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Abstract: The present study was designed to test the hypothesis that there would be a correlation
between nasal septum deviation (NSD) and a decreased maxillary sinus volume (MSV) in a Colombian
population, using Cone Beam Computed Tomography (CBCT); other sinusal anatomical structures
found during the reading were described and analyzed. A retrospective analysis of 537 CBCT scans
of adult patients taken between January 2014 and January 2017 included measuring the maxillary
sinus diameter in the vertical, horizontal, and sagittal planes. NSD was quantified and related to
MSV using the same field of view (FOV). The volume of the right and left maxillary sinuses showed
a median and interquartile range (IQR) of 8.18 mm3 (IQR: 6.2–10.33) and 8.3 mm3 (IQR: 6.4–10.36).
Statistically significant differences were observed between sex and right and left MSV (p = 0.000), with
higher MSV in men. The presence of NSD was observed in 96.81% of the sample and was evaluated
in degrees, observing a median of 11◦ (IQR: 7–16) where 40% of the sample had moderate angles
(9–15◦). There was no correlation between NSD and a decreased MSV in the population studied.
Detailed CBCT analysis with a large FOV is crucial for the analysis of anatomical structures before
performing surgical procedures that involve the MS as a preventive diagnostic and therapeutic step
for appropriate treatment.

Keywords: maxillary sinus volume; septal deviation; computed tomography

1. Introduction

The maxillary sinus (MS) is the first of the paranasal sinuses [1]. It develops in the
tenth week of fetal life through a mucous sac and is formed mainly by the invagination
of the mucosa of the middle nasal meatus. Its shape varies from spherical to an irregular
pyramid-shape, covered by stratified cylindrical mucosa and drained through the ostium.
The MS morphology analysis must include the volume and degree of lateral pneumati-
zation to the zygoma. Its size and volume depend on the development of surrounding
structures and mechanisms such as nasal airflow, brain growth, muscle mass traction
resulting from the action of the facial muscles, facial structures, and cellular mechanisms of
adherence and migration [1–7]. Due to its location within the midface skeleton, measuring
its volume is a complex procedure in general clinical practice [4,5]. As a diagnostic method,
Cone Beam Computed Tomography (CBCT) is one of the most frequently used methods for
characterizing the MS; however, there are factors that hinder the precision and reproducibil-
ity of the measurement due to the location of the internal margin of the paranasal cavity.
The mean volume can be highly variable and ranges between 8.6 and 24.9 cm3 [2,3,6,8].
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The nasal septum (NS) constitutes the medial wall of the nostrils and favors lam-
inar flow. It is made up of bone and cartilaginous components. Septal deviations can
originate during development or by trauma and could affect the maxillary sinus volume
(MSV), considering its relationship with surrounding anatomical structures such as the
hard palate and lateral wall of the nasal cavity [9]. Nasal septum deviation (NSD) may
potentially contribute to sinus disease by narrowing the osteomeatal complex which could
affect the amount of adequate ventilation [10–12]. NSD can cause nasal obstruction by
increasing nasal airway resistance and causing turbulent nasal airflow, which precipitates
pathologic conditions such as dryness and crusting of the nose, frequent nosebleeds, and
leads to recurrent sinusitis by impaired mucociliary clearance [11]. Simultaneously, the
impaired nasal breathing of NSD patients can lead to chronic mouth breathing, resulting
in maxillary constriction, and other maxillofacial and temporomandibular changes [13].
The relation between NSD with MSV have been evaluated in different populations, and
a direct relationship has been found; there are results supporting the findings that NSD
led to a reduction in MSV towards the side of the deviation [1,6,14–18], but the evidence
on how the nasal septum could act as a potential contributor to these changes in MSV is
contradictory [5,6,14,15,17].

As a first stage of planning an MS floor elevation procedure, it is mandatory to make a
preventive diagnosis of the different structures and conditions, with the purpose of estab-
lishing a pre-therapeutic ear–nose–throat (ENT) treatment that will avoid sinus lift-related
sinonasal complications. “Potentially reversible ear, nose, and throat contraindications”
including Anatomic-structural alterations must be identified and evaluated [19–22]. The
factors to be identified include those that potentially change the drainage-ventilation path-
ways in the maxillary sinus among them, septal deviation [19,21]. Hence, emphasis should
be placed on the CBCT diagnosis and multidisciplinary treatment of patients with cranio-
facial anomalies (including nasal septum deviations) that could affect sinus volume and
could be a predictor of future surgical complications [3,23]. The aim of this study was
to measure the volume of the maxillary sinus in a Colombian population, by analyzing
computed tomography scans using a mathematical model and estimating the prevalence of
nasal septum deviations and their relationship with the decrease in maxillary sinus volume.

Hypothesis 1 (H1). There would be a correlation between nasal septum deviation and a decreased
maxillary sinus volume.

Hypothesis 2 (H2). There would be no correlation between nasal septum deviation and a decreased
maxillary sinus volume.

2. Materials and Methods
2.1. Sample Population

The data collection for this retrospective descriptive observational study was con-
ducted in accordance with the Declaration of Helsinki, and the protocol was approved by
the Research and Ethics Committee of the Dental Faculty of the Pontificia Universidad
Javeriana (Bogota, Colombia, OD-0281). A total of 537 CBCT scans performed over the
course of 4 years (from January 2014–January 2017) were provided by the Salitre radio-
logical center in Bogotá, Colombia. In all cases an ACCUITOMO tomograph model 170
was used to take the images, with 80 kV and 5.0 mA. exposure. The minimal field of view
was fixed at 140 mm in diameter and 100 mm in height which is a wide window size that
allowed observation of all the anatomical structures necessary for measurement of the
structures evaluated in the study. The inclusion criteria were CT scans of subjects older
than 18 years old, without distortion and in good condition, in which the structures to be
evaluated were clearly observed, i.e., nasal septum and maxillary sinuses. Subjects with a
history of functional endoscopic sinus surgery were not excluded. Subjects were excluded
if they presented pathologies that altered the walls of the maxillary sinuses.



Diagnostics 2024, 14, 647 3 of 14

2.2. CBCT Image Analysis

All CBCT scans were assessed with the use of specific software (One Volume Viewer
Software, i-Dixel 3DX Vision 2.2.1.3T, J. Morita, Kyoto, Japan). The images were reproduced
and observed in the axial, coronal, and sagittal planes. All measurements were made to
determine the maxillary sinus volume and deviation of the nasal septum and to detect
abnormalities in the paranasal complex. To determine the reproducibility and reliability of
the variables measured, an intra-examiner and inter-examiner calibration was performed
and an intraclass correlation coefficient (ICC) was used to compare the examiner in relation
to reference standards with a strength of agreement >0.75. All measurements were taken
by 2 experienced and calibrated professionals (A.B.R. and L.J.M.) and any discrepancy was
resolved by an E.N.T specialist (C.A.R.).

2.3. Image Analysis

Image measurements (in mm) were performed manually on CBCT scan images as pre-
viously described [5]. Briefly, diameter in the vertical plane, width in the horizontal plane,
and length in the sagittal plane were evaluated. MS height in the vertical plane (maximum
craniocaudal diameter) was defined as the longest distance from the lowest point of the
lower wall to the highest point of the upper wall (Figure 1a), width in the horizontal plane
(maximum transverse diameter) was defined as the longest perpendicular distance from
the most prominent point of the medial wall to the most prominent point of the lateral wall
(Figure 1b) and length of the MS in the sagittal plane (maximum anteroposterior diameter)
defined as the longest distance from the most anterior point of the anterior wall to the
most posterior point of the posterior wall (Figure 1c). Subsequently, the shape of the MS
was established, similar to the forms proposed [5], irregular pyramid or sphere. Manual
anatomy and radiology data were analyzed. This morphology was classified by an expert
and trained E.N.T Doctor (CR). Calculations were made for the volume called “Manually
calculated maxillary sinus volume,” considering the previously established shape for each
MS and according to the following formulas:

1. V = 4/3 r3. It was called the mMSV “sphere”.
2. V = 1/3 A × h. It was called the mMSV “pyramid”.
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viation of the nasal septum (d). 
Figure 1. Measurement of the maxillary sinus: height (a), width (b), depth (c), and the angle of
deviation of the nasal septum (d).

NS deviation was defined as any curvature in the contour of the nasal septum observed
in the coronal CBCT images. To quantify the septal deviation, the measurements of the
maxillary sinus volumes and the septal deviation angles were standardized using the same
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field of view (FOV) [13–15,23]. The angle was determined, taking as a reference the anterior
nasal spine projecting towards the upper cranial third to establish a baseline together
with another line that started from the anterior nasal spine to the outermost edge of the
septal deviation (Figure 1d) [15]. In patients with NSD, the MSV was compared on the
deviation side with the non-deviation side on the same subject, subgroup comparisons
were made according to the magnitude of the deviation. The presence of pathologies and
findings of the MS were reviewed in the coronal, sagittal, and multiplanar axial slices, and
the findings were recorded as retention cysts, mucoceles, membrane thickening, ostium
blockage, increased ostium, paranasal obstruction, maxillary hypoplasia, hypertrophy of
the inferior turbinate, presence of graft material, partial, unilateral or bilateral, random or
total edentulism, presence of septa. Total and partial edentulous spaces were recorded on
axial, coronal, and sagittal images, and the volumes of the MS were compared on the side
of the missing tooth and the contralateral side.

2.4. Statistical Analysis

Shapiro–Wilk and Kolmogorov–Smirnov tests were performed to evaluate normality
(p < 0.005), since a normal distribution of the variables was not observed for the variables
volume of the maxillary sinus and angulation of the nasal septum. Mann–Whitney U and
Kruskal–Wallis tests were performed for the bivariate analysis of quantitative variables.
When dividing the sizes of the volumes into three groups, Chi-square and Fisher were used
with respect to the other variables. A < 0.05 was considered significant with a significance
level of 95%.

3. Results

Out of the sample of 537 bilateral maxillary sinus and nasal septum CBCTs, 470 scans
met the selection criteria, of which 177 (37.66%) correspond to male subjects and 293
(62.34%) to female subjects. The remaining scans were excluded due to the absence of clear
limits to obtain measurements for MSV calculation.

3.1. Maxillary Sinus Volume Analysis

Height, width, and depth measurements were taken of each of the sinuses evaluated
to determine the volume by using a mathematical model. For these non-parametric mea-
surements, a median of 30.48 mm (interquartile range (IQR): 27.38–33.84) was observed
for the right sinus, 24 mm wide (IQ: 20.82–26.76) and 33.6 mm depth (IQ: 30.3–36.16)
and for the left sinus a height of 30.74 mm (IQR: 27.65–34.11), width of 24.32 mm (IQR:
21.59–26.94) and depth of 33.52 mm (IQR: 30.56–36.35). The shape of all the sinuses was
found to be pyramidal. The volume of the maxillary sinuses for the right and left sides
showed a median and IQR of 8.18 mm3 (IQR: 6.2–10.33) and 8.3 mm3 (IQR: 6.4–10.36),
respectively. MSV was classified into tertiles: low (<6.95 mm), medium (6.96–9.50 mm),
and high (>9.50 mm). When comparing the tertiles of the right and left sinus volumes,
values of 0.95 to 6.95 mm were observed for the low tertile on the right side; for the middle
tertile from 6.97 to 9.49 mm, and for the high tertile from 9.54 to 16.58 mm. For the left
side, the values were from 0.51 to 6.94 mm in the low tertile, medium from 6.97 to 9.51 mm,
and high from 9.54 to 18.77 mm. The results of the Spearman test showed a positive and
strong correlation between the volume of the right sinus and the volume of the left sinus
(Rho = 0.8; p = 0.001) with no statistically significant differences. However, the volume
of the left maxillary sinus showed an increased value when compared with the right MS
(Table 1).
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Table 1. Comparison of left and right sinus volume according to clinical characteristics.

Right MSV p Value Left MSV p Value
Median IQR Median IQR

Sex
Male 9 (6.8–11.7)

0.000
9.4 (7.2–11.4)

0.000Female 7.7 (5.8–9.6) 7.9 (6.1–9.7)

Deviation
No 7.2 (5–9.2)

0.213
8.3 (5.5–10.4)

0.669Yes 8.2 (6.2–10.5) 8.3 (6.5–10.4)

Septum laterality
Left 8.4 (6.2–10.6)

0.757
8.3 (6.6–10.3)

0.826Right 8 (6.2–10.3) 8.3 (6–10.6)

Number of right maxillary septum
0 7.5 b (5.6–9.5)

0.000

7.7 b (5.8–10.1)

0.000
1 9 a (7–10.9) 9.1 a (7.4–10.6)
2 10 (7.9–11.4) 10.3 (8.3–12)
3 9.2 (7–12.2) 8.6 (7.1–9.5)

Number of right maxillary septum
0 7.7 b (5.6–9.8)

0.005

7.8 b (5.9–10)

0.000
1 8.6 a (7.1–10.6) 9.1 ac (7.2–10.8)
2 9.4 (6.6–11.1) 9.6 b (7.8–11.6)
3 8.5 (6.5–10.6) 5.9 (4–7.8)
4 7.4 (3.5–11.2) 7.8 (4–11.6)

Right Capsular
0 9.1 (7.2–11.1)

0.789
9.3 (7.5–10.8)

0.6471 10.5 (8.6–11.2) 8.8 (7.9–10.7)
2 9.3 (9.3–9.3) 11 (11–11)

Left Capsular
0 8.8 (7–10.9)

0.118

9.2 (7.4–11.1)

0.285
1 7.4 (6.8–8.2) 8.5 (7.1–10.2)
2 6.1 (5.7–6.4) 6.2 (4.5–7.8)
3 10.6 (10.6–10.6) 7.8 (7.8–7.8)

Right turbinate
Absence 8.2 (6.3–10.5)

0.202
8.4 (6.5–10.5)

0.037Presence 7.3 (4.8–9.5) 7.3 (4.2–9.3)

Left turbinate
Absence 8.2 (6.3–10.3)

0.350
8.3 (6.5–10.4)

0.545Presence 7.1 (5–10.6) 7.8 (5.5–10.7)

Right Ostium
Absence 8.2 (6.2–10.3)

0.891
8.3 (6.5–10.4)

0.918Presence 7.7 (6.7–9.5) 9.1 (7.3–9.7)

Left Ostium
Absence 8.2 (6.2–10.5)

0.576
8.3 (6.5–10.4)

0.389Presence 8.2 (5.5–9.3) 8.2 (6.6–9)

Right Hypoplasia
Absence 8.2 (6.2–10.4)

0.016
8.3 (6.5–10.4)

0.017Presence 1.5 (1–2.1) 2 (1.7–2.2)

Left Hypoplasia
Absence 8.2 (6.2–10.3)

0.502
8.3 (6.5–10.4)

0.003Presence 7.2 (2.1–10.7) 1.4 (0.5–2.2)
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Table 1. Cont.

Right MSV p Value Left MSV p Value
Median IQR Median IQR

Location of Edentulism
Right 8.2 (6.3–10.7)

0.056

8.8 (6–10.7)

0.417
Left 7.4 (5.8–8.9) 8.1 (6.1–9.5)
Bilateral 7.7 (5.8–10.6) 8.2 (6.4–10.5)
Random
multiple 8.7 (6.8–11.2) 8.5 (6.3–11.1)

The statistical significance of variables (a, b, c) was analyzed using Kruskal-Wallis test and Mann-Whitney U test.
a indicates statistically significant difference in the volume of the maxillary sinus in the presence of the first
category of analysis (abscense of maxillary septum), b indicates significant difference in the volume of the maxillary
sinus in the presence of the Second category of analysis (presence of 1 maxillary septum), and so on.

3.2. Relationship between Sex and Left and Right Maxillary Sinus Volume

Statistically significant differences were observed between sex and right and left MSV
(p = 0.000), with higher maxillary sinus volume in men compared to women. In women,
MSV for the right and left sides showed a median and interquartile range (IQR) of 7.7 mm
(IQR: 5.8–9.6) and 7.9 mm (IQR: 6.1–9.7), respectively, whereas for men, MSV for the right
and left sides showed a median and interquartile range (IQR) of 9 mm (IQR: 6.8–11.7)
and 79.4 mm (IQR: 7.2–11.4), respectively. Additionally, statically significant differences
between sex and left sinus volume tertiles (p < 0.05) were observed. In women, a higher
proportion of patients were observed in the low category, shown in 101 sinuses (34.47%),
and in the middle category in 115 sinuses (39.25%). In men, the highest proportion was
found in the high category in 87 maxillary sinuses (49.15%). For the right sinus, in women,
a greater presence of volume in the low category was observed in 115 sinuses (39.25%),
while in men, as occurred in the left sinus, this was shown in the high category in 78 sinuses
(44.07%) (Table 2). The multivariate analysis showed that the decreased right maxillary
sinus volume values (<6.95) were statistically associated with female subjects (p = 0.004)
with OR: 1.89 (95% CI: 1.23–2.91) in the right sinus when compared with males. For the left
sinus, an OR: 1.87 (CI: 1.20–2.93) (p = 0.006) was observed (Table 3, Figure 2).

Table 2. Distribution of clinical characteristics according to high volume, medium-low volume of the
right and left sinuses.

Right Sinus Volume
p

Value

Left Sinus Volume
p

Value
Low

(<6.95)
Medium

(6.96–9.50)
High

(<9.50)
Low

(<6.95)
Medium

(6.96–9.50)
High

(<9.50)
n (%) n (%) n (%) n (%) n (%) n (%)

Sex
Male 51 (28.81) 48 (27.12) 78 (44.07)

0.000
43 (24.29) 47 (26.55) 87 (49.15)

0.000Female 115 (39.25) 101 (34.47) 77 (26.28) 101 (34.47) 115 (39.25) 77 (26.28)

Deviation
No 6 (40.0) 6 (40.0) 3 (20.0)

0.542
4 (26.67) 5 (33.33) 6 (40.00)

0.904Yes 160 (35.16) 143 (31.43) 152 (33.41) 140 (30.77) 157 (34.51) 158 (34.73)

Septum laterality
Left 95 (34.55) 88 (32.00) 92 (33.45)

0.928
82 (29.82) 99 (36.00) 94 (34.18)

0.700Right 65 (36.11) 55 (30.56) 60 (33.33) 58 (32.22) 58 (32.22) 64 (35.56)

Number of right maxillary septum
0 123 (44.40) 86 (31.05) 68 (24.55)

0.000

111 (40.07) 89 (32.13) 77 (27.80)

0.000
1 37 24.34) 50 (32.89) 65 (42.76) 30 (19.74) 58 (38.16) 64 (42.11)
2 4 11.76) 11 (32.35) 19 (55.88) 2 (5.88) 11 (32.35) 21 (61.76)
3 2 28.57) 2 (28.57) 3 (42.86) 1 (14.29) 4 (57.14) 2 (28.57)
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Table 2. Cont.

Right Sinus Volume
p

Value

Left Sinus Volume
p

Value
Low

(<6.95)
Medium

(6.96–9.50)
High

(<9.50)
Low

(<6.95)
Medium

(6.96–9.50)
High

(<9.50)
n (%) n (%) n (%) n (%) n (%) n (%)

Number of left maxillary septum
0 116 (42.65) 79 (29.04) 77 (28.31)

0.008

101 (37.13) 94 (34.56) 77 (28.31)

0.006
1 37 (24.34) 59 (38.82) 56 (36.84) 34 (22.37) 54 (35.53) 64 (42.11)
2 11 (26.19) 11 (26.19) 20 (47.62) 7 (16.67) 13 (30.95) 22 (52.38)
3 1 (50.00) 0 (0.00) 1 (50.00) 1 (50.00) 1 (50.00) 0 (0.00)
4 1 (50.00) 0 (0.00) 1 (50.00) 1 (50.00) 0 (0.00) 1 (50.00)

Left Capsular
0 45 (24.46) 63 (34.24) 76 (41.30)

0.046

40 (21.74) 61 (33.15) 83 (45.11)

0.622
1 3 (27.27) 7 (63.64) 1 (9.09) 2 (18.18) 5 (45.45) 4 (36.36)
2 2 (100.00) 0 (0.00) 0 (0.00) 1 (50.00) 1 (50.00) 0 (0.00)
3 0 (0.00) 0 (0.00) 1 (100.00) 0 (0.00) 1 (100.00) 0 (0.00)

Left Ostium
Absence 163 (35.28) 146 (31.60) 153 (33.12)

0.881
141 (30.52) 157 (33.98) 164 (35.50)

0.090Presence 3 (37.50) 3 (37.50) 2 (25.00) 3 (37.50) 5 (62.50) 0 (0.00)

Right Hypoplasia
Absence 164 (35.04) 149 (31.84) 155 (33.12)

0.159
142 (30.34) 162 (34.62) 164 (35.04)

0.103Presence 2 (100.00) 0 (0.00) 0 (0.00) 2 (100.00) 0 (0.00) 0 (0.00)

Left Hypoplasia
Absence 165 (35.33) 148 (31.69) 154 (32.98)

0.997
141 (30.19) 162 (34.69) 164 (35.12)

0.033Presence 1 (33.33) 1 (33.33) 1 (33.33) 3 (100.00) 0 (0.00) 0 (0.00)

Edentulism location
Right 21 (33.33) 17 (26.98) 25 (39.68)

0.068

21 (33.33) 18 (28.57) 24 (38.10)

0.412
Left 29 (42.65) 26 (38.24) 13 (19.12) 23 (33.82) 28 (41.18) 17 (25.00)
Bilateral 21 (42.00) 12 (24.00) 17 (34.00) 18 (36.00) 13 (26.00) 19 (38.00)
Random
Multiple 17 (26.15) 21 (32.31) 27 (41.54) 17 (26.15) 23 (35.38) 25 (38.46)

The statistical analysis was conducted using both the Chi-squared test and Fisher’s exact test.
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Table 3. Logistic regression presence of decreased volume adjusted to associated clinical characteris-
tics.

Decreased Right Maxillary Sinus Decreased Left Maxillary Sinus

OR IC 95% p Value OR IC 95% p Value

Gender
Male 1 1
Female 1.89 (1.23–2.91) 0.004 1.87 (1.20–2.93) 0.006

Numbers of right septa
0 1 1
1 0.46 (0.28–0.73) 0.001 0.39 (0.23–0.64) 0.000
2 0.19 (0.06–0.60) 0.005 0.11 (0.02–0.49) 0.004
3 0.64 (0.11–3.60) 0.614 0.31 (0.03–2.82) 0.304

Numbers of left septa
0 1 1
1 0.50 (0.31–0.81) 0.005 0.60 (0.36–0.98) 0.044
2 0.79 (0.35–1.79) 0.578 0.60 (0.24–1.53) 0.295
3 1.69 (0.08 -32.0) 0.726 2.16 (0.10–43.6) 0.613
4 1.23 (0.71- 21.1) 0.885 1.58 (0.08–27.8) 0.753

Left obstruction
Absence 1 1
Presence 0.25 (0.05–1.17) 0.080 0.30 (0.06–1.45) 0.137

Right turbinate
Absence 1 1
Presence 0.25 (0.05–1.17) 0.080 0.91 (0.43–1.94) 0.825

3.3. Nasal Septum Deviation Analysis

The presence of deviation was observed in 96.81% of the sample population, of which
60.44% showed left laterality and 39.56% right laterality. The presence of deviation was
evaluated in degrees, observing a median of 11◦ (IQR: 7–16). Septal deviation angle was
classified following Kapusuz et al.’s [1] NSD categories into mild (<9◦), moderate (9–15◦),
and severe (≥15◦) angles. In the present study, 40% of the sample had moderate angles,
33,41% mild angles, and 26.59% severe angles (Supplementary Tables S1 and S2).

3.4. Maxillary Sinus Volume and Degrees of Septal Deviation Analysis

When comparing the volumes of the right and left maxillary sinus in the presence or
absence of septal deviation with the deviation degree, no statistically significant differences
were observed (Figure 3) (p = 0.414 for the right maxillary sinus and p = 0.149 for the
left maxillary sinus) in the distribution with respect to volume and the presence of mild
to severe angles. Thus, no positive correlation was found between the two variables
compared (p = 0.155 and p = 0.197), respectively. Additionally, MSV was compared on each
side according to the laterality of the deviation (right and left) (Figure 4). No statistically
significant differences were observed (p = 0.928 for the right maxillary sinus and p = 0.700
for the left maxillary sinus) (Supplementary Table S2).
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3.5. Additional Tomographic Findings

Statistically significant differences were found between both volumes and the presence
of a number of right or left septa (p < 0.05), showing that the absence of septa could favor
smaller sinus volumes. The left and right sinus volumes were statistically lower in the
presence of hypoplasia (p < 0.05). The presence of the left turbinate was related to a
smaller volume in the left sinus (p = 0.037). For the presence of the capsular septum,
mucocele, retention cyst, hypertrophy of the inferior turbinate, thickening of Schneider’s
membrane, ostium enlargement, presence of graft materials, ostium obstruction, and type
of edentulism, the association was not statistically significant (p > 0.05). The volume results
according to the different clinical characteristics are shown in Table 1. In the right and
left MS, the presence of an enlarged left nasal ostium was observed (p = 0.89, p = 0.90),
respectively, which could be associated with previous nasal surgery.

When evaluating the distribution of the number of MS septa according to the volume
tertiles, statistically significant differences were found. For subjects with the absence of
septa, MS were classified as low tertile (<6.95) (p < 0.05), noting that the presence of MS
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septa varied according to the quantity present in each sinus (0, 1, 2, 3, and 4), 1 and
2 septa were significantly more frequent in volumes greater than 9.50 both for the right
sinus (p = 0.000 and p = 0.008, respectively) and the left sinus (p = 0.000 and p = 0.006),
respectively. Hence, the presence of septa was associated with a decrease in the volume of
MS, the presence of 1 septum on both the right (OR: 0.50, CI: 0.31–0.81) and the left side
(OR: 0.60, CI: 0.36–0.98), and the presence of 1 and 2 complete right septa with both sinuses
diminished (Table 3).

4. Discussion

The average volume of the maxillary sinus can vary to an extreme extent, between 8.6
and 24.9 cm3 [8,24,25]. Pneumatization of the maxillary sinus increases with edentulism [24].
Previous studies have investigated volumetric changes in the maxillary sinus in relation
to dental position, NSD, and pathologies of the nasal sinuses, in addition to examining
differences in the dimensions and anatomy of the maxillary sinus according to age, sex, and
race. Furthermore, the width of the nasal cavity is dynamically regulated by sympathetic
innervation and venous sinusoid tone, allowing for rapid adjustments through alterations
in sinusoid contraction driven by functional stimulus [26]. Deviations in the convexity
of the middle concha, particularly when directed laterally due to paradoxical curvature,
may contribute to sinus diseases by obstructing nasal airflow, often in conjunction with
septal deviation [27]. Rapid maxillary expansion may influence nasal base width and nasal
valve area, impacting long-term nasal function, skeletal growth patterns, and respiratory
disorders [28]. Additionally, previous studies have shown a strong correlation between
maxillary sinus dimensions and midface morphology, with the maxillary sinus volume
demonstrating the highest correlation with nasal width [29,30].

In the present study, no significant differences between right and left MSV have
been reported, but the MSV has been shown to be significantly higher in men than in
women [14,16–18,20]. Results of the present study showed a similar pattern, with a median
and IQR of 8.18 mm3 (IQR: 6.2–10.33) and 8.3 mm3 (IQR: 6.4–10.36), respectively, and a more
significant trend of increased MSV in male patients (Table 1, Figure 1). When performing
a logistic regression of the present study data, on abnormal sinus volumes (<6.95) and
gender, women were found to have a higher risk of presenting decreased maxillary sinuses
for both the right (OR: 1.89) and the left (OR: 1.87) sides (Table 3).

Furthermore, a tendency (p = 0.056) was found for a decreased volume of the right
maxillary sinus with partial edentulism with random multiple locations. Among other
findings, a tendency towards decreased MSV (abnormal < 6.95) (p = 0.55) was observed for
the presence of hypoplasia of the right maxillary sinus while a tendency towards decreased
MSV (abnormal < 6.94), (p = 0.77) was observed for the presence of the right hypertrophic
turbinate [7,10–12] (Tables 1–3).

In the present study, NSD was observed in 96.81% of the sample, with 60.44% exhibit-
ing left laterality and 39.56% right laterality. Moderate angles were found in 40% of the
sample, mild angles in 33.41%, and severe angles in 26.59%. No statistically significant
differences were observed in the volumes of the right and left maxillary sinus between the
presence or absence of septal deviation and the degree of deviation (p > 0.05). Comparing
different populations, the incidence of NSD has been examined and found to range from 9%
to 79.9% [6,15,17]; however, the results of these studies were influenced by the phenotypic
characteristics of the population studied, which may vary according to the geographical
location [5,6,14,15,17]. NSD to the right side has been reported in 36.5% of the cases and to
the left side in 63.5% [12].

If we analyze the importance of this finding and the possible influence on E.N.T
diseases, we find that the nasal obstruction caused by septal deviations can increase the
resistance of the nasal airways and cause turbulent nasal airflow, leading to nosebleeds
and recurrent sinusitis [14]. Multiple studies have supported the idea that the incidence
and severity of sinusitis were correlated with the increase in the angle of NSD given a
possible obstruction of the osteomeatal complex [10]. Alternatively, this could be due to the
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alteration of ciliary activity secondary to the modification of the airflow, thus having a clear
connection between the deviation and ventilation at the level of the maxillary sinus [11].
Initially reported as a contradictory finding, in the last decade, the association was revealed
after a systematic review that concluded that there was an association between NSD and
the development of rhinosinusitis, although with limited impact given the multifactorial
nature of the pathology [11].

Moreover, the severe septal deviation has been found in only 12.5% of certain popu-
lations [15]. The literature has shown contradictory results when analyzing the MSV and
NSD relationship, and some studies showed that septal deviations had no impact on the
volume of the right and left maxillary sinus [3,17,18], while others showed that ipsilateral
maxillary sinus volumes in the groups with severe septum deviation were significantly
smaller when compared with contralateral sinus volumes [1,3,6,14,15]. In comparison, the
present study showed that NSD was present in 96.81% of the population, with 60.44%
having left laterality and 39.56% having right laterality. There were no statistically signif-
icant changes in ipsilateral maxillary sinus volumes due to the presence of severe septal
deviations only in 26.59% of the population with deviation angles > 15◦.

In addition to the foregoing considerations, impaired nasal respiration due to septal
deviations can lead to chronic mouth breathing, moderate to severe maxillary constriction,
and a vertical (anterior-posterior) skeletal growth pattern [3,4]. According to the functional
matrix theory, nasal airflow without alterations allows growth and development of the
craniofacial structures and is a continuous stimulus for a decrease in the palate and lat-
eral growth of the maxilla, which indicates a close relationship between nasal breathing
and dentofacial morphology [3,14]. Combined septal deformity affects the septal com-
ponents [20–22]. NSD leads to a reduction in the volume of the maxillary sinus on the
deviated side; likewise, the deviation of the nasal septum with or without deviation of the
hard palate causes statistically significant changes in the volume of the maxillary sinus [6].
Maxillary sinus hypoplasia may mimic sinusitis and other conditions, potentially leading
to incorrect diagnoses or surgical interventions. Conversely, a laterally expanded nasal
fossa extends above the maxillary alveolar bone, surpassing the typical location of teeth
just beneath the antral floor. Compensatory hypertrophy, an enlargement of the inferior
nasal turbinate on the concave side of NSD, aims to protect the nasal airway from cold
and dry air. Compensatory hypertrophy linked to NSDs tends to persist due to bony
and soft tissue thickening. Soft tissue thickening is also observed with other causes of
turbinate hypertrophy [31]. Moreover, individuals with nasal septal deviation are more
prone to pneumatization. Posterior pneumatization of the nasal cavity is referred to as
inferior meatus pneumatization and can reach up to the second molar area, restricting the
available height of the residual ridge [32]. Additionally, conditions such as nasal septum
deviation, concha bullosa, paradoxical middle turbinate, deflected uncinate process, Haller
cells, and maxillary hypoplasia are commonly associated with increased risk of ostium
blockage or postoperative infection [32]. Therefore, maxillary sinus elevation surgery with-
out thorough evaluation via CBCT imaging could result in inadvertent oronasal iatrogenic
penetration [33–35].

Maxillary sinus hypoplasia (MSH) is a rare condition often mistaken for chronic si-
nusitis, associated with developmental issues, trauma, and potential osteomeatal complex
abnormalities [34]. Awareness of MSH and its anatomical variations is crucial preopera-
tively due to its potential to increase infection risk and obstruct sinus mucociliary clearance.
An additional result that is worth mentioning due to its relevance in sinus floor elevation
surgeries is the presence of septa. Septa of the maxillary sinus is one of the most frequently
evaluated findings with respect to their location, prevalence, and morphology. Maxillary
sinus septa have been found in 49% of the patients, on the right (40.2%) and left (33.4%) [17],
and can vary [22]. The presence of septa occurs less than 5% of the time and can completely
divide the maxillary sinus into two or even five different cavities [20,22,23]. In the present
study, 19 capsular septa were observed in the 940 sinuses evaluated, and these divided the
maxillary sinus into up to three individual cavities. Thus, maxillary sinus septa showed
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statistically significant differences for the right and left sides of the maxillary sinus in
the presence of one or two septa in the sample. In the logistic regression analysis, it was
observed that the presence of three or more maxillary sinus septa was associated with a
decreased maxillary sinus volume (abnormal < 6.95) for both the right (OR: 1.69) and the
left (OR: 2.16) sides (Tables 1–3). This implies a suggestion of performing a complete assess-
ment of the presence of septa and the volume of the maxillary sinus prior to performing
surgeries that compromise the mentioned structure.

Prevalent complications during MS lift surgery include sinus membrane perforation
and bleeding, while postoperative complications comprise sinus graft infections, sinus
infections, and sinusitis. A comprehensive knowledge of maxillary sinus anatomy can
significantly mitigate or prevent the majority of these complications [24]. Based on the
findings of the present study and the evidence published by other authors [19], we suggest
the use of simple manual tools such as those used here to analyze possible severe deviations
of the nasal septum that may require previous ENT assessment prior to MS lift procedure
as a preventive-diagnostic and therapeutic step for appropriate treatment and to exclude
any possible sinus lift sinonasal complications that may lead to failure of surgery.

5. Conclusions

Findings in this study suggested that despite the presence of NSD in 96.81% of the
population, there was no correlation with a decreased MSV. This may be associated with
the low prevalence of severe nasal septum angle (>15◦) (26.59%) in the population studied.

Clinicians are suggested to request a detailed CBCT analysis that includes the presence
of anatomical defects and deviations of the nasal septum before performing any surgical
procedure that involves the MS. Good-quality images with a large field of view (FOV)
are crucial for the analysis of all anatomical structures and use of the clinical guide that
establishes ENT consultations.
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//www.mdpi.com/article/10.3390/diagnostics14060647/s1, Table S1: Descriptive analysis of the
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