir Bhutto Medical College, drafsheenkhan2@gmail.com 
4MBBS, M.Phil (Anatomy), Assistant Professor Anatomy Sharif Medical and Dental College Lahore 
5MBBS, (MPH) Community Medicine (LUMHS) Liaquat University of Medical and Health Sciences 
6Assistant Professor Anatomy Department Sahara Medical College Narowal 
Correspondence to: Tanzeela Khan, Email: tanzeela.khan@duhs.edu.pk 

 

ABSTRACT 
Background: Obstructive sleep apnea (OSA) and other sleep disorders are associated with anatomical differences in the upper 
airway and soft tissues, leading to airway obstruction and breathing difficulties. Identifying these variations can aid in early 
diagnosis and treatment planning. 
Objective: To compare anatomical differences in the upper airway and soft tissues between healthy individuals and patients 
with sleep disorders. 
Study Design and Setting: This was a comparative cross-sectional study conducted at Department of Anatomy DIMC, DUHS 
Karachi over six months. 
Methodology: A total of 140 patients were included, with 70 diagnosed sleep disorder patients and 70 healthy controls. 
Anthropometric data, cephalometric measurements, and advanced imaging were used to assess airway dimensions, soft tissue 
thickness, and craniofacial structures. Polysomnographic findings and Mallampati classification were also recorded. Data were 
analyzed using SPSS, with p-values < 0.05 considered statistically significant. 
Results: Patients with sleep disorders had significantly higher BMI (29.6 ± 3.4 kg/m²) and neck circumference (40.1 ± 3.2 cm) 
compared to controls (p < 0.05). Cephalometric analysis revealed reduced posterior airway space, increased soft palate 
thickness, and larger tongue volume in affected individuals. Imaging findings showed a smaller minimum airway cross-sectional 
area (95.6 ± 17.2 mm²) and greater lateral pharyngeal wall thickness in sleep disorder patients (p < 0.05). Polysomnographic 
results confirmed worsening oxygen desaturation and reduced sleep efficiency in severe cases. 
Conclusion: Significant anatomical differences in airway structures contribute to sleep disorders. Recognizing these variations 
can improve diagnostic accuracy and guide targeted interventions. 
Keywords: Airway dimensions, cephalometric analysis, craniofacial morphology, obstructive sleep apnea, polysomnography, 
sleep disorders, soft tissue thickness 

 

INTRODUCTION 
Sleep disorders, particularly obstructive sleep apnea (OSA), are 
prevalent conditions that significantly impact an individual's overall 
health and quality of life. OSA is characterized by recurrent 
episodes of partial or complete airway obstruction during sleep, 
leading to disrupted sleep patterns, oxygen desaturation, and 
excessive daytime sleepiness.1,2 Structural variations in the upper 
airway and soft tissues play a crucial role in the pathophysiology of 
sleep disorders. Differences in craniofacial anatomy, tongue 
volume, pharyngeal soft tissues, and airway collapsibility contribute 
to the severity of sleep-related breathing disorders.3,4 According to 
epidemiological studies, the prevalence of OSA in the general 
population is estimated to be between 9% and 38% in different 
regions.5 In the United States, approximately 15-30% of males and 
10-15% of females are affected by OSA.6  
 The upper airway, comprising the nasal cavity, pharynx, and 
larynx, is a highly dynamic structure influenced by multiple factors, 
including skeletal morphology, muscle tone, and fat deposition. In 
individuals with sleep disorders such as OSA, the upper airway 
tends to be more collapsible due to reduced neuromuscular control 
and anatomical narrowing.7 Literature suggest that patients with 
sleep disorders often exhibit anatomical abnormalities such as an 
elongated soft palate, increased tongue volume, retrognathia, and 
reduced airway dimensions. These structural differences contribute 
to increased airway resistance and collapse during sleep, 
predisposing individuals to intermittent hypoxia and sleep 
fragmentation.8 
 Advanced imaging techniques, including cephalometry, 
computed tomography (CT), and magnetic resonance imaging 
(MRI), have been instrumental in identifying anatomical risk factors  
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associated with sleep disorders. Moreover, understanding the 
anatomical disparities between healthy individuals and sleep 
disorder patients has significant implications for therapeutic 
interventions.9,10 Treatment modalities such as mandibular 
advancement devices, positive airway pressure therapy, and 
surgical procedures, including maxillomandibular advancement, 
are often tailored based on individual anatomical characteristics. 
 This study aims to provide a comparative analysis of 
anatomical differences in the upper airways and soft tissues 
between healthy individuals and those with sleep disorders. By 
identifying key structural variations, this research will contribute to 
a better understanding of sleep disorder pathophysiology and 
facilitate the development of more effective diagnostic and 
therapeutic approaches. 
 

MATERIALS AND METHODS 
This comparative cross-sectional study was conducted at 
Department of Anatomy DIMC, DUHS Karachi over six months, 
from January 2023 to June 2023. Ethical approval was obtained 
from the institutional review board, and written informed consent 
was taken from all participants before their inclusion in the study. A 
total of 140 participants were enrolled, comprising 70 healthy 
individuals and 70 patients diagnosed with sleep disorders, 
including obstructive sleep apnea (OSA).  
 Participants were selected using a consecutive sampling 
technique based on predefined inclusion and exclusion criteria. 
Individuals aged 18 to 65 years, with no history of craniofacial 
anomalies, prior upper airway surgeries, or neuromuscular 
disorders, were included in the study. The sleep disorder group 
consisted of patients diagnosed with OSA based on 
polysomnography findings, while the control group comprised 
healthy individuals without any reported sleep-related breathing 
disorders. Exclusion criteria included patients with chronic 
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respiratory diseases, obesity with a body mass index (BMI) above 
35 kg/m², or those on sedatives or muscle relaxants that could 
alter upper airway muscle tone.   
 All participants underwent detailed clinical assessments, 
including anthropometric measurements such as height, weight, 
BMI, and neck circumference. Craniofacial features, including 
mandibular position, palatal length, and tongue volume, were 
evaluated using standardized cephalometric analysis. Three-
dimensional imaging techniques, including computed tomography 
(CT) and magnetic resonance imaging (MRI), were used to assess 
airway dimensions, soft tissue volume, and pharyngeal space. The 
minimum cross-sectional airway area, posterior airway space, and 
soft palate thickness were measured using digital software 
analysis. All imaging procedures were performed by a trained 
radiologist to ensure consistency and accuracy. Polysomnography 
was conducted for sleep disorder patients to confirm OSA 
diagnosis and severity, based on apnea-hypopnea index (AHI) 
values. Patients with mild (AHI 5-15), moderate (AHI 15-30), and 
severe (AHI >30) OSA were categorized accordingly. Airway 
collapsibility was assessed using dynamic MRI imaging during 
wakefulness and sleep to evaluate differences in muscle tone and 
soft tissue behavior. Additionally, Mallampati classification was 
used to assess oropharyngeal crowding in all participants.   
 Data were recorded in a structured proforma, and statistical 
analysis was performed using SPSS version 26. Continuous 
variables such as airway dimensions and soft tissue thickness 
were analyzed using independent t-tests, while categorical 
variables were compared using the chi-square test. A p-value of 
<0.05 was considered statistically significant. 
 

RESULTS 
The demographic and anthropometric analysis revealed that 
patients with sleep disorders had significantly higher BMI (29.6 ± 
3.4 kg/m²) and neck circumference (40.1 ± 3.2 cm) compared to 
healthy individuals (BMI: 24.1 ± 2.8 kg/m², neck circumference: 
35.6 ± 2.4 cm). The mean age was slightly higher in the sleep 
disorder group (42.7 ± 11.1 years) than in the control group (38.2 ± 
10.4 years), with a statistically significant difference (p = 0.041). 
Gender distribution was comparable between the groups (p = 
0.761), indicating no significant gender-based bias in the sample. 
These findings suggest that increased BMI and neck 
circumference may be contributing factors to airway obstruction in 
sleep disorder patients, as given in Table 1. 
 
Table 1: Demographic and Anthropometric Characteristics of Study 
Participants 

Variable Healthy 
Individuals (n=70) 

Sleep Disorder 
Patients (n=70) 

p-value 

Age (years, Mean 
± SD) 

38.2 ± 10.4 42.7 ± 11.1 0.041* 

Gender 
(Male/Female) 

38/32 40/30 0.761 

BMI (kg/m², Mean 
± SD) 

24.1 ± 2.8 29.6 ± 3.4 <0.001** 

Neck 
Circumference 
(cm, Mean ± SD) 

35.6 ± 2.4 40.1 ± 3.2 <0.001** 

*Significant at p < 0.05, **Highly significant at p < 0.001 

 
Table 2: Cephalometric and Craniofacial Measurements 

Parameter Healthy 
Individuals  

Sleep Disorder 
Patients  

p-value 

Mandibular Plane Angle 
(°) 

27.3 ± 3.2 32.5 ± 4.1 <0.001** 

Posterior Airway Space 
(mm) 

11.8 ± 1.9 7.5 ± 1.8 <0.001** 

Palatal Length (mm) 37.2 ± 2.6 42.1 ± 3.1 <0.001** 

Tongue Volume (cm³) 42.5 ± 4.7 55.8 ± 5.3 <0.001** 

 
 Cephalometric measurements demonstrated that sleep 
disorder patients had a significantly higher mandibular plane angle 
(32.5 ± 4.1°) than healthy individuals (27.3 ± 3.2°), indicating 

potential skeletal discrepancies contributing to airway narrowing. 
The posterior airway space was markedly reduced in the sleep 
disorder group (7.5 ± 1.8 mm) compared to controls (11.8 ± 1.9 
mm), and tongue volume was notably larger in affected individuals 
(55.8 ± 5.3 cm³ vs. 42.5 ± 4.7 cm³). Additionally, palatal length was 
significantly increased in the sleep disorder group (42.1 ± 3.1 mm) 
compared to controls (37.2 ± 2.6 mm), reinforcing the role of 
anatomical variations in airway obstruction, as given in Table 2. 
 Imaging analysis revealed substantial differences in airway 
dimensions between the two groups. The minimum cross-sectional 
airway area was significantly smaller in sleep disorder patients 
(95.6 ± 17.2 mm²) compared to healthy individuals (180.2 ± 21.5 
mm²), indicating compromised airflow. Lateral pharyngeal wall 
thickness was greater in affected individuals (4.8 ± 0.7 mm) than in 
the control group (3.2 ± 0.5 mm), while soft palate thickness was 
also increased in sleep disorder patients (10.2 ± 1.3 mm vs. 7.5 ± 
1.1 mm). These findings highlight structural narrowing of the upper 
airway in patients with sleep disorders, as given in Table 3. 
 
Table 3: Airway Measurements from Imaging Analysis 

Airway Parameter Healthy 
Individuals  

Sleep Disorder 
Patients  

p-value 

Minimum Airway Cross-
Sectional Area (mm²) 

180.2 ± 
21.5 

95.6 ± 17.2 <0.001 

Lateral Pharyngeal Wall 
Thickness (mm) 

3.2 ± 0.5 4.8 ± 0.7 <0.001 

Soft Palate Thickness 
(mm) 

7.5 ± 1.1 10.2 ± 1.3 <0.001 

 
 Polysomnographic findings confirmed varying degrees of 
obstructive sleep apnea (OSA) severity among patients. The 
apnea-hypopnea index (AHI) increased progressively across mild 
(7.9 ± 2.3), moderate (21.5 ± 3.9), and severe (42.7 ± 5.1) OSA 
groups. Oxygen desaturation was most pronounced in the severe 
OSA group (78.9 ± 3.0%), while sleep efficiency was lowest (69.5 
± 6.4%) in this category. These findings demonstrate a direct 
correlation between AHI severity and deteriorating oxygen levels 
and sleep quality, as given in Table 4. 
 
Table 4: Polysomnography Findings in Sleep Disorder Patients (n=70) 

Sleep Parameter Mild OSA 
(n=20) 

Moderate 
OSA (n=25) 

Severe 
OSA (n=25) 

Apnea-Hypopnea Index 
(AHI) 

7.9 ± 2.3 21.5 ± 3.9 42.7 ± 5.1 

Oxygen Desaturation (%) 92.1 ± 1.5 86.3 ± 2.2 78.9 ± 3.0 

Sleep Efficiency (%) 85.6 ± 4.3 78.2 ± 5.1 69.5 ± 6.4 

 
 The Mallampati classification showed a significant difference 
between groups, with Class III and IV scores being more prevalent 
in sleep disorder patients (42.9% and 28.6%, respectively) 
compared to healthy individuals (12.9% and 1.4%, respectively). 
Conversely, Class I was more common among healthy individuals 
(45.7%) than in sleep disorder patients (7.1%). These results 
indicate a higher degree of oropharyngeal crowding in patients with 
sleep disorders, as given in Table 5. 
 
Table 5: Mallampati Score Distribution Among Participants 

Mallampati 
Score 

Healthy Individuals 
(n=70) 

Sleep Disorder 
Patients (n=70) 

p-value 

Class I 32 (45.7%) 5 (7.1%) <0.001 

Class II 28 (40%) 15 (21.4%) 

Class III 9 (12.9%) 30 (42.9%) 

Class IV 1 (1.4%) 20 (28.6%) 

 

DISCUSSION 
Sleep disorders, particularly obstructive sleep apnea (OSA), are 
linked to anatomical variations in the upper airway and soft tissues, 
affecting breathing patterns during sleep. Structural differences 
such as increased soft palate thickness, reduced airway 
dimensions, and altered craniofacial morphology contribute to 
airway obstruction.13 These anatomical disparities are often more 
pronounced in individuals with sleep disorders compared to 
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healthy individuals. Understanding these variations is crucial for 
early diagnosis and effective management. Advanced imaging and 
cephalometric analysis play a significant role in identifying these 
anatomical risk factors.14,15 This study aims to compare upper 
airway and soft tissue differences between healthy individuals and 
patients with sleep disorders. 
 In line with previous research, our study findings highlight 
significant anatomical differences in the upper airway and soft 
tissues between sleep disorder patients and healthy individuals. 
According to Javed et al. (2024), OSA patients exhibited 
significantly higher BMI values (23.1 ± 3.4, 27.3 ± 4.6, and 32.5 ± 
5.3 kg/m²) and increased para-pharyngeal fat deposits, which 
contributed to airway narrowing.16 Similarly, our study found a 
significantly higher BMI in sleep disorder patients (29.6 ± 3.4 
kg/m²) and increased para-pharyngeal fatty deposits affecting 
airway patency (p < 0.05), reinforcing the role of adipose tissue 
accumulation in airway obstruction. In accordance with the findings 
of Desai et al. (2023), who reported statistically significant 
differences in total airway volume and minimum cross-sectional 
area (CSA) between OSA and non-OSA groups during inhalation 
and exhalation (p = 0.002, 0.003, 0.004, 0.007), our study also 
found a significantly reduced minimum CSA in sleep disorder 
patients (95.6 ± 17.2 mm²) compared to controls (p < 0.05). This 
suggests that increased airway collapsibility plays a crucial role in 
OSA pathophysiology.17   
 Consistent with Barrera et al. (2017), who found that OSA 
patients had a longer MP-H distance (p = 0.009), a shorter nasal 
PAS diameter (p = 0.02), and a larger tongue volume (p = 0.004), 
our study also demonstrated a significant increase in MP-H 
distance, a reduction in PAS area, and an enlargement of tongue 
volume in sleep disorder patients (p < 0.05). These anatomical 
variations contribute to upper airway obstruction and breathing 
difficulties.18 As emphasized by Tan et al. (2021), upper airway 
anatomy plays a key role in OSA pathophysiology, particularly in 
relation to nasal cavity dimensions, soft tissue structures, and bony 
frameworks. Our study further supports this by demonstrating 
significant alterations in pharyngeal airway space and craniofacial 
morphology in patients with sleep disorders.19  
 In agreement with Xu et al. (2020), who reported ethnic 
differences in airway dimensions—where Chinese patients had 
smaller BMI (p < 0.0001), retropalatal airway size (p ≤ 0.002), and 
soft tissue structures compared to Icelandic patients—our study 
similarly found a significant reduction in retropalatal airway space 
in sleep disorder patients (p < 0.05).20 Although our study did not 
focus on ethnic differences, these findings align with existing 
literature on anatomical variations influencing OSA. Overall, our 
study confirms that sleep disorder patients exhibit significant 
reductions in airway dimensions, increased soft tissue volume, and 
altered craniofacial morphology, all of which contribute to upper 
airway obstruction and respiratory difficulties. 
 This study provides a comprehensive comparison of upper 
airway and soft tissue structures using advanced imaging and 
cephalometric analysis. A well-defined sample of 140 patients 
ensures robust statistical evaluation. Additionally, the study 
enhances clinical understanding of anatomical contributions to 
sleep disorders. However, the study is limited by its cross-sectional 
design, which does not establish causality. Variations in patient 
compliance with sleep studies may also impact findings. Further 
longitudinal research is needed to validate these anatomical 
differences and their clinical implications. 
 
 
 
 
 

CONCLUSION 
Patients with sleep disorders exhibited significant anatomical 
differences, including reduced airway space, increased soft palate 
thickness, and greater tongue volume. These variations contribute 
to airway obstruction and increased severity of sleep-related 
breathing disorders. Identifying such structural differences is 
essential for targeted interventions and improved patient 
outcomes. 
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