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	 Background:	 Oral breathing causes many changes in the facial anatomical structures in adult patients. In this study we 
aimed to determine the effects of long-term oral breathing (>5 years) on the maxillary sinus volumes among 
adult male patients.

	 Material/Methods:	 We accessed medical records of 586 patients who had undergone cone beam computed tomography (CBCT) for 
any reason between September 2013 and April 2014. Patients who had undergone cone-beam dental volumet-
ric tomography scans for any reason and who had answered a questionnaire about breathing were screened 
retrospectively. Cone beam dental volumetric tomography (I-Cat, Imaging Sciences International, Hatfield, PA, 
USA) was used to take the images of the maxillo-facial area at a setting of 120 kVp and 3.7 mA. This study in-
volved male patients older than 21 years of age.

	 Results:	 The study included a total of 239 male patients, of which 68 were oral breathers and 171 were nasal breath-
ers. The mean age of the oral breathers was 48.4 years and that of the nasal breathers was 46.7 years and 
the difference was not statistically significant (p>0.05). The mean maxillary sinus volumes of the oral and na-
sal breathers were 9043.49±1987.90 and 10851.77±2769.37, respectively, and the difference in maxillary si-
nus volume between the 2 groups was statistically significant (p<0.001).

	 Conclusions:	 The volume of maxillary sinus in oral breathers (>5 years) was significantly lower than in nasal breathers, but 
it remains unclear whether this is due to malfunctioning of the nasal cavity or due to the underlying patholog-
ical condition.
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Background

Breathing requires the free flow of air through the nose in 
normal conditions. Essential for proper growth and develop-
ment of the craniofacial complex, nasal respiration is primor-
dial [1]. However, due to nasal septum deviations, craniofacial 
deformities, tumors, or habit; oral breathing may replace nasal 
breathing for supplementation or a mixed breathing [2]. Oral 
breathing is regarded as a pathological condition because it 
may cause health problems such as changes in orofacial mus-
cle tone, dry mouth, occlusal changes, chewing and swallow-
ing pattern deviations, dental caries, periodontal diseases, and 
speech and sleep disorders [3,4]. Oral breathing has been re-
ported to have a prevalence of over 50% among children [5,6].

Anatomically, the nasal cavity and maxillary sinuses share a 
common bony wall and the sinuses are thought to be able to 
act as zones of accommodation for variations in nasal cavity 
diameter, which can be altered by breathing pattern [7]. The 
maxillary and mandibular intercanine and intermolar distanc-
es have been also shown to present significant differences 
between patients with different breathing patterns [8]. It has 
been determined that, if the causes of oral breathing are not 
corrected before the growth stages, this breathing pattern may 
have serious effects [9].

Cone beam computed tomography (CBCT) provides multipla-
nar images that can allow radiologists to inspect the entire vol-
ume of the acquired image [10]. The introduction of the CBCT 
exam is widely regarded as one of the greatest advances in 
recent years in diagnostic imaging in dentistry. CBCT exami-
nation of the maxilla anatomy is commonly requested during 
implant placement in the posterior maxilla [11].

In the literature, studies of the effects of oral breathing are 
generally focused on children. In this study, we aimed to de-
termine the effects of long-term (>5 years) oral breathing on 
maxillary sinus volumes among male adults older than the 
21 years of age.

Material and Methods

Generating data

Our study included medical records of a total of 586 patients 
who underwent CBCT for any reason between September 2013 
and April 2014. From these 586 patients, we excluded 184 pa-
tients who had irregular breathing, declined to answer the ques-
tionnaire, had facial trauma or craniofacial anomalies, had sys-
temic diseases, or who were younger than 21 years of age, as 
well as all 163 females. The study was approved by the Dicle 
University Medical Faculty Ethics Committee.

The present study included a retrospective analysis of medi-
cal records. Patients were asked about breathing habits dur-
ing the last 5 years and they were included in the study if their 
breathing habits had not changed and if they had not under-
gone any treatment for breathing problems during this peri-
od. The questionnaire included questions about oral breath-
ing during sleep and while awake. For patients who claimed 
to have oral breathing, 2 examiners (K.S.A and B.G.) performed 
further testing to confirm this with various diagnostic assess-
ments such as water holding test, mirror condensation test, 
and cotton wisp test [12]. If any of these verification tests did 
yielded a negative result, the CBCT data of the patient were 
not included in the oral breathers group.

Patients who indicated they were oral breathers during sleep-
ing or during day and night for longer than 5 years were se-
lected. These 2 patient groups were evaluated together as 
the oral breathing group because the oral breathers during 
sleep indicated that they were also oral breathing sometimes 
during effort.

I-Cat imaging

Cone-beam dental volumetric tomography (I-Cat, Imaging 
Sciences International, Hatfield, PA, USA) was used to take im-
ages of the maxilla-facial area at a setting of 120 kVp and 3.7 
mA. Images were obtained within 10 s (actual exposure time 
was 9 s). Each scan involved a number of separate, small, in-
dividual exposures (up to 440 frames) taken over 360°, with 
a voxel size of 0.300 mm.

MIMICS

MIMICS 16.0 software (Materialise, Leuven, Belgium) is a link 
between the scanner data (CT, MRT, CBCT) and a simple vir-
tual 3D representation. The data from CBCT scans were seg-
mented slice-by-slice, rendered to create a 3-dimensional 
model of the maxillary sinus and evaluated by MIMICS 16.0 
software. The data from CBCT scans were converted and seg-
mented, using manual thresholds, by MIMICS 16.0 software. 
The threshold is necessary to create a first separation of the 
anatomical structures (bone, soft tissue, and sinus). A mask 
is generated for each structure and makes it possible to pro-
ceed within the work flow. The masks can be edited slice by 
slice by simply adding or removing voxels manually. Bone, soft 
tissue, and sinus were separated using the above-mentioned 
functions. For evaluating, separated sinus volume were dis-
tinguished from anatomical structures. Right and left maxil-
lary sinus volumes of each patient were determined and the 
average of these 2 volumes was recorded for each patient 
(Figures 1–5).
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Statistical analysis

Statistical analyses were performed using SPSS 18.0 software 
(SPSS, Inc, Chicago, IL) and the data are expressed as mean ± 
standard deviation. Comparison of mean maxillary sinus vol-
ume data between groups was done using the t test. A p value 
of <0.05 was considered to be statistically significant.

Results

We included 239 male patients (Figure 6). Among those, 68 
were oral breathers and 171 were nasal breathers. Age distri-
bution of study participants is summarized in Table 1. Most 
of the patients were 50–59 years of age. The mean age of the 
oral breathers was 48.4 years and that of the nasal breath-
ers was 46.7 years; the difference was not statistically signif-
icant (p>0.05).

Figure 1. �The screen in determination of 3D sinus volume using MIMICS program in 2 samples of CBCT of the cases included in the 
study. The screen above is a sample CBCT of oral breathers and the screen below is a sample CBCT of nasal breathers.
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The mean maxillary sinus volume of the oral and nasal breathers 
were 9043.49±1987.90 mm3 and 10851.77±2769.37 mm3, re-
spectively, and the difference in maxillary sinus volume between 
the 2 groups was statistically significant (p<0.001) (Table 2). The 
overall comparison between oral and nasal breathers showed 
that maxillary sinus volume showed a mean reduction in oral 
breathers (Figures 1, 4, 5). Due to oral breathing, the shape of 
the maxillary sinus may be affected. In oral breathing, changes 
have been observed in the maxilla and maxillary sinus.

Discussion

In this study we have determined that the mean maxillary si-
nus volume decreases significantly in oral breathers compared 
with nasal breathers among adults with a constant breathing 
pattern of more than 5 years. To the best of our knowledge, 
this is the first study determining maxillary sinus volumes 
in different breathers with CBCT using the MIMICS program.

Figure 2. �From the nasal breathers group, an example of the screen of left and right sinus for the measurement of maxillary sinus 
volume using the MIMICS program.
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Our findings are in line with the results of Tikku et al., who 
had also reported smaller maxillary sinus volumes among oral 
breathers compared with the nasal breathers on 50 patients 
12–14 years of age [12]. Tikku et al. calculated the maxillary 
sinus volume using a manual segmentation method from CBCT 
scans of 25 normal breathers and 25 oral breathers and deter-
mined the mean maxillary sinus volumes as 12.712±1.619 cm3 
and 11.598±1.520 cm3 for nasal and oral breathers, respective-
ly [12]. MIMICS software is better than manual segmentation, 
which Tikku et al. used. MIMICS software has many advan-
tages over manual segmentation and other imaging software. 
These advantages are being user-friendly, providing quick and 
easy segmentation, best segmentation control and sensitivi-
ty, having tools to correct segmentation in 2D slices, and hav-
ing threshold interval units (grey levels) compatible with oth-
er imaging software.

The influence of breathing pattern on craniofacial growth has 
been reported in many studies [13,14]. Oral breathers were re-
ported to have longer faces [15]. Malhotra et al. reported that 
all subjects with oral-breathing habit exhibited significant in-
crease in facial height, mandibular plane angle, and gonial an-
gle [16]. In another study on 30 patients with a mean age of 
13.1 years [17], the oral breathers showed reductions in fa-
cial, maxillary, and mandibular widths; nasion-sella-gnathion 
angle; and facial index. In a recent study, oral-breathing chil-
dren were determined to have an increase in anterior lower 
facial height, the hyoid bone in a more elevated position, and 
more class II malocclusion compared to nose-breathing chil-
dren [18]. Faria et al. studied 35 children ages 7–10 years and 

found a significant relationship in greater maxillo-mandibu-
lar retroposition and superior gonial angles in the oral breath-
ers. However, in this study, any significant differences in other 
parameters, such as the inclination of the incisors or the dis-
tance and height of molars, were not determined [19]. Harari 
et al. reported that oral breathers demonstrated considerable 
backward and downward rotation of the mandible, increased 
overjet, increase in the mandible plane angle, a higher pala-
tal plane, and narrowing of both upper and lower arches at 
the level of canines and first molars compared to the nasal 
breathers group [3].

Oral breathing was determined to reduce the vertical effect 
on the posterior teeth, which can affect the vertical position 
of posterior teeth negatively, leading to malocclusion [20]. 
Similarly, in a recent study, oral breathing was reported to de-
crease the chewing activity and to reduce the vertical effect 
upon posterior teeth [21]. Oral breathers were shown to have 
narrower hard palate at the level of second premolars and 
first molars, and deeper palate in the level of second premo-
lars, when compared to nasal breathers [22].

In our study groups, the maxillary sinus showed growth and 
variations with pneumatization. The reduction in sinus volume 
may be due to either or both of these reasons: 1) chronic in-
flammation is prone to appear in the poorly growing maxil-
lary sinus, which thickens the bony wall of the paranasal sinus, 
thereby inducing reduction in total volume; and 2) ethmoid in-
fundibulum and middle meatus are narrowed by inflammation 
of the ostiomeatal complex and by bony anatomic variations 

Figure 3. �An example of the 3D appearance of maxillary sinuses from the nasal breathers group using the MIMICS program.
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Figure 4. �From the oral breathers group, an example of the screen of left and right sinus for the measurement of maxillary sinus 
volume using the MIMICS program.

in the nasal cavity, leading to impaired pneumatization of the 
paranasal sinus. Both causes appears logical but it is difficult 
to say whether this reduction in volume is due to the anatom-
ical structure of maxillary sinus being affected due to unsuit-
able functioning of nasal cavity and inadequate pneumatiza-
tion, or due to the underlying chronic inflammation.

The maxillary sinus, which occupies the upper two-thirds of 
the maxillary bone, functions to lighten the weight of the skull, 

to give resonance to the voice, and to warm and moisten in-
spired air [23]. Some factors have been reported to affect the 
maxillary sinus volume. Although there may be some differ-
ences during growth periods, in adulthood, males have larger 
sinuses than females. A significant difference of the maxillary 
sinus volume between males and females has been report-
ed, but we only included males in the present study [24,25]. 
Although some reports suggested that the maxillary sinus vol-
ume increases with age, other studies did not find a significant 
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Figure 6. Distribution of study participants.

Total CBCT
(n=586)

Refused to let participate
in the study

(n=14)

Partial or total edentulism
(n=43)

Facial trauma and
craniofacial anomalies

(n=16)

Systemic disorders and
on regular medications

(n=32)
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(n=41)

Female patients
(n=163)

Male patients
(n=239)

Oral breathers
(n=68)

Nasal breathers
(n=171)

Irregular breathers or
treated patients

(n=38)

Excluded

Figure 5. �An example of the 3D appearance of maxillary sinuses from the oral breathers group using the MIMICS program.

effect of age on maxillary sinus volume [26,27]. Since we only 
included adults older than 21 years and the mean ages of the 
2 groups were similar, we could not study the effects of age 
on maxillary sinus volume. However, Ariji et al. have described 
the correlation between craniocaudal diameter of the maxil-
lary sinus, and body height and body weight [28]. We did not 

record the body height or weight of the subjects included in 
this study and this may be a limitation.

Although a large dose of ionizing radiation is delivered by med-
ical computed tomography, CBCT technology has achieved con-
siderable reduction of absorbed radiation doses, with equal 
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image qualities and less artifacts for visualizing the maxillo-
facial structures compared to traditional CT imaging [29,30].

Conclusions

The volume of maxillary sinus in oral breathers (>5 years) was 
significantly smaller than in nasal breathers, but it remains 

unclear whether this is because of unsuitable functioning of 
the nasal cavity or is due to the underlying pathological con-
dition. Therefore, it is difficult to say which is the main caus-
ative factor. Since oral breathing is a common condition, stud-
ies of the outcomes of this decline are warranted.
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Ages Number of patients

<21 93

21–30 77

31–40 106

41–50 177

51–61 78

>61 17

Table 1. Age distribution of the study participants.

Mouth 
breathers 

(n: 68)

Nasal 
breathers 
(n: 171)

p

Maxillary sinus 
volume (mm3)

9043.49 
±1987.90

10851.77 
±2769.37

<0.001

Table 2. The mean maxillary sinus volume of study participants.
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