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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.
Modern research methods, widely implemented in routine 

medical practice, open new horizons for the study of anatomical 
structures. The maxilla is one of the regions of the human skull 
that shows significant variability with age and gender. This is 
due to the peculiarities of tooth eruption and age-related changes 
in the periodontium and adjacent structures, which undoubtedly 
affect the structure of the alveolar process, sometimes drastically 
altering it over time.

Aim: The aim of our study was to determine the anatomical 
variability of the alveolar process of the maxilla based on 
multislice computed tomography data.

Materials and Methods: The research was conducted based 
on the results of 400 spiral computed tomography scans of 
males and females aged 18 to 95 years with detection of the 
anatomical variability of the alveolar process.

Results: The average height of the alveolar process was 
14.3±0.99x10^-3 m. The thickness of the wall also showed 
considerable variability. It was maximal in the middle 
part and minimal in the lateral part of the wall, measuring 
1.905±0.021x10^-3 m and 1.15±0.011x10^-3 m, respectively.

Conclusions: We determined its thickness, density, and 
identified teeth whose roots are connected to the maxillary 
sinus. The thickness of the alveolar process correlates with 
the volume of the sinus, showing a strong negative correlation 
(r=-0.92). Thus, with larger sinus sizes, the alveolar process 
has a smaller thickness. According to calculations, there is a 
correlation between the upper facial index and the size of the 
alveolar process (r=0.64). In dolichocephalic individuals, the 
longitudinal size is greater than in brachycephalic individuals, 
where the transverse size of the alveolar process prevails.

Key words. Alveolar process, multislice computed 
tomography, bone density, bone thickness, anatomy.
Introduction.

Modern research methods, widely implemented in routine 
medical practice, open new horizons for the study of anatomical 
structures [1]. Anatomical structures that were previously 
accessible only through cadaveric material [2] can now be 
studied non-invasively, preserving the informativeness of 
the research and sometimes even enhancing its quality [3]. 
Considering the negative aspects associated with the use of 
cadaveric material [4], such as the potential destruction of 
certain structures over time, the latest diagnostic methods are 
extremely important in both theoretical medicine (e.g., creating 
3D models for student education) [5] and practical medicine 
(e.g., determining the anatomical features of a specific body 
area when planning surgical interventions) [6].

The maxilla is one of the regions of the human skull that shows 
significant variability with age and gender [7]. This is due to the 

peculiarities of tooth eruption and age-related changes in the 
periodontium and adjacent structures, which undoubtedly affect 
the structure of the alveolar process, sometimes drastically 
altering it over time.

One of the most promising research methods that can aid 
in studying the anatomy of the alveolar process is multislice 
computed tomography (MSCT) [8]. This method not only 
allows for sectional examination of the anatomical area but also 
enables the construction of a 3D model of the alveolar process 
for better spatial understanding of the relationships between 
all its structures and the dental arch. [9]. Additionally, MSCT 
has an undeniable advantage over other research methods due 
to the presence of a densitometric scale, which allows for the 
assessment of bone density. This, in turn, can help prevent 
potential complications that may arise, for example, during 
implantation, due to reduced bone density in the alveolar 
process.

Given all the above, the aim of our research was to determine 
the anatomical variability of the alveolar process of the maxilla 
based on multislice computed tomography (MSCT) data.
Materials and Methods.

The study was conducted based on the results of 400 spiral 
computed tomography (CT) scans of men and women aged 18 
to 95, categorized into groups according to the World Health 
Organization classification [10]. The distribution of the studied 
individuals by group is presented in Table 1. These individuals 
had no complaints related to ENT organs, and the CT scans 
were conducted for reasons unrelated to ENT pathology (e.g., 
suspected stroke, which was not confirmed, among other 
reasons). The presence of data suggesting pathological changes 
in the paranasal sinuses, pediatric age, and pregnancy were 
grounds for exclusion from the study.

Table 1. Distribution of studied individuals by age and gender.
Age Group Me Women Total
Young age (18-44 years) 53 55 108
Middle age (45-59 years) 64 63 127
Elderly age (60-74 years) 46 44 90
Senior age (75-89 years) 22 23 45
Long-livers (over 90 years) 16 14 30
Total 201 199 400

All this people didn’t have some diseases of ENT-organs, 
that’s why there were no pathological findings according the 
MSCT data. 

The material collection was based at the Kharkiv Research 
Institute of General and Emergency Surgery and Merefa Central 
District Hospital from 2018 to 2021. The conducted work 
complies with the requirements of the Helsinki Declaration of 
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the World Medical Association "Ethical Principles for Medical 
Research Involving Human Subjects." All participants were 
informed about the study and gave written informed consent for 
participation.

The study was conducted using the Toshiba Aquilion 4 [11], 
computed tomography scanner (Japan), which is a multislice 
CT scanner capable of simultaneously collecting data from 4 
slices of 0.5 mm thickness, characterized by high operational 
performance with a full rotation time of up to 0.4 seconds. 
It provides high-resolution multislice scanning with high 
throughput. A slice thickness of 2 mm was used for the study of 
the paranasal sinuses. The high image quality of this device is 
combined with a low radiation dose due to the highly efficient 
use of X-ray radiation.

Statistical processing was performed using methods of 
variation statistics. The normality of the distribution was 
determined using the Shapiro-Wilk test, which showed that 
the samples were close to a normal distribution. Statistical 
indicators are presented in the format M±σ, where M is the 
arithmetic mean, σ is the standard deviation, and the Student's 
t-test. Correlation analysis was carried out using Spearman's 
rank correlation coefficient. A statistical difference between the 
studied indicators was considered significant at p < 0.05.

The uncertainty of bone density was determined according to 
the basic algorithms presented in our previous works [12,13].
Results and Discussion.

The average height and width of the alveolar process were 
calculated to be 14.3±0.99x10-3 m and 85.6±2.2x10-3 m, 
respectively, across different age groups. It was expected that 
the height of the alveolar process decreases with age by 13.9% 
and that this indicator depends on gender. In women, the height 
of the alveolar process is 11.44% less than in men. An interesting 
finding was the dependence of the structure of the alveolar 
process on the degree of pneumatization of the maxillary sinus. 
In the majority of cases (83%), the width prevails over the 
height, but in 17% of cases, the height exceeds the width. A 
strong direct correlation (r=0.82, p=0.0045) was found between 
the volume of the sinus and its width. The height of the alveolar 
process is also a very important indicator because, for successful 
dental implantation, the height of the alveolar process should 
not be less than 8x10^-3 m.

In almost all the studied individuals, this indicator was greater 
than 8x10^-3 m (94%). Only in 5% of cases was it less than 
8x10^-3 m, and in 1% of cases, it was exactly 8x10^-3 m.

Thus, the average height of the alveolar process was 
14.3±0.99x10-3 m. The largest number of subjects with the 
thinnest alveolar processes was in the elderly group.

The following types of maxillary sinus recesses were identified: 
alveolar – 106 (26.5%); palatal – 2 (2%); and zygomatic – 4 
(1%). The types of recesses are shown in Figures 1 and 2.

Figures 1-2 shows the types of recess, which were indicated 
during the study. It is known that the lower wall of the maxillary 
sinus is formed by the alveolar process of the maxilla (processus 
alveolaris maxillae) and is represented by a plate measuring 
31.2±0.33x10^-3 m. Therefore, the study of maxillary sinus 
variants is impossible without investigating the spatial 
relationship of the teeth. In most cases (78%), the roots of the 

upper teeth do not open into the sinus. However, in these cases, 
7% had a wall thickness not exceeding 1x10^-6 m³. For most 
subjects, the thickness of the lower wall between the tooth roots 
and the sinus cavity was 1-13x10^-6 m³.

In 95% of cases, the lower wall is adjacent to the roots of the 
upper teeth. The roots of the first and second premolars are most 
frequently found in the sinus cavity (99%), while wisdom teeth 
are the least frequently found (1%). The thickness of the wall 
also varies significantly, being maximal in the middle part and 

Figure 1. CT Axial Slice and Coronal Reconstructions. Types of 
Maxillary Sinus Recesses (Pockets). Alveolar and palatine Recesses. 
The lower wall of the maxillary sinus is formed by the alveolar process 
of the maxilla (processus alveolaris maxillae).

Figure 2. Zygomatic Recess. The lower wall of the maxillary sinus is 
formed by the alveolar process of the maxilla (processus alveolaris 
maxillae).

Figure 3. CT Axial Slice. 1 – Alveolar process , 2 – Mandibular arch 3 
– Mandibular canal. The dimensions of the incisive canal are indicated 
by numbers.
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surgery [20-22], 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 
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 [23-26].

Our study focuses on calculating minimum density [27], which 
is crucial for predicting complications. We also computed this 
parameter using uncertainty calculations. This research holds 
practical value for physicians across different specialties. In 
all cases, CT scans should be considered the gold standard 
for diagnosing nearly all forms of rhinosinusitis, especially 
chronic cases. Understanding the structural features and spatial 
relationships of adjacent structures to the alveolar process can 
aid in surgical planning and mitigate complications. Information 
on changes in maxillary sinus wall density, particularly the 
lower wall, will benefit dentistry and maxillofacial surgery by 
preventing the inadvertent introduction of filling materials into 
the sinus and the onset of odontogenic inflammatory processes. 
Furthermore, this data is essential for selecting the optimal 
dental implantation technique.

During our investigation, we analyzed density and thickness 
indicators of alveolar bone tissue. These metrics are crucial for 
assessing the risk of maxillary sinus perforation during tooth 
extraction. Alveolar process thickness is pivotal for determining 
the need for sinus lifting as a preparatory step for subsequent 
surgeries. Additionally, reduced bone tissue thickness may 
indicate severe destructive changes within the sinus (based on 
the Global Osteitis Scale) [28, 29]. Additionally, to inflammatory 
changes, other pathological condition could influent for 
processes in that area, such as disturbance of microcirculation 
[30], metabolic disorders [31], diseases of connective tissue 
[32], hormonal changes [33, 34], harmful habits [35]. Certainly, 
we cannot exclude influence of undiagnosed pathological 
condition. Implementation of computer vision systems and 
artificial intelligence [36, 37] could allow consider more factors 
for detection of individual peculiarity for medical help.
Conclusion.

We determined its thickness, density, and identified teeth 
whose roots are connected to the maxillary sinus. The thickness 
of the alveolar process correlates with the volume of the sinus, 
showing a strong negative correlation (r=-0.92). Thus, with 
larger sinus sizes, the alveolar process has a smaller thickness. 
According to calculations, there is a correlation between the 
upper facial index and the size of the alveolar process (r=0.64). 
In dolichocephalic individuals, the longitudinal size is greater 
than in brachycephalic individuals, where the transverse size of 
the alveolar process prevails.

Funding: This research received no external funding.
Conflict of interest statement: The authors declare that the 

research was conducted in the absence of any commercial or 
financial relationships that could be construed as a potential 
conflict of interest.

minimal in the lateral part, measuring 1.905±0.021x10^-9 m 
and 1.15±0.011x10^-9 m, respectively.

In Figure 3, the alveolar process, mandibular arch, and 
mandibular canal are shown. The dimensions of the incisive 
canal are indicated by numbers.

The thickness of the alveolar process correlates with the volume 
of the sinus, showing a strong negative correlation (r=-0.92). 
Thus, with larger sinus sizes, the alveolar process has a smaller 
thickness (see Figure 3). According to calculations, there is a 
correlation between the upper facial index and the size of the 
alveolar process (r=0.64). In dolichocephalic individuals, the 
longitudinal size is greater than in brachycephalic individuals, 
where the transverse size of the alveolar process prevails. The 
overall standard uncertainty of measuring the density of the 
lower wall of the maxillary sinus was determined.

Analyzing the data from Table 3 reveals that the likely distribution 
of value Y falls within the range of ±U relative to the measured 
value y, with the confidence level of values Y in this interval 
determined by the probability (confidence level) p = 0.95.

Table 2. The total standard uncertainty of measuring the density of the 
lower wall of the maxillary sinus.

Name
Lower Wall of Maxillary Sinus 
Left Right
min max min max

Up 
(Hu) 220,18 306,74 197,62 310,20

Table 3. The results of measurements of the density of the lower wall 
of the frontal and maxillary sinuses, taking into account the extended 
uncertainty (Y = y ± Uextend).

Name
Lower Wall of Maxillary Sinus
Left Right
Min Max min max

Uextend
(Hu) 440,36 613,49 395,00 620,41

Y
(Hu)

-57,71±
440,36

1101,51±
613,49

96,28±
395,00

1028,69±
620,41

Anatomical variations in the paranasal sinuses are quite 
common, found in over 90% of patients with sinusitis or as 
incidental findings during routine examinations. Moreover, the 
progression of inflammatory processes in the paranasal sinuses 
(PNS) largely depends on the morphological characteristics of 
this region [14]. Therefore, each individual patient requires a 
personalized approach to diagnosis and treatment. According 
to Dong et al. [15], inflammatory processes in the PNS not 
only involve pathological changes in the sinus mucosa but 
also affect the bone tissue of its walls, resulting in significant 
changes such as bone alteration marked by demineralization, 
trabecular disappearance, focal sclerosis, and cortical bone plate 
destruction [16]. The extent of these changes likely correlates 
with the severity of the pathological process. Hence, patients 
with chronic rhinosinusitis merit attention not only from 
otolaryngologists but also from dentists.

The proposed research can be further expanded by introducing 
new data calculation methods [17-19] and predicting potential 
complications. It is also important to note that studies of this 
kind are significant not only in otolaryngology, maxillofacial 
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