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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
The structural features of the paranasal sinuses play a key role 

in the development of pathological processes within them. The 
aim of our study was to examine the variations in the anatomical 
structure of the maxillary sinus based on MSCT data.

Materials and Methods: The study involved 400 individuals 
aged 18 to 44 years, both male and female. During the study, 
attention was given to the following topographical and structural 
indicators: linear dimensions of the maxillary sinus2. The 
position relative to the nasal cavity, which is also important for 
reconstructive surgeries and cosmetic procedures. For planning 
surgical interventions in plastic surgery, the location and 
prevalence in height of the sinuses were also parameters studied 
in this work; pneumatization features, which deserve special 
attention from both researchers and practicing physicians; the 
average volume, wall thickness, and density, measured as key 
structural indicators of the sinus. Additionally, these data can 
indirectly indicate potential risks of complications; the study 
also determined the dependence of the calculated indicators on 
gender and age.

Results: The maximum average sinus volume was found 
in men aged 60-74 years and women aged 18-44 years. This 
measure was 19.05±2.33 x10⁻⁶m³ and 19.3±2.9 x10⁻⁶m³, 
respectively. The minimum average volume was observed in 
men aged 45-59 years, where it was 13.02±2.3 x10⁻⁶m³. In 
the corresponding age group of women, the minimum average 
volume was slightly higher, at 11.9±2.1 x10⁻⁶m³. In other groups 
studied, the average volume values were intermediate between 
the maximum and minimum values.

Conclusions: The results of this study provide insights into 
the variations in the structure of the human maxillary sinus 
based on MSCT data. The average sinus volume indicators 
were calculated, with a maximum of 19.05±2.33 x10⁻⁶m³ 
and a minimum of 11.9±2.1 x10⁻⁶m³. Additionally, the study 
identified features of the topographical location of the maxillary 
sinuses in relation to the external nose.

Key words. Multispiral computed tomography data, maxillary 
sinus, variant anatomy, head.
Introduction.

The structural features of the paranasal sinuses play a crucial 
role in the development of pathological processes within them 
[1]. These anatomical features must also be considered when 
planning reconstructive and cosmetic surgical interventions in 
this area [2,3]. Improved understanding of not only the macro-, 
but also microanatomy of the paranasal sinuses, including its 
individual variations, makes a substantial contribution to current 
progress in endonasal endoscopic microsurgery. Microanatomy 
of the sinuses is an active field of present scientific investigations.

The question of the function of the paranasal sinuses is 
fundamental for scientists from various countries [4]. To 
date, there are many hypotheses regarding the "true function" 
of the paranasal sinuses. However, none of them have been 
scientifically proven so far. These theories have laid the 
foundation for a field of study called "sinusology" - the science 
that examines the paranasal sinuses, their anatomy, physiology, 
research methods, and pathological conditions [5].

Since air does not flow into the sinuses during inhalation, but 
rather the air in the sinuses exits into the nasal cavity, there is 
a theory that one of the functions of the paranasal sinuses may 
be to warm the inhaled air [6]. According to some hypotheses, 
another function of the paranasal sinuses could be to reduce the 
weight of the head [7]. However, the head's weight is reduced 
by only 1%, which is insignificantly small to lessen the load on 
the spine.

The protective function of the paranasal sinuses may involve 
the mechanical protection of the orbit and adjacent anatomical 
areas from damage. One of the modern interpretations of the 
function of the paranasal sinuses is the role of the mucous 
membrane in the production of free nitric oxide, which it 
continuously synthesizes, with the mucosa itself serving as a 
reservoir for NO. Thus, the mucous membrane of the maxillary 
sinuses may help maintain immunity through the production 
of free NO [8,9]. Researchers and clinicians particularly 
focus on the maxillary sinus when analyzing the frequency of 
inflammatory processes in the paranasal sinuses. Current data 
indicate that the maxillary sinus is more frequently affected 
by inflammatory processes than other sinuses. This can be 
attributed to its anatomical characteristics [10,11].

During the physiological ageing process atrophy of the 
alveolar bone appears in vertical direction. This bone resorption 
causes pushing the limits of the maxillary sinus at the expense 
of a degraded bone. The sinus volume increases due to the facial 
development in children and adolescents or during the ageing 
process due to the loss of teeth and bone mass. 

Some septa, crests, and the prominent infraorbital canal were 
also found in the area of the sinus floor [12].

The natural communication between the nasal cavity and the 
sinus cavity (the ostium) is located above the floor of the sinus 
itself, which can hinder the drainage of secretions from the sinus 
and impair its ventilation when pathological processes occur 
[13]. Additionally, the maxillary sinus is the largest among the 
paranasal sinuses, so during inflammatory (purulent) processes, 
a large amount of exudate can be expected [14]. Finally, the 
maxillary sinus is bordered at the bottom by the roots of the 
teeth, which can serve as a gateway for infection into the sinus 
cavity when pathological processes occur in the dental row [15]. 
Thus, the maxillary sinus is of significant interest for study.
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The study of the paranasal sinuses, and the maxillary sinus in 
particular, is closely linked to the development of radiological 
methods. Today, the "gold standard" for diagnosis is multislice 
computed tomography (MSCT), a progressive, informative, 
and accurate method included in medical care protocols for 
patients with chronic rhinosinusitis in many countries, including 
Ukraine [16]. MSCT not only addresses diagnostic tasks but 
also allows for a detailed study of the anatomy of the area 
under investigation and even the creation of a 3D model of the 
necessary section of the human skull.

Given the above, the aim of our study was to examine the 
variations in the anatomical structure of the maxillary sinus 
based on MSCT data.
Materials and Methods.

The study involved 400 individuals aged 18 to 44 years, both 
male and female. All subjects underwent MSCT for reasons 
unrelated to ENT pathologies (e.g., suspicion of stroke, which 
was not confirmed). All the persons, which were included to 
the study, didn’t have some previous history of rhinosinusitis. 
The selection of participants was conducted at Merefa Central 
Regional Hospital between 2018 and 2021. All patients signed 
consent forms to participate in the experiment.

The MSCT scans were performed using a Toshiba Aquilion 64 
CT scanner. The Aquilion 64 is an advanced CT platform that 
is twice as fast as a 32-detector row CT system and includes 
workflow-enhancing software that delivers unsurpassed image 
quality, improved dose management, and superior patient care. 
In a single breath-hold of 6-10 seconds, the Aquilion 64 can 
capture superior and precise images [17]. During the study, 
attention was given to the following topographical and structural 
indicators:

1. Linear dimensions of the maxillary sinus, which are 
significant for planning surgical interventions in this area.

2. The position relative to the nasal cavity, which is also 
important for reconstructive surgeries and cosmetic procedures. 
For planning surgical interventions in plastic surgery, the 
location and prevalence in height of the sinuses were also 
parameters studied in this work.

3. Pneumatization features, which deserve special attention 
from both researchers and practicing physicians.

4. The average volume, wall thickness, and density measured 
as key structural indicators of the sinus. Additionally, these data 
can indirectly indicate potential risks of complications.

5. The study also determined the dependence of the calculated 
indicators on gender and age.

The statistical analysis was performed using methods of 
variational statistics. The normality of the distribution was 
determined using the Shapiro-Wilk test, which indicated that 
the samples were close to a normal distribution. Statistical 
parameters are presented as M±σ, where M is the arithmetic 
mean and σ is the standard deviation, with the Student's t-test 
applied. Correlation analysis was conducted using Spearman's 
rank correlation coefficient. Differences between the studied 
indicators were considered significant at p < 0.05.
Results.

The linear dimensions of the maxillary sinus were 37.8±0.95 
by 2.3x10⁻³m, and the volume of the maxillary sinus was 

12707.9±129.6x10⁻⁹m³. In all cases studied, the maxillary sinus 
was located laterally to the nasal cavity and, in most cases 
(98%), occupied 1/3 of the longitudinal and 1/4 of the transverse 
dimensions of the facial skull. However, other proportions were 
also observed, with this indicator increasing to 1/2 (up to 2%) 
in hyperpneumatized sinuses and decreasing to 1/5 (up to 10%) 
in hypopneumatized sinuses. Hypoplasia of the maxillary sinus 
was observed in 11% of cases, and aplasia in 2%. Unilateral 
hypo- and aplasia of the sinus were significantly more common 
(2.3 times).

In 89% of cases, the maxillary sinuses were located at the 
same level without a height preference for the right or left side. 
In 11% of cases, the right sinus was positioned higher, and in 
5% of cases, the left sinus was positioned higher.

The average volume of the maxillary sinus was 17.22 ± 
2.9x10⁻⁶m³ on the left and 19.02 ± 4.3x10⁻⁶m³ on the right.

As shown in Table 1, the maximum average sinus volume was 
observed in men aged 60-74 years and women aged 18-44 years. 
These measurements were 19.05±2.33 x10⁻⁶m³ and 19.3±2.9 
x10⁻⁶m³, respectively. The minimum average volume was found 
in men aged 45-59 years, where it was 13.02±2.3 x10⁻⁶m³. In 
the corresponding age group of women, the minimum average 
volume was slightly higher, at 11.9±2.1 x10⁻⁶m³. In other groups 
studied, the average volume values were intermediate between 
these maximum and minimum values. These intermediate 
values were as follows:

Table 1. Average Volume (x10⁻⁶m³) of the Maxillary Sinus in Patients 
of Different Age Groups.

Groups More then 
90

75-90 
years 

60-74 
years 

45-59 
years

18-44 
years

Male 14.33±0,33 17.01±1.09 19.05±2.33 13.02±2.3 18.4±4.1
Female 15.02±2.21 14.99±2.2 15.6±14.03 11.9±2.1 19.3±2.9

Table 2. Anatomical Variability of the Maxillary Sinus Walls.

№

Medial 
wall 
thickness, 
x10⁻³m

Upper 
wall 
thickness, 
x10⁻³m

Medial 
wall 
density, 
Hu

Upper 
wall 
density, 
HU

Anterior 
wall 
thickness, 
x10⁻³m

Anterior 
wall 
density, 
HU

1 1,36 2,05 135 188 2,1 199
2 1,4 2,22 171 195 2,97 154
3 1,76 2,5 175 200 1,42 111
4 1,89 2,63 178 213 1,94 183
5 2,19 2,64 191 219 4,94 207
М 1,72 2,408 170 203 2,674 170,8
Σ 0,226667 0,182 11,66667 8,666667 0,854 25,53333
Note: 1-5 – number of a group according to table 1.

1. In the group of men aged 90 years and older, the average 
sinus volume was 14.33±0.33 x10⁻⁶m³; in men aged 75-90 
years, it was 17.01±1.09 x10⁻⁶m³; and in the age group 18-44 
years, it was 18.4±4.1 x10⁻⁶m³.

2. In the group of women, the average volumes were: 
15.02±2.21 x10⁻⁶m³ in those older than 90 years, 14.99±2.2 
x10⁻⁶m³ in those aged 75-90 years, and 15.6±14.03 x10⁻⁶m³ in 
the 60-74-year age group.

The disparity in maxillary sinus volume between the right and 
left sides was 10.5%. Furthermore, no discernible correlation 
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was observed between maxillary sinus volume and gender, 
with a disparity of 12.3% between male and female subjects. 
Additionally, there was no evident relationship between 
maxillary sinus volume and the age of the subjects.

As shown in Table 2, the greatest average bone thickness is 
observed in the anterior wall, where it measures 2.674±0.854 
x10⁻³m. For the other walls, the measurements are 1.72±0.23 
x10⁻³m for the medial wall and 2.4±0.18 x10⁻³m for the superior 
wall. A similar trend is noted for the minimum radiological 
density. For the anterior wall, the density is 170.8±25.53 Hu, 
for the medial wall, it is 170±11.67 Hu, and for the superior 
wall, it is 203±8.67 Hu.
Discussion.

Anatomical variations of the paranasal sinuses are quite 
common, occurring in over 90% of patients with sinusitis or 
as incidental findings during routine examinations. Moreover, 
in most cases, the course of inflammatory processes in the 
paranasal sinuses (sinusitis) depends on the morphological 
features of this area. Therefore, each individual requires a 
personalized approach to diagnosis and treatment. It is believed 
that the anterior group of sinuses and the nasal cavity are among 
the most variable regions of the human skull.

Our study's findings regarding linear dimensions align closely 
with those of previous research, with any minor differences 
potentially attributed to our larger sample size. For example, 
Sonone et al. reported an average sinus volume of 10-15 ml, 
which parallels our results. Notably, our study encompassed 
400 individuals, whereas theirs involved only 57 patients.

The anticipated outcomes regarding the topographical 
placement of the maxillary sinus were confirmed. Understanding 
these nuances is crucial not only in otolaryngology but also in 
dentistry and neurology. In dental procedures like implantation 
and sinus lifting, precise knowledge of sinus positioning 
is vital. In neurology, awareness of the proximity of the 
maxillary nerve mitigates the risk of intraoperative damage. 
Moreover, recognizing the likelihood of sinus involvement in 
inflammatory processes informs treatment strategies. Variations 
in maxillary sinus anatomy are also pivotal considerations in 
orbital surgeries.

Surgical interventions on small-volume sinuses require 
particular caution due to minimal wall thickness and density. 
Pathological processes may further decrease density, heightening 
the risk of bone trauma during surgery or postoperative 
complications. Chronic inflammatory diseases not only impact 
the mucous membrane but also affect the bone tissue forming 
sinus walls, leading to reduced bone density.

During wall thickness measurements, significant asymmetry 
was noted, along with a correlation with age and gender. The 
metrics of bone tissue density and thickness across various age 
groups are depicted in Figures 1 and 2.

As shown in Figure 2, bone tissue density increases in youth 
and declines in the oldest age bracket. Conversely, the findings 
regarding bone thickness differed somewhat. The highest 
thickness was observed also in the group of young people age 
group (see Figure 1).

Knowledge of the variant anatomy of the paranasal sinuses 
is highly beneficial in dentistry and maxillofacial surgery. 

Understanding the specific structural features of the maxillary 
sinus can significantly aid in planning surgical interventions in 
this area, allowing for a tailored approach to each patient. This, 
in turn, can lead to more effective surgical treatment and help 
prevent complications.

The work of Ata-Ali J et al. [18] is particularly notable in 
this context, as the authors emphasize the importance of sinus 
density, while most other studies [19,20] have focused primarily 
on structural aspects such as thickness, size, and the presence of 
septa within the sinus cavity [18]. It can be assumed that the 
inclusion of porosity studies in the research protocol in this case 
may allow for more accurate prognostic results regarding the 
frequency of complications in dental and maxillofacial surgery.

The proposed research can be further expanded by introducing 
new data calculation methods [21-23] and predicting potential 
complications. It is also important to note that studies of this 
kind are significant not only in otolaryngology, maxillofacial 
surgery [24-26], and ophthalmology but also in other fields of 
medicine. Research on the variant anatomy of a given area can 
become a valuable resource for any medical discipline and can 
be successfully incorporated into both the practical and scientific 

Figure 1. Thickness of the maxillary sinus` walls in individuals of 
different age groups.
Note: Group 1 indicates individuals in the longevity age group, Group 
2 - advanced age, Group 3 - elderly age, Group 4 - middle age, and 
Group 5 - young age.

Figure 2. Density of the maxillary sinus` walls in individuals of 
different age groups.
Note: Group 1 indicates individuals in the longevity age group, Group 
2 - advanced age, Group 3 - elderly age, Group 4 - middle age, and 
Group 5 - young age.
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work of physicians across various specialties. The proposed 
research can not only provide a detailed study of human skull 
anatomy but also suggest optimal, minimally invasive, and 
effective treatment approaches for related diseases. More 
importantly, it can develop preventive measures to reduce the 
incidence and recurrence of these conditions [27,28]. It is also 
impossible to underestimate the importance of knowledge about 
the variant anatomy of the human skull for rehabilitation [29]. The 
study of the structural features of this area can provide additional 
knowledge about the course of other diseases that directly [30] or 
indirectly [17,31] affect the physiological state of the examined 
section of the skull [32] and could be useful for different medical 
fields as otolaryngology, stomatology, surgery and other.
Conclusion.

In summary, our study elucidates the variants of human 
maxillary sinus structure using MSCT data. We calculated 
average sinus volume, ranging from 19.05±2.33 x10⁻⁶m³ to 
11.9±2.1 x10⁻⁶m³. Additionally, we delineated the topographical 
relationship between the maxillary sinuses and the external nose. 
The visualization of the maxillary sinus anatomy is necessary in 
the diagnosis and treatment plans for surgical procedures.
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