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ABSTRACT

Objectives: To assess the frequency of frontal sinus 
aplasia using computed tomography (CT) of the 
paranasal sinus among Saudi Arabian population.

Methods: A retrospective case review of medical 
records from January 2019 to December 2019 in the 
Otorhinolaryngology Department, King Abdulaziz 
University, Riyadh, Saudi Arabia.

Results: A total of 449 cases were reviewed. The 
incidence of bilateral frontal sinus aplasia was 3.3%. 
The incidence of right sinus agenesis was 5.12% and 
left was 1.33%. The mean age of reviewed patients 
was 39.15 years. 

Conclusion:  The frequency of frontal sinus aplasia is 
low; however, this must be considered before surgical 
operations related to the sinuses. 
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The frontal sinuses are pneumatized chambers located 
within the frontal bone, behind the supraorbital 

ridge, in close relation with the orbit and anterior skull 
base. They consist of right and left sinuses, separated by 
a midline bony nasal septum. The right and left sinuses 
are usually asymmetrical in the same person because 
they evolve independently.1 Each of these sinuses drains 
into the corresponding nasal middle meatus through 
ethmoid infundibulum or frontonasal duct.2 The frontal 
sinuses are absent at birth; however, they grow up at 
7-8 years and fully mature after puberty. At adulthood, 
the frontal sinus volume is not consistent, with a mean 
size of 10 cc. This difference is usually detected among 
subjects of similar age.2 Through its ciliated mucosae 
and profuse mucous, it represents a major role in 
immune defense against foreign bodies introduced 
through the nose.3  

Unilateral or bilateral frontal sinus aplasia can be 
incidentally detected in the clinical setting. However, 
this has been rarely reported in the literature, and there 
are inconsistent statistics among different reports.4-7 
In a recent study carried out in India, the incidence of 
bilateral frontal sinus absence was 2.5% and unilateral 
6.2%.7 In another study among Turkish population, the 
frequency of unilateral frontal sinus aplasia was 1.22%.8 

Searching the literature, a recent study of 942 cases 
in Saudi Arabia revealed that frontal sinus agenesis was 
detected in 7.3%.9 In addition, it has been established 
that radiographic imaging and sufficient knowledge of 
the frontal sinus anatomical variation are substantial 
parts of the pre-surgical assessment as well as the 
identification of individuals for forensic purpose.10,11  
Therefore, this study aimed to investigate the frequency 
of frontal sinus aplasia using computed tomography 
(CT) of the paranasal sinus among the Saudi Arabian 
population.

Methods. This is a retrospective case review of medical 
records from the Otorhinolaryngology Department, 
King Abdulaziz University Hospital, Riyadh, Saudi 
Arabia. This study has been conducted according to 
the relevant approved guidelines, regulations, ethics 
standard of the Helsinki declaration and also approved 
by the ethics committee of the relevant department. The 
inclusion criteria entailed reviewing of only CT scans of 
the paranasal sinus for patients admitted from January 
2019 to December 2019. No CT scans before or after 
that period were considered.  

Definitions and data collection. All CT scans of 
the paranasal sinus have been independently screened 
to evaluate the presence or absence of frontal sinus 
aplasia. All CT scan were performed using the same 
machine with thin cut paranasal sinuses CT for all 
candidates. Authors of this research have examined the 
CT scans with help of radiology specialists. Frontal 
sinus aplasia was defined as the absence of frontal bone 
pneumatization with no ethmoid cells extending above 
the supraorbital margin. Frontal sinus aplasia can be 
either bilateral (Figure 1) or unilateral aplasia (Figure 2).4 
There was no potential risks of any kind associated with 
this study. All data have been analyzed and recorded 
anonymously, patients’ names were not declared, and 
only the authors of this research had access to the data. 
The primary endpoint of this research is the prevalence 
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of unilateral or bilateral frontal sinus aplasia while the 
secondary endpoint is identifying associated diseases 
that caused patients’ presentation to the hospital.  

Statistical analysis. All data analysis was carried out 
using SPSS software version 26. Simple descriptive 
statistics of patients’ age, gender, and presence/
absence of unilateral or bilateral aplasia were provided. 
Continuous data were reported as mean±standard 
deviation while categorical data were reported as 
numbers and frequencies.

Results. Data of 449 patients were reviewed. Of 
them, 226 (50.3%) were males and 223 (49.7%) were 
females. The mean age of the whole subjects was 39.15 
years. Bilateral frontal sinus agenesis was detected in 
15 (3.3%) patients. Right  was reported in 23 (5.1%) 
and left aplasia in 6 (1.3%) cases. Stratification of data 
according to gender along with group mean age are 

shown in Table 1. Deviated nasal septum, rhinosinusitis, 
headache, and allergic rhinitis were the most commonly 
reported diagnosis at presentation (Appendix 1). 

Discussion. The present study is a retrospective 
case review of CT of the paranasal sinus to report frontal 
sinus aplasia. Knowing the anatomical difference of the 
frontal sinus is essential for both forensic and surgical 
purposes. In the current report, the overall incidence 
of bilateral frontal sinus aplasia was 3.34%. In a recent 
study among 167 Jordanian individual, the prevalence 
of bilateral frontal sinus aplasia was 4.2%.12 In another 
cross-sectional study of 730 patients in India, the 
frequency of bilateral aplasia was 2.5%.7 The present 
study had no limitation on age; however, the authors 
of the aforementioned study only enrolled subjects 
over 10 years.7 In addition, another larger study of 
1200 cases, aged or above 15 years, concluded that the 
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Figure 1 - Computed tomography of paranasal sinuses, coronal and axial, showing bilateral frontal sinus 
aplasia. 

Figure 2 - Computed tomography of paranasal sinuses, coronal and axial, showing unilateral frontal sinus 
aplasia 
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frequency of frontal sinus aplasia was 3.8%.4 Within a 
similar incidence rate, another 2 studies published in 
1943 reported overall bilateral absence of 5% and in 
1977 was 3.4%.5,6 These frequencies are not consistent 
with the report of Cakur et al,8 where the retrospective 
analysis of 410 patients revealed bilateral frontal sinus 
agenesis of only 0.37%.  

In our results, the frequency of right frontal sinus 
absence was 5.12% while the left side aplasia was 1.33%. 
In Al-Balas et al12 report, prevalence of unilateral frontal 
sinus aplasia was 6.6% among Jordanian patients. In 
the Sheriff et al study,7 the incidence of right agenesis 
was 3.7% and left was 2.5%. In 2003,4 a study of 1200 
cases reported a unilateral incidence of frontal sinus 
absence of 4.8% (males: 23, females: 35). Interestingly, 
a study of 35 Japanese cases reported that the frequency 
of unilateral frontal sinus absence was 16.8 on the left 
side and 4.9% on the right side.13 By way of contrast, 
the Cakur et al8 study revealed that the frequency of 
unilateral frontal sinus absence was 0.73% for the right 
sinus and 0.49% for the left sinus. 

In terms of gender difference, bilateral sinus aplasia 
was reported in 8 males compared to 9 females. 
Notably, both right and left unilateral sinus aplasia were 
higher among females in comparison to males (6.27 
versus 3.98) and (1.79 versus 0.88), respectively. This is 
consistent with the Sheriff et al7 findings, where females 
had higher frequencies for unilateral (4% versus 2.2%) 
and bilateral aplasia (1.50% versus 0.95%). Similarly, 
the Turkish report of 1200 cases reported a higher 
incidence of frontal sinus absence among females than 
males for unilateral (5.9% versus 3.8%) and bilateral 
aplasia (5.1% versus 1.3%).4 Furthermore, the Cakur 
et al8 study reported that bilateral aplasia was higher 
among females (0.49%) compared to males (0.24%).  

Knowing the anatomical variation of frontal sinus is 
essential for forensic medicine professionals as well as 
neurosurgeons. For instance, proper identification of 
subjects can be reached through comparing the frontal 

sinus radiographs ante- and post mortem, since these 
images are characteristic for each individual.11,14,15 This 
method is not appropriate for cases with absent frontal 
sinus; thus, sphenoid sinus can be used along with other 
standard methods of identification.11,14,15  On another 
hand, a better understanding of anatomical differences 
will assist neurosurgeons performing pterional or 
supraorbital operations, and lessens the complications 
due to the close relation of the sinus to the surroundings 
including orbit and frontal skull base.10 Although the 
present study is the first report among the Saudi Arabian 
population, it has been limited by being conducted as 
a single-center and including a relatively small number 
of cases.

In conclusion, the frequency of frontal sinus aplasia 
in the present study is low and similar percentages 
were reported in the literature; however, this must 
be taken into consideration. Multiple reports, 
including the present one, revealed that females had 
higher frequencies of bilateral and unilateral frontal 
sinus absence. Furthermore, the incidence of right 
frontal sinus aplasia was higher than the left side. 
Comprehensive knowledge of the frontal sinus anatomy 
is essential for those practicing surgical interventions 
approximate to the sinuses, such as endoscopic sinus 
and anterior skull base operations. Future multi-center 
studies are recommended to investigate the incidence 
and associated pathologies. 
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Table 1 - Frequency of frontal sinus aplasia.

Variables Number Frontal sinus aplasia

      Bilateral     Unilateral

     Right        Left

Male 226 (50.3) 8 (3.53) 9 (4.0) 2 (0.9)

Female 223 (49.7) 7 (3.13) 14 (6.3) 4 (1.8)

Total sample 449 (100.0) 15 (3.34) 23 (5.1) 6 (1.3)

Age (mean±SD) 39.15±15.39 39.86±13.18 47.52±16.6 36.66±13.66 

All data are presented as N(%) unless indicated. 
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Appendix 1 - Reported diagnosis of patients with frontal sinus aplasia at 
presentation.

Condition Frontal sinus aplasia
      
Bilateral 

Unilateral
Right Left

Allergic rhinitis 0 3 2

Brain ischemia 0 1 0

Concha bullosa 0 1 0

Convulsion 1 0 0

Deviated nasal septum 6 3 2

Dizziness 0 1 0

Facial trauma 1 0 0

Headache 0 4 1

Hypertrophy inferior turbinates 1 0 0

Nasal polyposis 1 1 0

Nasopharyngeal mass 0 1 0

Rhinosinusitis 2 6 0

Septal perforation 1 1 0

Thyroid mass 1 1 1

Thyroid nodule 1 0 0
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