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Abstract

Background: The proximity of the maxillary sinus floor to the maxillary molar roots increases the probability of
oroantral communication on conducting any surgical or endodontic procedure in the involved area. The aim of this
study is to evaluate the relationship between each maxillary molar root and maxillary sinus floor using cone beam
computed tomography. Predicting the probability of protrusion of each root into the sinus will consequently
predict the probability of occurrence of the oroantral fistula in a sample of the Egyptian population.

Results: The total number of roots located outside the sinus was 121 (35.3%), while those contacting the sinus
floor were 80 (23.3%) and those intruded the sinus were 141 (41.2%). The percentage of root intrusion into the
sinus in males (56.9%) was significantly (p = 0.01) higher than females (42.9%). The probability of root intrusion in
the left molars (54.2%) was non-significantly (p = 0.067) higher than that of the right side (44.3%). As for the type of
tooth, the second molar showed the highest probability of root intrusion into the sinus (55.3%) followed by the
third molars (52.6%) then the first molars (40.9). According to the type of root, the mesiobuccal root showed the
highest probability of intrusion into the sinus (50.9%) followed by the palatal root (49.1%) then the distobuccal root
(47.4%). However, the difference in both type of tooth and type of root was statistically non-significant (p = 0.051
and 0.869 respectively). As for the individual root with the highest probability of intrusion, the mesio-buccal root of
the right third molar is the most frequent root to intrude the sinus (71.4%) and the mesio-buccal root of the right
first molar is the least frequent (22.7%).

Conclusions: In a sample of the Egyptian population, males exhibit higher probability of root protrusion into the
sinus than females. The side and type of tooth are of higher impact on the probability of its intrusion into the sinus
compared to the type of root. Left second molars are at a higher risk of oroantral communications on surgical or
endodontic procedures compared to other molars due to its highest probability of intrusion into the sinus.
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Background
The maxillary sinuses (MS) are one of the four paired
sets of the paranasal sinuses and the first to develop in
fetal life [1]. It is considered the most important parana-
sal sinus that impacts most of the work of the dentists
and the maxillofacial surgeons [2]. This is due to the
close proximity of its floor to the apices of the premolar
and molar roots that are separated from the sinus floor
either by a thin layer of bone or by its mucous mem-
brane which is called Schneiderian membrane [3].
The sinus becomes at a risk of exposure to the oral

cavity either due to a surgical procedure carried out in
the area of the maxillary posterior teeth or due to a
pathologic invasion from a lesion arising from this area.
This leads to the occurrence of the popular accident
known as oroantral fistula or oroantral communication.
This accident, which has always been a concern for den-
tal practitioners, consists in the violation of the maxillary
sinus floor (MSF) and may or may not involve tearing of
the Schneiderian membrane [4].
Having a previous idea about the high probability of

the occurrence of an oroantral communication may
strongly affect the treatment plan. A general practitioner
may prefer to refer this case to a maxillofacial surgeon
who should bear in mind that it is a complicated proced-
ure that may require the closure of the fistula by one of
the following methods: local flaps, distant flaps, and
grafting. These include rotating or advancing soft tissues
such as palatal flap, submucosal tissue, buccal flap, sub-
mucosal tissue, buccal fat pad, and tongue flap [5].
The two-dimensional (2D) imaging, represented in the

periapical and the panoramic radiography, is considered
the most widely available modality that provides accept-
able data with minimal dose and cost. However, cone
beam computed tomography (CBCT) was the imaging
modality used by most of the researchers to study the
sinus-root relation. This is related to its three-
dimensional nature that can provide information that
was lost or restricted due to superimposition, magnifica-
tion, and blurring of the 2D imaging [6, 7].
Many studies used different scoring systems to

categorize the sinus-root relation in different popula-
tions [8–15]. The simplest of all these systems consists
of three classes, class 1: root tip is outside the sinus,
class 2: root tip is against the sinus wall, and class 3: root
tip is in the sinus [16–21]. The most popular classifica-
tion was that introduced by Kwak et al. [22] and it was
widely implemented by researchers [23, 24]. Other stud-
ies depended on the linear measurements in the involved
area [25–27].
Many studies were concerned with analyzing the

sinus-root relation in different populations including the
Chinese [9, 28], Iranian [11, 26], Brazilian [29, 30], Bul-
garian [25], and Saudi Arabian [14] populations. The

aim of this study is to assess the relationship between
the roots of the maxillary molars and MSF in a sample
of the Egyptian population—that was not involved in
any previous study—using CBCT.

Methods
Study design and population
This is an observational descriptive study that comprised
342 maxillary molar roots from 23 male and female
Egyptian patients who were referred by their dentists to
the Department of Oral and maxillofacial radiology in
Faculty of Dentistry, at our University to undergo CBCT
scanning on the maxillary arch for different purposes in-
cluding implant planning, maxillofacial surgery, FDASU-
Rec IM121804. Patients were recruited in the period be-
tween October 2019 and October 2020. From a total of
35 patients, only those who consented to participate in
this study were included. They were selected according
to the following criteria:

Inclusion criteria:

1- Patients should have at least two normally erupted
upper molars on each side.

2- Patient’s age should be above 23 years.

Exclusion criteria:

1- Roots with chronic periapical lesions, root
abnormalities (e.g., external resorption), or any
radiological evidence of intraosseous pathology (e.g.,
cysts or tumors).

2- Supernumerary and supplemental teeth.

Ethical consent
The study was approved by the Research Ethics Com-
mittee of the Faculty of Dentistry—approval number
FD….-Rec IM121804. All patients were informed about
the nature and the purpose of the study and were asked
to sign a written informed consent.

Observation and scoring
The CBCT images were obtained using i-CAT Next
Generation scanner (Imaging Sciences International,
Hatfield, PA, United States) operating at tube voltage
120 kVp, tube current 5 mA, voxel size 0.2 mm, field of
view 16 × 6 cm and scanning time 26.9 s. Images were
observed by three oral radiologists independently, with
minimum of 3 years of experience in CBCT images
interpretation.
For standardization, all the observers agreed on a cer-

tain protocol for observation to decrease bias. The ob-
servation was performed for each molar on each side on
the coronal cuts of the multiplanar reconstruction
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screen (MPR) of i-CAT Vision viewer software (version
1.9.3.13 provided by Imaging Sciences International,
USA). They were allowed to use the zoom tool and to
change the brightness, contrast, and sharpness if they
felt necessary [16].
Images were classified and given a score as follows

(Fig. 1): score 1: when the root apex is placed outside
the sinus, score 2: when the root apex is just contacting
the sinus floor, and score3: when the root apex is pro-
jected into the sinus [14–19].

Statistical analysis
The interrater reliability between the observers was de-
tected using Fleiss’s Kappa test. All the data were col-
lected and any disagreement between the observers
about the result was solved by consensus. Chi-square
test was used to analyze the effect of gender, type of
tooth (first or second or third molar), the involved side
(right or left), and type of root (mesiobuccal, distobuccal,
or palatal) on the intrusion of root into the sinus. The
level of statistical significance was set at p value < 0.05.
In this categorial analysis scores 1 and 2 were collect-
ively representing the placement of the root outside the
sinus., while score 3 represents its placement inside the

sinus. Contingency cross-tables for each score were cre-
ated in terms of frequency and percentages for the side,
type of tooth, and the type of root. All statistical analysis
was performed using IBM SPSS Statistics.

Case presentation
A 32-year-old female patient was referred by her dentist
to the Oral and Maxillofacial Radiology department, Fac-
ulty of Dentistry, at our University to undergo a maxil-
lary CBCT imaging for immediate implant placement in
the anterior maxilla. All the required criteria were
present in this patient. She was informed by the nature
of the study and she signed a written consent. CBCT im-
ages (Figs. 2 and 3) were assessed on the MPR screen of
the i-Cat Vision Viewer and the scores were recorded in
Table 1.

Results
Using Fleiss’s Kappa test, the interrater reliability be-
tween the observers upon CBCT images was overall very
good, excellent at roots away from the sinus floor (score
1), very good at roots at the sinus floor (score 2), and ex-
cellent at roots inside the sinus (score 3) (Fig. 4).

Fig. 1 Cropped CBCT coronal cuts, a shows roots with score 1, b shows root with score 2, and c shows root with score 3
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The total number of roots involved in this study is
342, 121 of them are located outside the sinus (score 1),
80 of them contact the sinus floor (score 2), and 141 in-
trude the sinus (score 3) (Fig. 5).
According to the demographic data of the partici-

pants, this study involved 23 patients aged 33.4 ±

10.7 [mean ± standard deviation] 10 of which were
males with a total of 153 roots and 13 of them were
females with a total of 189 roots. Table 2 demon-
strates the number and percentage of the roots in-
truding and extruding the sinus in each gender and
reveals that the percentage of intrusion of the roots

Fig. 2 Cropped coronal cuts for a the mesiobuccal root of the right first maxillary molar, b distobuccal and palatal roots (image b) of the right
first maxillary molar, c the mesiobuccal root of the right second maxillary molar, d distobuccal and palatal roots of the right second maxillary
molar, e the buccal root of the right third maxillary molar, and f the palatal root of the right third maxillary molar

Fig. 3 Cropped coronal cuts for a the mesiobuccal root of the left first maxillary molar, b distobuccal and palatal roots of the left first maxillary
molar, c the mesiobuccal root of the left second maxillary molar, d distobuccal and palatal roots of the left second maxillary molar, and e the
fused roots of the left third maxillary molar
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into the sinus in males was significantly higher
(56.9%) than females (42.9%) (p = 0.01).
The statistical analysis of the prevalence of intrusion

and extrusion of the roots of each side, each of the three
molars and each type of root separately is demonstrated
collectively in Table 3. It reveals that the probability of
root intrusion in the left molars (54.2%) was non-
significantly (p = 0.067) higher than that of the right side
(44.3%). As for the type of tooth, the second molar
showed the highest probability of root intrusion into the
sinus (55.3%) followed by the third molars (52.6%) then
the first molars (40.9). According to the type of root, the
mesiobuccal root showed the highest probability of in-
trusion into the sinus (50.9%) followed by the palatal
root (49.1%) then the distobuccal root (47.4%). However,
the difference in both type of tooth and type of root was
statistically non-significant (p = 0.051 and 0.869
respectively).
The frequency and percentage of occurrence of each

root in the three scores regarding its type, tooth, and
side is shown in Table 4 and Fig. 6.
The mesiobuccal root of the right third molar is the

most frequent root to be inside the sinus with 71.4% and
the mesiobuccal root of the right first molar is the least

one with 22.7%. The most frequent root to be just con-
tacting the sinus floor is the distobuccal root of the left
third molar with 30.7% and the least one is the palatal
root of the left first molar with 4.5%. Lastly, the most
frequent root to be outside the sinus is the mesiobuccal
root of right first molar with 54.5% and the least fre-
quent one is the mesio-buccal root of the left second
molar with 13% (Fig. 6).

Discussion
The study demonstrates the probability of intrusion of
each root of the maxillary molar teeth into the MS in a
sample of the Egyptian population that was not involved
in any previous study. This alerts the operator to the
probability of undesirable complications of oroantral
communication allowing him to take all the appropriate
precautions before carrying out any invasive procedure
in the maxillary posterior region.
Patients were selected to have at least two normally

erupted upper molars on each side to include the largest
number of roots within the smallest acceptable sample
size. Only patients older than 23 years were included to
ensure the complete eruption and formation of both the
upper molars and MS [31, 32].
Premolars were not involved in the current study since

many studies performed during the last decade agreed
that the premolars roots are rarely in contact with the
MSF and they represent the lowest risk of oro-antral
communication [14, 15, 18, 23, 25, 29, 33–36]. Roots
with chronic periapical lesions and root abnormalities
were excluded to avoid any confusion in the observation.
Supernumerary and supplemental teeth were excluded
because of their confusing abnormal shapes and
positions.
Among all radiographic techniques, CBCT was the im-

aging technique used in this study because of its tomo-
graphic nature, high contrast and accuracy in evaluating
the sinus floor without any superimposition, and magni-
fication or blurring in comparison to conventional im-
aging [7, 10, 27]. The i-CAT Next Generation scanner

Table 1 Scoring of the relationship of the roots of the maxillary
right and left molars to the MSF using CBCT, (R = right, L = left,
MB = mesiobuccal root, DB = distobuccal root, P = palatal root,
6 = first molar, 7 = second molar, 8 = third molar)

Root Right Left

6MB 1 3

6DB 1 2

6P 2 3

7MB 2 3

7DB 1 3

7P 3 3

8B 3 2

8P 2 Fused

Fig. 4 Interrater reliability between the observers upon CBCT images
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with its proprietary software was used in image acquisi-
tion and observation in this study following the track of
many other studies, because of its availability, high
image resolution, and ease of manipulation [19, 27, 29,
30, 37].
The relation between the MSF and the root tips of the

maxillary posterior teeth was categorized by many stud-
ies [8–21, 23, 24]. The classification used in the current
study was previously documented by many authors in
different studies [16–21]. It is represented in class 1:
root tip is outside the sinus, class 2: root tip is against
the sinus wall, and class 3: root tip is in the sinus. This
scoring system was implemented in this study due to its
simplicity.
A popular and more complicated classification pro-

posed by Kwak et al. [22] and implemented by Razu-
mova et al. [23] and Ali et al. [24] is represented as type
I: the inferior wall of the MS is located above the root

apex of the buccal and palatal roots, type II: the inferior
wall of the MS is located below the level connecting the
buccal and palatal root apices without an apical protru-
sion over the MS, type III: an apical protrusion of the
buccal root apex is observed over the inferior wall of the
MS, type IV: an apical protrusion of the palatal root

Fig. 5 Percentage of each of the three scores

Table 2 The number and percentage of the roots intruding
and extruding the sinus in each gender and its p value

Gender Sinus Total P
valueInside Outside

Female 81 (42.9%) 108 (57.1%) 189 (100%) 0.01

Male 87 (56.9%) 66 (43.1) 153 (100%)

Total 168 (49.1%) 174 (50.9%) 342 (100%)

Table 3 The number and percentage of the roots intruding
and extruding the sinus in each side, each molar, and each type
of root and their corresponding p values (6 = first molar, 7 =
second molar, 8 = third molar, db = distobuccal, mb =
mesiobuccal, and p = palatal)

Sinus Total P
valueInside Outside

Side Left 91 (54.2%) 77 (45.8%) 168 (100%) 0.067

Right 77 (44.3%) 97 (55.7%) 174 (100%)

Total 168 (49.1%) 174 (50.9%) 342 (100%)

Tooth 6 54 (40.9%) 78 (59.1%) 132 (100%) 0.051

7 73 (55.3%) 59 (44.7%) 132 (100%)

8 41 (52.6%) 37 (47.7%) 78 (100%)

Total 168 (49.1%) 174 (50.9%) 342 (100%)

Root db 54 (47.4%) 60 (52.6%) 114 (100%) 0.869

mb 58 (50.9%) 56 (49.1%) 114 (100%)

p 56 (49.1%) 58 (50.9%) 114 (100%)

Total 168 (49.1%) 174 (50.9%) 342 (100%)
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apex is observed over the inferior wall of the MS, and
type V: apical protrusions of the buccal and palatal root
apices are observed over the inferior wall of the MS.
The interrater reliability between the observers upon

the images was high because of the high image quality,
standardization of all exposure factors, and the good ex-
perience of the three observers in the field of oral radi-
ology especially CBCT images.
The result of the present study revealed that, from a

total of 342 maxillary molar roots of the Egyptian popu-
lation, 35.3% was located outside the sinus, 23.4% con-
tacted the sinus floor, and 41.2% protruded the sinus.
While Estrela et al. [29], who implemented a closely re-
lated scoring system in studying the Brazilian population
also using the i-CAT Vision CBCT software (Imaging
Sciences International, USA), reported that 25.16% out
of 600 maxillary molar were located outside the sinus,
40.67% contacted the sinus floor, and 34.17% protruded
the sinus. This difference in the results is related to dif-
ference in populations and sample size.
Pagin et al. [30] performed another study on the Bra-

zilian population to assess the sinus-root relation also
using i-CAT Vision CBCT software (Imaging Sciences
International, USA). They reported that from a total of
601 maxillary tooth root 130 roots (21.6%) were in close
contact with the MSF without sinus floor elevation
which is considered a very close percentage to that of

Table 4 Frequency and percentage of occurrence of each root
in each of the three scores (R = right, L = left, 6 = first molar, 7
= second molar, 8 = third molar, mb = mesiobuccal root, db =
distobuccal root, p = palatal root)

Tooth Root Score 1 Score 2 Score 3 Total

Count % Count % Count %

R6 Mb 12 54.5 5 22.7 5 22.7 22

Db 11 50 5 22.7 6 27.3 22

P 10 43.5 3 13 10 43.5 23

R7 Mb 7 31.8 2 9.1 13 59.1 22

Db 8 36.4 4 18.2 10 45.4 22

P 9 39.1 3 13 11 47.8 23

R8 Mb 2 14.3 2 14.3 10 71.4 14

Db 4 26.7 3 20 8 53.3 15

P 4 26.7 3 20 8 53.3 15

L6 Mb 7 31.8 6 27.3 9 40.9 22

Db 7 31.8 4 18.2 11 50 22

P 7 31.8 1 4.5 14 63.6 22

L7 Mb 3 13 5 21.7 15 65.2 23

Db 4 17.4 3 13 16 69.6 23

P 8 34.8 3 13 12 52.2 23

L8 Mb 2 15.4 3 23.1 8 61.5 13

Db 3 23.1 4 30.8 6 46.1 13

P 4 30.8 3 23.1 6 46.1 13

Fig. 6 Percentage of occurrence of each root in each of the 3 scores
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the current study that was 23.4%. While 86 roots (14.3%)
were protruded into the sinus producing an elevation of
the bony cortex and that was far away from the percent-
age of the current study that was 41.2%. This difference
may be related to the difference in populations and sam-
ple size.
Haghanifar et al. [11] used on Demand CBCT software

(Cybermed, Korea) to categorize the sinus-root relation
in the Iranian population. They reported that from a
total of 419 maxillary molar, 23.9% were located outside
the sinus, while the current study reported that 35.3% of
the roots were outside the sinus. They reported that
66.6% contacted the sinus floor which is considered a
very high percentage compared to that of the current
study represented in 23.4%. Only 9.5% protruded the
sinus and this is a very low percentage compared to that
of the current study represented in 41.2%. This obvious
discrepancy between the two studies is related to the dif-
ference in populations, sample size and CBCT software
used in observation.
Zhang et al. [28] studied the sinus-root relation in the

Chinese population on a total of 800 right and left first
and second molars using CBCT images without men-
tioning the employed software. They nearly agreed with
the current study in the percenatge of the roots contact-
ing the sinus floor where they reported 21.75% and this
study reported 23.4%. The major difference between
both studies was represented in the percentage of roots
located outside the sinus and intruding the sinus. They
reported that 57.1% of these teeth were placed outside
the sinus and 21.23% protruded the sinus, while the per-
centages of the current study was 35.3% and 41.2% re-
spectively. The discripancy between both studies in
reporting the sinus-root relation may be due to differ-
ences in populations, manipulated softwares, and sample
size. Moreover, they involved only the first and second
molars while the current study included the three maxil-
lary molars.
A study implemented by Mattar et al. [14] that in-

volved panoramic images of 266 premolar and molar
tooth from a sample of the Saudi Arabian population re-
ported that 37.6% of the teeth were outside the sinus,
20.3% contacted the sinus floor, and 42.1% of the teeth
protruded the sinus. Despite the difference in sample
size, technique used, and the involvement of the premo-
lars, these results are considered the closest of all previ-
ously mentioned ones to ours. This high degree of
agreement between the two studies may be related to
the similarity of both populations being both Arabian
and exhibiting similar circumstances.
The current study reported that—in a sample of the

Egyptian population—gender is an influencing factor to
the intrusion of roots into the sinus where the involved
probability is significantly higher in males than in

females. The result of this study agreed with Shokri
et al. [10] and Haghanifar et al. [11] who reported that
males are more susceptible to root protrusion into the
sinus than females of the Iranian population. Also Kilic
[33] reported the same result; however, he did not spe-
cify a certain population. While Gu Yehen et al. [18] and
Pei et al. [9] who evaluated the relationship between the
maxillary posterior teeth and MSF in the chinese popu-
lation reported the little influence of gender on this
relation.
Despite approaching the traditional threshold of statis-

tical significance, we cannot assert that the left molars
are of higher probability of intrusion into the sinus in re-
lation to the right ones in the involved sample of the
Egyptian population. A number of studies reached the
same result including Shokri et al. [10], Kilic [33], and
Pei et al. [9].
Concerning the probability of intrusion of each molar

as a whole, the p value approached the threshold of stat-
istical significance but did not reach it. Therefore, we
also can not assert that the second molar has the highest
probability of intrusion into the sinus in the involved
sample of the Egyptian population although it exceeded
the percentage of the third and first molars by 3% and
15% respectively. Georgiev et al. [25] also reported that
the maxillary second molar was the most common teeth
to project into the sinus in patients from the Varna re-
gion in Bulgaria.
The influence of the type of root on its probability of

intrusion into the sinus is very limited as the three types
(mesiobuccal, distobuccal, and palatal) had very close in-
trusion probabilities and the p value was far away from
the threshold of statistical significance (p = 0.869).
As for the individual root with the highest probability

of intrusion, the current study reported that the mesio-
buccal root of the right third molar is the most frequent
root to be inside the sinus and the mesio-buccal root of
the right first molar is the least frequent. However, many
studies recently carried out agreed that the mesiobuccal
root of the maxillary second molar is the closest root to
the MSF among all maxillary teeth roots [8, 9, 15, 19, 23,
28, 30, 34, 36, 38, 39].
While other studies agreed that the distobuccal root of

the maxillary second molar is the closest to the MSF
with the highest risk of oro-antral communication [25,
26, 33, 40, 41]. However, Kaushik et al. [17] and Didi-
lescu et al. [27] concluded that the roots of the first
maxillary molar are the nearest to the MSF among all
posteriors. Didilescu et al. [27] specified the palatal root
of the involved tooth with this close relation.

Limitations
One limitation of this study is the small sample size. A
larger sample size could have allowed more subgroup
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analysis to be implemented including the patients age.
Besides, the statistical significance of the side and type of
the tooth on its relation to the sinus could have been
more reliable with a larger sample size.
Another limitation of this study is that it was a single-

center study. The study results could have been more
representative to the Egyptian population if the partici-
pants were recruited from different study centers not
from a single dental facility.

Conclusions
In a sample of the Egyptian population, males exhibit
higher probability of root protrusion into the sinus than
females. The side and type of tooth are of higher impact
on the probability of its intrusion into the sinus com-
pared to the type of root. Left second molars are at a
higher risk of oroantral communications on surgical or
endodontic procedures compared to other molars due to
its highest probability of intrusion into the sinus. For fu-
ture research, it is recommended to investigate the influ-
ence of age on the sinus-root relation in the Egyptian
population.
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