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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: The maxillary sinus demonstrates marked
anatomical variability, which has important implications for
sinus ventilation, surgical access, and implant planning. While
computed tomography (CT) remains the standard modality
for anatomical assessment, conventional two-dimensional
measurements may inadequately represent complex three-
dimensional structures.

Aim: The aim of our study was to perform a three-dimensional
CT-based morphometric analysis of the maxillary sinus using
3D Slicer software and classical statistical methods, focusing
on volumetric characteristics, wall thickness, bone density, and
their interrelationships.

Materials and Methods: CT datasets of adult subjects
without sinonasal pathology were analyzed. Three-dimensional
segmentation and reconstruction of the maxillary sinus were
performed using 3D Slicer. Linear dimensions, sinus volume,
wall thickness, and bone density were measured. Statistical
analysis included descriptive statistics, Pearson correlation
analysis, and Bland—Altman agreement analysis.

Results: Maxillary sinus volume demonstrated strong
correlations with wall thickness parameters, particularly the
superior and medial walls. Three-dimensional measurements
revealed systematic differences compared to planar CT
measurements, with higher and more consistent wall thickness
values. Bone density measurements showed stable distributions
across sinus walls.

Conclusions: Three-dimensional CT-based analysis using 3D
Slicer provides a reliable and anatomically accurate approach
for evaluating maxillary sinus morphology. Classical statistical
analysis confirms meaningful structural relationships that are
not fully captured by two-dimensional measurements.

Key words. Maxillary sinus, computed tomography, 3D
reconstruction, morphometry, sinus anatomy.

Introduction.

The maxillary sinus is the largest of the paranasal sinuses
[1] and exhibits substantial interindividual variability in
size, shape, and internal architecture [2]. These anatomical
differences influence sinonasal physiology, surgical approaches
in otorhinolaryngology, dental implantation procedures,
and the interpretation of radiological findings [3]. Accurate
morphometric evaluation of the maxillary sinus is therefore
essential in both anatomical research and clinical practice.

Computed tomography (CT) is widely regarded as the imaging
modality of choice for evaluating paranasal sinus anatomy
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[4]. Traditional morphometric studies based on CT imaging
commonly rely on linear measurements obtained from axial,
coronal, or sagittal planes [5]. Although such measurements are
straightforward and reproducible, they reduce complex three-
dimensional anatomical structures to simplified two-dimensional
representations. This limitation becomes particularly relevant
when assessing curved sinus walls or irregular anatomical
configurations [6].

Three-dimensional reconstruction of CT datasets enables
volumetric visualization and measurement of anatomical
structures in their true spatial configuration. Advances in open-
source medical image analysis platforms have facilitated the
integration of 3D reconstruction into routine research workflows
[7]. Among these platforms, 3D Slicer has gained widespread
acceptance due to its flexibility, transparency, and extensive
validation in quantitative imaging studies.

Despite increasing use of 3D reconstruction, many anatomical
studies continue to rely on planar measurements and
descriptive statistics without fully exploring the added value
of three-dimensional analysis [8]. Moreover, comparisons
between conventional CT-based measurements and 3D-based
measurements using classical statistical approaches remain
limited, particularly for the maxillary sinus.

Recent studies have emphasized the importance of integrating
anatomical, functional, and biological factors in diagnostic
workflows [9]. In particular, genetic and molecular markers
have been shown to complement imaging-based assessment in
complex inflammatory and chronic conditions [ 10]. Such findings
support the concept that detailed anatomical morphometry,
including three-dimensional imaging of craniofacial structures,
represents an essential component of a broader, multifactorial
diagnostic framework.

The present study aims to address this gap by providing a
comprehensive three-dimensional CT-based morphometric
analysis of the maxillary sinus, employing classical statistical
methods to evaluate structural relationships and measurement
agreement.

According to everything was mentioned above the aim of
this study was to perform a three-dimensional morphometric
assessment of the maxillary sinus based on CT imaging using
3D Slicer software and to analyze volumetric and structural
parameters using classical statistical methods.

Materials and Methods.

Study Design and Imaging Data: The study included CT
datasets from 100 adult participants (50 males and 50 females)
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20-70 years old. The study population was evenly distributed
by sex and age to ensure balanced representation and minimize
potential demographic bias in the morphometric analysis.

Only CT examinations demonstrating normal maxillary sinus

anatomy without evidence of inflammatory disease, previous

surgery, trauma, congenital anomalies, or neoplastic processes
were included in the analysis.

The study protocol was reviewed and approved by the Bioethics
Committee of Kharkiv National Medical University (Protocol
No. 5, dated 11 November 2018). The study was conducted
in accordance with the ethical principles of the Declaration of
Helsinki. All imaging data were analyzed retrospectively, and
all CT datasets were fully anonymized prior to morphometric
and three-dimensional analysis. CT datasets obtained from
adult subjects undergoing head or maxillofacial imaging for
non-sinonasal indications. Only scans demonstrating normal
maxillary sinus anatomy without evidence of inflammatory
disease, previous surgery, trauma, or neoplastic processes were
included.

The CT examinations were performed using a 64-slice Toshiba
Aquilion scanner (Canon Medical Systems, Japan). Images
were acquired with the following parameters: tube voltage
120 kVp, automatic tube current modulation (approximately
100-250 mAs depending on patient size), slice thickness 0.5
mm, reconstruction interval 0.5 mm, matrix size 512 x 512,
and field of view adjusted individually to include the entire
maxillofacial region. Bone reconstruction kernel was used for
all examinations. The scans were acquired using a standard
paranasal sinus protocol with high spatial resolution. Imaging
parameters included thin-slice acquisition with tube voltage of
approximately 120 kVp, and automatic tube current modulation
to optimize image quality while minimizing radiation dose.
Images were reconstructed using a high-resolution bone
algorithm and exported in Digital Imaging and Communications
in Medicine (DICOM) format for further analysis.

Primary image review, multiplanar reconstruction, and initial
morphometric assessment were performed using RadiAnt
DICOM Viewer (Medixant, Poland). The software was used for
visualization of axial, coronal, and sagittal planes, adjustment
of window level and width, precise linear measurements,
and selection of regions of interest. DICOM datasets were
subsequently imported into dedicated three-dimensional
analysis software for segmentation and volumetric evaluation.

Three-dimensional reconstruction of the maxillary sinuses
was performed using 3D Slicer (open-source software, version
current at the time of analysis). DICOM datasets were imported
into the software environment, and segmentation was carried
out using a semi-automated workflow:

1. Initial threshold-based separation of air-filled sinus cavities
from surrounding bone.

2. Manual refinement of segmentation boundaries to ensure
anatomical accuracy. Segmentation accuracy was verified
slice-by-slice in axial, coronal, and sagittal planes. The
generated three-dimensional models were visually inspected
before morphometric measurements were performed. Wall
thickness measurements were obtained perpendicular to the
local cortical surface using multiplanar visualization.

3. Generation of three-dimensional surface models of the
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maxillary sinuses.
4. Calculation of volumetric parameters
segmented models.
Both left and right maxillary sinuses were analyzed separately
(Figure 1).

Morphometric Measurements:

directly from

The following parameters were assessed:

1. Linear dimensions: maximum height, width, and depth of the
sinus.

2. Volume: total sinus volume derived from 3D segmentation.

3. Wall thickness measurements were performed at standardized
anatomical landmarks located in the central portions of the
maxillary sinus walls (Figure 2).

On coronal CT images, the superior wall was measured at the
midpoint of the orbital floor, the medial wall at the midpoint
of the bony wall separating the maxillary sinus from the nasal
cavity, and the lateral wall at the midpoint of the lateral bony
wall of the sinus. On axial CT images, measurements were
obtained at the central portions of the anterior and posterior
walls. To ensure consistency and minimize geometric error,
all measurements were performed perpendicular to the cortical
bone surface.

4. Bone density: mean Hounsfield unit (HU) values obtained
from standardized regions of interest within sinus walls.

5. Measurements were performed using tools available within
3D Slicer and verified visually to ensure consistency.

All statistical analyses were conducted using classical
statistical methods. Continuous variables are presented as mean
+ standard deviation (SD). Pearson’s correlation coefficient
(r) was used to assess relationships between sinus volume
and morphometric parameters. Agreement between planar CT
measurements and 3D-based measurements was evaluated
using Bland—Altman analysis. A p-value < 0.05 was considered
statistically significant.

To assess intra-observer reproducibility, 30 randomly selected
CT examinations were re-measured by the same observer after
a two-week interval. The repeated measurements demonstrated
excellent agreement, with no statistically significant differences
between the two measurement sessions.

Results.

General Morphometric Characteristics:

The maxillary sinus demonstrated substantial variability in
linear dimensions and volume across the study population.
Three-dimensional reconstruction allowed precise visualization
of sinus morphology and revealed asymmetries that were not
consistently evident on planar CT slices.

Mean sinus volume showed a wide distribution, reflecting
interindividual anatomical variability. Linear dimensions
correlated moderately with sinus volume, whereas wall
thickness parameters exhibited stronger associations.

Wall thickness measurements obtained from three-dimensional
models were consistently higher than those obtained using
conventional planar CT measurements. This difference was
most pronounced for the medial and superior walls, which
typically exhibit curved or oblique orientations relative to
standard anatomical planes.



351

d

Figure 2. Standardized anatomical landmarks used for wall thickness measurements.

Comparison of Medial Maxillary Sinus Wall Thickness
Measured by CT and 3D Reconstruction
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Figure 3. Box plot comparing medial maxillary sinus wall thickness measured by CT-based planar assessment and three-dimensional
reconstruction. Three-dimensional measurements demonstrate higher median values and reduced variability.
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Figure 4. Comparison of maxillary sinus wall thickness measured by CT-based planar assessment and three-dimensional reconstruction. Data
are presented as mean * standard deviation.
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Figure 5. Scatter plot demonstrating the relationship between maxillary sinus volume and superior wall thickness. A strong positive linear
association is observed between increasing sinus volume and superior wall thickness.

Table 1. Maxillary sinus wall thickness measured by CT-based planar assessment and 3D reconstruction.

Maxillary sinus wall

CT-based measurement (mm), mean = SD

3D reconstruction (mm), mean £+ SD

Anterior wall

1.92 £0.31

2.05+0.29

Posterior wall

1.78 £0.28 1.91+0.27
Medial wall 1.12+£0.26 1.38+0.24
Superior wall 1.45+£0.30 1.67 £0.28

Note: Values are presented as mean * standard deviation. Three-dimensional measurements demonstrate consistently higher wall thickness values

compared to planar CT assessment.

Table 2. Bone density of maxillary sinus walls assessed on CT imaging.

Maxillary sinus wall Bone density (HU), mean + SD
Anterior wall 160.1 £23.4

Posterior wall 144.8 £23.8

Medial wall 79.4 £ 23.6

Lateral wall 144.8 £23.8

Note: Bone density values were measured in Hounsfield units (HU) using standardized regions of interest on CT images.
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Table 3. Correlation between maxillary sinus volume and morphometric parameters.

Parameter pair Pearson’s r

Sinus volume — superior wall thickness 0.96
Sinus volume — medial wall thickness 0.72
Sinus volume — anterior wall thickness 0.66

p-value Interpretation
<0.001 Very strong positive
0.005 Strong positive
<0.001 Moderate positive

Note: Pearson correlation analysis was used to assess linear relationships between maxillary sinus volume and wall thickness parameters.

As shown in Table 1, wall thickness values obtained using
three-dimensional reconstruction were consistently higher than
those measured by CT-based planar assessment for all maxillary
sinus walls. The greatest differences were observed for the
medial and superior walls, whereas anterior and posterior walls
demonstrated smaller but systematic increases in thickness
when assessed in three dimensions.

As presented in Table 2, bone density values varied across
different walls of the maxillary sinus, with the highest mean
density observed in the anterior wall and the lowest values
recorded in the medial wall. Overall, the distribution of
Hounsfield unit values reflected expected regional differences
in sinus wall structure.

Pearson correlation analysis demonstrated a strong positive
correlation between sinus volume and superior wall thickness.
Moderate to strong correlations were also observed between
sinus volume and medial wall thickness, suggesting coordinated
structural adaptation of the sinus walls.

As summarized in Table 3, maxillary sinus volume
demonstrated strong positive correlations with wall thickness
parameters, particularly with the superior wall thickness. A
moderate to strong association was also observed between
sinus volume and medial wall thickness, indicating coordinated
structural relationships within the maxillary sinus.

Bland—Altman analysis revealed a systematic bias between
planar and 3D-based measurements, with planar CT tending to
underestimate wall thickness in regions of complex curvature.

Graphical Analysis.

Graphical representation of the data supported the
numerical findings. Bland—Altman plots illustrated consistent
underestimation of wall thickness by planar CT measurements.
Box plots demonstrated narrower distributions and higher
median values for 3D-based wall thickness measurements,
reflecting improved consistency.

Scatter plots depicting the relationship between sinus
volume and wall thickness revealed strong linear associations,
particularly for the superior wall.

As illustrated in Figure 3, three-dimensional reconstruction
yielded higher median values of medial maxillary sinus wall
thickness compared to CT-based planar measurements. The
interquartile range was narrower for 3D-based measurements,
indicating greater consistency, whereas CT-based measurements
demonstrated a wider spread and lower central tendency.

As shown in Figure 4, mean wall thickness values were
higher for all maxillary sinus walls when measured using
three-dimensional reconstruction compared to planar CT
assessment. The difference was most pronounced for the medial
and superior walls, while anterior and posterior walls showed
smaller differences.

As demonstrated in Figure 5, a strong positive linear
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relationship was observed between maxillary sinus volume and
superior wall thickness. Increasing sinus volume was associated
with greater superior wall thickness, as reflected by the clear
linear trend in the scatter plot.

Bone density measurements expressed in Hounsfield units
demonstrated relatively stable mean values across sinus walls.
Variability in density was observed between different anatomical
regions, with thinner walls generally exhibiting lower density
values.

No significant systematic differences in bone density
were observed between planar and 3D-based measurement
approaches, indicating that CT-derived density values are
robust to the measurement method when standardized regions
of interest are used.

Discussion.

The observed differences between CT-based planar
measurements and three-dimensional measurements are
primarily related to geometric characteristics of the maxillary
sinus walls rather than to random variability. Conventional
planar CT assessment relies on measurements performed within
fixed axial, coronal, or sagittal planes, which do not necessarily
correspond to the true orientation of sinus walls [11,12].
Several walls of the maxillary sinus, particularly the medial and
superior walls, demonstrate oblique orientation and complex
curvature. When the measurement axis is not perpendicular
to the bony surface, planar assessment may underestimate the
actual wall thickness. Three-dimensional reconstruction enables
measurements to be performed along the true anatomical surface
of the sinus walls, independent of slice orientation, thereby
providing a more anatomically representative evaluation.
Consequently, the discrepancies observed between planar and
3D-based measurements reflect inherent geometric limitations
of two-dimensional assessment rather than inconsistencies in
measurement technique.

The strong positive relationship observed between maxillary
sinus volume and wall thickness parameters suggests the
presence of coordinated structural characteristics within the
sinus complex. Increased sinus volume may be associated
with adaptive remodeling of surrounding bony walls rather
than uniform thinning. In particular, the superior wall appears
to demonstrate a pronounced association with sinus volume,
which may reflect its anatomical relationship with the orbital
floor and the distribution of biomechanical forces during sinus
pneumatization. These findings indicate that changes in sinus
volume and wall thickness are not independent processes
but rather reflect interconnected aspects of maxillary sinus
development and morphology.

From an anatomical and functional perspective, the medial
and superior walls of the maxillary sinus are of particular
importance [13,14]. The medial wall plays a key role in sinus



drainage and ventilation [15], while the superior wall forms part
of the orbital floor and represents a critical anatomical boundary
[16]. Accurate assessment of wall thickness in these regions
is therefore essential [17]. Underestimation of wall thickness
based on planar CT measurements may influence anatomical
interpretation and preoperative assessment, particularly in
cases where precise knowledge of bony boundaries is required
[18]. Three-dimensional morphometric evaluation allows
more reliable characterization of these functionally significant
regions.

The findings of the present study have direct clinical
implications for both otorhinolaryngological and dental surgical
procedures. In endoscopic sinus surgery, precise knowledge
of medial and superior wall thickness may contribute to safer
surgical navigation and reduced risk of iatrogenic complications
[19]. Similarly, in dental implantology and sinus lift procedures,
accurate assessment of maxillary sinus wall thickness is crucial
for selecting appropriate surgical techniques and minimizing
the risk of membrane perforation [20]. Three-dimensional
morphometric data may therefore enhance preoperative
planning by providing anatomically accurate information that
cannot be fully captured by planar measurements alone.

The absence of statistically significant differences in bone
density measurements between planar and three-dimensional
assessment methods suggests that CT-derived Hounsfield unit
[21] values remain robust when standardized measurement
protocols are applied. Bone density represents a local tissue
property thatis less influenced by geometric orientation compared
to thickness measurements. Consequently, densitometric
assessment of maxillary sinus walls can be reliably performed
using conventional CT imaging, provided that regions of interest
are consistently defined. These findings support the continued
use of CT-based densitometry in anatomical and clinical studies
of the maxillary sinus.

The use of three-dimensional reconstruction based on CT
datasets provides methodological advantages for anatomical
research [22]. Three-dimensional analysis allows direct
interaction with complex anatomical structures and reduces
dependence on predefined imaging planes. The application of
an open-source platform for segmentation and measurement
enhances transparency and reproducibility, facilitating
comparison across studies. Importantly, three-dimensional
reconstruction should be regarded not merely as a visualization
tool but as a quantitative method that complements conventional
morphometric approaches [23].

Recent anatomical and radiological studies have emphasized
the considerable variability of maxillary sinus morphology
across populations [24,25]. Differences in reported
morphometric values among studies are likely attributable to
variations in imaging protocols, segmentation strategies, and
sample characteristics. The present findings are consistent with
the general trend reported in recent literature, while highlighting
the influence of measurement methodology on wall thickness
assessment. Three-dimensional approaches may therefore
contribute to improved standardization of morphometric
evaluation in future studies with improving understanding
of epidemiologic tendency [26,27] and digital medicine
achievement implementation [28,29].
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Accurate three-dimensional assessment of maxillary sinus
morphology may improve preoperative planning for endoscopic
sinus surgery by providing precise information regarding the
thickness of the medial and superior walls. In implant dentistry,
reliable evaluation of sinus wall morphology may facilitate sinus
floor elevation procedures and reduce the risk of Schneiderian
membrane  perforation. Furthermore, three-dimensional
morphometric characteristics of the maxillary sinus may
contribute to forensic anthropology and human identification
because of the considerable interindividual variability of sinus
anatomy.

Study Limitations.

Several limitations of this study should be acknowledged. The
retrospective design limits the ability to correlate morphometric
findings with clinical symptoms or functional outcomes.
In addition, although segmentation was performed using a
standardized semi-automated workflow, a degree of observer
dependence cannot be completely excluded. These limitations
should be considered when interpreting the results; however,
they do not diminish the anatomical relevance of the observed
morphometric relationships. Sex-specific, age-specific, and
side-related analyses were beyond the scope of the present
study and should be addressed in future investigations involving
larger study populations.

Future directions.

Future studies may expand upon the present findings by
incorporating age- and sex-specific analyses, assessment
of bilateral asymmetry, and correlation with clinical or
surgical outcomes. Further refinement of three-dimensional
morphometric thresholds may also enhance their applicability
in preoperative planning and anatomical classification of
maxillary sinus morphology. Contemporary medical research
increasingly relies on structured quantitative data to support
diagnostic and decision-making processes [26]. Approaches
based on time series analysis and decision support systems have
been successfully applied in other medical domains to identify
complex patterns and improve predictive accuracy. Although
the present study is focused on anatomical morphometry and
classical statistical analysis, three-dimensional imaging data of
the maxillary sinus may represent a valuable input for future
decision-support frameworks integrating anatomical, clinical,
and functional parameters [27].

Conclusion.

1. Three-dimensional CT-based reconstruction using 3D Slicer
enables accurate and reproducible morphometric assessment
of the maxillary sinus.

2. Planar CT measurements systematically underestimate wall
thickness in anatomically complex regions.

3. Maxillary sinus volume demonstrates strong structural
associations with wall thickness, particularly of the superior
wall.

4. Classical statistical analysis remains a powerful and
transparent tool for evaluating anatomical relationships in
three-dimensional imaging data. It has potential applications
in otolaryngology, oral and maxillofacial surgery, implant
dentistry, and forensic identification.
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