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Abstract: Anatomical variations and tomographic findings of the maxillary sinus are of great clinical
relevance, especially in dental procedures, due to their influence on diagnosis, treatment planning, and
prognosis. The aim of this study was to describe the anatomical variations and tomographic findings of
the maxillary sinus evaluated using Cone Beam Computed Tomography scans from the Luis Vallejos
Santoni University Stomatological Center. A descriptive, non-experimental, retrospective, cross-sec-
tional study with a quantitative approach was conducted. The population consisted of 667 Cone Beam
Computed Tomography scans. The sample included 191 tomographic scans that met the inclusion and
exclusion criteria, corresponding to 382 evaluated maxillary sinuses. Non-probabilistic convenience
sampling was used, and the technique employed was direct observation of tomographic images. Class
[II pneumatization was identified as the most frequent finding (39.3%), followed by the presence of
septa (34.8%), mucous retention pseudocysts (25.4%), exostoses (4.2%), and hypoplasia (1%). The
findings were more frequent in the age group between 32 and 50 years and in female patients. Regard-
ing the hemiarch, exostosis, pseudocysts, and pneumatization predominated on the left side, whereas
septa were more frequent on the right side. According to dental conditions, the findings were more
common in partially dentate patients. Anatomical variations of the maxillary sinus were frequent in the
studied population, with Class III pneumatization and the presence of septa being the most prevalent.
Additionally, a significant frequency of mucous retention pseudocysts was identified as an incidental
tomographic finding. Cone Beam Computed Tomography proved to be a reliable diagnostic tool for
identifying these characteristics and significantly contributing to safer preoperative planning, particu-
larly in dental implantology and oral surgery.

Keywords: Maxillary Sinus; Anatomical Variations; Tomographic Findings; Cone Beam Computed To-
mography.

1. Introduction

The paranasal sinuses are cavities located within the craniofacial skeletal bones
and are connected to the nasal cavities. Their primary function is to condition the air
entering through the nasal passages; they also reduce the weight of the skull and
contribute to respiration and phonation. There are four paranasal sinuses, named
after the bone in which they are located: the frontal sinus, ethmoidal sinus, sphe-
noidal sinus, and maxillary sinuses [1].

The maxillary sinuses are directly related to the dentoalveolar process. They are
cavities located within the maxillary bone, characterized by a pyramidal and irregu-
lar shape. Their base is oriented toward the nasal cavity, while the apex extends to-
ward the zygomatic bone. Superiorly, they are bounded by the inferior border of the
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orbit, and inferiorly by the roots of the posterior teeth. These sinuses are larger than
those found in other cranial and facial bones. Internally, they are lined by ciliated
respiratory mucosa that secretes mucus, whose main function is to trap and elimi-
nate inhaled foreign particles. Both maxillary sinuses drain into the nasal meatus
through the ostium, whose patency is essential for the maxillary sinus to function
properly [2,3].

The maxillary sinuses may present several anatomical variations, the most com-
mon being unilateral or bilateral alveolar pneumatization, hypoplasia, agenesis,
septa, and exostoses. In addition, tomographic evaluation may reveal other imaging
findings, such as mucous retention pseudocysts, which, although not true anatomical
variations, may influence surgical planning and clinical management. Other patho-
logical conditions affecting these sinuses include mucosal thickening, polyps, muco-
celes, and obstruction of the ostium, among others [4-6].

Knowledge of the anatomy and potential variations of the maxillary sinuses, as
well as the ability to distinguish them from associated pathological conditions, is es-
sential for supporting clinicians in diagnosis, prognosis, treatment planning, and risk
assessment in patients requiring surgery in this region [7]. Therefore, the aim of this
study was to describe the anatomical variations of the maxillary sinuses evaluated
using Cone Beam Computed Tomography (CBCT) scans from the Luis Vallejos San-
toni University Stomatological Center, Cusco, 2024. This research addresses the clin-
ical relevance of the topic, the lack of specific studies in the population of Cusco, and
the need for such information to improve implant treatment planning and outcomes.

2. Materials and Methods

The study had a descriptive scope, with a non-experimental, retrospective,
cross-sectional design and a quantitative approach. The study population consisted
of a total of 667 Cone Beam Computed Tomography (CBCT) scans from patients who
attended the Imaging Diagnostic Service of the Luis Vallejos Santoni University Sto-
matological Center during the period 2019-2023. The sample comprised 191 CBCT
scans that met the established inclusion and exclusion criteria. A non-probability
convenience sampling technique was employed, whereby available CBCT scans
meeting the specified criteria were selected, considering data accessibility and avail-
ability within the study period.

2.1 Inclusion criteria

e High-quality CBCT scans allow visualization of both maxillary sinuses
(completely represented) and the maxillary arch, without motion arti-
facts or image distortion.

e (CBCT scans of patients of both sexes aged 18 years or older.
e (CBCT scans of dentate, partially dentate, and edentulous patients.

e (CBCT scans without detectable pathology or the presence of foreign
bodies.

2.2 Exclusion criteria
e (CBCT scans of the same patient acquired at different time periods.
e (CBCT scans of individuals with primary or mixed dentition.

e History of maxillary surgery involving maxillary sinuses, acute trauma,
or lesions affecting the maxillary sinus.

e (CBCT scans of patients who had previously undergone maxillary sinus
surgery and implant placement.
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e (CBCT scans in which the posterior teeth of the maxilla presented peri-
apical inflammatory disease.

e (CBCT scans of patients with fractures, craniofacial malformations, cystic
lesions, or tumors involving the maxilla.

This study began with obtaining the corresponding permissions from the Uni-
versidad Andina del Cusco, the Luis Vallejos Santoni University Stomatological Cen-
ter, and its Imaging Diagnostic Service in order to access the database of Cone Beam
Computed Tomography (CBCT) scans performed between 2019 and 2023. All scans
were evaluated using DICOM Irys software. The data collection form was previously
validated by four experts before being applied in this research. Observations were
recorded for each of the following variables: hypoplasia, agenesis, exostosis, septum,
and alveolar pneumatization. Additionally, the presence of mucous retention pseu-
docysts was recorded as an incidental tomographic finding. To assess anatomical
variations, the following parameters were considered:

A. Pneumatization (Figure 1): Pneumatization was considered present when
there was an extension or invasion of the maxillary sinus into the alveolar bone mar-
gins following bone resorption. The following criteria were used to determine the
presence or absence of pneumatization:

e Afirsthorizontal line connecting two points marked at the most inferior
portion of each orbital rim.

e Asecond horizontal line connecting two points located at the most infe-
rior margin of each zygomatic process; both lines were parallel to each
other.

e Distance A (Figure 2): A vertical line measuring the distance from the
most inferior point of each orbital rim to the most inferior point of each
zygomatic process.

e Distance B (Figure 2): A vertical line measuring the distance from the
most inferior point of each zygomatic process to the most inferior bor-
der of the maxillary sinus floor.

e Pneumatization was defined when the result of the calculation B - A >
0.5 [8].

Figure 1: Parameters Used to Define Pneumatization of the Maxillary Sinus [9].

For the classification of maxillary sinus pneumatization, the following measure-
ments were performed (Figure 3):
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e Below the hard palate, a line was drawn connecting the highest points
of the medial walls of both maxillary sinuses (P1 on the right side and
P2 on the left side).

The maxillary sinus depth (MSD) was measured from the lowest point of the maxil-
lary sinus floor (P3 on the right side and P4 on the left side) to its projection onto the
hard palate plane (defined by the line connecting points P1 and P2). A perpendicular
line was drawn, and the distance was recorded in millimeters.

Figure 2: Distances A and B Used to Assess Maxillary Sinus Pneumatization [10].

Figure 3: Parameters Used for Measuring Sinus Depth [11].

Classification of Maxillary Sinus Pneumatization Depth (Figure 4):

e (lass I: The sinus floor is located above the level of the hard palate.

e (lass II: The sinus floor projects 0 to 6 mm below the level of the hard
palate.

e (lass III: The maxillary sinus floor projects more than 6 mm below the
level of the hard palate.

B. Hypoplasia

The presence or absence of developmental alterations of the maxillary sinuses
was evaluated according to specific criteria for the identification of hypoplasia. The
parameters described by Geraghty and Dolan were considered, including vertical en-
largement of the orbit and the lateral position of the infraorbital neurovascular canal.
Additionally, the criteria proposed by Bolger et al., as cited in the article by Kapoor
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et al. regarding the classification of maxillary sinus hypoplasia, were considered.
These criteria included:

e Hypoplastic or absent uncinate process.

o Flattening of the lateral wall of the maxillary sinus.

e Reduction in the size of the maxillary sinus.

e Lateral bulging of the nasal wall toward the affected side.

e Alterations in the thickness of the mucosa of the affected maxillary si-
nus.

e Elevation of the canine fossa.
e Elongation of the superior orbital fissure.

Elongation of the pterygopalatine fissure [12-14].

Figure 4: Projection of the Hard Palate: Class [, II, and III [11].

The parameters described by Geraghty and Dolan were considered, including
vertical enlargement of the orbit and the lateral position of the infraorbital neuro-
vascular canal. Additionally, the criteria proposed by Bolger et al,, as cited in the ar-
ticle by Kapoor et al. regarding the classification of maxillary sinus hypoplasia, were
considered. These criteria included:

e Hypoplastic or absent uncinate process.

o Flattening of the lateral wall of the maxillary sinus.

e Reduction in the size of the maxillary sinus.

e Lateral bulging of the nasal wall toward the affected side.

e Alterations in the thickness of the mucosa of the affected maxillary si-
nus.

e Elevation of the canine fossa.
o Elongation of the superior orbital fissure.
¢ Elongation of the pterygopalatine fissure [12-14].
C. Agenesis
The presence or absence of the maxillary sinus was assessed in both coronal and
axial planes [15,16].
D. Septa

The presence or absence of sharp bony walls within the maxillary sinuses was
evaluated by measuring the distance from the lowest point of the sinus floor to the
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apex of the septum in the section showing the greatest extent of the septal structure.
Structures measuring less than 2 mm were not considered septa. Septa were classi-
fied according to frequency as single or multiple.

E. Exostosis

Cone Beam Computed Tomography scans were examined for the presence or
absence of rounded bony outgrowths attached to the walls of the maxillary sinuses
[17].

F. Mucous Retention Pseudocyst (Incidental Tomographic Finding)

The presence or absence of a homogeneous soft-tissue density mass without
cortical lining and exhibiting a dome-shaped or cupola-like appearance projecting
into the lumen of the maxillary sinus was recorded [18,19].

To ensure the validity of the study, several criteria were applied to guarantee
that the data collection instrument accurately measured anatomical variations of the
maxillary sinus using Cone Beam Computed Tomography (CBCT). The data collection
form was developed based on updated scientific literature and previous studies on
maxillary sinus anatomical variations. Content validity was established through re-
view and evaluation by four experts in radiology and implantology, who confirmed
the instrument’s relevance and clarity. Data obtained in the present study were com-
pared with findings from previous CBCT-based investigations assessing anatomical
variations, allowing verification of the consistency and accuracy of the results.

Furthermore, data analysis was performed using SPSS version 22, ensuring rig-
orous and reliable processing of information. A standardized protocol for the obser-
vation and interpretation of tomographic images was established to minimize poten-
tial bias during data collection. A calibration process was conducted for the evaluator
to reduce variability in the identification of anatomical variations. The results may
be generalized to populations with similar characteristics, as the sample of 191
tomographic scans was obtained from a specialized center with a high patient vol-
ume. The sample selection was conducted according to clearly defined inclusion and
exclusion criteria, ensuring the representativeness of the collected data.

Regarding reliability, strategies were implemented to ensure stability and con-
sistency of measurements. Interobserver reliability was assessed using the Kappa
coefficient, demonstrating a high level of agreement in the identification of maxillary
sinus anatomical variations. Likewise, interobserver reliability was ensured through
a second evaluation of a subset of tomographic scans at different time points by the
same examiner, yielding consistent results.

To further strengthen the reliability of the study, the procedure was standard-
ized to ensure that all tomographic scans were acquired using the same equipment
and constant technical parameters, thereby guaranteeing homogeneity in image
quality. In addition, image analysis was performed using specialized software, reduc-
ing the margin of error in data interpretation. Finally, the methodology employed
allows the reproducibility of the study in future investigations conducted under sim-
ilar conditions, ensuring the consistency and reliability of the results obtained.

For the data analysis plan, given the descriptive nature of the study, the data
were collected and systematically transferred according to the study objectives into
a Microsoft Excel spreadsheet. Subsequently, SPSS version 22 was used for data pro-
cessing and statistical analysis. Descriptive analysis was performed using simple and
double-entry tables, presenting the corresponding frequencies.

3. Results

Table 1 presents the anatomical variations and tomographic findings of the
maxillary sinus evaluated by Cone Beam Computed Tomography (CBCT), in which a
total of 382 maxillary sinuses were analyzed. The most frequent variation was Class
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III pneumatization, observed in 39.3% of cases, followed by the presence of sinus
septa (34.8%) and mucous retention pseudocysts (25.4%). Less frequently observed
findings included exostoses (4.2%) and hypoplasia (1.0%) (Table 1).

Table 1: Anatomical Variations and Tomographic Findings of the Maxillary Sinuses
Evaluated by Cone Beam Computed Tomography (CBCT).

Anatomical Variations of the Maxillary Sinuses Category n %

Hypoplasia Absent 378 99.0
Present 4 1.0

Total 382 100.0

Agenesis Absent 382 100.0
Present 0 0.0

Total 382 100.0

Exostosis Absent 366 95.8
Present 16 4.2

Total 382 100.0

Mucous Retention Pseudocyst Absent 285 74.6

Present 97 254

Total 382 100.0

Septum Absent 249 65.2

Single 59 15.4

Multiple 74 19.4

Total 382 100.0

Pneumatization Absent 159 41.6
Class 1 5 1.3

Class I 68 17.8

Class III 150 39.3

Total 382 100.0

According to age group, the highest proportion of anatomical variations was ob-
served among patients aged 32-50 years (36.1%), followed by those aged <31 years
(33.5%) and >51 years (30.4%). Class Il pneumatization predominated across all
age groups, with the highest frequency observed among individuals aged 32-50
years (14.4%). Likewise, multiple septa were most frequently identified in this same
age group (8.4%). Hypoplasia was observed exclusively in patients older than 32
years (Table 2).

Table 2: Anatomical Variations and Tomographic Findings of the Maxillary Sinuses
According to Age Group.

Anatomical Variations

Category <31 Yearsn (%) 32-50Yearsn (%) =51Yearsn (%) Totaln (%)

Hypoplasia

Agenesis

Absent 128 (33.5) 136 (35.6) 114 (29.8) 378 (99.0)
Present 0 (0.0) 2(0.5) 2(0.5) 4 (1.0)
Total 128 (33.5) 138 (36.1) 116 (30.4) 382 (100.0)
Absent 128 (33.5) 138 (36.1) 116 (30.4) 382 (100.0)
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Present 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Total 128 (33.5) 138 (36.1) 116 (30.4) 382 (100.0)
Exostosis Absent 124 (32.5) 133 (34.8) 109 (28.5) 366 (95.8)
Present 4(1.0) 5(1.3) 7 (1.8) 16 (4.2)
Total 128 (33.5) 138 (36.1) 116 (30.4) 382 (100.0)
Mucous Retention Pseudocyst Absent 98 (25.7) 95 (24.9) 92 (24.1) 285 (74.6)
Present 30 (7.9) 43 (11.3) 24 (6.3) 97 (25.4)
Total 128 (33.5) 138 (36.1) 116 (30.4) 382 (100.0)
Septum Absent 84 (22.0) 81 (21.2) 84 (22.0) 249 (65.2)
Single 14 (3.7) 25 (6.5) 20 (5.2) 59 (15.4)
Multiple 30 (7.9) 32 (8.4) 12 (3.1) 74 (19.4)
Total 128 (33.5) 138 (36.1) 116 (30.4) 382 (100.0)
Pneumatization Absent 45 (11.8) 62 (16.2) 52 (13.6) 159 (41.6)
Class I 3(0.8) 2 (0.5) 0 (0.0) 5(1.3)
Class II 30 (7.9) 19 (5.0) 19 (5.0) 68 (17.8)
Class 111 50 (13.1) 55(14.4) 45 (11.8) 150 (39.3)
Total 128 (33.5) 138 (36.1) 116 (30.4) 382 (100.0)

Regarding sex, anatomical variations were more frequently observed in females
(65.4%) than in males (34.6%). Class Il pneumatization was again the predominant
alteration in both groups, with a higher prevalence among women (23.6%) com-
pared to men (15.7%). Similarly, mucous retention pseudocysts (16.5%) and multi-
ple septa (14.4%) were more frequently observed in the female sex (Table 3).

Table 3: Anatomical Variations and Tomographic Findings of the Maxillary Sinuses

According to Sex.

Anatomical Variations Category Male n (%) Female n (%) Total n (%)
Hypoplasia Absent 130 (34.0) 248 (64.9) 378 (99.0)
Present 2 (0.5) 2 (0.5) 4 (1.0)
Total 132 (34.6) 250 (65.4) 382 (100.0)
Agenesis Absent 132 (34.6) 250 (65.4) 382 (100.0)
Present 0 (0.0) 0 (0.0) 0 (0.0)
Total 132 (34.6) 250 (65.4) 382 (100.0)
Exostosis Absent 126 (33.0) 240 (62.8) 366 (95.8)
Present 6 (1.6) 10 (2.6) 16 (4.2)
Total 132 (34.6) 250 (65.4) 382 (100.0)
Mucous Retention Pseudocyst Absent 98 (25.7) 187 (49.0) 285 (74.6)
Present 34 (8.9) 63 (16.5) 97 (25.4)
Total 132 (34.6) 250 (65.4) 382 (100.0)
Septum Absent 93 (24.3) 156 (40.8) 249 (65.2)
Single 20 (5.2) 39 (10.2) 59 (15.4)
Multiple 19 (5.0) 55 (14.4) 74 (19.4)
Total 132 (34.6) 250 (65.4) 382 (100.0)
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Pneumatization Absent 54 (14.1) 105 (27.5) 159 (41.6)
Class | 3(0.8) 2 (0.5) 5(1.3)
Class II 15 (3.9) 53 (13.9) 68 (17.8)
Class I1I 60 (15.7) 90 (23.6) 150 (39.3)
Total 132 (34.6) 250 (65.4) 382 (100.0)

With respect to hemiarch distribution, anatomical variations were similarly dis-
tributed between both sides. However, a slightly higher frequency was observed in
the left hemiarch for mucous retention pseudocysts (13.1%) and Class III pneumati-
zation (20.7%), compared with the right hemiarch (12.3% and 18.6%, respectively).
Multiple septa showed an equivalent distribution in both hemiarches (9.7% each)
(Figure 4).

Table 4: Anatomical Variations and Tomographic Findings of the Maxillary Sinuses

According to Hemiarch.

Anatomical Variations Category Right n (%) Left n (%) Total n (%)
Hypoplasia Absent 189 (49.5) 189 (49.5) 378 (99.0)
Present 2 (0.5) 2 (0.5) 4 (1.0)
Total 191 (50.0) 191 (50.0) 382 (100.0)
Agenesis Absent 191 (50.0) 191 (50.0) 382 (100.0)
Present 0 (0.0) 0 (0.0) 0 (0.0)
Total 191 (50.0) 191 (50.0) 382 (100.0)
Exostosis Absent 184 (48.2) 182 (47.6) 366 (95.8)
Present 7 (1.8) 9(2.4) 16 (4.2)
Total 191 (50.0) 191 (50.0) 382 (100.0)
Mucous Retention Pseudocyst Absent 144 (37.7) 141 (36.9) 285 (74.6)
Present 47 (12.3) 50 (13.1) 97 (25.4)
Total 191 (50.0) 191 (50.0) 382 (100.0)
Septum Absent 121 (31.7) 128 (33.5) 249 (65.2)
Single 33 (8.6) 26 (6.8) 59 (15.4)
Multiple 37 (9.7) 37 (9.7) 74 (19.4)
Total 191 (50.0) 191 (50.0) 382 (100.0)
Pneumatization Absent 83 (21.7) 76 (19.9) 159 (41.6)
Class 1 3(0.8) 2(0.5) 5(1.3)
Class II 34 (8.9) 34 (8.9) 68 (17.8)
Class 111 71 (18.6) 79 (20.7) 150 (39.3)
Total 191 (50.0) 191 (50.0) 382 (100.0)

Regarding dental status, anatomical variations were most frequently observed

in partially dentate patients (71.7%), followed by dentate patients (27.2%), and to a
much lesser extent, edentulous patients (1.0%). Within this group, Class III pneuma-
tization was the predominant alteration (28.0%), followed by mucous retention
pseudocysts (17.5%) and multiple septa (12.8%) (Table 5).



Anatomical Variations and Tomographic Findings of the Maxillary Sinus Evaluated by Cone Beam Computed Tomography (CBCT) 10 de 14

Table 5: Anatomical Variations and Tomographic Findings of the Maxillary Sinuses
According to Dental Status.

Anatomical Variations

Category Partially Dentate n (%) Edentulousn (%) Dentaten (%) Total n (%)

Hypoplasia

Agenesis

Exostosis

Mucous Retention Pseu-

docyst

Septum

Pneumatization

Absent 270 (70.7) 4(1.0) 104 (27.2) 378 (99.0)
Present 4 (1.0) 0 (0.0) 0 (0.0) 4(1.0)
Total 274 (71.7) 4(1.0) 104 (27.2) 382 (100.0)
Absent 274 (71.7) 4(1.0) 104 (27.2) 382 (100.0)
Present 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Total 274 (71.7) 4(1.0) 104 (27.2) 382 (100.0)
Absent 262 (68.6) 4(1.0) 100 (26.2) 366 (95.8)
Present 12 (3.1) 0 (0.0) 4(1.0) 16 (4.2)
Total 274 (71.7) 4(1.0) 104 (27.2) 382 (100.0)
Absent 207 (54.2) 2 (0.5) 76 (19.9) 285 (74.6)
Present 67 (17.5) 2 (0.5) 28 (7.3) 97 (25.4)
Total 274 (71.7) 4(1.0) 104 (27.2) 382 (100.0)
Absent 179 (46.9) 4(1.0) 66 (17.3) 249 (65.2)
Single 46 (12.0) 0 (0.0) 13 (3.4) 59 (15.4)
Multiple 49 (12.8) 0 (0.0) 25 (6.5) 74 (19.4)
Total 274 (71.7) 4(1.0) 104 (27.2) 382 (100.0)
Absent 122 (31.9) 3(0.8) 34 (8.9) 159 (41.6)
ClassI  2(0.5) 0 (0.0) 3(0.8) 5 (1.3)
Class1 43 (11.3) 1(0.3) 24 (6.3) 68 (17.8)
ClassIll 107 (28.0) 0 (0.0) 43 (11.3) 150 (39.3)
Total 274 (71.7) 4(1.0) 104 (27.2) 382 (100.0)

4. Discussion

The present study aimed to describe the anatomical variations and tomographic
findings of the maxillary sinuses using Cone Beam Computed Tomography (CBCT),
to provide evidence that may support clinical planning in implantology and oral sur-
gery. Among the limitations of this study are the use of non-probability convenience
sampling and the fact that the sample was obtained from a single university center,
which may limit the representativeness of the findings and their generalizability to
the entire population of Cusco or other regions of Peru. However, the Luis Vallejos
Santoni University Stomatological Center receives a high volume of patients with di-
verse clinical characteristics, many of whom seek evaluation and planning for dental
surgical procedures, as the institution offers specialties such as Periodontology and
Implantology, Orthodontics, and Oral Rehabilitation. This provided an adequate and
clinically relevant sample for conducting an initial description of maxillary sinus an-
atomical variations in a population with a potential indication for surgical treatment.

In the present study, the mucous retention pseudocyst was included as a tomo-
graphic finding due to its frequent identification during radiological evaluation of the
maxillary sinus and its clinical relevance in the planning of surgical procedures. Alt-
hough it does not constitute a developmental anatomical variation, its presence may
influence therapeutic decisions, particularly in implantology and oral surgery; there-
fore, it was considered appropriate to report it together with the anatomical charac-
teristics of the maxillary sinus. Likewise, maxillary sinus agenesis was included
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among the evaluated variables because it represents a congenital anatomical altera-
tion described in the specialized literature, whose identification by computed tomog-
raphy may have diagnostic and surgical significance despite its low prevalence. Its
inclusion was intended to provide a comprehensive assessment of possible anatom-
ical variations and tomographic findings of the maxillary sinus, even though no cases
were identified in the sample analyzed.

In this context, the obtained results answered the research question, demon-
strating that the most frequent anatomical variations and tomographic findings of
the maxillary sinus were Class III pneumatization (39.3%), the presence of septa
(34.8%), and mucous retention pseudocysts (25.4%), whereas exostosis (4.2%) and
hypoplasia (1.0%) were observed less frequently. The classification of maxillary si-
nus pneumatization into Classes I, II, and III followed the proposal of Melgar et al.
and Sager, who established the relationship between the maxillary sinus floor and
the hard palate plane as the reference criterion. This classification has important
clinical relevance because greater pneumatization depth, particularly in Class III (>6
mm), may be associated with a significant reduction in residual bone height available
for dental implant placement, thereby increasing the need for additional procedures
such as maxillary sinus floor elevation.

From an interpretative perspective, the high frequency of pneumatization ob-
served suggests a process of sinus expansion related to tooth loss and bone remod-
eling, which is consistent with the literature indicating that maxillary sinus pneuma-
tization may increase following tooth extraction as a consequence of alveolar bone
resorption [20,21]. Furthermore, the high frequency of septa and the identification
of mucous retention pseudocysts reinforce the importance of tomographic evalua-
tion prior to surgical procedures because of their potential implications for treat-
ment planning and the risk of intraoperative complications, such as sinus membrane
perforation [22].

When compared with previous studies, both similarities and discrepancies were
observed. The prevalence of septa found in the present study (34.8%) was compara-
ble to that reported by Heidari et al., who identified a frequency of 40.5% [23], and
by Melgar et al., who reported 31.3% [11]. These differences may be attributed to
variations in sample size and population characteristics. Regarding pneumatization,
the predominance of Class III differs from the findings of Melgar et al., who reported
a higher frequency of Class Il pneumatization [11], suggesting the influence of local
factors such as dental status.

The age-based analysis revealed a higher frequency of anatomical variations and
tomographic findings among individuals aged 32 to 50 years, which may be related
to bone remodeling processes and progressive tooth loss. However, these results dif-
fer from those reported by Al-Zahrani et al., who found a higher prevalence in older
age groups [24], and by Abesi et al., who reported a higher frequency among younger
patients [25]. These discrepancies highlight the variability of findings and the need
for further studies.

Regarding sex, a higher prevalence of septa, pseudocysts, and pneumatization
was observed among women, in agreement with studies by Wang et al. [26] and Mel-
gar et al. [11], although differing from the findings reported by Al-Zahrani et al. [24]
and Abesi et al. [25]. This suggests that sex is not an absolute determining factor and
that its influence may vary according to the population studied.

Regarding hemiarch distribution, a higher frequency of single septa was ob-
served on the right side, whereas multiple septa showed an equivalent distribution
between both hemiarches, in agreement with the findings of Al-Zahrani et al. [24]
and Cruz [27]. One possible explanation for this difference may be related to asym-
metrical developmental and remodeling processes of the maxillary sinus, as well as
unilateral patterns of tooth loss or masticatory dominance, factors that may influ-
ence the formation or persistence of these bony structures. Nevertheless, other stud-
ies have reported a more symmetrical distribution [26], reinforced the concept of
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individual anatomical variability and suggested that septal laterality may depend on
multiple anatomical and functional factors that remain incompletely understood.

Finally, the higher frequency of anatomical variations among partially dentate
patients suggests a possible relationship between tooth loss and anatomical changes
in the maxillary sinus, as previously described in studies identifying tooth loss as a
factor associated with septa formation and pneumatization [20,22]. A noteworthy
finding was that these variations occurred more frequently in partially dentate pa-
tients than in edentulous patients. One possible explanation is that partial tooth loss
leads to localized bone remodeling processes and progressive sinus pneumatization,
whereas completely edentulous patients may experience more homogeneous bone
resorption patterns or may have undergone rehabilitative treatments that alter the
residual anatomy.

In addition, the small number of edentulous patients included in the sample may
have influenced this distribution; therefore, these results should be interpreted with
caution. Overall, these findings provide relevant descriptive evidence in a local pop-
ulation and reinforce the importance of Cone Beam Computed Tomography as a fun-
damental diagnostic tool for anatomical evaluation and appropriate clinical planning
in dental practice [22].

The geographic and population characteristics of Cusco may have influenced
some of the observed findings. Factors such as high altitude, craniofacial character-
istics typical of the Andean population, and access to dental care may indirectly con-
tribute to patterns of tooth loss and maxillary sinus remodeling. Although these var-
iables were not specifically evaluated in the present study, future research could ex-
plore their potential association with the anatomical variations identified.

5. Conclusion

In conclusion, the present study demonstrated that Class Il pneumatization and
the presence of septa were the most frequent anatomical variations of the maxillary
sinus, followed by exostosis and hypoplasia, whereas mucous retention pseudocysts
represented the most common incidental tomographic finding. In addition, a higher
frequency of anatomical variations and tomographic findings was observed among
individuals aged 32-50 years, in female patients, and in partially dentate patients.
These findings highlight the importance of tomographic evaluation prior to surgical
procedures, particularly in implantology, due to the influence of these anatomical
variations and tomographic findings on treatment planning and the risk of clinical
complications.

Future studies should perform inferential analyses to establish associations be-
tween maxillary sinus anatomical variations and tomographic findings with factors
such as age, sex, and dental status. Furthermore, multicenter studies with larger and
more representative samples are recommended to strengthen the available scientific
evidence and improve understanding of the influence of clinical and population-re-
lated variables on these anatomical characteristics.
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