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ABSTRACT
Objective: Normative morphometric data on infant nasal anatomy are essential for diagnosing congenital nasal pathologies and planning surgi-
cal or anesthetic interventions. However, existing studies are limited by small samples and insufficient ethnic diversity.
Methods: In this cross-sectional study, computed tomography (CT) scans of 56 healthy Iranian infants (0-12 months) referred to Tabriz 
Children’s Hospital were retrospectively analyzed. Measurements included nasal length (NL), maximal septal length, piriform aperture (PA) 
dimensions, posterior bony nasal cavity (PBNC) width, and nasal bone indices. Age- and sex-based differences were assessed using correlation 
analysis and independent-sample t-tests. Results were compared with previously published normative datasets.
Results: The mean PA area was 237.7 ± 77.5 mm2, with an inferior PA width of 13.4 ± 3.3 mm and PBNC width of 13.2 ± 2.5 mm. Strong positive 
correlations were observed between age and most nasal parameters, including NL (r = 0.84, P < .001) and PA area (r = 0.70, P = .011). Male infants 
had significantly larger PBNC widths and longer nasal bones than females (P < .05). Septal deviation was present in 11.9% of infants, and the 
trapezoid PA shape was the most common pattern. Compared with international data, Iranian infants showed narrower PAs and longer nasal 
bones, consistent with morphologic adaptations reported in populations from colder, drier climates.
Conclusion: This study provides the first CT-based normative dataset for Iranian infants. The findings reveal important ethnic and climatic 
differences and highlight the need for population-specific reference values to improve diagnostic accuracy and guide pediatric radiologic and 
surgical decision-making.
Keywords: Computed tomography, infant nasal anatomy, Iranian population, morphometric norms, piriform aperture

Introduction

The nasal cavity, consisting of the nasal bones, piriform 
aperture (PA), nasal fossae, and choanae, is bordered by 
the maxillary and sphenoid sinuses and the palatine struc-
tures.1,2 It plays a crucial role in respiration during early life, 
as neonates and young infants are obligate nasal breathers. 
Even minor anatomical variations can significantly impair 
breathing and gas exchange.3-6 In cases where symptoms 
are subtle—such as nasal obstruction without choanal 

atresia—computed tomography (CT) is considered the diag-
nostic gold standard.7,8

Nasal size and morphology vary according to age, sex, and eth-
nicity.9 Establishing normative morphometric data is vital for 
accurate diagnosis, determining thresholds for intervention, 
and conducting forensic and anthropological research. High-
resolution CT imaging provides detailed visualization of nasal 
structures, aiding both diagnostic evaluations and surgical 
planning.4,10-12
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Earlier studies often emphasized individual anatomical land-
marks without establishing age-specific reference values 
across diverse populations. More recently, some work has 
attempted to generate normative datasets by age and eth-
nicity,13-17 yet there remains a notable lack of such data in the 
Middle East.8,17-19 To date, no study has reported normative 
CT-based nasal measurements in Iranian infants.

This study therefore aimed to characterize nasal anatomy 
in healthy Iranian infants under 12 months of age using CT 
imaging. The study’s objectives were to establish population-
specific normative values, evaluate age- and sex-related varia-
tions, and compare findings with international datasets.

Methods

Study Design and Setting
This descriptive-analytical cross-sectional study was con-
ducted at Tabriz Children’s Hospital, Tabriz, Iran, between 
March 2024 and February 2025.

Participants
Fifty-six infants under 12 months of age were included. Eligible 
infants had been referred for CT imaging for reasons unre-
lated to respiratory or craniofacial abnormalities. Inclusion 
criteria were age <12 months, absence of respiratory disease 
or craniofacial anomalies, and provision of informed parental 
consent. Exclusion criteria included prematurity, trauma, skel-
etal deformities, genetic syndromes (e.g., trisomy 21, Apert, 
Crouzon, Pfeiffer), craniosynostosis, and hydrocephalus.

Ethical Considerations
The study was approved by the Ethics Committee of Tabriz 
University of Medical Sciences on August 29, 2021 with the 
following code (IR.TBZMED.REC.1400.502). Written informed 
consent was obtained from parents or guardians. All data were 
anonymized, and no additional imaging or radiation exposure 
was required.

Imaging Protocol and Measurements
Non-contrast spiral CT scans were performed using a 16-slice 
scanner with 1 mm slice thickness. Measurements were 
obtained in the transverse plane according to the anatomical 
landmarks described by Hwang et  al.17 Parameters included 
nasal length (NL), maximal septal length (MSL), PA height, 

width, and area, posterior bony nasal cavity (PBNC) width, and 
nasal bone length and height. All measurements were per-
formed independently by an experienced radiologist.

Statistical Analysis
Analyses were conducted using SPSS software (version 26; IBM 
Corp., Armonk, NY, USA). Continuous variables are expressed 
as mean ± SD. Group comparisons were made using indepen-
dent-sample t-tests or Mann–Whitney U-tests, as appropri-
ate. Correlations between age and continuous variables were 
assessed using Pearson’s coefficient. A P-value <.05 was con-
sidered statistically significant.

Results

Cohort Characteristics
Fifty-six infants were included (mean age: 4.5 ± 4.2 months; 
33 males [59%], 23 females [41%]).

Normative Anatomical Parameters
Quantitative CT measurements of nasal anatomy are summa-
rized in Table 1. Mean NL was 27.5 ± 4.4 mm, and mean MSL 
was 38.4 ± 5.9 mm. The mean PA area was 237.7 ± 77.5 mm2, 
the inferior PA width 13.4 ± 3.3 mm, and PBNC width 13.2 ± 
2.5 mm.

Representative imaging landmarks for nasal bone length, 
anterior bony width, and maximal septum length are shown in 
Figure 1.

Age-Dependent Correlations
Pearson correlation analysis demonstrated strong age-related 
associations for most nasal parameters (Table 2). Significant 
correlations with age were observed for PA area (r = 0.70, 
P = .011), inferior PA width (r = 0.50, P = .001), PA height (r = 0.47, 
P = .002), PBNC width (r = 0.62, P < .001), anterior bony width 
(r = 0.59, P < .001), and nasal bone length (r = 0.65, P < .001). 
Nasal length and MSL also correlated strongly with age (r = 0.84 
and r = 0.69, respectively; P < .001).

Sex-Dependent Differences
Male infants had significantly larger posterior bony width and 
longer bony NLs than females (P < .05). No statistically sig-
nificant sex differences were observed for anterior bony width 
(Table 3).

Anatomical Variants
Nasal bone morphology was classified according to Hwang 
et  al17 (Figure 2). Septal deviation was present in 11.9% of 
infants, with right-sided deviation slightly more common than 
left-sided. Nasal bone morphology was predominantly Type E 
(58.8%), followed by Type D (41.2%), while the most frequent 
PA shape was trapezoid (54.3%), followed by rhomboid and 
round forms (Figure 3).

Discussion

Population-Based Differences
Ethnic and regional variation in nasal morphology has been 
widely reported. In colder or drier regions, adult popula-
tions often demonstrate narrower apertures and longer nasal 
bones, patterns that have been described across multiple 
ethnic groups.17,20 Comparative studies in Korean, German, 

Main Points

•	 This study establishes the first computed tomography (CT)-
based normative reference values for nasal bony anatomy in 
healthy Iranian infants, providing population-specific data 
for pediatric clinical practice.

•	 Most nasal anatomical measurements showed significant 
positive correlations with age during the first year of life, 
highlighting the importance of age-specific reference values 
when interpreting infant nasal CT scans.

•	 Iranian infants demonstrated distinct nasal morphometric 
characteristics compared with previously published interna-
tional populations, supporting the use of population-specific 
normative data to improve the diagnosis and surgical plan-
ning of congenital nasal disorders.
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Anatolian, and Iranian populations illustrate substantial pop-
ulation-specific differences in nasal bone morphology and PA 
dimensions.16,17,21-23

In the present study, infant measurements showed patterns 
that align with previously reported regional adult data. These 
similarities should be interpreted cautiously and are best 
viewed as reflecting early-life population-specific anatomical 
characteristics rather than direct environmental adaptation. 
Such contextual comparison supports the need for locally 
derived pediatric reference values, without implying causal 
mechanisms in infancy.

Age and Growth Correlations
Several imaging and physiologic studies have documented 
rapid nasal growth during infancy.19,24,25 Consistent with this 
literature, moderate positive correlations between age and 
selected nasal dimensions were observed in the cohort. These 

associations represent expected developmental variation dur-
ing the first year of life and do not constitute independent 
outcome measures. Their primary relevance lies in reinforcing 
the necessity of age-specific normative references in pediatric 
assessment.

Sex-Based Morphological Trends
Knowledge of population-specific normative data has impor-
tant applications in forensic medicine.5,23 While adult stud-
ies from various populations have demonstrated significant 
sexual dimorphism in nasal dimensions,17,23 the presence and 
magnitude of such differences in infancy remain population-
dependent. In the Iranian infant cohort, males and females 
demonstrated nearly identical nasal bone lengths (17.76 ± 
2.77 mm vs. 17.25 ± 1.96 mm; P ≥ 0.1) and nasal bone thick-
ness. A modest sex difference was observed only in PA width 
(24.9 mm vs. 22.77 mm; P = .0105). These findings align with 
previous observations that nasal airway dimensions during the 

Table 1.  Normative Computed Tomography Measurements of Nasal Anatomy in Healthy Iranian Infants
Parameter n Mean ± SD Median IQR (25th-75th) Range

NL (mm) 29 27.54 ± 4.40 26.20 24.05-31.80 21.00-35.80

MSL (mm) 54 38.43 ± 5.88 39.70 33.83-42.68 26.30-51.10

PA area (mm2) 13 237.74 ± 77.50 244.50 179.00-306.05 135.00-375.00

Inferior PA width (mm) 40 13.41 ± 3.29 14.35 11.00-16.00 6.40-18.00

Superior PA width (mm) 55 6.89 ± 2.11 6.50 5.30-8.00 3.40-12.90

PBW (mm) 58 13.15 ± 2.52 12.95 11.35-14.78 8.00-19.00

ABW (mm) 59 13.57 ± 2.48 13.00 12.00-15.00 8.00-19.00
ABW, anterior bony width; IQR, interquartile range; MSL, maximal septal length; NL, nasal length; PA, piriform aperture; PBW, posterior bony width.

Figure 1.  Three-dimensional computed tomography (CT) assessment of nasal bony anatomy in infants: (a) Three-dimensional reconstruction 
illustrating nasal bone morphology; (b) Measurement of nasal bone length; (c) Measurement of anterior bony width of the nasal bones; and (d) 
Measurement of maximal septal length. All measurements were obtained using standardized CT-based anatomical landmarks.
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first year of life correlate primarily with overall head size rather 
than sex.25 These results provide population-specific reference 
data indicating that, among Iranian infants, clinically meaning-
ful sexual dimorphism is not consistently present across most 
nasal parameters during the first year of life.

Anatomical Variants and Morphology
Nasal bone and aperture morphology exhibit substantial 
individual and ethnic variation. Nasal bone shapes are often 

classified into types A–E; Hwang et al17 found that Korean sub-
jects predominantly have Type B bones (52.3%) and almost no 
D and E types, whereas Lang and Baumeister reported Type 
A as most common in Germans (68.3%) and other types had 
an equal frequency of 10.1%.21 Kaplanoglu et  al15 observed a 
more even distribution in Turks, with Types A and B equally 
frequent (~27%) and no gender differences. Similarly, Prado 
et al26 noted Type A dominance in Brazilians, and Asghar et al27 
reported Types A (45%) and C (20%) most common in North 
Indians.28,29 In contrast to these results, in this study Type E 
was the most frequently observed (58.8%) followed by Type D 
(41.2%) and Type A (12.2%). These patterns are different from 
Asian and Turkish studies but share some resemblance with 
those described in the Indian population.

Septal and aperture variants also influence clinical anatomy. 
Congenital pyriform aperture stenosis (CNPAS) is defined by 
a very narrow PA: Belden et al28 determined that a PA width 
<11 mm in a term infant is diagnostic for CNPAS.30 While all 
the subjects were healthy and exceeded this threshold, aware-
ness of this cutoff is critical in practice. Yeshua et al12 further 
showed that pyriform width effectively distinguishes ste-
notic from normal noses, although it does not reliably gauge 
stenosis severity. Likewise, nasal septal deviation has known 
bony correlates: Serifoglu et  al29 found that the nasal bone 
on the convex side of a deviated septum is longer and thicker 
than the opposite side.31 Although this study excluded devi-
ated septa, this illustrates how embryologic development 
links septum and bone. Finally, Contencin observed that the 
anterior (bony) aperture grows more rapidly than the middle 
nasal cavity, possibly due to turbinate mucosal expansion.19 In 
infants, measurement of the middle airway is highly variable 
by CT, so reliance on bony landmarks (as in this study) ensures 
consistency.

Clinical Implications for Radiologic and Surgical Practice
These findings have direct relevance to clinicians, underscoring 
the necessity of population-specific normative data. Several 
congenital nasal pathologies may present with minimal clini-
cal signs, and CT imaging remains the gold standard for diag-
nosis, such as CNPAS.30,32,33 A PA width of under 11 mm is 
considered the diagnostic limit for CNPAS.30 In this study, the 

Table 2.  Age-Dependent Pearson Correlations of Nasal 
Measurements
Variable Pearson r P

PA area 0.703 .011
Inferior PA width 0.504 .001
Superior PA width 0.473 <.001
PA height 0.473 .002
PBW 0.615 <.001
LPBW 0.486 <.001
RPBW 0.450 .001
ABW 0.586 <.001
LABW 0.379 .004
RABW 0.401 .002
NVD 0.197 .223

NL 0.841 <.001
BNL 0.650 <.001
MSL 0.695 <.001
Mid. HNB 0.590 <.001
Left HNB 0.676 <.001
Right HNB 0.663 <.001
Bold P-values indicate statistical significance. 
ABW, anterior bony width; BNL, bony nasal length; HNB, height of nasal bone; 
LABW, left ABW; LPBW, left PBW; MSL, maximal septal length; NL, nasal length; 
NVD, nasopharyngeal vertical distance; PA, piriform aperture; PBW, posterior 
bony width; RABW, right ABW; RPBW, right PBW.

Table 3.  Sex-Based Differences in Nasal Anatomical Parameters
Parameter Male (Mean ± SD) Female (Mean ± SD) Mean Difference (95% CI) P

PBW (mm) 13.99 ± 2.46 11.96 ± 2.19 2.03 (0.77, 3.30) .002
LPBW (mm) 5.64 ± 1.57 4.75 ± 1.33 0.89 (0.10, 1.69) .028
RPBW (mm) 5.95 ± 2.41 4.63 ± 1.37 1.32 (0.31, 2.33) .012
ABW (mm) 13.57 ± 2.47 12.75 ± 2.5 0.82 (−0.52, 2.16) .225

LABW (mm) 5.22 ± 1.30 4.97 ±1.18 0.24 (−0.42, 0.91) .467

RABW (mm) 5.44 ± 1.17 5.33 ± 1.30 0.10 (−0.55, 0.76) .746

Mid HNB (mm) 11.32 ± 3.52 9.14 ± 2.79 2.18 (0.45, 3.91) .019
Left HNB (mm) 13.12 ± 2.94 11.06 ± 3.25 2.06 (0.30, 3.82) .020
Right HNB (mm) 13.35 ± 2.93 11.45 ± 2.41 1.90 (0.42, 3.38) .016
BNL (mm) 12.98 ± 2.63 11.41 ± 1.82 1.57 (0.25, 2.90) .020
Bold P-values indicate statistical significance. 
ABW, anterior bony width; BNL, bony nasal length; HNB, height of nasal bone; LABW, left ABW; LPBW, left PBW; PBW, posterior bony width; RABW, right ABW; RPBW, 
right PBW.
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mean inferior PA width in the overall population was 13.41 ± 
3.29 mm, with no cases falling below the stenosis threshold. 
Reliance on adult or non-local reference values may therefore 
lead to misinterpretation in pediatric imaging.

Rather than attributing infant nasal dimensions to definitive 
environmental adaptation, these differences are more appro-
priately interpreted within the context of population-specific 
anatomical variation. Genetic and ethnic background likely 
play a primary role in shaping baseline craniofacial morphology 
in early life, while environmental and climatic influences may 
contribute later during growth and development. Accordingly, 
normative pediatric reference values should be derived from 
the population being assessed, without assuming direct cli-
matic adaptation in infancy.

Operating osteotomes have long posed challenges in maxillo-
facial surgery, as these instruments require the application of 
force and are associated with postoperative pain and ecchy-
mosis.7,32,33 Awareness of anatomical variation can therefore 
assist surgeons in optimizing surgical technique and reducing 
complications. Tecimer et  al33 reported thinner lateral nasal 

bones in Anatolian patients, recommending reduced force 
during lateral osteotomy in this population.

In a similar practical context, the relatively narrow PA dimen-
sions observed in Iranian infants indicate that pediatric nasal 
procedures (e.g., surgery for choanal atresia or septal repair) 
should be planned with careful consideration of limited sur-
gical margins, rather than assuming adult-based dimensions. 
Quantitative imaging measures further support clinical deci-
sion-making; for example, Yeshua et  al12 demonstrated that 
absolute PA width can confirm stenosis but does not reliably 
predict functional severity, necessitating integration of CT 
findings with endoscopic assessment. Furthermore, condi-
tions such as CNPAS, while sometimes clinically subtle, may 
pose significant challenges during anesthesia, and population-
specific normative data may inform safer pediatric anesthetic 
planning.

This study provides the first CT-based normative dataset for 
nasal bony anatomy in Iranian infants. The findings demon-
strate population-specific patterns in PA dimensions and nasal 
bone morphology, consistent with previously reported regional 

Figure 2.  Classification of nasal bone morphology based on the criteria proposed by Hwang et al,17 as applied to the studied infant population.

Figure 3.  Distribution of nasal anatomical variations in the study population: (a) Prevalence of nasal septal deviation; (b) Frequency distribution 
of nasal bone types; and (c) Morphological patterns of the piriform aperture.

B-ENT 2026; 22: 1-7
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variation. These data emphasize the importance of locally 
derived pediatric reference values for accurate radiologic inter-
pretation and informed clinical decision-making.

Limitations
This study is limited by its modest sample size, single-center 
design, and reliance on manual measurements. Larger mul-
ticenter studies employing automated measurement tech-
niques are recommended to validate and extend these findings.
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