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Abstract

Background: Considering the importance of paranasal sinus anatomy in treatment planning
and related surgeries, the present study aimed to investigate the changes in the dimensions of
paranasal sinuses according to age and gender by magnetic resonance imaging (MRI).
Methods: MRI images of 310 patients, including 200 women and 110 men aged between 10
and 70 years old, were included in the study. The depths of all paranasal sinuses and the width of
the left and right frontal sinuses were estimated in the axial plane. In addition, the height of the
left and right frontal sinuses in the sagittal plane as well as the width and height of the maxillary
and sphenoid sinuses in the coronal plane underwent measurement. All statistical analyses were
performed using SPSS 21, and the significance level was considered at 0.05.

Results: Except for the width of the right maxillary sinus, the height of the left frontal sinus, and
the width and depth of the left sphenoid sinus, a significant relationship was observed between
the other dimensions of paranasal sinuses and gender (P<0.05). Only 5 dimensions, including
the width of the left and right maxillary sinuses, the height of the left maxillary sinus, the depth
of the left frontal sinus, and the depth of the right sphenoid sinus, had significant relationships
with age, so that they decreased with age (P<0.05). The highest symmetry was between the left
and right maxillary sinuses.

Conclusion: The paranasal sinus was different in men and women. Some dimensions of paranasal
sinuses had a significant relationship with age. These results can be used in planning prosthetic
treatments and performing surgeries with fewer complications.
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Background

Measuring the dimensions of paranasal sinuses by three-
dimensional images leads to the recognition of normal
sinus structures in the population and the affecting factors
such as physiological (age and gender) or pathological
(chronic sinusitis) conditions (1).

This basic information can be a significant help in
evaluating the relationship between dimensions with
pathology and sinus disorders, pre-treatment evaluations,
increasing preoperative vision, and sinus endoscopy
(functional endoscopic sinus surgery), making surgery
more reliable with fewer complications (1-3).

Likewise, treatment plans such as placement of implants,
prostheses, or mini-screws in orthodontic treatments as
well as the amount of sinus lift can be determined according
to the pattern of changes in paranasal sinuses (4).

To this end, by knowing the relationship between age
and gender with dimensions of paranasal sinuses, previous
imaging can be used as a reference to assess the normality

or abnormality of the paranasal sinuses in current
images (1).

Accurate imaging should be utilized to better evaluate
the anatomy of paranasal sinuses since they have unique
and complex structures. Due to its advanced imaging
and evaluation of images in three coronal, axial, and
sagittal planes, magnetic resonance imaging (MRI) is an
acceptable method to demonstrate the true anatomy of
paranasal sinuses (5). Nevertheless, a few studies have
been performed on the dimensions of paranasal sinuses
according to age and gender by MRI images, and most
studies have examined only one sinus with a small sample
size using cone-beam computed tomography (CBCT).

For this reason, the current study sought to investigate
the changes in paranasal sinus dimensions according to
age and gender by MRI.

Materials and Methods
At least 600 MRI images were examined in this cross-
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sectional study, which was registered in the Research
Council of Hamadan University of Medical Sciences with
the ethics code IRUMSHA.REC.1398.592.

The inclusion criteria were the presence of posterior
maxillary teeth (first and second molars and premolars if
they affect the dimensions of the sinus).

Some of the examined images were excluded due to the
lack of clarity and low quality of the images as a result
of the inability to accurately measure the dimensions of
paranasal sinuses. The exclusion criteria were the presence
of pathology in the sinuses, the absence of posterior
maxillary teeth, and sinus fillings that occupy a significant
volume of the sinuses and deform the sinus walls. The
other exclusion criteria included a history of trauma
and fractures in the jaw and face, congenital craniofacial
disorders, sinus aplasia, and a history of orthognathic
surgery. In addition, some were excluded because of the
homogeneity of samples in different age groups and both
genders. Finally, MRI images of 310 patients, including
200 women and 110 men between ages 10 and 70, were
included in the study. All images were obtained using
an MRI Essenza 1.5T machine (SIEMENS, Munich,
Germany) with certain imaging parameters (eight-channel
brain coil, slice thickness of 5 mm, inter-slice gap of 2 mm,
T1: TR=400, TE=8.7, T2: TR=3000, TE=96, and fov:
230 mm).

The depths of all paranasal sinuses and the width
of the left and right frontal sinuses in the axial plane
(Figures 1A, 1B, and 1C), as well as the height of the left

and right frontal sinuses in the sagittal plane (Figure 1D),
underwent measurement. The width and height of the
maxillary and sphenoid sinuses (Figures 1E and 1F) were
also estimated in the coronal plane. The distance between
the anterior point and the posterior point of the medial
sinus wall was considered the depth of the sinus, and the
longest distance between the medial. Further, the lateral
walls of the sinus were regarded as sinus width, and the
distance from the highest point on the sinus ceiling to the
lowest point on the sinus floor was taken into account
as sinus height. About 10% of the total samples were
re-evaluated to check the agreement between the two
observers.

All statistical analyses were performed using SPSS 21.0
(SPSS, Chicago, IL, USA) software. Descriptive statistics
and statistical tests, such as the t-test, one-way analysis of
variance, Tukey’s post hoc test, and Pearson correlation
coefficient, were used to analyze the data, and a significance
level was considered to be 0.05.

Results

In general, 310 (200 females and 110 males) patients with
a mean age of 35.63+12.37 were included in this study.
The youngest and oldest patients were 10 and 70 years old,
respectively (Table 1).

A t-test was utilized to evaluate the relationship between
the dimensions of paranasal sinuses and gender. There are
significant differences in the dimensions of the paranasal
sinuses between men and women (Table 2).

Figure 1. (A) Depth of Left and Right Maxillary Sinus, (B) Width and Depth of Left and Right Frontal Sinuses, (C) Depth of Left and Right Sphenoid Sinus, (D) Left
Frontal Sinus Height, (E) Width and Height of Left and Right Maxillary Sinuses, and (F) Width and Height of Left and Right Sphenoid Sinuses
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Moreover, a one-way analysis of variance was employed
to investigate the relationship between paranasal sinus
dimensions within different age groups. Due to the small
number of patients in the age groups of 50-60 and 60-70,
the two groups were merged and placed in the group over
50 years. Only 5 variables, including the width of the left
and right maxillary sinuses, the height of the left maxillary
sinus, the depth of the left frontal sinus, and the depth
of the right sphenoid sinus, were significantly related to
different age groups (Tables 3, 4, and 5).

Tukey’s post hoc test was used to compare the pairs
between the age groups. There was a significant difference
in the width of the right maxillary sinus in the age group
of 10-20 years with the age group over 50 years. Similarly,

Table 2. Comparison of Paranasal Sinus Dimensions Based on Gender

MRI and paranasal sinuses

this significant difference was observed in the width of the
left maxillary sinus in the age group of 10-20 years with
age groups of 40-50 years and over 50 years. In addition,

Table 1. Distribution of Participants According to Age and Gender

Age Group (y) Female Male Total
10-20 26 12 38
20-30 42 23 65
30-40 74 29 103
40-50 34 31 65
50-60 21 12 33
60-70 3 3 6
Total 200 110 310

Sinus Dimensions Gender Number Mean =SD Mean Difference +SE P Value
Male 110 2.30+0.43

Right maxillary sinus width 0.08+0.04 0.078
Female 200 2.22+0.38
Male 110 3.71+0.60

Right maxillary sinus height 0.29+0.07 <0.001
Female 200 3.41+0.57
Male 110 3.58+0.38

Right maxillary sinus depth 0.17+0.04 <0.001
Female 200 3.41+0.34
Male 110 2.22+0.39

Left maxillary sinus width 0.10+0.04 0.018
Female 200 2.11£0.35
Male 110 3.69+0.59

Left maxillary sinus height 0.28+0.06 <0.001
Female 200 3.40+0.55
Male 110 3.62+0.38

Left maxillary sinus depth 0.19+0.04 <0.001
Female 200 3.42+0.35
Male 110 2.88+0.82

Right frontal sinus width 0.44+0.09 <0.001
Female 200 2.43+0.75
Male 110 2.54+0.76

Right frontal sinus height 0.18+0.08 0.032
Female 200 2.35+0.70
Male 110 1.24+0.71

Right frontal sinus depth 0.34+0.06 <0.001
Female 200 0.89+0.34
Male 110 2.96+0.98

Left frontal sinus width 0.37+0.10 <0.001
Female 200 2.59+0.80
Male 110 2.54+0.83

Left frontal sinus height 0.11+0.09 0.238
Female 200 2.43+0.77
Male 110 1.21+0.32

Left frontal sinus depth 0.30+0.03 <0.001
Female 200 0.90+0.24
Male 110 1.64+0.38

Right sphenoid sinus width 0.09+0.04 0.040
Female 200 1.54+0.39
Male 110 2.05+0.39

Right sphenoid sinus height 0.16+0.04 0.001
Female 200 1.89+0.37
Male 110 2.24+0.64

Right sphenoid sinus depth 0.16+0.07 0.027
Female 200 2.08+0.60

Left sphenoid sinus width Male 110 1.59+0.35 0.07+£0.04 0.073
Male 200 2.06+0.38

Left sphenoid sinus height 0.18+0.04 <0.001
Female 110 1.87+0.37
Male 200 2.19+0.65

Left sphenoid sinus depth 0.12+0.07 0.085
Female 110 2.06+0.60

Note. SD: Standard deviation; SE: Standard error.
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there were significant differences in the depth of the left
frontal sinus in the age group of 10-20 years with age
groups of 20-30 years and 40-50 years, as well as in the
depth of the right sphenoid sinus in the age group over
50 years with age groups of 20-30 years and 30-40 years.
Contrarily, no significant difference was found in the
height of the maxillary sinus between age groups.

A Pearson correlation coefficient test was utilized to
examine the relationship between dimensions of different
sinuses, and a weak correlation was observed between
each sinus dimensions and other sinuses, while there was a
stronger correlation between one side of sinus dimensions
and the opposite side.

Based on the data in Table 6, the highest correlation
was recorded between the left and right maxillary sinus
dimensions, while the lowest correlation was observed
between the left and right sphenoid sinus dimensions.
All correlations between the left and right maxillary and
frontal sinuses were positive. A negative correlation was

Table 3. Different Age Groups for Maxillary Sinus Measurements

found only in the sphenoid sinus.

According to the findings, the highest and lowest
symmetries were observed between the left and right
maxillary sinuses and between the left and right sphenoid
sinuses, respectively. On the other hand, the highest
correlation between the dimensions of the left and
right sinuses was found in the height, depth, and width,
respectively. There was a negative correlation between the
width of the right sphenoid sinus and the width and depth
of the left sphenoid sinus.

Regarding the correlation of each of the desired
dimensions in the two genders, there was a stronger
relationship between the height of the left frontal sinus
and the height of the right frontal sinus in males compared
to females. Furthermore, a stronger negative correlation
was found between the depth of the right sphenoid sinus
and the depth of the left sphenoid sinus in females than in
males.

Sinus Dimensions Age Group (y) Number Mean =SD Min. Max. P Value
10-20 38 2.37+0.32 1.6 3.1
20-30 65 2.22+0.37 1.4 3.2
Right sinus width 30-40 103 2.29+0.45 1.2 3.9 0.030
40-50 65 2.21+0.36 1.4 3.3
Over 50 39 2.10+0.39 1.4 2.9
10-20 38 3.57+0.57 1.8 4.4
20-30 65 3.60+0.61 1.9 5.0
Right sinus height 30-40 103 3.57+0.58 1.6 4.9 0.154
40-50 65 3.39+0.57 2.1 5.0
Over 50 39 3.41+0.69 2.2 4.7
10-20 38 3.46+0.39 2.2 4.2
20-30 65 3.45+0.34 2.3 4.3
Right sinus depth 30-40 103 3.50+0.37 2.1 4.6 0.708
40-50 65 3.48+0.35 2.6 4.4
Over 50 39 3.41+0.40 2.7 43
10-20 38 2.33+0.26 1.9 2.8
20-30 65 2.17+0.31 1.5 2.9
Left sinus width 30-40 103 2.17+0.42 1.2 3.3 0.001
40-50 65 2.09+0.38 1.1 3.3
Over 50 39 2.00+0.32 13 2.9
10-20 38 3.50+0.56 2.3 4.4
20-30 65 3.61+0.54 1.8 5.0
Left sinus height 30-40 103 3.57+0.57 1.6 5.0 0.048
40-50 65 3.37+0.54 2 4.5
Over 50 39 3.35+0.68 2.2 4.8
10-20 38 3.38+0.49 2.7 4.2
20-30 65 3.50+0.31 2.8 4.1
Left sinus depth 30-40 103 3.53+0.41 2.1 4.9 0.600
40-50 65 3.47+0.34 2.9 4.4
Over 50 39 3.41+0.40 2.6 4.2

Note. SD: Standard deviation; Min.: Minimum; Max.: Maximum.
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Table 4. Different Age Groups for Frontal Sinus Measurements

MRI and paranasal sinuses

Sinus Dimensions Age Group (y) Number Mean+SD Min. Max. P Value
10-20 38 2.47+0.72 1.1 4.5
20-30 65 2.61+0.70 1.4 4.5
Right sinus width 30-40 103 2.58+0.81 1.1 5.0 0.778
40-50 65 2.68+0.96 1.2 5.3
Over 50 39 2.54+0.78 0.9 4.7
10-20 38 2.25+0.63 0.8 3.7
20-30 65 2.51+0.76 0.7 4.7
Right sinus height 30-40 103 2.40+0.63 0.9 4.0 0.180
40-50 65 2.54+0.85 1.4 5.0
Over 50 39 2.29+0.73 0.9 4.8
10-20 38 0.94+0.57 0.4 4.0
20-30 65 0.99+0.32 0.3 1.8
Right sinus depth 30-40 103 0.95+0.31 0.4 2.2 0.144
40-50 65 1.07+0.31 0.5 1.9
Over 50 39 1.18+0.15 0.6 8.0
10-20 38 2.52+0.76 1.3 4.1
20-30 65 2.82+0.86 1.1 4.8
Left sinus width 30-40 103 2.81+0.88 1.1 5.1 0.145
40-50 65 2.74+0.97 1.1 5.0
Over 50 39 2.47+0.85 1.4 4.2
10-20 38 2.35+0.63 0.9 3.2
20-30 65 2.52+0.92 0.7 5.1
Left sinus height 30-40 103 2.52+0.77 0.8 4.6 0.686
40-50 65 2.46+0.84 1.0 5.0
Over 50 39 2.37+0.73 1.3 4.6
10-20 38 0.85+0.26 0.4 1.5
20-30 65 1.05+0.30 0.5 1.8
Left sinus depth 30-40 103 1.01+0.28 0.5 1.9 0.002
40-50 65 1.10+0.34 0.5 2.0
Over 50 39 0.97+0.31 0.4 2.0

Note. SD: Standard deviation; Min.: Minimum; Max.: Maximum.

Discussion

Comprehensive knowledge and appropriate visualization
of the paranasal sinus anatomy are crucial for success
in the treatment of sinus disorders, and head and neck
surgeries, especially otolaryngology surgery, and cranial
base surgery to prevent their complications (4,6). Most
previously published data in this field have examined one
or two pairs of paranasal sinuses in a small sample size (less
than 100 samples) using CT or CBCT images. Although
these images provide a realistic vision of sinus structure,
they have disadvantages such as the high cost and use of
ionizing radiation (5,7).

Overall, in this study, the relations between the
dimensions (width, height, and depth) of the paranasal
sinuses (maxillary, frontal, and sphenoid) were examined
according to gender and age using the non-ionizing nature
of MRI with a larger study population (310 MRI images).

The results demonstrated that, except for the width of
the right maxillary sinus, height of the left frontal sinus,

and width and depth of the left sphenoid sinus, there was
a significant relationship between the other dimensions of
paranasal sinuses and gender. Additionally, the difference
in sinus dimensions between males and females was more
considerable in the frontal and maxillary sinuses, and the
sphenoid sinus had a less significant relationship with
gender. The width of the frontal sinus and the height of the
maxillary sinus highly differed between males and females
compared to the other dimensions.

The results of this study are in line with those of Rani et
al, measuring the dimensions of the maxillary sinus on 60
MRI radiographs with SIEMENS software. Based on their
findings, the volume of maxillary sinuses was significantly
higher in male cases than in female cases (8).

In another study, Abdalla examined different CT
images of 330 patients for a three-dimensional evaluation
of the maxillary sinus and reported that mean values
for measuring the human maxillary sinus in males are

significantly higher in length, width, and height than in
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Table 5. Different Age Groups for Sphenoid Sinus Measurements

Sinus Dimensions Age Group (years) Number SD +Mean Min. Max. P Value
10-20 38 1.57+0.32 0.9 2.4
20-30 65 1.59+0.37 0.9 2.5
Right sinus width 30-40 103 1.63+0.40 0.9 3.0 0.314
40-50 65 1.54+0.40 0.6 2.4
Over 50 39 1.47+0.41 0.7 2.4
10-20 38 2.00+0.36 1.0 2.8
20-30 65 1.96+0.43 0.8 3.2
Right sinus height 30-40 103 1.95+£0.35 0.7 2.8 0.324
40-50 65 1.95+£0.38 1.1 2.8
Over 50 39 1.82+0.43 0.6 2.6
10-20 38 2.21+0.57 0.7 3.5
20-30 65 2.24£0.58 1.1 3.3
Right sinus depth 30-40 103 2.16+0.63 1.0 3.2 0.018
40-50 65 2.14+0.64 0.8 3.5
Over 50 39 1.83+0.60 0.8 3.1
10-20 38 1.52+0.37 0.8 2.4
20-30 65 1.60+£0.35 0.9 2.6
Left sinus width 30-40 103 1.53+£0.37 0.7 2.8 0.568
40-50 65 1.54+0.37 0.8 2.6
Over 50 39 1.47+0.30 0.8 2.3
10-20 38 1.98+0.44 1.2 2.8
20-30 65 2.00+0.37 1.1 3.2
Left sinus height 30-40 103 1.94+0.34 1.0 2.8 0.172
40-50 65 1.92+0.36 1.1 2.8
Over 50 39 1.81+£0.47 0.5 2.6
10-20 38 2.13+0.59 0.7 3.5
20-30 65 2.28+0.54 1.2 3.4
Left sinus depth 30-40 103 2.06+0.65 1.0 3.7 0.094
40-50 65 2.04+0.65 0.9 3.4
Over 50 39 1.99+0.60 0.8 3.0

Note. SD: Standard deviation; Min.: Minimum; Max.: Maximum.

Table 6. Dimensions of Different Sinuses on the Left and Right According to Pearson Correlation Coefficient

Sinus Type Variable Left Sinus Width Left Sinus Height Left Sinus Depth
Right sinus width 0.400* 0.396* 0.332*
Maxillary Right sinus height 0.451* 0.588* 0.418*
Right sinus depth 0.193* 0.189* 0.429*
Right sinus width 0.400* 0.396* 0.332*
Frontal Right sinus height 0.451* 0.588* 0.418*
Right sinus depth 0.193* 0.189* 0.429*
Right sinus width -0.179* 0.057 -0.016
Sphenoid Right sinus height 0.080 0.564* 0.273*
Right sinus depth 0.058 0.328* 0.379*

Note. Correlation numbers with the sign * are statistically significant.
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females (9).

The results of a study by Robles et al conform to the
findings of the two above studies. They obtained CT
images from 30 patients for three-dimensional evaluation
of the maxillary, sphenoid, ethmoid, and frontal sinuses
and concluded that there was no statistically significant
difference between the volume of maxillary, sphenoid, and
ethmoid sinuses in males and females, but this difference
is observed in the frontal sinus (10).

In this study, a significant relationship was observed
between age and the width of the left and right maxillary
sinuses, the height of the left maxillary sinus, the depth of
the left frontal sinus, and the depth of the right sphenoid
sinus, so that these 5 variables decreased with age. Many
studies have investigated the relationship between age and
sinus volume.

The findings of the current study corroborate those
of Cohen et al, demonstrating that older patients had a
significantly lower sinus volume on 201CT images and a
decreased volume of maxillary and sphenoid sinuses was
expected with increasing age (2). In addition, Aktuna
Belgin et al examined CBCT images of maxillary sinuses
in 200 patients in 5 age groups and concluded that the
volume of maxillary sinuses decreases with age (4).

Conversely, Marino et al found no correlation between
age and pneumatization based on 323 CT scans (11).
Likewise, in a study performed by Gulec et al on CBCT
images of 133 individuals between 8 and 51 years old,
there was no significant correlation between maxillary
sinus volume and age (12). The contradictions in the
results of different studies may be related to the different
age distributions of the samples and the dentition status of
the individuals.

The results confirmed a low correlation between the
dimensions of each sinus with the other ones, while there
was a stronger correlation between the dimensions of one
side and the opposite side.

The main limitation of this manuscript was our inability
to calculate the volume of each sinus. Considering that the
MRI files cannot be transformed into a DICOM format, we
could not send them to volume measurement software and
had to measure each dimension of the sinuses separately.

Conclusion

Based on the results of this study, there was a significant
relationship between the dimensions of paranasal sinuses
and gender, so that the average size of paranasal sinuses
was larger in males than in females. In addition, there was a
significant relationship between age and only 5 dimensions
of paranasal sinuses. Moreover, the highest correlation
was observed between the dimensions of the left and right
maxillary sinuses, while the lowest correlation was found
between the dimensions of the left and right sphenoid
sinuses. Among the dimensions of the sinuses, the height
of the left and right sinuses had the highest correlation
with each other.

MRI and paranasal sinuses
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