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Abstract: Knowledge of the exact location of the floor of maxillary sinus is a very important factor in relation to safe
regions for implant therapy and surgery. The aim of this study was to evaluate the distance between the alveolar crest and
maxillary sinus floor on cross-sectional, 3D and panoramic views of CBCT. 94 CBCT images taken with Galileos
machine were selected for the purpose of this cross-sectional study, using convenience sampling. The distance between
the alveolar crest and the floor of maxillary sinus was determined on 3D, panoramic and cross-sectional views at the
regions of teeth #4, #5, #6 and #7 by two radiologists. Data were analyzed with SPSS 20, using the repeated-measures
ANOVA, paired t-test and kappa coefficient (o = 0.05). There were significant differences in the distances between the
alveolar crest and the floor of the sinus in the second premolar area on the three different views (P = 0.011). However,
there were no significant differences in other areas between the three views (P, first premolar = 0.602; P, first molar =
0.079; P, second premolar = 0.498). T-test revealed significant differences between 3D and cross-sectional views (P =
0.008) and 3d with panoramic views (P = 0.001), but the difference between the panoramic and cross-sectional views
was not significant (P = 0.868). In comparisons made in relation to the distance between the alveolar crest and the floor
of the maxillary sinus, there were significant differences between 3D and cross-sectional, and 3D and panoramic views;
however, the difference between cross-sectional and panoramic views was not significant.
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INTRODUCTION
Maxillary sinus is the largest paranasal sinus

placement of implants and for preparation of treatment
protocols [6]. After introduction of the CBCT

[1]; it might be affected by odontogenic conditions or
even get involved during dental procedures due to its
close proximity to the oral cavity. Therefore, it is
necessary for dentists to determine the distance between
the alveolar crest and the maxillary sinus floor in
maxillary molar surgeries and for the placement of
implants in this area [2, 3]. After extraction of maxillary
molars, the expansion of the maxillary sinus will
continue until it occupies the alveolar space and in
some cases, the maxillary sinus floor is located at the
alveolar crest [4].

Several imaging techniques have been used for
the evaluation of the position of maxillary sinus floor,
including panoramic, conventional tomography, CT
scan and more recently, cone-beam computed
tomography (CBCT) techniques [5].

Panoramic radiographs are used as a routine
radiographic  technique for evaluations before

technique, 3D imaging became available for practical
purposes in dentistry [7-9]. One of the principal
advantages of CBCT is the easy access, ease of use,
presentation of data in real values and 3D
reconstruction by this technique [10-12]. The CBCT
technique can reveal the location of impacted teeth and
their relationship with and effect on the adjacent teeth
[13]. Data acquired from this technique during the
imaging can be used again to provide consecutive cross-
sections at axial, coronal and sagittal planes. In
addition, CBCT makes it possible to reconstruct 3D
images of the area in question [14]. The CBCT machine
is able to reconstruct images at any arch similar to a
panoramic image, with no difference from the
conventional panoramic images, except for the fact that
it has less superimposition [15].

In a study by Terakado et al [16], the
diagnostic  efficacies of CBCT and panoramic
techniques were compared in relation to the topographic
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relationship between the maxillary sinus floor and the
posterior teeth, their pathologic conditions and apical
periodontitis. A total of 39 apical periodontitis lesions
and changes resulting from them were detected on
CBCT images; however, only six of these lesions were
detected by the panoramic technique. Therefore, the
CBCT technique proved more effective than the
panoramic technique in the 3D evaluations of the
maxillary sinus and its relation with posterior teeth.

Mehdizadeh et al [17] compared the cross-
sectional, 3D and panoramic views for the evaluation of
the relationship between the inferior alveolar canal and
third molars. They concluded that the panoramic and
3D views exhibited lower accuracy compared to the
cross-sectional views provided by the CBCT technique.

Kay and Killey [18] evaluated the distance
between the maxillary sinus floor and the root apices of
maxillary molars on CBCT images and reported no
significant differences between the left and right sides
and between males and females.

Hekmatian et al [19] compared the distances
between the root apices of maxillary molars and the
maxillary sinus floor between the two cross-sectional
and panoramic views of CBCT technique and reported
significant differences between the two views.

The CBCT technique is commonly used for
evaluation of patients, especially before surgical
procedures. New software programs have made it
possible to reconstruct CBCT images in different ways
and evaluate the images in different views. However, it
appears there are a limited number of studies available
on different views of CBCT images, especially in the
maxilla. Therefore, the aim of the present study was to
evaluate the distance between the alveolar crest and the
floor of the maxillary sinus with the use of different
views and processing of CBCT images.

MATERIALS AND METHODS

In the present descriptive-analytical study, 94
CBCT images [17] of patients referring to the
Department of Oral and Maxillofacial Radiology,
Isfahan Faculty of Dentistry, during 2014-2015, on
which the alveolar crest and the maxillary sinus floor
were visible, were selected using convenience sampling
technique. All the images had been taken using

Galieous CBCT scanner (GMBH, Sirona Dental
Systems, Bensheim, Hessen, Germany). Images on
which the alveolar crest and the sinus cavity floor were
not visible and also the images of patients with a history
of maxillofacial surgery or trauma were excluded from
the study. The images were reconstructed on three
views of 3D, panoramic and cross-sectional and
evaluated simultaneously by two oral and maxillofacial
radiologists in cooperation with each other under the
same conditions in relations to the illumination of the
room and the monitor, 32-bit LG L1755s Flatron LG,
Seoul, South Korea) with a resolution of 1440x690
pixels, with the use of Galileous software program
(SIDEXIS XG, Sirona Dental X-ray Imaging Systems,
Version 3.7). The mean distances between the alveolar
crest and the maxillary sinus floor were determined and
recorded by the two specialists in three views of cross-
sectional, panoramic and 3D. Since the two specialists
cooperated with each other to measure the distances,
there was no need to calculate the coefficient of
agreement between their measurements.

The vertical distance between the alveolar
crest and the floor of the maxillary sinus was measured
in mm in 4 areas: teeth #4, #5, #6 and #7. To make the
measurements reproducible, all the measurements were
made from the alveolar crest in the central area of the
teeth from the mesiodistal and buccolingual dimensions
of the teeth to the floor of the maxillary sinus.

The vertical distance from the alveolar crest to
the floor of the sinus in each view was recorded for
each tooth area separately and also irrespective of the
tooth area and analyzed with SPSS 20 (SPSS Inc.,
Chicago, IL, USA). Kappa coefficient was used to
evaluate agreement between the different views.
Repeated-measures ANOVA was used to evaluate the
differences in the distances from the alveolar crest to
the maxillary sinus floor between the three views.
Paired t-test was used for two-by-two comparisons of
the views. Kappa coefficient value was 0.1-0.9.
Statistical significance was set at a = 0.05.

RESULTS

First the kappa coefficients were calculated to
evaluate agreement between the three views two-by-two
and separately for each tooth area; the results are
presented in Table 1.

Table 1: Kappa coefficients for agreement between the three views of 3D, panoramic and cross-sectional, two-by-
two and separately for each tooth area

View 3D—cross-sectional 3D-panoramic Panoramic—cross-sectional
Kappa Kappa
Tooth are coeff?cri)ent Pvalue | o oefficient | P-value coeffiF::Fi)ent P-value
1st premolar 0.89 0.001 0.001 0.96 0.001
2nd premolar 0.77 0.001 0.001 0.92 0.001
1st molar 0.74 0.001 0.001 0.89 0.001
2nd molar 0.86 0.001 0.001 0.88 0.001
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As shown in the Table, the agreement between
each two technique in all the areas was >0.77. Figure 1

presents the mean distances in all the three view
separately in each tooth area.

k1 premalar Znd premalar

k1 malar

Brass-sactional
BPanaramic

min

2nd malar

Fig-1: The mean distances in the three views of 3D, panoramic and cross-sectional separately in each tooth area in

Repeated-measures ANOVA was applied to all
the three views separately in each tooth area. Based on
the results of repeated-measures ANOVA, there were
no significant differences between the three views in the
first premolar, first molar and second molar area
(P=0602, P=0.079 and P=0.498, respectively. The
differences significant only in the second premolar
areas (P=0.011). Paired-test showed a significant
difference between the 3D and cross-sectional views
(P=0.016); however, there were no significant
differences between the cross-sectional and panoramic

mm

(P=0.056) and between the cross-sectional and

panoramic views (P=0.188).

Then the means of all the numerical values
from the three views were calculated irrespective of the
tooth areas. Table 2 presents kappa coefficients of
agreement two-by-two for the views evaluated.

Figure 2 presents the mean distances from the
alveolar crest to the maxillary sinus floor in the three
cross-sectional, panoramic and 3D views.

Table 2: The kappa coefficients of agreement between the 3D, panoramic and cross-sectional views two-by-two
irrespective of the tooth area

coefficient Kappa
View coefficient P-value
3D—cross-sectional 0.84 0.001
3D—panoramic 0.91 0.001
Panoramic—cross-sectional 0.93 0.001
13.4
13.2
13
128 B The mean
EE distance
12.2 . . between the
12 alvealar crest
& & e and maxillary
»ﬁ ry sinus floor
¢

Fig-2: The mean distances from the alveolar crest to the maxillary sinus floor in the 3D, panoramic and cross-
sectional views irrespective of the tooth area
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Pair t-test was used to analyze the mean
differences between the three views. The results of this
test showed significant differences between the 3D and
cross-sectional views (P=0.008) and between the 3D
and panoramic views (P=0.001); however, the
difference between the panoramic and cross-sectional
views was not significant (P=0.868).

DISCUSSION

New radiographic techniques have made it
possible to view anatomic structures in different
dimensions without superimposition [20]. CBCT makes
it possible to prepare 3D images; therefore, it is useful
for determining the exact distance between the alveolar
crest and the maxillary sinus floor [8]. Therefore, in the
present study, three different views of CBCT images
were compared for the measurement of the distance
between the alveolar crest and the floor of the maxillary
sinus.

The results of a study by Hansen et al [5]
showed that use of images with more cross-sections in
the CBCT technique is helpful in exactly determining
the location of the mandibular canal and it is easier to
visualize the alveolar crest relative to the mandibular
canal [5]. In the present study, the distances between
the alveolar crest and the floor of the maxillary sinus
were compared in panoramic, cross-sectional and 3D
views of CBCT images.

The results of the present study showed
significant differences between the cross-sectional view
and the 3D view and between the panoramic view and
the 3D view; however, the difference between the
cross-sectional and panoramic views were not
significant. Therefore, the results of the present study
showed that the panoramic and cross-sectional views
were equally precise. In the present study, cross-
sectional, 3D and panoramic views exhibited significant
differences in relation to their accuracy in determining
the distance between the alveolar crest and the floor of
the maxillary sinus, with significant differences
between the 3D and cross-sectional and between the
panoramic and 3D views. In this context, the 3D view
showed that the distance between the alveolar crest and
the maxillary sinus floor in all the 4 tooth areas was
greater than that measured on cross-sectional and
panoramic views.

Hekmatian et al [19] used Ramex 3D CBCT
unit to evaluate and compare the distances between the
apices of posterior maxillary teeth and the floor of the
maxillary sinus in two cross sectional and panoramic
view of CBCT images and concluded that there were
significant differences between the two views, and the
panoramic view always showed a greater distance
between the root apex and the maxillary sinus floor
compared to the cross-sectional view.

The results of the present study did not reveal
significant differences between the cross-sectional and
panoramic views, which do not coincide with the results
of the study by Hekmatian et al [19]. Two of the
reasons for such a difference might be a difference in
the sample sizes and the differences in the CBCT
machine.

Vannier [21] showed that differences in CBCT
scanners depend on the type of the detector and the
algorithm used to process the image; in this context, the
X-ray source, the x-ray dose applied, the monitor and
the processing software have insignificant effects on the
image resolution. In addition, the results of the present
study showed that new techniques for the reconstruction
of CBCT images have several advantages in
craniofacial imaging and can decrease surgical
problems.

Therefore, consistent with the study by
Vannier [21], in the present study, the different views
for processing of CBCT images yielded different results
in relation to the distance between the alveolar crest and
the floor of the maxillary sinus, indicating that it is the
algorithm used for image processing that can result in
differences in measurements. Therefore, use of one
view is not sufficient and evaluations made in different
views of CBCT technique can help more accurately
determine the distance between the alveolar crest and
the sinus cavity floor.

One of the limitations of the present study was
the lack of evaluation of distances on the left and right
sides separately and lack of evaluation of the effect of
gender on the distance between the alveolar crest and
the maxillary sinus floor. It is suggested that further
studies be carried out with larger samples sizes and by
considering factors such as age, gender and the left and
right sides.

CONCLUSION

Under the limitations of the present study,
different processed views of CBCT images of different
areas of the dental arch vyielded different results.
Comparison of the distances between the alveolar crest
and the maxillary sinus floor revealed significant
differences between the 3D and cross-sectional and
between 3D and panoramic views; however, there was
no significant difference between the cross-sectional
and panoramic views. Therefore, use of only one view
is not sufficient and evaluations made in different views
of CBT images can help determine the distance between
the alveolar crest and the maxillary sinus floor more
accurately.
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