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Abstract

Understanding the anatomical variations of the nasal cavity and paranasal
sinuses is crucial for clinical and surgical interventions. This study aims to
provide a comprehensive morphometric analysis of these structures. A
total of 50 individuals (25 males, 25 females) aged 18-65 years were
included. Measurements of the nasal cavity and paranasal sinuses were
obtained using CT imaging and analyzed for gender and age-related
differences. The mean length, width and height of the nasal cavity were
55mm, 25mm and 40mm, respectively. Maxillary sinuses had an average
length of 35mm, width of 25mm and height of 30mm. Frontal, ethmoid,
and sphenoid sinuses showed average dimensions of 28x20x15mm,
20x12x18mm and 24x15x22mm, respectively. Males exhibited larger
dimensions compared to females. Age-related reductions in sinus
dimensions were noted, particularly in individuals over 50 vyears.
Significant morphometric variations exist in the nasal cavity and paranasal
sinuses based on gender and age. These findings underscore the necessity
for personalized approaches in clinical and surgical practices.
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INTRODUCTION

MATERIALS AND METHODS

The nasal cavity and paranasal sinuses are integral
components of the human respiratory system, playing
crucial roles in various physiological functions such as
respiration, olfaction, humidification and phonation™?.
The nasal cavity serves as the primary airway for
inhalation and exhalation, filtering and conditioning
the air before it reaches the lower respiratory tract™*.
The paranasal sinuses, which include the maxillary,
frontal, ethmoid and sphenoid sinuses, are air-filled
cavities that contribute to the resonance of voice,
reduction of skull weight and secretion of mucus to
maintain nasal moisture. Understanding the
anatomical structure and variations of these
components is vital for diagnosing and treating
numerous otolaryngological conditions®™®..

Anatomical variations in the nasal cavity and
paranasal sinuses can significantly influence clinical
outcomes in otolaryngology, particularly in diagnostic
imaging, surgical interventions and the management of
sinus-related pathologies. For instance, variations in
sinus size and shape can affect the presentation and
progression of sinusitis, influence the ease of surgical
access during endoscopic sinus surgery and
impact the effectiveness of treatments”.. Therefore,
comprehensive morphometric data are essential for
developing precise and effective clinical and surgical
protocols tailored to individual anatomical differences.
Previous studies have highlighted the variability in the
dimensions of the nasal cavity and paranasal sinuses
across different populations, suggesting that factors
such as genetics, environment and lifestyle may
contribute to these differences®®. These studies
emphasize the need for region-specific data to
understand better and address the unique anatomical
characteristics of different populations. Such data are
crucial for formulating appropriate clinical guidelines
and improving patient care.

Despite the existingevidence, there is a notable
lack of detailed morphometric data on the nasal cavity
and paranasal sinuses in the Indian population. Given
India's diverse genetic pool and environmental
conditions, it is essential to conduct population-specific
studies to capture the full range of anatomical
variations. This study aims to fill this gap by providing
a comprehensive morphometric analysis of the nasal
cavity and paranasal sinuses in an Indian cohort.

The primary objectives of this study are to
measure the dimensions of the nasal cavity and
paranasal sinuses in a sample of the Indian population
and to analyze the data for gender and age-related
differences. By identifying these variations, the study
seeks to enhance the understanding of anatomical
differences and support the development of
personalized medical approaches. This knowledge can
improve the accuracy of diagnostic imaging, optimize
surgical techniques and ultimately lead to better
clinical outcomes for patients with sinus-related
conditions.

Study Design and Duration: This observational study
was conducted over three years, from 2019-2022.

Study Setting: The study was carried out at Guntur
Medical College, Guntur and Government Medical
College, Ongole, both of which are well-equipped with
the necessary radiological facilities and have diverse
patient populations.

Participants: A total of 50 individuals (25 males and 25
females) aged between 18 and 65 years were selected
for the study. Participants were chosen using a
stratified random sampling method to ensure a
balanced representation of different age groups and
both genders. Exclusion criteria included individuals
with a history of nasal or sinus surgery, trauma,
congenital anomalies, or chronic sinusitis.

Data Collection: CT imaging was used to obtain precise
measurements of the nasal cavity and paranasal
sinuses. Scans were performed using a standardized
protocol to ensure consistency. Measurements were
taken from the following anatomical landmarks:

Nasal Cavity: Length from the anterior nasal spine to
the choana, width at the level of the inferior turbinate
and height from the nasal floor to the cribriform plate.
Maxillary Sinuses: Anteroposterior length, mediolateral
width and height.

Frontal Sinuses: Height, width and depth.

Ethmoid Sinuses: Anteroposterior length, width, and
height.
Sphenoid Sinuses: Anteroposterior length, width and
height.

Statistical Analysis: Data were analyzed using
statistical software (e.g., SPSS). Descriptive statistics
were used to summarize the measurements.
Independent t-tests were conducted to compare the
dimensions between males and females. ANOVA was
used to assess age-related differences. A p-value of
<0.05 was considered statistically significant.

Ethical Considerations: The study was conducted in
accordance with ethical guidelines and standards.
Informed consent was obtained from all participants.
The study protocol was reviewed and necessary prior
permissions taken from concerned authorities.

RESULTS AND DISCUSSIONS

Demographic Data: The study sample consisted of 50
individuals, with a balanced gender distribution of 25
males and 25 females. The participants' age ranged
from 18-65 years, with a mean age of 41 years.
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Nasal Cavity Measurements: The average length of the
nasal cavity from the anterior nasal spine to the
choana was 55mm (5mm). The mean width at the
level of the inferior turbinate was 25mm (¥3mm) and
the average height from the nasal floor to the
cribriform plate was 40mm (+4mm) (Table 1).

Maxillary Sinuses: The average anteroposterior length
was 35mm (+3mm).The average mediolateral width
was 25mm (+2mm).The average height was 30mm
(x3mm) (Table 2).

Frontal Sinuses: The average anteroposterior length
was 22mm (+2mm).The average height was 28mm (+
2mm).The average width was 20mm (£2mm).The
average depth was 15mm (£2mm) (Table 2).

Ethmoid Sinuses: The average anteroposterior length
was 20mm (£2mm).The average width was 12mm (1
mm).The average height was 18 mm (+2 mm).The
average depth was 10mm (+1mm) (Table 2).

Sphenoid Sinuses: The average anteroposterior length
was 24mm (£2mm).The average width was 15mm (1
mm).The average height was 22mm (+2mm).The
average depth was 17mm (£2mm) (Table 2).

Gender Differences: Significant differences were
observed between males and females in the
dimensions of the nasal cavity and paranasal sinuses.
Males exhibited larger dimensions across most
measurements: The average length of the nasal cavity
in males was 57 mm (t4mm) compared to 53mm
(¥4mm) in females. Maxillary sinus dimensions in
males were 32mm (2 mm) in height compared to
28mm (x3mm) in females (Table 3).

Age-Related Variations: There was a noticeable
decrease in the dimensions of the paranasal sinuses
withincreasing age, particularly amongindividuals over
50 years. This trend was most pronounced in the
frontal and sphenoid sinuses (Table 4).

Gender Differences: The study found that males
generally have larger nasal cavities and paranasal
sinuses compared to females. These findings are
consistent with previous research indicatingthat males
tend to have more substantial craniofacial structures.
These differences could be attributed to a variety of
factors, including hormonal influences, genetic
predispositions and differences in overall body size and
structure. For instance, testosterone, which is present
at higher levels in males, has been shown to influence
bone growth and density, potentially leading to larger
craniofacial features.

Clinically, these gender-based differences must be
considered when planning surgical interventions to
avoid complications and ensure optimal outcomes. For

Fig. 4: Breadth and depth of maxillary sinuses

Fig. 6: Length of sphenoid sinuses
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Table 1: Paranasal sinuses measurements

Measurement Mean (mm) Standard Deviation (mm)

Length 55 5

Width 25 3

Height 40 4

Table 2: Gender differences

Sinus Type Length (mm) Width (mm) Height (mm) Depth (mm)

Maxillary 3543 25+2 3043 -

Frontal 2242 20+2 28+2 15+2

Ethmoid 20+2 12+1 18+2 10+1

Sphenoid 2442 15+1 2242 17+2

Table 3:

Measurement Males Mean (mm) Fi les Mean (mm)

Nasal Cavity Length 57+4 53+4

Maxillary Height 3242 28+3

Table 4:

Age Group (years) Maxillary Length Frontal Height Ethmoid Length Sphenoid Length  Frontal Length Ethmoid Depth Sphenoid Depth
(mm) (mm) (mm) (mm) (mm) (mm) (mm)

18-30 3643 29+2 21+2 25+2 2442 1141 1842

31-50 3543 28+2 20+2 24+2 22+2 10+1 17+2

51-65 3343 2742 19+2 23+2 21+2 9+1 16+2

example, asurgeon performing sinus surgery onamale understood.

patient may need to account for the larger sinus
dimensions and adjust the surgical technique
accordingly. Similarly, in female patients, the relatively
smaller sinus dimensions may necessitate more
delicate surgical approaches to minimize the risk of
damage to surrounding structures™®.

Moreover, understanding these differences can
help in the development of gender-specific medical
devices andinstruments. For example, endoscopesand
other surgical tools could be designed in varying sizes
to better suit the anatomical differences between
males and females, thereby enhancing the precision
and safety of surgical procedures.

Age-Related Changes: The observed reductionin sinus
dimensions with age aligns with existing literature
suggesting that bone density and sinus volume
decrease over time. This age-related change could be
due to the remodeling of bone structures and the
gradual atrophy of sinus tissues. As individuals age, the
bone resorption process tends to outpace bone
formation, leading to a decrease in bone density and
volume. This is particularly evident in the paranasal
sinuses, where the reduction in size can impact various
physiological functions, including airflow and mucus
drainage™".

These findings highlight the importance of
age-specific considerations in the diagnosis and
treatment of sinus-related conditions. For instance,
older patients may require different surgical
techniques or approaches due to their smaller sinus
cavities. Surgeons may need to use more refined and
less invasive techniques to accommodate the reduced
size and ensure successful outcomes. Additionally,
age-related changes in sinus anatomy should be taken
into account when interpreting diagnostic imaging, as
smaller sinus dimensions in older patients could be
mistaken for pathological conditions if not properly

Furthermore, these insights emphasize the need
for personalized medical care that considers the
unique anatomical and physiological changes
associated with aging. Healthcare providers should be
aware of these variations to provide appropriate
treatment and interventions tailored to the specific
needs of older patients™**3.

Clinical Implications: The detailed morphometric data
provided by this study can aid in improving the
accuracy of diagnostic imaging and the efficacy of
surgical interventions. Understanding the typical
dimensions and variations of the nasal cavity and
paranasal sinuses can help surgeons plan procedures
with greater precision, minimizing the risk of
complications. For instance, accurate knowledge of
sinus dimensions can assist in the precise placement of
surgical instruments, reducing the likelihood of
damaging surrounding tissues and improving overall
surgical outcomes.

Additionally, these findings can inform the design
of medical devices, such as endoscopes and nasal
implants, ensuring they are appropriately sized for
different patient populations. Medical device
manufacturers can use this data to create products
that better fit the anatomical variations observed in
different demographic groups, thereby enhancing the
effectiveness and safety of these devices.

Moreover, the morphometric data can be utilized
in educational settings to train medical professionals
on the anatomical variations they may encounter in
clinical practice. By incorporating this information into
medical curricula, future healthcare providers can be
better prepared to address the diverse anatomical
needs of their patients.

CONCLUSION
This study provides a detailed morphometric
analysis of the nasal cavity and paranasal sinuses,
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