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used as the “gold standard” method (2, 9). Currently, cone-
beam computed tomography (CBCT) also seems to be a re-
liable imaging technique in these fields, thanks to its lower 
radiation dose and higher resolution and quality (1, 4, 10-13). 
The use of CBCT was first reported by Mozzo et al (14) and has 
been proposed in the last decade for maxillofacial imaging 
(15, 16). A CBCT scan uses a different type of acquisition than 
that used in medical CT (MDCT). Rather than capturing an 
image as separate slices as in MDCT, CBCT produces a cone-
shaped X-ray beam that allows an image to be captured in a 
single shot. The resultant volume can be reformatted to pro-
vide multiple reconstructed images (e.g. sagittal, coronal, and 
axial) that are similar to traditional MDCT images (17, 18). 
CBCT thus offers the distinct advantage of a lower radiation 
dose than MDCT and the possibility of importing and export-
ing individualized, overlap-free reconstructions. Moreover, 
these possibilities and increasing access to CBCT imaging for 
surgeons are enabling the movement from 2-dimensional 
(2D) analysis to 3-dimensional (3D) analysis prior to any  
kind of surgery. Studies of CBCT applications in dentistry have 
determined that they provide a reliable and accurate tool  
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Introduction

Success in treating sinonasal disorders requires com-
prehensive knowledge and the proper visualization of the 
anatomic conditions of the osteomeatal complex and the 
paranasal sinuses, which is crucial in head and neck surgery, 
especially in otolaryngology, skull base surgery and maxillofa-
cial surgery (1-7). As an additional examination to the clinical  
investigations to confirm the anatomical landmarks and the 
diagnosis, to localize and measure the extensions of the 
pathologic lesions (2, 8), computed tomography (CT) is widely 
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for linear and 3D measurements prior to the intervention  
(18, 19).

Both CT and CBCT imaging are frequently applied for sur-
gical planning as a guidance or "road map" (2, 3, 20) to avoid 
possible severe complications such as serious bleeding, blind-
ness and injury of the central nervous system (7, 21) during 
the intervention. To increase the success and safety of the 
surgical procedures, a more extensive use of theoretical mod-
eling might be used for personalized treatments (22), aiding 
the operator performing the surgical action ahead of time. A 
good number of publications deal with the current state of 
the training methods (23-33) and to make the surgery pro-
cedure individually case-related, for instance, by using rapid 
prototyping (6, 23, 31) and virtual reality (7, 27, 28, 32, 33). 
So far, in the English-language literature, there is limited in-
formation on comparative evaluations of maxillofacial and 
head and neck structures using CBCT imaging. Hence, it was 
considered worthwhile to compare the paranasal sinus vol-
umes obtained by hand and semiautomatic mode of an imag-
ing software using both CT and CBCT image sequences.

Methods

Data from 121 CT examinations and 119 CBCT examinations 
of 240 patients who had been referred for various reasons to 
out outpatient clinics during a 5-year period were analyzed  
retrospectively. The gender and age matched patients were 
selected both for CT and CBCT for the inclusion in the study.

The overall mean age was 36.2 years (range: 18-70 years, 
standard deviation [SD]: 16.1 years). Informed consent was 
obtained from all patients before CT and CBCT examinations. 
The mean age of the male patients was 39.0 (SD, 17.38; n = 
110) years (range, 18-69 years), while the mean age of the 
female patients was 37.6 (SD, 15.63; n = 130) years (range, 
18-70 years). Patients were ordered into 3 age groups: 18-35, 
36-60 and over 60 years old.

The exclusion criteria were as follows: patients with evi-
dence of bone disease (especially osteoporosis); relevant drug 
consumption; skeletal asymmetries or trauma, congenital dis-
orders, anamnesis of surgical procedures or any pathological 
disorders involving the maxillary sinuses or the sphenoid sinus; 
syndromic patients. In the case of the CT images, 23 right, 28 
left maxillary and 11 sphenoid sinuses were excluded; for the 
CBCT images 23 right, 20 left maxillary and 7 sphenoid sinuses 
were excluded. In the final study group, all patients were free 
of any disease and all paranasal sinuses were empty cavities 
without any pathological conditions. The study protocol was 
carried out according to the principles described in the Dec-
laration of Helsinki, including all amendments and revisions. 
Only the investigators had access to the collected data. The in-
stitutional review board of the faculty reviewed and approved 
informed consent forms. There was no preference for gender 
regarding sample choice. Only high-quality scans were includ-
ed. Low-quality images, such as those containing scattering or 
insufficient accuracy of bony borders, were excluded.

Imaging using CBCT

CBCT scans were obtained using a Newtom 3G (Quan-
titative Radiology s.r.l., Verona, Italy). All CBCT scans were 

obtained according to the strict, standardized scanning pro-
tocol. Patients were placed in a horizontal position, checked 
to ensure that their mouths were closed in a normal, natural 
occlusive position and instructed to lie still throughout the 
length of the scan. Images were obtained using a 9 or 12-inch 
field of view (to ensure inclusion of the entire facial anato-
my), 0.3 mm-thick axial slices and isotropic voxel size.

Imaging using CT

The CT acquisitions were made using Philips Brilliance 16 
CT scanner at a 16 × 0.75 collimation, 1-mm slice thickness, 
0.688-mm pitch, where the reconstructed slice thickness was 
1 mm, thus consisting of non-isometric voxels.Both CT and 
CBCT Axial images were exported in DICOM file format with 
a 512 × 512 matrix and imported to Invivo 5.1.2 (Anatom-
age). The anatomical volumetric measurements were done 
by means of this software.

All images were reconstructed on a 21.3-inch, flat-panel, 
color, active-matrix TFT medical display (Nio Color 3MP; Bar-
co) with a resolution 76 Hz, 0.2115 mm pitch and 10 bit. The 
examiner was also permitted to use enhancements and ori-
entation tools such as magnification, brightness, and contrast 
to improve visualization of the landmarks.

Image evaluation

All images were retrospectively evaluated by a dento-
maxillofacial radiologist with 6 years of experience (B.T.Sz.). 
To begin the analysis, the segmented hard surface repre-
sentations of the skull are rendered in a virtual scene. The 
standardization of the head position was made as a semi-
automatic procedure by defining the head position as indi-
cated by a previous study (34) that used Invivo 5.1.2.

The volume of both maxillary sinuses and sphenoid sinus 
were evaluated. For the volumetric measurements Invivo 
5.1.2 software was used. On the sinus cavities we applied 2 
modes of the software: “hand mode” and “semiautomatic 
mode.” For the previous inverse preset method, the program 
reconstructs a 3D model of the sinus from the DICOM im-
age sequence on which the volume was selected by cutting 
out the complementary areas of the air filled area in the 3 
dimensions manually, then volume measurement was calcu-
lated by the software (Fig. 1). In the semiautomatic mode, 
we selected at least 3 points in an effort to get them as far 
away from each other in the sinus cavity and the 2 outermost 
points were placed just next to the border of the cavity, then 
volume measurement was executed (Fig. 2).

Statistical analyses were performed using SPSS software 
(ver. 23). Differences between paranasal volume measure-
ments, age groups and location (left or right) and gender 
were done using Mann-Whitney U-test. Differences were 
considered significant when p<0.05.

Results

The measurement means of the CBCT-based images ob-
tained by hand mode compared with the previously given 
sinus volume data from the literature (maxillary sinus: 15 ± 
2 cc, sphenoid sinus: 12.5 ± 2.5 cc) (35) were consistent (right 
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Fig. 1 - “Hand mode” tracing 
method.

Fig. 2 - “Semiautomatic mode” tracing method.

maxillary sinus: 14.58786 ± 5.644339; left maxillary sinus: 
15.53317 ± 5.834832; sphenoid sinus: 10.05895 ± 4.398836). 
In the case of semiautomatic measurements the values dif-
fered from the literature data since they showed substantially 
lower volumes (right maxillary sinus: 10.71837 ± 4.590159; 
left maxillary sinus: 10.40297 ± 4.318598; sphenoid sinus: 
6.77895 ± 3.547615). According to the CT measurements, 
even though the measurement averages obtained by hand 
mode compared with the literature data were closer (right 
maxillary sinus: 8.07443 ± 3.169671; left maxillary sinus: 
8.10816 ± 3.258038; sphenoid sinus: 4.74580 ± 2.615067), 
nevertheless they showed substantially lower values compar-
ing with the CBCT-based measurement means.

The volumetric values derived from semiautomatic mode 
differed from the literature data, since they showed consider-

ably lower volumes (right maxillary sinus: 5.70918 ± 2.519945; 
left maxillary sinus: 5.60323 ± 2.473048; sphenoid sinus: 
3.10364 ± 2.178794) (Tab. I). Semiautomatic and manual mea-
surement values were compared in the case of the CBCT and 
CT-based volumes of both maxillary sinuses and sphenoid  
sinus. The differences showed very strong significance in each 
case (p***<0.001, Mann-Whitney U-test) (Tab. I; Fig. 3).

Discussion

When considering the measurements made by CBCT imag-
es, the voxel size of the CBCT imaging is very crucial. However, 
there are no studies regarding volume measurements in differ-
ent voxel sizes, only comparisons of CBCT linear measurements 
to digital caliper measurements (as a gold standard). Sun and 
co-authors (36) indicated (by evaluating bone thickness) that 
bone measurements of 0.25 mm3 voxel-sized image sequences 
were closer to the direct measurements, than images with 
0.4 mm3 voxel size. Patcas et al (37) indicated that when evalu-
ating bone height and width, images of 0.4 mm3 voxel size pro-
vided results as accurate as those with 0.125 mm3 voxel size. 
This finding is the same as the study by Torres et al (38) which 
did not find any differences between voxel sizes of 0.2 mm3, 
0.3 mm3, and 0.4 mm3 in evaluating the 0.4-mm linear bone 
measurement.

In another study Sherrard et al (39) found no statisti-
cal difference between the gold standard and CBCT-based 
measurements by using the selected voxel sizes (0.2 mm3, 
0.3 mm3, 0.4 mm3) in terms of measuring tooth and root 
lengths. Ballrick et al (40) and Damstra et al (41) concluded 
that linear measurements made on CBCT surface renderings 
at the resolutions of 0.40 mm3 and 0.25 mm3 voxel size were 
accurate, and there was no difference between the resolution 
groups compared to anatomical measurements.

On the basis of comparing the semiautomatic and hand 
mode methods, the isometric, CBCT-based volume deter-
mination results were closer to the real volume conditions, 
because the nonisometric CT-based volume measurements 
defined consistently lower volumes. The values gained from 
hand mode were closer to the given literature data. The 
CBCT-based image measurement results corresponded to 
the given data as well. Considering other published literature 
data for maxillary sinus volumes, Prabhat et al (42) examined 
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30 patients to determine the volumes of the maxillary sinuses 
based on CT images and their findings are consistent with our 
results. Oz et al (43) used CBCT data to measure the volumes 
of 30 patients’ left and right maxillary sinuses using InVivo 
software (Anatomage). Even though they included only pa-
tients with impacted canines, their posttreatment maxillary 
sinus volume results are consistent with our means (Tab. II). 
To the best of our knowledge there is no publication to date 
that reports sphenoid sinus volume calculated using CT image 
sequences on such a large number of patients.

Regarding the treatment of paranasal sinus pathologies 
(e.g., squamous cell carcinoma resection, reposition after 
traumatic injury), it is essential to realize and visualize the 
proper conditions of the pathological disorder and the sur-
rounding anatomic structures. The maxillary sinus is the most 
frequently affected anatomic landmark in midfacial frac-

TABLE I - Measured means, standard deviations and significancy levels compared to the literature data

Maxillary sinus: 15 ± 2 cc, 
Sphenoid sinus: 12.5 ± 2.5 cc

CBCT CT

Mode Maxillary  
sinus right

Maxillary  
sinus left

Sphenoid  
sinus

Maxillary  
sinus right

Maxillary  
sinus left

Sphenoid  
sinus

Hand 14.59 ± 5,64 15.53 ± 5.83 10.06 ± 4.4 8.07 ± 3.17 8.11 ± 3.26 4.75 ± 2.62

Semiautomatic 10.72 ± 4,59 10.40 ± 4.32 6.78 ± 3.55 5.71 ± 2.52 5.60 ± 2.47 3.10 ± 2.18

Significancy levels p*** = 0.000 p*** = 0.000 p*** = 0.000 p*** = 0.000 p*** = 0.000 p*** = 0.000

p***<0.001, Mann-Whitney U-test.

TABLE II - Comparing the results with selected literature data

Maxillary  
sinus right

Maxillary  
sinus left

Prabhat et al (42) (CT values)
 Male 16.63 ± 4.54 15.19 ± 3.94
 Female 11.61 ± 5.15 10.95 ± 4.98

Oz et al (43) (CBCT values)
  Impacted canine on the left  

side
14.48 ± 3.19 14.77 ± 3.31

  Impacted canine on the right 
side

13.78 ± 2.93 13.88 ± 2.92

Szabo et al (CBCT values)
14.59 ± 5.64 15.53 ± 5.83

Fig. 3 - Means and standard devia-
tions of examined groups.
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tures (44). Furthermore, Cantini Ardila et al (45) concluded 
that there is a correlation between facial fractures and the 
sphenoid sinus and also sphenoid bone fractures. For mid-
face trauma cases, the Le Fort classification is a widely used 
system based on the symmetric arrangement of the fracture 
lines of this area (46, 47).

Imaging the exact course of fracture lines is possible only 
when it is assessed in 3 planes (48). Hence, several studies 
stress the importance and reliability of CT (47) and the in-
creasing use of CBCT (49, 50) in the imaging of midface trau-
ma, including maxillary sinus fractures (44, 51) as well as in 
computer-assisted surgery for pre- and intraoperative plan-
ning (52-54). Pohlenz et al (52) performed 179 intraoperative 
CBCT acquisitions in a variety of indications, where more than 
66% involved a traumatic cause. They also used a CBCT-based 
navigation system for the surgical procedure. Kokemueller 
et al (53) used a multislice, CT-image dataset for preoperative 
image planning, in which a virtual model was built, which in-
traoperatively aided the operator. After the intervention the 
postoperative and preoperative virtual models were fused to 
visualize the radiologic outcome. Scolozzi et al (54) used com-
putational preoperative image planning by using a CT image 
dataset, which was used during the intraoperative procedure. 
At the end of the surgery, an intraoperative CBCT acquisition 
was used to confirm the desired positioning of the bones.

A limitation of this study was the use of various FOV sizes 
in the CBCT unit. The ratio of scattered and primer photons 
is increased in CBCT when the bevel angle increases (55). The 
voxel sizes in CBCT units can also be changed and tested in 
fixed FOVs. Depending on the various field of view (FOV) siz-
es, the images can be affected by scattered radiation, which 
can affect the quality of the images. This issue was not con-
sidered in this study. Further studies must also be conducted 
to test the voxel sizes in fixed FOV sizes.

Conclusions

In conclusion, our results suggest that CBCT images may 
provide reliable volumetric information and data for creating 
artificial maxillofacial structures, which may aid the guidance 
of the operator prior to or during the intervention.
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