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ABSTRACT

, Anggraeny Putri Sekar Palupi®

, Sariyani Pancasari Audry Arifin3"%,
, Rizki Tanjung®

Objectives: This research aims to determine the
variation in the distance of maxillary posterior tooth
roots to the maxillary sinus.

Materials and Methods: This research employed a
descriptive observational design using 68 samples
of CBCT radiographs of individuals aged 20-40 years
from Dental Radiology Installation of Dental & Oral
Hospital, Faculty of Dentistry, Universitas Trisakti.
The distance assessed in this study is the shortest
vertical distance from the apices to the maxillary
sinus floor of all roots in first premolars, second
premolars, first molars and second molars. The
measurements were performed using i-Dixel 2.2
software (Morita-Japan).

Results: The result showed the mesiobuccal root of

the second molar was the closest to the maxillary
sinus, with a mean distance of -0.24 + 1.23 mm.
Conversely, the buccal root of the first premolar
was the farthest, with a mean distance of 4.72 *
3.11 mm.

Conclusion: The proximity order of roots relative to
the maxillary sinus, from closest to farthest, is as
follows: mesiobuccal root of the second molar,
distobuccal root of the second molar, palatal root of
the first molar, distobuccal root of the first molar,
mesiobuccal root of the first molar, palatal root of
the second molar, palatal root of the second
premolar, the single root of the second premolar,
buccal root of the second premolar, palatal root of
the first premolar, the single root of the first
premolar, buccal root of the first premolar.
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INTRODUCTION

The maxillary sinus is a pyramidal-shaped
paranasal sinus with a base formed by the alveolar
process and the palatine process of the maxilla,
which serves as a boundary between the makxillary
sinus and the oral cavity.! The maxillary sinus is also
the first paranasal sinus to develop, starting to
appear on the 17th day of pregnancy and fully
developing around the age of 20 years with the
eruption of the third molars.23 The maxillary sinus
is a vital anatomical structure closely associated
with the roots of posterior maxillary teeth. The
apex of molar roots is closer to the sinus floor
compared to the apex of other posterior tooth
roots.*>

The approximation or proximity of the maxillary
sinus floor to the apex of posterior tooth roots may
be associated with maxillary sinus diseases. It can
influence various dental procedures, such as tooth
extraction.® Oroantral Communication (OAC) is a
complication that may occur during tooth
extraction procedures. If left untreated, OAC can
develop into Oroantral Fistula (OAF).” The proximity

between posterior tooth roots and the maxillary
sinus can also affect root canal treatments. One
case reported an orbital abscess caused by the
rapid exacerbation of periapical inflammation
following endodontic treatment of the maxillary
first molar.8

Studies have shown that the buccal roots of
maxillary molars frequently protrude into the
maxillary sinus. In terms of the average distance
between the maxillary sinus floor and root tips, the
greatest distance is found in the palatal roots of the
first and second maxillary molars and the buccal
roots of the first premolar. Meanwhile, the shortest
distance is observed in the mesiobuccal root of the
maxillary first molar and the palatal root of the
maxillary second premolar.® However, other studies
have indicated that the mesiobuccal root of the
maxillary second molar is the closest to the sinus
floor, followed by the distobuccal root of the
maxillary second molar and the palatal root of the
maxillary first molar.?

To assess the distance between the maxillary
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sinus and posterior maxillary tooth roots,
radiographic examinations can be conducted. One
commonly used method is panoramic radiography,
which is often utilized for preoperative assessment
of the distance between the maxillary sinus floor
and posterior tooth roots. However, panoramic
radiography, which only provides two-dimensional
images, has several limitations, including image
distortion, magnification, superimposition, and the
inability to visualize the buccal-palatal dimensions
of posterior tooth roots.310 These limitations can
make it difficult to assess the distance between
each posterior tooth root and the maxillary sinus.

Therefore, the advance of Cone Beam
Computed Tomography (CBCT), as an evolution of
imaging technology, has addressed the limitations
of conventional two-dimensional radiography. CBCT
provides three-dimensional images, making it a
valuable tool for evaluating pathological lesions and
anatomical structures, including the maxillary sinus,
in detail. With the three-dimensional radiographic
images produced by CBCT, anatomical variations of
the maxillary sinus can be  evaluated
comprehensively, especially for assessing the
distance between the sinus and posterior maxillary
tooth roots more precisely than with panoramic
radiography.11CBCT enhances the role of imaging as
a guide for diagnostic decision-making and
treatment planning. Based on the background, it is
essential to conduct a study on the variation in the
distance between the roots of maxillary posterior
teeth and the maxillary sinus.12

MATERIALS AND METHODS

This study employed a descriptive observational
design and was conducted at the Dental Radiology
Installation of Oral & Dental Hospital Faculty of
Dentistry Universitas Trisakti, from August 2024 to
November 2024. This study uses 68 samples,
consisting of CBCT images of patients aged 20 — 40.
The inclusion criteria were CBCT radiographs of
patients aged 20-40 years, complete posterior
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dentition up to the second molars, fully formed
posterior tooth roots, and all roots of the first
premolar to the second molar. Radiographs with
metal artifacts, image noise, pathological lesions on
the roots or apices of posterior teeth, impacted
third molars, and the presence of orthodontic
appliances were excluded from these studies.

Measurements were conducted using i-Dixel
software version 2.2 (Morita, Japan). Data
collection involved the retrieval of CBCT
radiographs from the Radiology Department, which
were then reviewed and selected based on the
inclusion criteria. The distance assessed on this
study is the shortest vertical distance from the
apices to the maxillary sinus floor of all roots in first
premolars, second premolars, first molars and
second molars. Measurements were performed
using the measurement distance feature by
drawing the nearest vertical line from the apex of
the buccal and palatal roots in premolars, and from
the mesiobuccal, distobuccal, and palatal roots in
molars, to the most inferior border of the maxillary
sinus floor. These measurements were conducted
on the right side, and only the coronal plane was
analyzed, as previous CBCT studies have shown no
significant difference between coronal and sagittal
views in measuring root—sinus distances.’®> The
results obtained can be a negative value if the apex
protrudes into the floor of the sinus (Figure 1).

Data analysis was performed using SPSS
software, with results presented as mean, standard
deviation, minimum, and maximum values. Inter-
observer reliability was assessed using the Technical
Error of Measurement (TEM) on 20% of the data to
ensure measurement accuracy and consistency.®
Statistical tests were conducted to validate the
findings, and all results were summarized in tabular
form for ease of interpretation. Ethical approval
was obtained from the Faculty of Dentistry Ethics
Committee, Universitas Trisakti, under approval
number 825A/S1/KEPK/FKG/12/2024.

Figure 1. Example of data measurement. (A) Coronal view, negative value; (B) Coronal view, positive value
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RESULTS

The study describes the distances between the
roots of maxillary posterior teeth and the maxillary
sinus in tables containing minimum, maximum,
mean, and standard deviation values. Prior to data

analysis, reliability testing was conducted through
inter-observer measurements in collaboration with
a dental radiology specialist from the Faculty of
Dentistry, Trisakti University. The reliability test was
performed using the Technical Error of
Measurement (TEM).

Table 1. The result of the Technical Error of Measurement (TEM) reliability test.

n p notes

Second molar - Distobuccal 13 0.055 No difference
Second molar - Mesiobuccal 13 0.254 No difference
Second molar - Palatal 13 0.139 No difference
First molar - Distobuccal 13 0.500 No difference
First molar - Mesiobuccal 13 0.054 No difference
First molar - Palatal 13 0.096 No difference
Second premolar - Single root 13 0.104 No difference
First premolar - Double roots - 13 0.165 No difference
Buccal

First premolar - Double roots - Palatal 13 0.165 No difference

Based on the result of the Technical Error of
Measurement reliability test (Table 1), a
comparison was conducted by assessing the
difference in evaluations between two observers
against a test value of zero (0). The test results
yielded significance values (p) for each data point,
with the highest p-value found in the distobuccal
root of the first molar (p = 0.500), while the lowest
p-value was observed in the mesiobuccal root of
the first molar (p = 0.054). The test results showed
p-values greater than 0.05 (p > 0.05), indicating no
significant difference in the evaluations between
the two observers.

The mean and standard deviation of the apical
distance of each maxillary posterior tooth root to
the maxillary sinus floor have been measured (Table
2). The results indicate that the root closest to the
maxillary sinus is the mesiobuccal root of the
second molar, with a mean value of -0.24 + 1.23
mm and a minimum and maximum of -4.08 mm and
2.50 mm, respectively. This is followed by the
distobuccal root of the second molar, with a mean
value of 0.04 + 1.24 mm and a minimum and
maximum of -4.00 mm and 3.17 mm, and the
palatal root of the first molar, with a mean value of
0.12+1.96 mm and a minimum and maximum of

-5.22 mm and 6.69 mm. Negative values in the
measurements indicate that the root extends into
the maxillary sinus.

The first premolar has two root types: a single
root, which is fused, and double roots with buccal
and palatal divisions. The buccal root of the first
premolar is the farthest from the maxillary sinus,
with a mean value of 4.72 + 3.11 mm and a
minimum and maximum of -3.51 mm and 11.69
mm, followed by the single-rooted first premolar,
with a mean value of 4.12 + 2.68 mm and a
minimum and maximum of 0.58 mm and 11.21 mm.
Meanwhile, the palatal root of the first premolar
has a mean value of 3.04 + 3.23 mm and a
minimum and maximum of -3.92 mm and 9.25 mm.

For the second premolar with double roots,
including buccal and palatal roots, the palatal root
shows a mean value of 0.72 £+ 1.17 mm and a
minimum and maximum of -1.17 mm and 3.25 mm.
The buccal root of the second premolar shows a
mean value of 2.63 + 1.95 mm and a minimum and
maximum of 0.19 mm and 6.25mm. For single-
rooted second premolars, the mean value is 1.56 *
1.64 mm, with @ minimum and maximum of -1.33
mm and 6.50 mm.

Table 2. The distance values between the posterior tooth roots and the maxillary sinus.

n Mean St. deviation Minimum Maximum

(mm) (mm) (mm) (mm)
M2 P 68 1,0069 2,23945 -1,08 10,83
M2 DB 68 0,0412 1,24872 -4,00 3,17
M2 MB 68 -0,2474 1,23565 -4,08 2,50
M1P 68 0,1225 1,96645 -5,22 6,69
M1 DB 68 0,6457 1,48335 -4,22 3,95
M1 MB 68 0,8741 1,63557 -3,08 7,84
P2 —Single root 55 1,5660 1,64229 -1,33 6,50
P2B 13 2,6392 1,95497 0,19 6,25
P2P 13 0,7200 1,17070 -1,17 3,25
P1B 40 4,7230 3,11828 -3,51 11,69
P1P 40 3,0443 3,23579 -3,92 9,25
P1—Single root 28 4,1296 2,68371 0,58 11,21
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DISCUSSION

This study was conducted to determine the
distance of each posterior tooth root from the
maxillary sinus, which plays a crucial role in
avoiding errors in treatment planning.
Understanding the proximity between the maxillary
posterior tooth roots and the maxillary sinus is
essential, not only for surgical procedures such as
tooth extractions and dental implant placements
but also for recognizing the spread of pulp
infections into the maxillary sinus and orthodontic
movements like tooth intrusion.® The floor of the
maxillary sinus often expands around the posterior
tooth roots or even extends below them, creating
significant proximity between the roots and the
sinus.14

Maxillary sinus pneumatization, a natural
process where the sinus cavity enlarges, often
occurs after the extraction of posterior teeth in the
upper jaw. This expansion may cause the sinus to
come closer to or even directly contact the
remaining posterior tooth roots. The close
relationship between the maxillary sinus and the
posterior tooth roots of the upper jaw has
significant clinical implications. This proximity
increases the risk of complications during dental
procedures, such as tooth extraction or root canal
treatment.1? CBCT was used in this study to assess
the distance between posterior tooth roots and the
maxillary sinus due to its proven advantages over
panoramic radiographs, which are more commonly
used. CBCT can assess anatomical structures more
accurately because it provides images in three-
dimensional aspects. In addition, it produces high-
resolution images with lower radiation exposure
compared to CT scans. Therefore, this study chose
CBCT to evaluate the distance between maxillary
posterior tooth roots and the maxillary sinus.1>

The farthest root from the sinus was the buccal
root of the first premolar, followed by the fused
root of the first premolar and the palatal root of the
first premolar (Table 2). This finding is consistent
with the research conducted by Fry R et al., which
reported that the farthest root from the maxillary
sinus was the palatal root of the first and second
molars, followed by the buccal root of the first
premolar. Similarly, Liao W.'s study stated that the
farthest root was the fused root of the first
premolar.816

The closest root in this study was the
mesiobuccal root of the second molar, followed by
the distobuccal root of the second molar and the
palatal root of the first molar (Table 2). This result
aligns with a previous study by Altaweel et al.,
which reported that the closest root was the
mesiobuccal root of the second molar.® However,
differing results were noted in the study by Fry R et
al., which found that the mesiobuccal root of the
first molar, followed by the palatal root of the
second premolar, was the closest to the floor of the
maxillary sinus.*2 These variations may occur due to
anatomical differences between individuals, age,
and the degree of maxillary sinus
pneumatization.*17.18
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This study did not differentiate between the
right and left sides of the maxillary sinus, gender, or
bone growth patterns. This was because no
significant differences were observed between the
right and left sides of the maxillary sinus, as stated
in a study by Shrestha B et al., which found no
significant differences between the right and left
sides of the maxillary sinus. However, Shrestha B et
al. also stated that bone growth patterns and
gender influence the distance between posterior
tooth roots and the floor of the maxillary sinus.?®
Based on the research conducted by Motiwala, MA
et al., which studied the population in Pakistan, it
was found that the distance between posterior
tooth roots and the floor of the maxillary sinus
decreases with age.?° In this study, the age range
was limited to 20-40 years, as this range is assumed
to encompass individuals with fully developed tooth
roots and stabilized maxillary sinus development.2!
This differs from the study by Lijie T., which
included subjects over 21 years with no maximum
age limit. Such differences could affect study
results, as in this study, the farthest root was the
buccal root of the first premolar, whereas in Lijie
T.'s study, the farthest root was the root of the
second premolar.2?

Based on the findings of this study, the closest
root was the mesiobuccal root of the second molar,
while the farthest root was the buccal root of the
first premolar. This finding can be explained by
anatomical considerations. The floor of the
maxillary sinus usually extends most inferiorly in
the region of the second molar, placing the
mesiobuccal root apex in close proximity to, or
sometimes projecting into, the sinus cavity. In the
premolar region, the sinus is often less
pneumatized anteriorly, which results in the first
premolar roots, particularly the buccal root, being
positioned farther away from the sinus.2324 This is
consistent with a study by Kaushik P et al., which
stated that the first premolar root had the farthest
distance from the floor of the maxillary sinus, and
the palatal root of the first molar was the closest to
the maxillary sinus.?®> Based on this study result
(Table 2), the closer the posterior tooth roots are to
the maxillary sinus, the higher the risk of
complications.  Therefore, understanding the
average distance between maxillary posterior tooth
roots and the maxillary sinus is an important
consideration in treatment planning.

CONCLUSION

The study concludes that the distance between
the maxillary posterior tooth roots and the
maxillary sinus varies. The closest root to the sinus
is the mesiobuccal root of the second molar,
followed by the distobuccal root of the second
molar, the palatal root of the first molar, the
distobuccal root of the first molar, the mesiobuccal
root of the first molar, and the palatal root of the
second molar. The sequence continues with the
palatal root of the second premolar, the single root
of the second premolar, the buccal root of the
second premolar, the palatal root of the first
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premolar, the single root of the first premolar, and
lastly, the buccal root of the first premolar.
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