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Abstract
Introduction: Evaluation of the position of anterior teeth in the alveolar bone for planning implant
treatments is so important. The aim of this study was to evaluate the thickness of
buccolingual/palatal bone at anterior teeth roots and the angle between the tooth root axis and
alveolar bone axis.
Materials & Methods: In this cross-sectional study, the position of root apex, angle between the
tooth root axis and alveolar bone axis as well as thickness of buccolingual/palatal bone in 2,4,6
mm from alveolar crest and root apex areas were evaluated in the cone-beam computed
tomography (CBCT) scans of 360 maxillary and mandibular anterior teeth. The data were then
analyzed by ANOVA and t-test.
Results: Twenty eight females and 27 males with the mean age of 43.13±10.91 participated (181
female teeth and 179 male teeth) in the current study. In maxillary anterior teeth, the buccal bone
thickness was thinner than the palatal bone and was significantly smaller in females than males
(p≤0.0001). The thinnest area in buccal bone was in 4mm from alveolar crest in female’s lateral
incisor of maxilla (0.09±0.02). The thickness of the palatal bone in the maxillary lateral incisors
was significantly thicker in females than males. The thickness of lingual bone was thicker in
mandibular lateral incisors and canines than in buccal bone and the lingual bone thickness was
significantly thicker in males than females. The apex position of anterior teeth was predominantly
buccally in the maxilla (%94), while it was middle in the mandible (%44).
Conclusion: Due to the small thickness of buccal bone, evaluation of the position of implant
fixtures in maxillary anterior teeth is of great importance.
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چکیدٌ
مقدمٍ :بررظی هَقعیت ریشِ دًذاى ّای قذاهی در اظتخَاى الَئَل جْت طرح ریسی درهاى ّای ایوپلٌت از اّویت باالیی برخَردار
اظتّ.ذف از ایي هطالعِ ارزیابی هیساى ضخاهت اظتخَاى باکال ٍ لیٌگَال/پاالتال در ًاحیِ ریشِ دًذاى ّای قذاهی فکیي ٍ زاٍیِ
هحَر ریشِ دًذاى ّا با هحَر اظتخَاى الَئَل هی باشذ.
مًاد ي ريش َب :در ایي هطالعِ هقطعی ،اظکي ّای  360 CBCTدًذاى قذاهی فک باال ٍ پاییي درهقاطع کراض ظکشٌال
هَقعیت آپکــط ریشِ  ،زاٍیِ هحَر ریشِ دًذاى ّا با هحَر اظتخَاى الَئَل ٍ ضخاهت اظتخَاى باکال ٍ لیٌگَال/پاالتـــال در
 6ٍ4ٍ2هیلیوتری از کرظت آلَئَل ٍ در ًاحیِ آپکط ریشِ هَرد ارزیابی قرار گرفت .ظپط دادُ ّا تَظط ازهَى ّای اهاری T-test
ٍ  ANOVAهَرد تجسیِ ٍ تحلیل قرار گرفت.
یبفتٍ َب 29 :خاًن ٍ  22آقا با هیاًگیي ظٌی  191 ( 43/13 ±10/81دًذاى خاًن ٍ  128دًذاى آقا) هَرد بررظی قرار گرفتٌذ .در
دًذاى ّای قذاهی فک باال ضخاهت اظتخَاى باکالی کوتر از پاالتالی بَدُ ٍ در باًَاى بِ طَر هعٌاداری کوتر از اقایاى بَدُ اظت pv
).)≤0.0001کن ضخاهت تریي ًاحیِ در  4هیلیوتری از کرظت آلَئَل اظتخَاى باکالی دًذاى الترال فک باال باًَاى هشاّذُ
گردیذ(ّ .)0/08±0/02وچٌیي ضخاهت اظتخَاى پاالتالی در ًاحیِ لترال فک باال در باًَاى بِ طَر هعٌاداری بیشتر از اقایاى بَدُ
اظت .ضخاهت اظتخَاى لیٌگَال در لترال ٍ کاًیي فک پاییي بیشتر از ضخاهت اظتخَاى باکال بَدُ ٍ در اقایاى ضخاهت اظتخَاى
لیٌگَال بِ طَر هعٌاداری بیشتر از باًَاى بَدُ اظت .در فک باال هَقعیت اپکط ریشِ دًذاى ّای قذاهی عوذتا باکالی ٍدر فک پاییي
بیشتر هَارد هیاًی بَدُ اظت.
وتیجٍ گیری :ارزیابی هَقعیت قرار گیری فیکعچر ایوپلٌت در ًاحیِ دًذاى ّای قذاهی فک باال با تَجِ بِ ضخاهت کن اظتخَاى
باکالی در ًاحیِ ریشِ دًذاى ّای قذاهی از اّویت باالیی برخَردار اظت.
ياژگبن كلیدی :تَهَگرافی کاهپیَتری با اشعِ هخرٍطی ،فک باال  ،فک پاییي ،دًذاى ،اظتخَاى

Introduction
maintenance of implant in terms of aesthetics and
function. [1-3] Although the implant position should be
determined based on future reconstruction plans,
implant placement along the longitudinal axis of the
crown is often limited due to the morphology of the
alveolar ridge. In addition to the root position in the
alveolar bone, the thickness of buccal and lingual walls
plays a vital role in achieving ideal treatment and
determining the exact size of the implant. [1-3] In some
studies, a large group of maxillary central and lateral
incisors were buccal and had a thin wall. Moreover, the
43

One

of the crucial factors in planning implant
treatment is the tooth root position in the alveolar bone.
][1
If the implant is inserted in the socket of the extracted
tooth exactly at the same angle as the root in the
alveolar bone, the prosthesis crown is in its ideal
position. However, following tooth extraction,
inevitable changes such as resorption and remodeling of
alveolar bone are occurred, especially in the buccal
]bone; hence, careful evaluation of the area is essential.[2
The implant position in the alveolar bone socket of teeth
is one of the most important determinants of long-term
Caspian J Dent Res-March 2020: 9(1): 42-48
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buccal alveolar bone wall in the lateral incisors was
significantly thinner than that of central incisors. [1, 4]
Therefore, in order to maintain aesthetics in the anterior
region, some implants should be placed lingual. [5, 6]
Cross-sectional view of the roots of the teeth can
show well the occurrence of buccal and lingual
perforations, and the cone-beam computed tomography
(CBCT) images provide important information on teeth
root position in the alveolar bone and its angle along the
longitudinal axis. The images can precisely determine
the thickness of residual bone in buccal and lingual
walls to prevent perforation. [2, 6, 7] Therefore, to assess
the risk, diagnostic images should be taken prior to
implant placement.
The goal of this research was to evaluate the buccal
and lingual/palatal alveolar bone thickness in different
areas of anterior teeth roots and the angle of roots in
alveolar bone.

Positioning the angle of roots in the alveolar bone
was determined based on the angle between the
longitudinal axes of the anterior teeth and the alveolar
bone. For this purpose, the midpoints of the
buccolingual alveolar bone were first determined in the
crestal region and next, the apex of the anterior tooth
and points were connected; after that, a line was plotted
from the apex area of the root to the crown edge as the
longitudinal axis of the anterior tooth, and then the
angle between the two lines was measured (Figure 1).

Materials & Methods
In the current cross-sectional study, the CBCT
images of the maxillary and mandibular incisors of 55
patients, referred to a private Maxillofacial Radiology
Center for various medical practices from 2014 to 2018
were evaluated after obtaining the ethical approval from
Babol
University
of
Medical
Sciences
(IR.Mubabol.HRI.REC.1397.224)
The inclusion criteria were: the patients who were
>20 years with class I occlusion and at least had one
maxillary or mandibular central or lateral incisor or
canine without any dental caries or fracture. The
exclusion criteria were: patients who had incisors with
deformed root, bi-rooted, root canal therapy with
periapical lesions, external root resorption and chronic
periodontitis as well as patients who had bone
complications or used drugs that affect the bone
metabolism. A total of 360 maxillary and mandibular
central/lateral incisors and canines CBCT scans of 27
male and 28 female patients (n=55) with the mean age
of 43.13 ± 10.91 (ranged 22-70) were studied.
All CBCT scans were taken by Soredex Cranex 3D
(Helsinki, Finland) with field of view: 6x8 cm, voxel
size: 0.2 mm, kvp: 89 and mA: 6. Then, using
Ondemand 3D Dental software, the curves were plotted,
and the location of root apex, positioning the angle of
roots in alveolar bone, and thickness of lingual/palatal
and buccal bone were assessed with interval and
thickness of 1 mm in cross-sectional plane.
44

Figure 1. Angle between the longitudinal axes of the
anterior teeth and alveolar bone.
The root apex position of maxillary and mandibular
incisors and canines in the alveolar bone was evaluated
as buccal, middle, and palatal (lingual) types. (1)
(Figure 2).

Figure 2. The root apex position in the alveolar bone
A: Buccal type B: Middle type
C: Palatal type
Caspian J Dent Res-March 2020: 9(1): 42-48
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A. Buccal type: the apical point of the tooth is within the
buccal third of the alveolar bone and the root is closer to
the buccal bone wall.
B. Middle type: the apical point of the tooth is within
the middle third of the alveolar.
C. Palatal type: the apical point of the tooth is within the
palatal third of the alveolar bone and the root is closer to
the palatal bone wall.
The thickness of buccal and lingual bones was
measured at four points perpendicular to the longitudinal
axis of the maxillary and mandibular incisors and canines in
the alveolar bone 2, 4, and 6 mm from the alveolar crest
and root apex (Figure 3&4). All calculations were
performed by the same examiner; moreover, to assess
intra-examiner agreement, 36 teeth were selected and
accordingly, measured by the same examiner, and the
obtained correlation coefficient was 0.8.

Figure 4. Measuring the thickness of alveolar bone in
the marked regions in CBCT
The obtained data were analyzed by SPSS using
AVONA and t-test; P<0.05 was considered as
significant level.

Results

Figure 3. Measuring the thickness of alveolar bone in
the marked regions

The thickness of the buccal bone was thinner than
that of the lingual bone in the maxillary incisors, and
except for the thickness in the apex of the central
incisors, the buccal bone thickness was significantly
thinner in females than males. Besides, the palatal bone
thickness was significantly thicker in females than
males (Table 1).

Table1. Buccal and palatal bone thickness at 2, 4, 6 mm apical to the alveolar crest and at root apex in maxillary
incisors

B2 *
B4
B6
Ba
L2**
L4
L6
La

Central
Female
Male
(N=29)
(N=30)
Mean±SD Mean±SD
0.37±0.06 0.74±0.24
0.1±0.01
0.63±0.12
0.25±0.1
0.51±0.16
1.37±0.44
1.4±0.17
1.32±0.55 1.16±0.33
2.19±0.82
2.1±0.48
2.98±0.9
3.09±0.56
6.87±1.07
6.6±0.36

pvalue

P<0.0001
P<0.0001
P<0.0001
P=0.73
P=0.179
P=0.607
P=0.574
P=0.196

lateral
Female
Male
(N=24)
(N=26)
Mean±SD Mean±SD
0.4±0.03
0.83±0.1
0.09±0.02 0.49±0.15
0.1±0.01
0.45±0.16
0.95±0.6
1.65±0.54
0.96±0.33 0.63±0.04
1.68±0.6
1.22±0.3
2.43±0.83 2.06±0.31
5.64±1.59 4.64±0.71

pvalue

P<0.0001
P<0.0001
P<0.0001
P<0.0001
P<0.0001
P=0.001
P=0.039
P=0.006

Canine
Female
Male
(N=21)
(N=27)
Mean±SD Mean±SD
0.36±0.08 1.08±0.24
0.15±0.03 0.77±0.25
0.22±0.16 0.48±0.01
0.75±0.48 1.54±0.46
0.84±0.37 1.09±0.26
1.35±0.73 1.47±0.04
2.46±0.83 2.36±0.17
8.53±2.4
7.06±0.38

pvalue

P<0.0001
P<0.0001
P<0.0001
P<0.0001
P=0.009
P=0.397
P=0.544
P=0.003

B2*. 2mm apical to the buccal crestal bone L2**. 2mm apical to the palatal crestal bone
B4ᶞ. 4mm apical to the buccal crestal bone L4ᶞᶞ. 4mm apical to the palatal crestal bone
B6ᶱ. 6mm apical to the crest buccal L6ᶱᶱ. 6mm apical to the palatal crestal bone
Baᶽᶽ & Laᶽᶽ. Root apex at buccal & lingual side of the alveolar bone
Caspian J Dent Res-March 2020: 9(1): 42-48
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Measurements showed that in mandibular lateral
incisors and canines, the lingual bone thickness was
thicker than the buccal bone, and the lingual bone
thickness was significantly thicker in males than

females (Table 2). The apex position of the maxillary
incisors and canines was predominantly buccal, but
most of the cases in mandible were middle and buccal
(Table 3).

Table 2. Buccal and Lingual bone thickness at 2, 4, 6 mm apical to the alveolar crest and at root apex in mandibular
incisors.
Central
pvalue
lateral
pvalue
Canine
Female
Male
Female
Male
Female
Male
(N=33)
(N=29)
(N=37)
(N=35)
(N=21)
(N=27)
Mean±SD Mean±SD
Mean±SD Mean±SD
Mean±SD Mean±SD
B2 *
0.56±0.4
0.65±0.28
P=0.31
0.27±0.21 0.39±0.29 P=0.047
0.1±0.01
0.55±0.1
B4
0.67±0.78 0.94±0.19
P=0.074
0.22±0.15 0.11±0.01 P=0.0001 0.16±0.09 0.35±0.13
B6
1.06±1.06
1.65±0.1
P=0.004
0.17±0.13 0.34±0.23 P=0.0002 0.32±0.22 0.46±0.34
Ba
2.09±1.67 2.94±0.03
P=0.008
2.92±0.99 3.01±0.28 P=0.605 3.82±1.96 1.38±0.83
L2** 0.46±0.16 0.64±0.13 P<0.0001 0.61±0.32 0.88±0.18 P=0.001 1.02±0.47 1.38±0.46
L4
0.58±0.23 0.83±0.25 0.83±0.43 1.09±0.25
P=0.003
P=0.003 1.15±0.54 1.58±0.66
L6
1.2±0.34
1.22±0.11
P=0.763
1.05±0.47 1.67±0.96 P=0.001 1.34±0.34 1.79±0.63
La
3.66±1.45 3.42±0.57
P=0.407
3.74±1.05 4.33±0.22 P=0.002
2.3±1.56
4.44±0.06
B2*. 2mm apical to the buccal crestal bone L2**. 2mm apical to the palatal crestal bone
B4ᶞ. 4mm apical to the buccal crestal bone L4ᶞᶞ. 4mm apical to the palatal crestal bone
B6ᶱ. 6mm apical to the crest buccal L6ᶱᶱ. 6mm apical to the palatal crestal bone
Baᶽᶽ & Laᶽᶽ. Root apex at buccal & lingual side of the alveolar bone
Table 3. Root apex position of the maxillary and mandible incisors in the alveolar bone
B/M/L
Buccal
Middle
Lingual
Maxilla
Female(n:29) 28(96.6)
1(3.4)
0
Central
Male (n:30)
30(100)
0
0
N(%)
Total
58(98.3)
1(1.7)
0
Female (n:24) 22(97.1)
2(8.3)
0
Lateral
Male (n:26)
21(80.8)
4(15.4)
1(3.8)
N(%)
Total
43(86)
6(12 )
1(2)
Female (n:21) 21(100)
0
0
Canine
Male (n:27)
26(96.3)
1(3.7)
0
N(%)
Total
47(97.9)
1(1.2)
0
Mandibular
Female (n:33) 9(27.3)
15(45.5)
9(27.3)
Central
Male (n:29)
9(31)
15(51)
5(17.2)
N(%)
Total
18(29)
30(48.4)
14(22.6)
Female (n:37) 11(29.7)
18(48.6)
8(21.6)
Lateral
Male (n:35)
16(45.7)
14(40)
5(14.3)
N(%)
Total
27(37.5)
32(44.4)
13(18.1)
Female (n:37) 18(48.6)
16(43.2)
3(8.1)
Canine
Male (n:32)
17(53.1)
12(37.5)
3(9.4)
N(%)
Total
35(50.7)
28(40.6)
6(8.7)
In addition, positioning the angle of roots in the
alveolar bone indicated that the roots of the maxillary
incisors and canines were positioned close to the buccal
cortical plate, while this angle was smaller in
mandibular incisors.
46

pvalue

P<0.0001
P<0.0001
P=0.043
P=0.091
P=0.002
P=0.004
P=0.001
P=0.001

Pvalue

0.492

0.669

1.000

0.678

0.388

0.936

The root deviation of the maxillary and mandibular
incisors and canines compared to the longitudinal axis
of the alveolar bone, except for the maxillary lateral
incisors, was greater in males than females (Table 4).
Caspian J Dent Res-March 2020: 9(1): 42-48
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Table 4. Angle between the long axis of maxillary and mandibular incisors and the alveolar bone
Angle
Pvalue
mean ±SD
Maxilla
Central
Female (n:29)
14.71±4.96
0.428
Male (n:30)
15.79±5.45
Lateral
Female (n:24)
12.23±6.12
0.636
Male (n:26)
11.52±4.35
Canine
Female (n:21)
12.84±4.54
0.208
Male (n:27)
14.57±4.72
Mandible Central
Female (n:33)
5.25±4.64
0.272
Male (n:29)
6.73±5.85
Lateral
Female (n:37)
3.95±2.59
*0.006
Male (n:35)
7.25±6.25
Canine
Female (n:37)
6.97±4.03
0.702
Male (n:32)
7.44±5.82

Discussion
Evaluation of the maxillary incisors and canines in
the current study suggested that the thinnest buccal bone
wall was in B4 (4mm apical to the Buccal crestal bone)
in females and B6 (6mm apical to the crest buccal) in
males. The thickness of alveolar bone walls was larger
in males than females, which is consistent with that of
Hamsah Sheerah et al. [2] In addition, there was no
significant difference between males and females in the
palatal cortical bone thickness of the maxillary central
incisors, but in lateral incisors of maxilla, the thickness
of palatal cortical plate was significantly higher in
females than males. Studies were mostly performed on
the buccal cortical bone thickness and no study so far
was conducted on the thickness of palatal cortical bone.
In the present study, the root position of the
maxillary incisors, one case was lingual and the rest
were predominantly buccal, similar to the results of
previous studies [1, 8-13]; however, due to the scatter of
studies on this topic, the root position of maxillary
incisors is the same in human beings regardless of race
and population. Regarding the root position of canines
in females, all the studied cases were buccal; it was also
buccal in males except in one case that was middle.
Regarding the angle between the longitudinal axes of
anterior teeth and alveolar bone, the roots of maxillary
anterior teeth were close to the buccal cortical plate with
Caspian J Dent Res-March 2020: 9(1): 42-48

greater positioning of the root apex to the cortical
buccal wall.
In the present study, the longitudinal axis of
mandibular incisors and canines was less deviated from
the longitudinal axis of the alveolar bone compared to
the maxillary incisors and canines, but the thickness of
buccal bone in mandibular central incisors increased
from the crest region toward the apex. Likewise, the
thickness of buccal cortical bone in central incisors was
greater in males than females. In the study by Lopez et
al., the angle between the longitudinal axes of incisors
and alveolar bone was smaller in mandible, which
confirms the results of the ongoing study. [6]

Conclusion
Due to the small thickness of buccal bone,
evaluation of the position of implant fixtures in
maxillary anterior teeth is of great importance.
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no conflict of interest.
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