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Abstract 

Anatomical variations within the nasal cavity, including septal deviation, turbinate hypertrophy, 

concha bullosa, and nasal valve collapse, are prevalent yet often under-recognized contributors to 

respiratory dysfunction. This study systematically investigates the prevalence of these variations and 

their impact on nasal airflow, respiratory function, and associated clinical conditions. In this cross-

sectional study, 178 adult patients were evaluated using advanced imaging techniques and functional 

assessments to determine the correlation between nasal anatomical variations and the incidence of 

chronic rhinosinusitis, allergic rhinitis, and obstructive sleep apnea. The findings underscore the 

clinical significance of these variations, advocating for a personalized approach to diagnosis and 

treatment in otolaryngology. 
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Introduction 

The nasal cavity plays a critical role in the respiratory system, serving essential functions in air 

filtration, humidification, and thermoregulation, thus ensuring that inhaled air is conditioned 

optimally before it reaches the lower respiratory tract. Anatomical variations within the nasal cavity, 

such as septal deviation, turbinate hypertrophy, concha bullosa, and nasal valve collapse, can 

significantly disrupt these processes, potentially leading to a range of respiratory disorders. Although 

these variations are frequently encountered in clinical practice, their precise impact on respiratory 

health remains insufficiently understood, with existing literature offering limited insights into their 

pathophysiological consequences. 

Numerous studies have highlighted the association between nasal anatomical abnormalities and 

respiratory conditions, including chronic rhinosinusitis, allergic rhinitis, and obstructive sleep apnea 

(OSA) (1-4). Mladina et al. (1,2) reported a significant correlation between nasal septal deformities 

and the severity of chronic rhinosinusitis, suggesting that such deviations may exacerbate the 
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condition by obstructing nasal airflow and impairing mucociliary clearance. Additionally, Soler et al. 

(4) identified a high prevalence of concha bullosa in patients with chronic rhinosinusitis, further 

supporting the role of anatomical variations in the etiology of this disorder. Despite these findings, 

the exact prevalence of these variations in different populations and their direct influence on 

respiratory outcomes warrant further investigation. 

Understanding these relationships is crucial for developing targeted therapeutic strategies and 

improving clinical outcomes for affected individuals. This study seeks to address this gap in the 

literature by examining the prevalence of key anatomical variations in the nasal cavity within a clinical 

population and evaluating their impact on respiratory function. By utilizing advanced high-resolution 

imaging modalities coupled with comprehensive functional assessments, this research aims to 

elucidate the role of these anatomical deviations in the etiology of chronic rhinosinusitis, allergic 

rhinitis, and OSA, thereby contributing to a more nuanced understanding of their clinical significance. 

 

Materials and Methods 

Study Design and Population 

This cross-sectional study was conducted over a 24-month period at the Index Medical College 

Hospital and Research Centre, Indore (M.P.). The research was carried out by a multidisciplinary 

team comprising otolaryngologists, radiologists, and anatomists. A total of 178 adult participants, 

aged 18-65 years, were recruited following stringent inclusion criteria. Individuals with a history of 

nasal surgery, chronic respiratory diseases, or congenital nasal deformities were excluded to ensure 

the study's focus on naturally occurring anatomical variations. 

 

Imaging Techniques 

High-resolution computed tomography (CT) and magnetic resonance imaging (MRI) were employed 

to identify and quantify anatomical variations within the nasal cavity. CT scans were primarily utilized 

for the evaluation of bony structures, including septal deviation and concha bullosa, due to their 

superior ability to visualize osseous anatomy. Conversely, MRI was selected for its detailed imaging 

of soft tissue structures, such as turbinate hypertrophy and nasal valve collapse. All imaging data were 

analyzed using specialized software designed to enhance measurement precision and minimize inter-

observer variability. 

 

Functional Assessments 

Functional assessments were conducted to evaluate nasal airflow dynamics and patient-reported 

symptoms. Active anterior rhinomanometry was utilized to measure nasal airflow resistance, 

providing an objective assessment of airflow through the nasal passages. Additionally, Peak Nasal 

Inspiratory Flow (PNIF) was measured to determine the maximum flow rate during forced nasal 

inspiration. To capture the subjective experience of nasal obstruction, participants completed the 

Nasal Obstruction Symptom Evaluation (NOSE) scale, which quantifies the severity of symptoms 

related to nasal obstruction. 

 

Data Analysis 

Descriptive statistics were calculated to summarize the prevalence of each anatomical variation 

identified through imaging. Comparative analyses, including t-tests and analysis of variance 

(ANOVA), were performed to assess differences in nasal airflow resistance and PNIF across groups 

with different anatomical features. Further, correlation and multivariable regression analyses were 

conducted to explore the relationships between specific anatomical variations and respiratory health 

outcomes, with adjustments made for potential confounding variables such as age, sex, and smoking 

status. 
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Results 
Prevalence of Anatomical Variations 

The study revealed a high prevalence of anatomical variations within the nasal cavity among the study 

population. Table 1 provides a summary of the prevalence rates for each variation observed. 

 

Table 1: Prevalence of Nasal Anatomical Variations in Study Population 

Anatomical Variation Prevalence (%) 

Septal Deviation 68 

Turbinate Hypertrophy 43 

Concha Bullosa 31 

Nasal Valve Collapse 18 

 

These findings indicate that septal deviation is the most common variation, followed by turbinate 

hypertrophy, concha bullosa, and nasal valve collapse. 

 
Impact on Nasal Airflow and Resistance 

The study assessed the impact of these anatomical variations on nasal airflow and resistance. Table 2 

presents the mean values of nasal resistance and PNIF across participants with and without each 

anatomical variation. 

 

Table 2: Nasal Resistance and PNIF in Relation to Anatomical Variations 

Anatomical Variation Nasal Resistance (Pa/cm³/s) PNIF (L/min) p-value 

Septal Deviation 
   

Present (n=121) 0.35 ± 0.08 88 ± 12 <0.01 

Absent (n=57) 0.25 ± 0.07 97 ± 10 
 

Turbinate Hypertrophy 
   

Present (n=77) 0.32 ± 0.09 85 ± 14 <0.05 

Absent (n=101) 0.27 ± 0.07 94 ± 11 
 

Concha Bullosa 
   

Present (n=55) 0.33 ± 0.10 89 ± 13 <0.05 

Absent (n=123) 0.28 ± 0.08 93 ± 12 
 

Nasal Valve Collapse 
   

Present (n=32) 0.38 ± 0.09 84 ± 15 <0.01 

Absent (n=146) 0.27 ± 0.07 92 ± 11 
 

 

The data indicate that participants with septal deviation, turbinate hypertrophy, concha bullosa, and 

nasal valve collapse exhibit significantly higher nasal resistance and lower PNIF values compared to 

those without these variations, highlighting the impact on nasal airflow. 
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o Blue and cyan bars on the left Y-axis represent nasal Resistance - Present and Nasal Resistance - Absent. 

o PNIF - Present and PNIF - Absent are represented by green and yellow bars on the right Y-axis. 

 

Association with Respiratory Conditions 

To assess the association between nasal anatomical variations and respiratory conditions, the 

incidence of chronic rhinosinusitis, allergic rhinitis, and obstructive sleep apnea (OSA) was analyzed. 

Table 3 summarizes the proportion of participants with each condition, stratified by the presence or 

absence of the specific anatomical variation. 

 

Table 3: Association Between Nasal Anatomical Variations and Respiratory Conditions 

Anatomical Variation Chronic Rhinosinusitis (%) Allergic Rhinitis (%) OSA (%) 

Septal Deviation 
   

Present (n=121) 45 32 18 

Absent (n=57) 15 14 7 

Turbinate Hypertrophy 
   

Present (n=77) 37 37 12 

Absent (n=101) 22 20 9 

Concha Bullosa 
   

Present (n=55) 40 28 10 

Absent (n=123) 25 19 8 

Nasal Valve Collapse 
   

Present (n=32) 34 24 22 

Absent (n=146) 25 21 9 

 

The results in Table 3 illustrate a strong association between septal deviation and chronic 

rhinosinusitis, with 45% of participants with septal deviation reporting recurrent sinus infections. 

Turbinate hypertrophy was closely linked to allergic rhinitis (37% prevalence), and nasal valve 

collapse showed a significant association with obstructive sleep apnea, affecting 22% of those with 

this variation. 

 

Discussion 

Clinical Implications of Septal Deviation 

Septal deviation emerged as the most common anatomical variation in this study, significantly 

impacting nasal airflow and contributing to the development of chronic rhinosinusitis. The positive 

correlation between the degree of deviation and the severity of nasal obstruction underscores the 
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importance of considering septal alignment in the management of patients presenting with chronic 

nasal congestion and sinusitis (5,10,12). These findings are consistent with previous research that has 

highlighted the role of septal deviation in increasing nasal resistance and predisposing individuals to 

chronic rhinosinusitis (11,18,20). 

 

Role of Turbinate Hypertrophy in Respiratory Dysfunction 

Turbinate hypertrophy, particularly of the inferior turbinates, was shown to exacerbate nasal 

obstruction, leading to reduced airflow and increased nasal resistance. This anatomical variation was 

also linked to allergic rhinitis, suggesting that hypertrophic turbinates may play a key role in the 

pathophysiology of this condition (6,9,13). Surgical intervention, such as turbinate reduction, should 

be considered in patients with significant hypertrophy to improve respiratory function and alleviate 

symptoms (9,17). 

 

Impact of Concha Bullosa and Nasal Valve Collapse 

Concha bullosa, a pneumatized variant of the middle turbinate, was associated with impaired sinus 

drainage and increased susceptibility to sinusitis (14,16,19). Surgical correction may be warranted in 

cases where concha bullosa significantly obstructs the osteomeatal complex, as supported by other 

studies (8,14). Nasal valve collapse, on the other hand, was identified as a critical factor in the 

development of obstructive sleep apnea, underscoring the need for early diagnosis and intervention to 

restore normal airflow and prevent complications (15,19). 

 

Limitations and Future Directions 

This study's cross-sectional design limits the ability to establish causal relationships between 

anatomical variations and respiratory outcomes. Longitudinal studies are needed to confirm these 

associations and explore the long-term impact of nasal anatomical variations on respiratory health. 

Additionally, expanding the study to include a more diverse population would enhance the 

generalizability of the findings. Future research should also investigate the genetic and environmental 

factors contributing to these variations to develop personalized treatment approaches (12,16,20). 

 

Conclusion 

Anatomical variations within the nasal cavity, including septal deviation, turbinate hypertrophy, 

concha bullosa, and nasal valve collapse, are not only highly prevalent but also have a significant 

impact on respiratory health. These variations are associated with increased nasal resistance, impaired 

airflow, and a higher incidence of respiratory conditions such as chronic rhinosinusitis, allergic 

rhinitis, and obstructive sleep apnea. Early and accurate identification of these anatomical deviations, 

followed by targeted interventions, is crucial for effective management and improved patient 

outcomes. This study underscores the importance of adopting a personalized approach in the diagnosis 

and treatment of nasal anatomical variations, taking into consideration the unique structural 

characteristics of each patient. Such an approach can lead to more effective therapeutic strategies and 

better overall management of related respiratory conditions. 
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