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INTRODUCTION 

The maxillary sinus is a bilateral air-filled 
chamber existed in the maxilla and is the largest of 
the four paranasal sinuses1,2. The paranasal sinuses 
are useful in humidity of the inhaled air, equalizing 

changes in air pressure, facilitating respiratory 
function and resonance, helping in diminution of 
the weight of the skull, and have an essential role in 
growth of orofacial structures 3,4,5.

The maxillary sinus grows rapidly in size through 
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ABSTRACT

Aim: Evaluate the volume of the maxillary sinus in subjects with unilaterally impacted 
maxillary canine using cone beam computed tomography (CBCT) and compare the sinus volume 
in subjects with unilateral buccal or palatal maxillary canine impaction. 

Materials and Methods: CBCT scans of 40 subjects with unilaterally  impacted maxillary 
canines (20 with unilateral buccal impaction and 20 with unilateral palatal impaction) were 
used to compare the maxillary sinus volumes between the impacted and the normal sides. Also, 
the maxillary sinus volume in patients with unilateral buccally maxillary impacted canine was 
compared with those with unilateral palatally maxillary impacted canine. The materialize mimics 
21.0 software program was used to calculate the volume of the maxillary sinus. 

Results: The volume of the maxillary sinus was statistically significantly smaller in the 
impaction side (11377.17 ± 1386.87 mm3) compared to the contralateral side (12770.71 ± 1621.24 
mm3). However, there is no significant effect of the site of impaction either buccally or palatally on 
the volume of the maxillary sinus. 

Conclusion: A volumetric decrease in the maxillary sinus volume can be expected when the 
maxillary canines are impacted.
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two growth spurts: the first one within the first three 
years of life, and the second from seven to twelve 
years of age. Then its size becomes almost adult-
sized between twelve and fifteen years of  age 6. 

Bhushan et al.7 didn’t find any increase in the 
maxillary sinus volume after twelve years of age. 
The mean maxillary sinus volume in early adults is 
16,711 cm3 in males and 13,370 cm3 in females 8. 

The floor of the maxillary sinus is formed of the 
maxillary alveolar process. So, sinus pneumatization 
can occur after extraction of maxillary posterior 
teeth 9, while reduction in maxillary sinus volume 
may be associated with dental impaction 10.

Maxillary canines are unique members of the 
dental arches. They play a very important role in 
occlusion. Also, they are of high esthetic value as 
they support lip and facial muscles11. The maxillary 
permanent canine is most likely to be impacted 
second to the third molars 12, with a prevalence of 
impaction ranges from 1–3% of the population 13. 
Palatal canine impaction occurs 3 to 6 times more 
than buccal impaction 14.

The inferior border of the maxillary sinus may 
be interfered by the roots of the maxillary canine 
even in a well aligned dental arch 15. As well as 
maxillary canine become in a closer relationship 
with maxillary sinuses when it is impacted 16.

Endo et al.,2 evaluated the size of maxillary sinus 
in different malocclusion groups using 120 lateral 
cephalogram of patients aged from 12 to 16 years 
of both sexes. They didn’t register any significant 
differences in maxillary sinus sizes between 
different groups of malocclusions or between sexes.

Darsey et al.,17 used computerized tomography 
(CT) scanning for accurate evaluation of the 
maxillary sinus volumes before and after rapid 
maxillary expansion. While Saccucci et al.,18 stated 
that, volumetric measurement of maxillary sinus 
using cone beam computed tomography (CBCT) 
has lesser exposure than computed tomography, and 
lower cost than magnetic resonance imaging.

Zeynep et al.,19 evaluated the volume maxillary 
sinus in 30 subjects with unilateral impacted canines 
using pretreatment and posttreatment CBCT. They 
demonstrated increase in the volume of the maxillary 
sinus after orthodontic traction of impacted canines.

No previous studies investigated maxillary sinus 
volumes in patients with unilateral buccally or 
palatally maxillary impacted canines. So, the aim 
of the presented study was directed to evaluate the 
volume of maxillary sinus in patients with unilateral 
maxillary canine impaction and compare maxillary 
sinus volume between patients with unilateral 
buccally maxillary canine impaction and others with 
unilateral palatally maxillary canine impaction.

MATERIAL AND METHODS

CBCT images of 40 Egyptian patients with 
unilateral impacted maxillary canine, their ages 
13-18 years were collected from Orthodontic 
department, Faculty of Dentistry, Tanta University, 
and private radiology centers. Of these 40 patients, 
twenty had unilateral labial impacted canines and 
the other twenty had unilateral palatally impacted 
canines. Patients with hard or soft tissue pathosis, 
craniofacial anomalies, congenitally missing teeth, 
extracted posterior teeth and any maxillary sinus 
pathosis were not included in this study.

The minimum number of sample size for this 
study was calculated and found to be 40 patients. 
The criteria used for sample size calculation were 
as follows: 95% confidence limit, 80% power of the 
study.

CBCT scans were acquired by iCAT FLX 
CBCT machine (Imaging Science international, 
ISI, Hatfield, PA, USA). Scanning parameters were 
90 kVp, 24 s, 4 mA, with field of view 16x12 cm 
and resolution of 0.3 mm voxel size used mainly 
for ENT purposes in airway and paranasal sinuses 
assessment.
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The raw DICOM files for the selected cases were 
imported into materialize mimics 21.0 software. 
Prepare a new mask selection (crop area) with 
predefined HU custom threshold (min. threshold is 
-1000 and max. threshold is -500). The dimension 
of the mask was defined in all directions to cover 
the entire sinus area then the mask selection was 
edited carefully to define the boundaries of the sinus 
accurately by adding or erasing layers one by one 
from all orthogonal planes.

Each maxillary sinus side made a separate mask 
which was saved a separate object named with the 
sinus side (Left or Right sinus). Each object was 
colored with a different color to distinguish the 
impacted canine side from the normal side. All 
objects were visible on screen as a 3D model for 
further manipulation such as merge, cut, or export to 
STL if needed. The object properties can be easily 
shown on screen (Fig 1).

Measurements of the maxillary sinus volume 
were repeated 2 weeks after the initial measurements. 
The reliability of these repeated measurements was 
tested using the intraclass correlation coefficient 
(ICC) with a 95% confidence interval. ICC values 
ranged from 0.91 to 0.96, which indicated a high 
degree of reliability.

The maxillary sinus volume of the impacted 
canine side was compared to the non-impaction 
side and the sinus volume of the labially impacted 
side was compared to the sinus volume of palatally 
impacted side and the data was statistically analyzed.

Statistical Analysis

The data were collected, tabulated, and analyzed. 
Statistical analysis was done with SPSS Version 
22.0 (SPSS Inc, Chicago, IL, USA). T-test was used 
for comparing the sinus volume between impaction 
and non-impaction sides.

RESULTS

Measurements of the maxillary sinus volume at 
the impaction and non-impaction sides are given 
in Table 1. There was a statistically significant 
increase in the maxillary sinus volumes in the non-
impaction sides 12770.71 ± 1621.24 mm3 compared 
to the impaction side 11377.17 ± 1386.87 mm3 (P= 
0.017) (Fig 1, 2).

No statistically significant difference in 
maxillary sinus volumes was recorded in patients 
who had labial or palatal impacted maxillary canine 
(P= 0.283) (Table 2).

TABLE (1): Comparison of maxillary sinus volumes 
between impaction and non-impaction 
sides.

Maxillary sinus 
volume (mm3)

impacted side (n=40)

Maxillary sinus volume 
(mm3) non-impacted 

side (n=40)

Range 8547.11 – 13851.15 10115.85 – 14742.77 

Mean ± SD 11377.17 ± 1386.87 12770.71 ± 1621.24

T. test 2.530

P. value 0.017*

TABLE (2): Comparison of maxillary sinus volumes 
between labial and palatal impaction 
groups.

Sinus volume (mm3)  
Labial impaction 

(n=20)

Sinus volume (mm3)  
Palatal impaction 

(n=20)

Range 9168.24 – 11917.44 8547.11 – 13851.15

Mean ± SD 10814.61 ± 1159.90 11658.45 ± 1459.56

T. test 1.121

P. value 0.283
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DISCUSSION

 The introduction of CBCT in dentistry in the late 
1990s, has considered the best method for diagnosis 
and assessing the position of impacted canines and 
other adjacent structures20. 

Lateral cephalometric radiographs have many 
disadvantages, that the images may be different 
from the actual size. In addition, the boundaries 
of the maxillary sinus are superimposed by 
neighboring structures specially in the deeper 
areas of nasomaxillary complex 21. CBCT is more 
accurate to measure maxillary sinus volume with 
smaller radiation doses and lower cost compared 
with computed tomography magnetic resonance 

imaging respectively 18. Therefore, CBCT scans 
were used in the present study for measurement of 
maxillary sinus volumes. 

The maxillary canine eruption occurs between 
11 and 12 years of age, while the maxillary sinus 
reaches its maximum size between 12 and 15 years 
of age and its volume does not significantly increase 
after 12 years of age 6,7,18,22. Therefore, in the current 
study the maxillary sinus volume was evaluated 
in patients aged above 12 years with unilateral 
maxillary canine impactions. 

Maxillary sinus volume may vary by age and 
gender 10,23,24, so when examining changes in 
maxillary sinus volume, we measured right and left 

Fig. (1) 3D volumetric measurements 
of right maxillary sinus (labially 
impacted canine side) and left 
maxillary sinus (normal control 
side).

Fig. (2) 3D volumetric measurements of 
right maxillary sinus (palatally 
impacted canine side) and left 
maxillary sinus (normal control 
side).
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maxillary sinus volumes in the same patient with 
unilaterally impacted canine, rather than evaluating 
sinus volume in different patient groups to eliminate 
the influence of age and gender on sinus volume. 
Also, presence of impacted canine on either right 
or left side will not affect the results because no 
significant difference in maxillary sinus volumes 
between the right and left sides was recorded by 
previous studies 10,25.

In the present study, the patients had no extracted 
or congenital missing maxillary teeth as Ariji et 
al.,

25 reported greater volume of the maxillary sinus 
in toothed patients than in edentulous patients.  
Furthermore, Takahashi et al.,26 utilized elderly 
Japanese corpses to report decrease in the volume 
of the maxillary sinus with molar absence. Also, 
Velasco-Torres et al.,27 found significantly smaller 
maxillary sinus volume in complete and partially 
edentulous patients than in dentate patients.

In the current study, smaller maxillary sinus 
volume was observed on the impacted canine side 
than on the opposing side. This result agreed with 
that of Zeynep et al.,19 who stated that, the volume of 
right maxillary sinus was significantly smaller than 
that of the left side when the canine was impacted 
on the right side. They also reported that deeply 
impacted canine has an impact on maxillary sinus 
volume. This may explain our nonsignificant result 
between maxillary sinus volume in patients with 
labially or palatally impacted maxillary canines. 
So, further studies may be important to evaluate 
the effect of vertical position of impacted maxillary 
canine on maxillary sinus volume.

On the other hand, Kalabalık and Ertas10 believed 
that impacted teeth failed to have any influence on 
maxillary sinus volume as they found no significant 
difference in sinus volume between right and left 
sides when comparing the maxillary sinus volumes 
in patients with unilateral impacted teeth.

In conclusion, this study has showed a significant 
decrease in the volume of maxillary sinus in patients 

with unilateral maxillary canine impaction on the 
same side of impaction regardless of the site of 
impaction either labially or palatally.
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