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ABSTRACT

Purpose: This study investigated whether the relationship between the maxillary sinus and the root of the maxillary
premolar is correlated with the root position and whether there is a difference in the long axis angle of premolars and
the buccal bone thickness according to the sinus-root relationship and root position.

Materials and Methods: Cone-beam computed tomographic images of 587 maxillary first premolars and 580 second
premolars from 303 patients were retrospectively reviewed. The maxillary sinus floor-root relationship was classified
into 4 types, and the root position in the alveolar bone was evaluated as buccal, middle, or palatal. The long axis angle
of the maxillary premolars in the alveolar bone and the buccal bone thickness were measured. The correlation between
these parameters was analyzed.

Results: The maxillary sinus floor-root relationship showed a statistically significant correlation with the root position
in the alveolar bone. Most maxillary first premolars were buccally located, and more than half of the second premolars
had their roots in the middle. The long axis angle of the premolars was significantly larger in buccal-positioned teeth
than in middle-positioned teeth, and the buccal bone was thinner.

Conclusion: When the root of the maxillary premolar was separated from the sinus floor, the premolar was often
located on the buccal side. Most of the maxillary first premolars had a thinner buccal bone and larger inclination than
the second premolars. It is recommended to evaluate the root position, sagittal angle and buccal bone thickness using

CBCT for implant treatment planning. (Imaging Sci Dent 2022; 52: 365-73)
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Introduction

Knowledge of the relationship between a root and the
adjacent anatomical structures, and the root position in the
alveolar bone is helpful in planning treatment for dental
conditions and preventing complications.l’2 Since the maxil-
lary premolars are located at the transition point from the
maxillary anterior teeth to the maxillary molars, the rela-
tionship with the maxillary sinus should be considered, and
the root position in the alveolar bone reflects the complex
characteristics of the anterior teeth and molars.’

When the maxillary sinus is close to the root, there is a
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risk of perforation of the maxillary sinus or the expansion of
foreign substances into the maxillary sinus.' Many studies
have investigated the relationship between the maxillary
molars and the maxillary sinus using cone-beam computed
tomography (CBCT);"** however, studies on the relation-
ship between the maxillary premolars and the maxillary
sinus are rare.’”

Determining the location of the root in the alveolar bone
is necessary when evaluating an implant placement site or
assessing bone grafting criteria.>® In particular, the posi-
tion of the root in the maxillary esthetic region is vital for
predicting implant stability and bone perforation during
implant placement.” Lau et al.'’ classified the position of the
maxillary central incisor root in the alveolar bone as buc-
cal, middle, or palatal. Although many studies have investi-
gated the location of the maxillary central incisor root in the
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alveolar bone, there have been few studies on the loca-
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tion of the maxillary premolar root in the alveolar bone.”

Evaluating the angle between the long axis of the tooth
and the long axis of the alveolar bone is also necessary
when planning implant treatment."* Studies have reported
that the distance between the maxillary sinus floor and the
root correlates with the angle of the long axis of the tooth.>’
That is, when the distance between the sinus floor and the
root is larger, the angle of the long axis of the tooth is also
larger.> It has also been reported that the long axis angle of
the tooth in the alveolar bone is affected by the root posi-
tion, with incisors located on the buccal side exhibiting the
largest angle.”

Alveolar bone is generally reduced after tooth extrac-
tion,"” and this change is more prominent on the buccal side
than on the palatal side.'® Thinner buccal bone before tooth
extraction is associated with more severe buccal bone loss;'”
hence, it is important to examine the buccal bone thickness
before extraction. It has been reported that the degree of
alveolar bone resorption is affected by the thickness of
the pre-extraction buccal bone,"® and that at least 1 mm of
buccal bone is required to prevent buccal bone resorption
after tooth extraction.'””’ Thin buccal bone increases the
risk of labial perforation when an implant is immediately
inserted.®*! Furthermore, for endodontic treatment in the
maxillary posterior region, both the relationship with the
maxillary sinus and the buccal bone thickness at the apex
should be considered." Since the sinus tract is likely to fol-
low the path of least resistance through the alveolar bone,
thin buccal bone may increase the likelihood of sinus tract
formation.”*

In most studies, the thickness of the buccal bone in the
maxillary anterior region has been measured;***’ while the
thickness has rarely been measured in the maxillary first
and second premolar re:gions.28 In addition, the buccal bone
thickness has been found to be related to the root position.
In the maxillary anterior region, the buccal bone is thinner
when the root is in the buccal position in the alveolar bone
than when the root is in the middle or palatal position.*'

Therefore, this study evaluated the relationship between
the maxillary sinus floor and the root of the premolars, as
well as the position of the root in the alveolar bone. The long
axis angle of the maxillary premolars in the alveolar bone
and the buccal bone thickness were measured. The correla-
tions between these parameters were analyzed.

Materials and Methods

This study was approved by the Institutional Review
Board of Pusan National University Dental Hospital. The

subjects of this retrospective study were randomly selected
from patients who visited Pusan National University Dental
Hospital and had CBCT examinations between 2013 and
2014. The subjects were 20 years of age or older with maxil-
lary premolars and adjacent teeth. Patients with periapical
lesions, pathological lesions in the maxilla, alveolar bone
loss of more than 4 mm from the cementoenamel junction,
a history of orthodontic treatment, and blurred radiographic
images were excluded from the study. The final sample
group included 303 patients (162 men and 141 women; mean
age: 28.517.1 years; age range: 20-50 years). A total of
1,167 teeth were selected for the study: 587 first premolars
and 580 second premolars.

CBCT scans were performed using a PaX-Zenith 3D
(Vatech Co, Hwaseong, Korea) with settings of 5.2-5.7 mA,
106-110 kV, an exposure time of 24 s, a voxel size of 0.2
mm, and a field of view of 16 X 14 cm. The CBCT data
were saved in the Digital Imaging and Communications in
Medicine format, and the images were analyzed using Ez3D
Plus Professional CBCT software (Ver. 1.2.6.27, Vatech
Co, Hwaseong, Korea). Cross-sectional CBCT images were
used to analyze the relationship between the maxillary sinus
and the root of the maxillary premolar, the position of the
root in the alveolar bone, the angle between the long axis
of the tooth and the long axis of the alveolar bone, and the
thickness of the buccal bone.

The relationship between the sinus floor and the root was
classified into 4 types, as follows: type 0, the root was sepa-
rate from the sinus floor; type 1, the root was in close con-
tact with the sinus floor; type 2, the sinus floor was located
below the level of the root apex without apical protrusion
into the sinus; and type 3, the root protruded into the sinus
cavity (Fig. 1). The root position, angulation, and buccal
bone thickness were evaluated by viewing the cross-sec-
tional images made at the midpoint of the tooth parallel to
its long axis. The root position of the maxillary premolar
was classified as follows: buccal type, the root apex of the
premolar was within the buccal third of the alveolar bone
and the root was closer to the buccal cortical bone; middle
type, the root apex of the premolar was within the middle
third of the alveolar bone and the buccal and palatal bone
thicknesses were approximately equal; and palatal type, the
root apex of the premolar was within the palatal third of the
alveolar bone and the root was closer to the palatal cortical
bone (Fig. 2).

The long axis of the tooth was defined as a line passing
the midpoint of the cervical and the apical region. The long
axis of the alveolar bone was a straight line connecting the
midpoint of the alveolar crest and the apical alveolar bone.
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Fig. 1. The relationship between the
maxillary sinus floor and the roots is
classified into 4 types on cone-beam
computed tomographic images. A.
Type O: the root is separate from the
sinus floor. B. Type 1: the root is in
close contact with the sinus floor.
C. Type 2: the sinus floor is located
below the level of root apex without
apical protrusion into the sinus. D.
Type 3: the root protrudes into the
sinus cavity.

Fig. 2. The root position of the premolar in the alveolar bone is classified into the buccal, middle, and palatal types. A. Buccal type: the
root apex of the premolar is within the buccal third of the alveolar bone and the root is closer to the buccal cortical bone. B. Middle type:
the root apex of the premolar is within the middle third of the alveolar bone and the buccal and palatal bone thicknesses are approximately
equal. C. Palatal type: the root apex of the premolar is within the palatal third of the alveolar bone and the root is closer to the palatal corti-
cal bone.

The angle formed by the long axis of the maxillary premolar below the alveolar crest and at the apex perpendicular to
and the long axis of the alveolar bone was measured (Fig. 3). the long axis of the tooth. When the buccal bone was very
The thickness of the buccal bone was measured at 1 mm thin and difficult to measure, the thickness of the buccal
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bone was recorded as 0.1 mm (Fig. 4).

All images were evaluated by a single oral and maxillo-
facial radiologist. To estimate the intra-examiner deviations
in the measurements, assessments of the maxillary premolars

Fig. 3. The long axis of the tooth is a line passing the midpoint of
the cervical and the apical region (solid line). The long axis of the
alveolar bone is a straight line connecting the midpoint of the alveolar
crest and the apical alveolar bone (dotted line). The angle between the
long axis of the tooth and the long axis of the corresponding alveo-
lar bone is measured.

Fig. 4. Buccal bone thickness is measured at 1 mm below the alve-
olar crest and at the root apex.

of 30 patients were performed twice at an interval of four
weeks. The prevalence of root positions according to the
relationship with the maxillary sinus was analyzed with the
chi-square test. The paired t-test was used to compare the
angulation and buccal bone thickness between the maxil-
lary first and second premolars. One-way analysis of vari-
ance and the t-test were performed to determine whether
there was a statistically significant difference in the angle of
the long axis and the thickness of the buccal bone accord-
ing to the relationship between the maxillary sinus and root,
and the root position in the alveolar bone. To analyze stati-
stically significant differences between groups, Games-
Howell post-hoc analysis was performed. Buccal bone
thickness was categorized as <1 mm, 1-2 mm, and >2
mm for the descriptive analysis. A P value less than 0.05
was assumed to indicate a statistically significant differ-
ence, and analysis was performed using SPSS version 25.0
(IBM Corp, Armonk, NY, USA).

Results

The intra-examiner intraclass correlation coefficient was
0.99. The relationship between the sinus floor and the root
was examined using the CBCT images. In the maxillary
first premolars, the type O relationship was the most com-
mon (83.0%). It was also the most common (40.2%) in the
maxillary second premolars, followed by type 1 (36.0%)
(Table 1).

Most of the maxillary first premolars were positioned
more buccally in the alveolar bone and none were of palatal
type. More than half of the second premolars were posi-
tioned in the middle of the alveolar bone. A statistically sig-
nificant difference was found in the root position according
to the relationship between the sinus floor and the root
(P<0.05). Among the maxillary first premolars, most of
those that were type O, type 1, and type 2 were the buccal
type, and half of the type 3 maxillary first premolars were

Table 1. The relationship between the sinus floor and the root of
the maxillary premolars on cone-beam computed tomographic im-
ages

First premolar Second premolar

Type 0 487 (83.0%) 233 (40.2%)
Type 1 59(10.1%) 209 (36.0%)
Type 2 33(5.6%) 46 (7.9%)
Type 3 8 (1.4%) 92 (15.8%)
Total 587 (100.0%) 580 (100.0%)
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Table 2. The root position of maxillary premolars according to the relationship between the sinus floor and the root

Buccal Middle Palatal Total
First premolar Type O 452 (92.8%) 35(7.2%) - 487 (100.0%)
Type 1 54 (91.5%) 5(8.5%) - 59 (100.0%)
Type 2 33(100.0%) 0(0.0%) - 33(100.0%)
Type 3 4(50.0%) 4(50.0%) - 8(100.0%)
Subtotal 543(92.7%) 44 (7.5%) - 587 (100.0%)
Second premolar Type O 117 (51.2%) 107 (45.9%) 9(3.9%) 233 (100.0%)
Type 1 60 (28.7%) 141 (67.5%) 8(3.8%) 209 (100.0%)
Type 2 34 (73.9%) 6(13.0%) 6(13.0%) 46 (100.0%)
Type 3 17 (18.5%) 68 (73.9%) 7(7.6%) 92 (100.0%)
Subtotal 228(39.3%) 322 (55.5%) 30(5.2%) 580 (100.0%)

Table 3. The angle between the long axis of the maxillary premo-
lar and that of the alveolar bone according to the maxillary sinus
floor-root relationship (unit: degrees)

Table 4. The angle between the long axis of the maxillary premo-
lar and the long axis of the alveolar bone according to the sagittal
root position (unit: degrees)

First Second

First Second

Total P Total P
premolar premolar premolar premolar

Type 0 184+4.8 13.7+4.7 169+52° <0.05 Buccal 179+50 145+43 169+5.0
Type 1 120+38 9.1+43 9.7+44° Middle 12.8+49 92+43 9645 <0.05
Type 2 169+49 146+49 15.6+5.0" Palatal - 69+5.7 69+5.7
Type 3 85+1.1 76%3.6 7.7+£35°

Total 175+52 11.1+£52 143+6.1
Total 17552 11.1£52 143+6.1

““same letters not significant (a.=0.05), Games-Howell post-hoc test

the middle type. Among the maxillary second premolars,
more than half of those that were type 0 and type 2 were
the buccal type, and those that were type 1 and type 3 were
mostly the middle type (Table 2).

The inclination of the long axis of the tooth was the great-
est in type O first premolars and type 2 second premolars.
Type 3 teeth had the smallest long axis inclinations. There
was a statistically significant difference in the angulation
of the tooth according to maxillary sinus-root relationship.
The Games-Howell post-hoc test showed that there was
no significant difference between type 0 and type 2, while
there was a statistically significant difference between other
types (Table 3). The mean long axis angle of the maxillary
first premolars was significantly greater than that of the
second premolars (P <0.05). The long axis angle of the
buccal-type teeth was significantly larger than that of the
middle- and palatal-type teeth (P <0.05) (Table 4).

The maxillary first premolars demonstrated significantly
thinner buccal bone than the second premolars. The buccal
bone thickness associated with buccal-type teeth was signi-

ficantly thinner than that associated with middle- and pala-
tal-type teeth (P <0.05) (Table 5). According to the relation-
ship between the sinus floor and the root, the buccal bone
thickness at the root apex was the thinnest in type O pre-
molars. There was only a statistically significant difference
at the root apex of the maxillary second premolars (Table 6).

At 1 mm apical to the crest, 32.7% of the first premolars
had buccal bone that was less than 1 mm thick, and most of
the second premolars had buccal bone that was more than
1 mm thick (Fig. 5). At the root apex, more than half of the
maxillary first premolars exhibited buccal bone less than
1 mm thick, and most of the second premolars had buccal
bone that was more than 2 mm thick (Fig. 6).

Discussion

This study investigated the relationship between the sinus
floor and the root of maxillary premolars and the root posi-
tion in the alveolar bone and evaluated the long axis angle
and buccal bone thickness of maxillary premolars. It is
important to understand the maxillary sinus-root relation-
ship when planning treatment. In particular, the proximity
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Table 5. Buccal bone thickness of maxillary premolars according to the sagittal root position at 1 mm apical to the crest and at the root

apex (unit: mm)

First premolar

Second premolar

1 mm apical to the crest* Root apex* 1 mm apical to the crest* Root apex*
Buccal 1.10£0.46 0.86+0.71 1.58+0.50 1.94+0.73
Middle 1.60+047 2.63+0.86 2.00+0.62 390+1.13
Palatal - - 249+0.74 6.43+£2.05
Total 1.14+£048 0.99+0.86 1.86+£0.63 326+1.60
*P<0.05

Table 6. Buccal bone thickness of maxillary premolars according to the relationship between the sinus floor and the root (unit: mm)

First premolar

Second premolar

1 mm apical to the crest Root apex 1 mm apical to the crest Root apex*
Type O 1.15+048 0.94+0.86 1.86+£0.65 284+1.35
Type 1 1001043 1.21+£0.97 1.8910.60 336+1.33
Type 2 1.16£0.57 1.06+£0.64 1.76£0.66 296+2.19
Type 3 1.15+£0.51 143£1.11 1.85+0.66 425+195
Total 1.14+£048 0.98+0.87 1.86+£0.63 326+1.60
*P<0.05
90% 90%
80% 80% L
0% 632% 61.9% 70%
60% 60% 54.9%
50% 50%
40% 327% 336% 40% 33.9%
30% 30%
19.3%
20% I 20% 11.2%
10% 45% 41% 10% 3.6% .
a — ]

Bone thickness < 1 mm Bone thickness 1-2 mm Bone thickness > 2 mm

m Maxillary first premolar ™ Maxillary second premolar

Fig. 5. Frequency distribution of the buccal bone thickness of the
maxillary premolar at 1 mm apical to the crest.

of the root to the maxillary sinus should be considered while
planning endodontic treatment, implantations, and periapi-
cal surgery for maxillary posterior teeth 23

Some previous studies have analyzed the relationship be-
tween the maxillary sinus and the rootf’5 © whereas others
have examined the distance between the maxillary sinus and
root.” %% However, few studies have explored the relation-
ship between the maxillary sinus and teeth by comparing

the maxillary first and second premolaurs.3 The maxillary

Bone thickness < 1 mm  Bone thickness 1-2 mm  Bone thickness > 2 mm

m Maxillary first premolar ~ m® Maxillary second premolar

Fig. 6. Frequency distribution of the buccal bone thickness of the
maxillary premolar at the root apex.

second premolars are considerably closer to the sinus floor
than the first premolars,” and the maxillary first premolar
root is the furthest from the maxillary sinus among the maxil-
lary posterior teeth.” In this study, type O teeth, in which
the maxillary premolar root was separated from the maxil-
lary sinus, were the most frequent type observed. There were
more type 1 teeth, in which the root was in contact with the
sinus floor, among the second premolars than among the
first premolars studied. Root protrusion into the maxillary
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sinus (type 3) was rare in the maxillary first premolars but
more frequent in the second premolars, as found in a previ-
ous study.1

The sagittal root position in the alveolar bone should be
considered when planning implant treatment."" Others have
shown that most maxillary incisors'®"'* and maxillary first
premolars’ are positioned buccally in the alveolar bone.
In the present study, most of the maxillary first premolars
were the buccal type, the middle type was more common in
the second premolars, and there were no palatal-type teeth
among the maxillary first premolars, which aligned with
the findings of a previous study.” In the results of this study,
the sinus floor-root relationship was significantly correlated
with the root position in the alveolar bone. In the maxillary
second premolars, more than half of the type 0 and type 2
teeth were the buccal type, and most of the type 1 and type
3 teeth were the middle type.

In addition to the root position, it is also necessary to
evaluate the angle between the long axis of the tooth and
the long axis of the alveolar bone for implant placementlo’14
or orthodontic treatment.” The implant placement angle
should be as close as possible to the long axis angle of the
tooth in the alveolar bone.” A greater difference between
the implant angle and the long axis angle of the tooth results
in a greater stress value.”® The results of this study showed
that the mean long axis angle of the maxillary first pre-
molars was significantly larger than that of the second pre-
molars, as reported in a previous study.3 The angle between
the tooth axis and the alveolar bone axis is influenced by
the root position, and buccally positioned teeth show the
largest angulation.” In our study, the angulation of buccal-
type teeth was larger than that of middle-type teeth. Yoshi-
mine et al.’ reported that the long axis angle of the tooth
in the alveolar bone increases as the distance between the
maxillary sinus and the root increases in the posterior part
of the maxilla. The present study showed that the long axis
angle of the maxillary first premolar was largest in type O
teeth, and that of the maxillary second premolar was largest
in type 2 teeth, followed by type O teeth.

After tooth extraction, the alveolar ridge shows a signi-
ficant dimensional change, with reduction of the overall
ridge volume and changes in the ridge shape.15 It has been
shown that pre-extraction facial bone thickness is a major
factor that affects the degree of vertical dimension change
of the alveolar crest after tooth extraction and immediate
implant placement.”’37 When the buccal bone is less than
1 mm thick, vertical bone resorption is more severe than
when it is more than 1 mm thick."”” Previous studies have
shown that the anterior teeth, including the maxillary pre-
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. 2438
molars, have thin buccal bone.

In previous studies, the thickness of the buccal bone has
been measured at various locations along the root below the
alveolar ridge using CBCT imaging."**'*** In this study,
the thickness of the buccal bone was measured at two loca-
tions: at 1 mm below the alveolar crest (which greatly affects
bone resorption after tooth extraction) and at the apical area
(which is important for implant placement or apical sur-
gery). The buccal bone of the maxillary first premolars was
statistically significantly thinner than that of the maxillary
second premolars, which aligned with the findings of pre-
vious studies.'*** In the apical region, more than half of the
first premolars had buccal bone that was less than 1 mm
thick, and most of the second premolars had buccal bone
that was more than 2 mm thick. In the present study, the
apical region buccal bone was thinnest in type O teeth and
thickest in type 3 teeth; however, there was only a statisti-
cally significant difference in the apical region of the maxil-
lary second premolars.

In conclusion, when the maxillary premolar was sepa-
rated from the sinus floor, the maxillary premolars were
more likely to be in the buccal position. The maxillary first
premolars were positioned more buccally in the alveolar
bone and had thinner buccal bone and larger angulation
than the second premolars. Additional attention would be
required for root canal treatment or extraction of the maxil-
lary second premolars because the second premolars pro-
truded into the maxillary sinus more frequently than the
first premolars. The maxillary first premolars would also
be expected to have more bone resorption after extraction
than the second premolars because of the thin buccal bone.
It is recommended to evaluate the root position and sagittal
angle using CBCT for implant treatment planning.
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