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Abstract

Objective: Cone beam computed tomography (CBCT) may be recommended as a dose-sparing technique and 3D imaging that provides
the clinician more details for examining the maxillary sinus and its relation to the root apices of upper posterior teeth, as compared
with standard medical computed tomography.

Methods: A total of (340) CBCT images were examined, images were analyzed by using (Galileos Viewer Software Version 1.9,
Dentsply). The distance was measured from the molar and premolar teeth; the closest tooth to the sinus was considered for both sides
using the software measuring tool.

Results: A total of 340 CBCTs were examined. One hundred and forty-seven CBCTs were included that matched the criteria. After
examination of the CBCTs, the most common relation between the roots of the upper posterior teeth with the maxillary sinus was Type
2: the apices of the upper posterior teeth touching the sinus floor. The result shows no statistical difference between the age groups (p
value = 0.135); also, the relationship between sex and the relation of the teeth with the maxillary sinus was not significant (p value =
0.075).

Conclusions: The most common relation between the apices of maxillary posterior teeth and the maxillary sinus was close contact.
We also concluded that the use of CBCT is essential in diagnosing the type of relation, especially during procedures where oro-antral
communication and trauma to the maxillary sinus is possible.
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Introduction

The maxillary sinus is the largest of the four sinuses in
the skull, and is located in the body of the maxilla. There
are three main processes or projections of the maxilla:
the alveolar process, inferiorly (bounded by the alveolar
ridge), the zygomatic recess (bounded by the zygomatic
bone), and the infraorbital process superiorly (bounded
by the bony floor of the orbit, and below it, the canine
fossa). The alveolar and palatine processes form the
floor of the maxillary sinus. Usually, the maxillary sinus
is separated from the roots of the maxillary posterior
teeth by a layer of cancellous bone, although
occasionally significant bone volume is absent, allowing
the apices of the molar teeth to be very near or project
into the floor of the sinus cavity. The posterior maxilla
has been described as the most difficult and problematic
intraoral area’.

The adult sinus is variable in its extension. In about half
of the population, the sinus floor extends between
adjacent teeth or individual roots, creating elevations in
the nasal surface, commonly known as ‘hillocks’. This
anatomical configuration provides a direct pathway for
dental infections to spread into the maxillary sinus. In
such cases, tooth extraction may cause oro-antral fistula
formation, with or without infection®3. In 11% of all
cases, an oro-antral communication is the most common
operative complication during extraction of upper
wisdom teeth*.

Orthopantomography (OPG) images have been used to
examine the maxillary sinus, but the sinus has never
appeared in detail or in a three dimensional way that
makes all the aspects of the sinus visible®. Cone beam
computed tomography (CBCT) may be recommended
as a dose-sparing technique and a 3D image that
provides the clinician more details as compared with
standard medical computed tomography®’.

At the edentate stage of life, the size of the maxillary
sinus increases further, often filling a large part of the
alveolar process, leaving sometimes only a paper-thin
bone wall on the lateral and occlusal sides. This process
of pneumatization of the sinus varies greatly from
person to person and even from side to side®. So, the aim
of this study was to find the vertical and horizontal
relations between the roots of upper maxillary posterior
teeth with the inferior border of the maxillary sinus
using CBCT, and to find a norm for the Kurdish
population regarding the relationship between the roots
of maxillary posterior teeth with the maxillary sinus.

Materials and methods

A total of (340) CBCT images were examined, images
were analyzed by using the original software from the

manufacturer (GALILEOS Viewer Software Version
1.9, DENTSPLY). The distance was measured from the
molar and premolar apices, the closest tooth to the sinus
was considered in the measurement and calculated in
millimeters.

For evaluating the relationship between maxillary sinus
floor and the maxillary teeth apices, the classification
implemented in the study by Jung (2009) was used
(Figure 1)*°:

Type 0: The maxillary sinus floor is located above the
maxillary posterior root tips.

Type 1: The root apex touches the sinus floor.

Type 2: The maxillary sinus floor is interposed between
the roots.

Type 3: Apical protrusion is observed over the maxillary
sinus floor.

Horizontal relationship between the teeth of Type 1 and
3 and the maxillary sinus floor was also assessed
(Figures 2 and 3).
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Figure 1: The vertical relationship of the roots of
maxillary and the premolars with the maxillary floor of
the sinus (B: buccal; P, palatal).
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Figure 2: Classifications of how the root apex touches
the sinus floor (B: buccal; P: palatal). Type 1B: The
buccal roots touch the sinus floor; Type IBP: the buccal
and palatal roots touch the floor of the sinus; Type IP:
The palatal root touches the floor of the sinus.
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Figure 3: Three classifications of apical protrusion (B:
buccal; P: palatal). Type 3B: The buccal roots project
into the sinus cavity; Type 3BP: The buccal and palatal
roots project into the sinus cavity; Type 3P: The palatal
root projects into the sinus cavity.

The inclusion criterial®

1. The age of the objects should be greater than
21, for the full development of the maxillary
sinus.

2. No history of orthodontic treatment, as this
may affect the natural position of the teeth.

3. No history of sinus surgeries, as this may alter
the morphology of the sinus.

4. No history of posterior teeth periapical surgery,
as this may affect the amount of bone adjacent
to the sinus.

5. No missing teeth at the level of the sinus, as
this may lead to inclination of the teeth.

6. No dental implant at the area adjacent to the
sinus.

7. No extraction or prosthesis in the opposite
teeth to the upper posterior teeth as this may
predispose to over eruption.

The (GALILEOS Viewer) computer software program
was used, the measuring tool inside the program was
used to measure the distance between the maxillary
sinus and the apices of the examined teeth.

The images were reworked according to the panoramic
view (to adjust the view), axial plane (to assess the
relation of roots with the maxillary sinus, and tangential
"lateral” plane (to confirm the reading of the axial view).
The computer mouse cursor was scrolled in the coronal
apical direction to adjust the views.

Ethical approval was obtained on December 13, 2021
and registered with the scientific committee under the
number (444).

Statistical analysis

All patients’ data were analyzed by statistical software
package SPSS 26 (SPSS Inc., Chicago, IL, USA) The
distribution of the sample according to age and sex was
arranged in tables, and the sample was tested for
normality after calculation of standardized residuals,
using  Shapiro-wilk (W) goodness-of-fit  test.
Accordingly Kruskal-Wallis H test and Mann-Whitney
U test were used to calculate the differences among age
groups and sexes.

Results

A total of 340 CBCTs were examined, of which 193
were excluded as they did not match the criteria
mentioned in the method section. One hundred and
forty-seven CBCTs were included that matched the
criteria: 64 males (43.5%) and 83 females (56.5%).
Some exclusions were due to the presence of unilateral
reasons for exclusion, such as missing teeth in one side.

For calculation of the data, standardized residuals were
calculated and tested for normality using Shapiro-wilk
(W) goodness-of-fit test, the test showing significant
deviation from normality (p-value=0.000).

After examination of the CBCTs, the most common
relation between the roots of the upper posterior teeth
with the maxillary sinus was Type 2 (apices of the upper
posterior teeth touching the sinus floor): 84 cases
(57.1%) for the right side and 77 cases (52.4%) for the
left side. The distributions of the relations of all types
found in this study are summarized in (Table 1) (Figure
4).

Regarding the differences between age groups, Kruskal-
Wallis test identified no significant differences between
the age groups (p-value= 0.135) (Table 2).

Mann-Whitney U test was used to show the differences
between males and females, and the test results
identified no significant differences (p-value 0.075)
(Table 3).
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Table 1: Frequency distribution of the sample regarding

both sides.

| Frequengy | percent

Excluded 7.5%
Away 14 9.5%
Touch 84 57.1%

Between 6 4.1%

Penetrate 32 21.8%

Excluded 15 10.2%
Away 15 10.2%
Touch 77 52.4%

Between 2 1.4%

Penetrate 38 25.9%

Table 2: Kruskal-Wallis H test, comparing Age groups for both sides.

| | Agesrows

Kruskal-Wallis H

21-30 44 80.90
31-40 48 71.51
41-50 36 71.88
Right Group 51-60 13 77.23
61-70 5 45.40
Morethan 70 | 1 67.50
Total 147 p-value= 0.135
21-30 44 84.69
31-40 48 68.33
41-50 36 71.29
Left Group 51-60 13 59.50
61-70 5 80.60
Morethan 70 | 1 128.50
Total 147

Table 3: Difference between males and females using Mann-Whitney U test.

Sum of Mann-Whltney
Mean Rank
Ranks

Male 4956.50
RightGrou
Female 83 71.34 5921.50
P Total 147 p-value= 0.075
Male 64 80.51 5152.50
LeftGroup HRENEE 83 68.98 5725.50
Total 147
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Figure 4: Types of relations found in this study, A: Away, B: Between the
roots, C: Touching the sinus, D: Penetrating the sinus.

Discussion

The tool used in this study was CBCT which exposes
the patient to low radiation and provides a three-

dimensional visualization of the head region®’.

The result shows that the most common relation
between the upper maxillary teeth and the maxillary
sinus was Type 2: in contact or touching. This relation
should be considered by the clinicians as it is not free
from risk of injury to the maxillary sinus floor. A study
done by James A. Wallace JA (1996) reported that the
sinus may extend to crest of the ridge; hence, the
anatomical location and variation of the sinus make the

use of CBCT of great importance®°.

Other studies® have, like this study, reported close and
intimate contact of roots of the maxillary posterior teeth

with the floor of maxillary sinus.

It is important to consider the potential influence of
ethnic factors when interpreting the results of this study
in terms of the relationship between the roots of
posterior teeth and the maxillary sinus. Two studies,
conducted in Iran and India!*'?, found that the most
common relationship was type (0) where there is no
proximity. Another study, conducted in South Korea®?,
concluded that the most common relationship is type
(3). This diversity in results can be explained by the
effect of the ethnic factor, as it may affect the shape of
the face and size of the jaw, and subsequently the

position of the maxillary sinus.

The relationship between posterior maxillary teeth and
the maxillary sinus floor is important to consider during
dental treatments, particularly root canal treatments, to
avoid potential risks associated with the penetration of

teeth root tips into the maxillary sinus**,
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Type 2 cases are those where the maxillary sinus touches
the roots of the posterior maxillary teeth, which
increases the risk of complications during dental
treatments such as surgeries and root canal treatment. In
such cases, care must be taken to avoid perforating the
sinus floor or apical tissues during the treatment.
Perforation of the maxillary sinus can lead to serious
complications, such as sinusitis, abscess formation, and
even orbital abscess, as reported in the case of a
maxillary first molar root canal treatment. Rapid
exacerbation of periapical inflammation can occur due
to the penetration of infected material into the sinus,
leading to complications that require urgent medical

attention?®.

Therefore, assessing the relationship between posterior
maxillary teeth and the maxillary sinus floor is critical
to prevent such complications. This can be achieved
through using cone-beam computed tomography
(CBCT) and other diagnostic tools to accurately identify
the position of the sinus relative to the roots of the teeth.
Careful treatment planning and execution are essential
to avoid potential complications and ensure the best

possible outcomes for the patient®.

Size of the database was a limitation of this study as it
was difficult to collect CBCT images from all radiology
centers. Another limitation related to finding the norm
for the Kurdish population, which is a secondary
outcome of this study, and a larger and broader database
is crucial to make the finding more representative of the

Kurdish population.

Awareness of the anatomy of the region is essential for
the clinicians to deal with this challenging anatomical
area’?. Ultimately, the hope is that this research will lead
to improved outcomes for patients and better overall

healthcare delivery.

Conclusion

The most common relation between the apices of
maxillary posterior teeth and the maxillary sinus was

close contact. We also concluded that the use of CBCT

is essential in diagnosing the type of relation, especially
during implant placement, endodontic treatment,
endodontic surgeries, and surgical tooth extraction
where oro-antral communication is possible. This
recommendation for using CBCT is a reflection of its
anatomical variations regarding the size and position of

the sinus in relation to the teeth and the crest of the bone.
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