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ABSTRACT

Objectives: This study aims to determine if there are enough buccal alveolar bone thickness to perform an immediate dental 
implant placement in anterior and posterior maxillary teeth.
Material and Methods: A total of 1463 teeth were examined, from 202 cone-beam computed tomography scans with voxel 
sizes of 0.15 mm. On each tooth, the following measures were determined: the alveolar bone thickness in two locations; the 
vertical distance between the buccal alveolar crest and cementoenamel junction; the angle between the tooth’s long axis and 
the alveolar bone axial inclination in the sagittal plane.
Results: In the most coronal location of maxillary teeth, the thickness of alveolar bone was lower than 0.6 (SD 0.6) mm in 
50% of the teeth, and in the middle of the root the bone thickness was, on average, 0.96 (SD 0.6) mm. For the same maxillary 
teeth, the vertical distance between the buccal alveolar crest and cementoenamel junction and the angulation measured were, 
on average, 3.6 (SD 1.2) mm and 12.1º (SD 1.4º), respectively. 
Conclusions: The present study revealed that in most cases the thickness of buccal alveolar bone was less than 1 mm. 
Consequently, in such cases, immediate dental implant placement operation is not recommended, or should be combined with 
bone regeneration techniques.
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INTRODUCTION

Nowadays, immediate implant placement after tooth 
extraction is performed frequently in clinical practice. 
However, this technique depends on the thickness 
and height of the existing buccal cortical bone. 
After preparing the implant bed, there should be a 
minimum thickness of 1 mm of buccal cortical bone, 
and, preferably, a thick gingival biotype in order to 
guarantee the presence of sufficient gingival tissue and 
to avoid the buccal bone plate resorption after dental 
extraction [1-3].
The vertical and horizontal reduction of bone 
dimensions is inevitable after dental extraction 
[2,4-7]. The most significant change occurs in the 
buccal bone plate and the less affected area is the 
palatal bone plate. Both plates show vertical bone loss 
or, in other words, a loss in height. The anterior areas 
are more affected by the resorption of the buccal bone 
plate than posterior areas, since the resorption is more 
severe where the walls are initially thinner. According 
to the literature, the anterior teeth, including the 
maxillary premolars, have thinner buccal bone plates. 
In particular, the maxillary incisors and canines 
show a thinner buccal cortical region than premolars 
[2,4,6,8-16]. This resorption is more pronounced up 
to 3 months after dental extraction. However, less 
intense bone remodelling continues to occur up to 12 
months, resulting in dimensional changes [5,6,17]. 
Paolantonio et al. [18] suggests that immediate 
implant placement after dental extraction could 
counter bone crest resorption [18]. However, Araújo 
et al. [2], and Sanz et al. [9] demonstrated in animal 
studies, in a dog model, and through clinical trials 
in humans, respectively, that bone resorption occurs 
even with immediate implant placement. Therefore, 
immediate implant placement after dental extraction 
will not prevent buccal bone plate resorption [2,9,19]. 
In fact, the degree of resorption will be influenced 
by the initial thickness of the buccal cortical bone. 
According to Tomasi et al. [8] and Januário et al. [13], 
a thinner buccal bone wall will lead to a more serious 
buccal bone loss [8,13].
In addition to buccal bone thickness, bone resorption 
is also dependent on the sagittal angle between the 
tooth’s long axis and the axial inclination of the 
relevant alveolar bone [20]. These conclusions must 
be taken into consideration before dental extraction 
and rehabilitation planning, as it might be necessary 
to use bone regeneration techniques before or during 
implant placement. For this reason, it is essential to 
perform a cone-beam computed tomography (CBCT) 
so that the clinician can select the best approach 

and avoid compromising aesthetics in rehabilitation 
[3,12,13,21-28].
It is essential to understand the morphology and 
physiological behaviour of the alveolar bone, as 
well as its average dimensions and inclinations in 
relation to every type of tooth, in order to choose 
the appropriate dental implant treatment plan. Thus, 
the clinician can use a CBCT to predict the existing 
bone conditions and decide on the best approach. That 
said, dental extraction should be performed predicting 
a reduction in the subsequent bone crest. For this 
reason, several clinical steps should be taken in order 
to compensate for these changes when considering the 
replacement of extracted teeth with implants [28].
Studying the bone thickness in all maxillary teeth 
at a more apical level allows us to investigate if the 
buccal bone plate thickness in the apical direction 
can interfere with immediate implant placement. 
In other words, if there is enough thickness in the 
buccal bone for implant placement in an anterior 
maxillary region, as well as in the posterior maxillary 
region. Nevertheless, the existing studies only include 
anterior and pre-molar teeth. There is not enough 
research regarding the first and second molar’s buccal 
bone plates [11-13,21,23-25,29].
In addition to the bone thickness, the distance between 
the cementoenamel junction (CEJ) and the bone crest, 
and the sagittal root position could also be extremely 
important when deciding the best treatment plan. 
The distance between the CEJ and the crestal bone 
will determine the anatomy and morphology of the 
buccal alveolar crest and, consequently, the position 
of the gingival margin. Two CBCT studies, Wang et 
al. [25] and Kim et al. [27], have studied the sagittal 
relation between the long axis of the tooth and the 
axial inclination of the respective socket. There is 
a lack of documented studies on the influence of 
sagittal root position on treatments plans including 
immediate or early implants. In fact, the root position 
could determine the selection of appropriate implant 
dimensions and its three-dimensional position [25,27].
Therefore, this study’s main objective was to 
determine if there are any differences in the buccal 
bone plate thickness of the evaluated teeth according 
to their arch location. The secondary objectives were 
to determine the distance between the alveolar bone 
crest and the CEJ and the degree between the tooth’s 
long axis and the alveolar bone axial inclination.

MATERIAL AND METHODS

This study was conducted according to the principles 
of the Declaration of Helsinki. All patients signed an 
informed consent form prior to the examination and 
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treatment. A total of 202 CBCT scans performed in 
the Diagnostic Centre 3Dxi in Lisbon from January 
2017 to December 2017, were selected. The scans 
were performed for other reasons and not specifically 
for this study. In the CBCT scans selected for the 
measurements, information such as age and gender 
were also collected, but the identities of the patients 
performing the scans were not disclosed. The 
collected scans belonged to patients aged between 18 
and 73 years old. This study was made in compliance 
with the STROBE checklist for the cross-sectional 
studies [30].

Inclusion/exclusion criteria

The study only includes scans with at least one 
molar and/or one premolar and/or one incisor, with 
at least one adjacent tooth on the mesial and distal 
sides of the tooth in assessment; intact maxillary 
molar teeth regarding buccal roots; intact CEJ in the 
labial and palatal surfaces of each tooth, and scans 
with good image definition. The study excluded 
teeth with infectious pathology, scans from fully 
edentulous maxillary patients or patients with less 
than three maxillary teeth, teeth with dehiscence 
in the buccal bone plate, and scans with poor image 
definition. 

Radiographic analysis

The selected scans were performed with two tools: 
Cranex 3X® and Scanora 3X® (Soredex Orion 
Corporation Ltd, Helsinki, Finland). The size of the 
field of view was 8 x 8 cm and 8 x 10 cm, and the 
average resolution (voxel) was 0.15 mm. The term 
“field of view” refers to the volume of the CBCT scan. 
Subsequently, the DICOM files were reviewed in 
a dark room by two observers (JG and RA) with the 
OnDemand-3D® software (Cybermed, Daejeon, 
Korea) in a 1380 x 800 pixel resolution screen. 
Whenever required, tools were used to increase 
and change contrast/brightness in order to improve 
structure visibility and measurement precision. Each 
observer measured a maximum of 10 CBCT scans per 
day.

Measurement protocol

Two observers performed independent measurements 
for each maxillary tooth which fulfilled the 
inclusion criteria. The two observers carried out 
the calibration as follows: 20 scans with a right-
hand side canine were randomly selected and all the 
measurements proposed in this study were performed. 

Subsequently, the results obtained by each observer 
were compared through the intraclass correlation 
coefficient [14]. The measurements and cut selection 
were performed in different occasions and the 
standard deviation was calculated between the 
two observations. After obtaining a high intraclass 
correlation coefficient, the observers were ready and 
trained to start measuring the scans.
These measurements included in each tooth: the 
measurement of the bone plate thickness in two 
locations, the measurement of the vertical distance 
between the buccal bone crest and the CEJ, and 
the sagittal measurement of the angle between the 
long axis of the tooth and the alveolar bone axial 
inclination. 
In order to select the appropriate cut for each tooth, 
the midpoint of the observed distance was determined 
between the distal and mesial crest of each tooth, 
in the most coronal point of the bone. The cut was 
selected on that midpoint. In regards to the maxillary 
molars, only the mesial-buccal root and the midpoint 
between the mesial bone crest and the root furcation 
of the tooth were taken into consideration.

Measurement of the buccal plate thickness

Figure 1 demonstrates how the thickness of the 
buccal bone plate of each tooth was measured in two 
different root locations, P1 and P2 [11,25].

Measurement of the distance between the buccal bone 
crest and CEJ 

The facial crestal distance (FCD) is the distance 
between the most coronal point of the buccal bone 
crest and the CEJ named [25]. It is illiustrated in 
Figure 2.

Angle measurement between the tooth’s long axis and 
the alveolar bone axial inclination 

Figure 3 shows how the angle measurement between 
the long axis of the tooth and the alveolar bone axial 
inclination was determined [9,25].

Statistical analysis

The statistical analysis of the data related to this study 
was conducted through the Statistical Package for 
the Social Sciences (SPSS) software for Windows, 
version 20.0 (Chicago, Illinois, USA). Initially, with 
the objective of describing and characterising the 
study sample, a descriptive analysis of the data was 
conducted according to the nature of the studied 
variables. The statistical inference necessary for 
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Figure 1. Definition of P1 and P2. The tooth’s long axis was used 
as reference. In order to obtain the mentioned locations, a straight 
line was drawn intersecting perpendicularly the tooth’s long axis 
and crossing the vestibular CEJ (A). Afterwards, a new straight 
line was drawn parallel to the previous one, intersecting the tooth’s 
long axis, 4 mm apical to the previous straight line. This new line 
intersected the buccal bone plate and created P1. In order to obtain 
P2, the midpoint of the root’s length was determined; to do so, a line 
was drawn joining the palatal and buccal bone crest (B), creating 
an intersection point with the tooth’s long axis (Pm1). In parallel, 
a straight line was drawn crossing the most apical point in the root 
apex (C) and intersecting the tooth’s long axis (Pm2). Between 
these two intersections, a midpoint was drawn in the tooth’s long 
axis (Pm3). Lastly, this point was also intersected by a straight line 
perpendicular to the tooth’s long axis and intersecting the buccal 
bone plate in P2. After establishing the positions, the buccal bone 
thicknesses were measured, from the root’s buccal wall to the 
external surface of the buccal bone plate.
CEJ = cementoenamel junction.

Figure 2. Definition of the facial crestal distance (FCD).
CEJ = cementoenamel junction.

Figure 3. Definition of the tooth’s long axis and the alveolar bone 
axial inclination. The long axis (a) was determined, followed by the 
alveolar bone axial inclination (b). To determine this axis, a line was 
drawn joining the palatal and buccal bone crest. Subsequently, the 
midpoint of this line was determined. In parallel to this line, another 
line was drawn intersecting the long axis of the tooth, 2 mm apical to 
the root apex. This line intersected the maxillary bone in the palatal 
and buccal surfaces and found the midpoint between these points. 
The alveolar bone axial inclination is a straight line crossing the 
two midpoints of the two lines. After setting the two axes, the angle 
(Ang) between them was measured in degrees.

the investigation of the proposed objectives required 
the implementation of parametric hypothesis tests. 
In order to compare the mean values between two 
independent samples, the Kolmogorov-Smirnov test 
was used to test the sample’s normality.
The student’s t-test was used to determine the 
variance equality (Levene’s test) between samples. 
Elswhere, the non-parametric Mann-Whitney test.
The parametric ANOVA test was used to compare 
three or more independent samples. Elsewhere, the 
non-parametric Kruskal-Wallis test.
The results showed that the Alpha de Cronbach and 
ICC coefficients were high, exceeding 0.9 for the first 
and second collection, confirming a high interobserver 
and intraobserver reliability, respectively.
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Due to sample size, value categories were set for 
the variables: bone thickness P1, bone thickness P2, 
FCD and angle, such as performed in similar studies. 
Similar to this study, Ghassemian et al. [12], Januário 
et al. [13], Zekry et al. [21], Nowzari et al. [23] and 
Wang et al. [25], also distributed the obtained values 
for the used variables.
The values presented on Tables 1 to 4 are expressed 
in classes (relative and absolute frequencies), and the 
Tables 5 and 6 show the values as means and standard 
deviations (SD). In all statistical tests, a statistical 
significance level (P-value) was set at α = 0.05.

RESULTS

Variables of tooth characterisation according to bone 
thickness in root location P1 are shown in Table 1. 
The highest mean value refers to the second molars 
(1.1 [0.9] mm), followed by the second premolars (0.8 
[0.7] mm). Therefore, the lowest values refer to the 
canines (0.5 [0.5] mm) and to the first premolars (0.4 
[0.5] mm).
Table 2 shows the distribution of teeth according 
to the type of tooth in relation to bone thickness P2. 

Table 1. Tooth characterisation according to bone thickness P1

Bone
thickness 

P1

Type of tooth
TotalCentral 

incisor
Lateral 
incisor Canine First 

premolar
Second 

premolar
First 
molar

Second 
molar

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

0 mm 88 (17.2%)
29.3%

83 (16.1%)
29.6%

116 (22.4%)
41.3%

86 (16.6%)
54.8%

36 (7%)
29.8%

53 (10.3%)
37.9%

54 (10.4%)
30%

517 (100%)
35.3%

[0.1; 1] 177 (29.3%)
58.2%

134 (22.1%)
47.9%

123 (20.3%)
43.8%

56 (9.3%)
35.7%

35 (5.8%)
28.9%

50 (8.3%)
35.7%

30 (5%)
16.7%

605 (100%)
41.4%

[1; 1.5] 35 (16.1%)
11.5%

47 (21.7%)
16.8%

36 (16.6%)
12.8%

12 (5.5%)
7.6%

30 (13.8%)
24.8%

24 (11.1%)
17.1%

33 (15.2%)
18.3%

217 (100%)
14.8%

[1.5; 2] 3 (3.9%)
1%

12 (15.8%)
4.3%

5 (6.6%)
1.8%

3 (3.9%)
1.9%

13 (17.1%)
10.7%

8 (10.5%)
5.7%

32 (42.1%)
17.8%

76 (100%)
5.2%

[2; 2.5] 0 (0%)
0%

3 (8.1%)
1.1%

1 (2.7%)
0.4%

0 (0%)
0%

7 (18.9%)
5.8%

3 (8.1%)
2.1%

23 (62.2%)
12.8%

37 (100%)
5.2%

[2.5; 3] 0 (0%)
0%

0 (0%)
0%

0 (0%)
0%

0 (0%)
0%

0 (0%)
0%

1 (12.5%)
0.7%

7 (87.5%)
3.9%

8 (100%)
0.5%

≥ 3 mm 0 (0%)
0%

1 (33.3%)
0.4%

0 (0%)
0%

0 (0%)
0%

0 (0%)
0%

1 (33.3%)
0.7%

1 (33.3%)
0.6%

3 (100%)
0.2%

Total 304 (20.8%)
100%

280 (19.1%)
100%

281 (19.2%)
100%

157 (10.7%)
100%

121 (8.3%)
100%

140 (9.6%)
100%

180 (12.3%)
100%

1463 (100%)
100%

Table 2. Tooth characterisation according to bone thickness P2

Bone
thickness

P2

Type of tooth
TotalCentral 

incisor
Lateral 
incisor Canine First 

premolar
Second 

premolar
First 
molar

Second 
molar

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

0 mm 1 (33.3%)
0.3%

0 (0%)
0%

1 (33.3%)
0.4%

0 (0%)
0%

0 (0%)
0%

1 (33.3%)
0.7%

0 (0%)
0%

3 (100%)
0.2%

[0.1; 1] 213 (22.9%)
70.1%

204 (22%)
72.9%

213 (22.9%)
75.8%

106 (11.4%)
67.5%

59 (6.4%)
48.8%

91 (9.8%)
65%

43 (4.6%)
23.9%

929 (100%)
63.5%

[1; 1.5] 77 (23.1%)
25.3%

61 (18.3%)
21.8%

52 (15.6%)
18.5%

39 (11.7%)
24.8%

37 (11.1%)
30.6%

28 (8.4%)
20%

40 (12%)
22.2%

334 (100%)
22.8%

[1.5; 2] 12 (10.4%)
3.9%

12 (10.4%)
4.3%

14 (12.2%)
5%

9 (7.8%)
5.7%

18 (15.7%)
14.9%

10 (8.7%)
7.1%

40 (34.8%)
22.2%

115 (100%)
7.9%

[2; 2.5] 1 (2.1%)
0.3%

2 (4.3%)
0.7%

1 (2.1%)
0.4%

3 (6.4%)
1.9%

7 (14.9%)
5.8%

6 (12.8%)
4.3%

23 (62.2%)
12.8%

47 (100%)
3.2%

[2.5; 3] 0 (0%)
0%

1 (5.3%)
0.4%

0 (0%)
0%

0 (0%)
0%

0 (0%)
0%

2 (10.5%)
1.4%

7 (87.5%)
3.9%

19 (100%)
1.3%

≥ 3 mm 0 (0%)
0%

0 (0%)
0%

0 (0%)
0%

0 (0%)
0%

0 (0%)
0%

2 (12.5%)
1.4%

1 (33.3%)
0.6%

16 (100%)
1.1%

Total 304 (20.8%)
100%

280 (19.1%)
100%

281 (19.2%)
100%

157 (10.7%)
100%

121 (8.3%)
100%

140 (9.6%)
100%

180 (12.3%)
100%

1463 (100%)
100%
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Table 3. Tooth characterisation according to facial crestal distance (FCD)

FCD

Type of tooth
TotalCentral 

incisor
Lateral 
incisor Canine First 

premolar
Second 

premolar
First 
molar

Second 
molar

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

≤ 1 mm 5 (45.5%)
1.6%

4 (36.4%)
1.4%

0 (0%)
0%

0 (0%)
0%

1 (9.1%)
0.8%

0 (0%)
0%

1 (9.1%)
0%

11 (100%)
0.8%

[1; 3] 104 (25%)
34.2%

88 (21.2%)
31.4%

74 (17.8%)
26.3%

24 (5.8%)
15.3%

40 (9.6%)
33.1%

33 (7.9%)
23.6%

53 (12.7%)
29.4%

416 (100%)
28.4%

[3; 5] 171 (19.1%)
56.3%

169 (18.9%)
60.4%

166 (18.5%)
59.1%

110 (12.3%)
70.1%

69 (7.7%)
57%

97 (10.8%)
69.3%

113 (12.6%)
62.8%

895 (100%)
61.2%

≥ 5 mm 24 (17%)
7.9%

19 (13.5%)
6.8%

41 (29.1%)
14.6%

23 (16.3%)
14.6%

11 (7.8%)
9.1%

10 (7.1%)
7.1%

13 (9.2%)
7.2%

141 (100%)
9.6%

Total 304 (20.8%)
100%

280 (19.1%)
100%

281 (19.2%)
100%

157 (10.7%)
100%

121 (8.3%)
100%

140 (9.6%)
100%

180 (12.3%)
100%

1463 (100%)
100%

Table 4. Tooth characterisation according to angle

Angle

Type of tooth
TotalCentral 

incisor
Lateral 
incisor Canine First 

premolar
Second 

premolar
First 
molar

Second 
molar

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

n (%row)
%column

< 0º 0 (0%)
0%

0 (0%)
0%

2 (2%)
0.7%

17 (17%)
10.8%

16 (16%)
13.2%

33 (33%)
23.6%

32 (32%)
17.8%

100 (100%)
6.8%

[0; 10] 109 (28.3%)
35.9%

63 (16.4%)
22.5%

38 (9.9%)
13.5%

16 (4.2%)
10.2%

17 (4.4%)
14%

58 (15.1%)
41.4%

84 (21.8%)
46.7%

385 (100%)
26.3%

[10; 20] 167 (22.2%)
54.9%

168 (22.3%)
60%

170 (22.6%)
60.5%

85 (11.3%)
54.1%

66 (8.8%)
54.5%

40 (5.3%)
28.6%

57 (7.6%)
31.7%

753 (100%)
51.5%

≥ 20º 28 (12.4%)
9.2%

49 (21.8%)
17.5%

71 (31.6%)
25.3%

39 (17.3%)
24.8%

22 (9.8%)
18.2%

9 (4%)
6.4%

7 (3.1%)
3.9%

225 (100%)
15.4%

Total 304 (20.8%)
100%

280 (19.1%)
100%

281 (19.2%)
100%

157 (10.7%)
100%

121 (8.3%)
100%

140 (9.6%)
100%

180 (12.3%)
100%

1463 (100%)
100%

Table 5. Variable characterisation in relation to the age group

Age group Bone thickness P1 Bone thickness P2 FCD Angle
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Up to 40 years old 0.7 (0.3) 1 (0.2) 3.3 (0.7) 10.6 (3.6)
Between 41 and 50 years old 0.6 (0.4) 0.9 (0.3) 3.7 (0.8) 11.6 (5.6)
Between 51 and 60 years old 0.6 (0.5) 1 (0.4) 3.9 (0.9) 12.4 (4.4)
Over 60 years old 0.4 (0.3) 0.9 (0.3) 4.2 (0.7) 13.9 (6.3)
ANOVA test ET = 4.772; P = 0.003 ET = 0.161; P = 0.922 ET = 9.788; P = 0.000 ET = 3.679; P = 0.013

FCD = facial crestal distance; SD = standard deviation.

Table 6. Variable characterisation according to the type of tooth

Tooth Bone thickness P1 Bone thickness P2 FCD Angle
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Central incisor 0.6 (0.4) 0.8 (0.3) 3.4 (1.2) 12.7 (5.4)
Lateral incisor 0.6 (0.5) 0.8 (0.4) 3.4 (1.1) 14.8 (6.5)
Canine 0.5 (0.5) 0.8 (0.4) 3.8 (1.2) 16.5 (7.2)
First premolar 0.4 (0.5) 0.9 (0.4) 4 (1) 12.6 (13.5)
Second premolar 0.8 (0.7) 1.1 (0.5) 3.6 (1.6) 10.9 (12.6)
First molar 0.6 (0.6) 0.9 (0.6) 3.7 (1.1) 4.2 (12.7)
Second molar 1.1 (0.9) 1.7 (0.8) 3.5 (1) 6.5 (10.5)
Kruskal-Wallis test ET = 105.061; P = 0.000 ET = 233.667; P = 0.000 ET = 51.937; P = 0.000 ET = 250.413; P = 0.000

FCD = facial crestal distance; SD = standard deviation.
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It can be observed that 70.1% (n = 213) of central 
incisors; 72.9% (n = 204) of lateral incisors; 75.8% (n = 
213) of canines; 67.5% (n = 106) of first premolars;  
48.8% (n = 59) of second premolars; 65% (n = 91) 
of first molars, and 23.9% (n = 43) of second molars  
showed a bone thickness between 0.1 and 1 mm. 
Variables of the distribution according to the type of 
tooth in relation to FCD are reported in Table 3. It can 
be observed that 56.3% (n = 171) of central incisors; 
60.4% (n = 169) of lateral incisors; 59.1% (n = 110) 
of canines; 70.1% (n = 110) of first premolars; 57% 
(n = 69) of second premolars; 69.3% (n = 97) of first 
molars, and 62.8% (n = 113) of second molars showed 
a FCD between 3 and 5 mm.
The distribution of teeth according to the type of tooth 
in relation to angle between the tooth’s long axis 
and the alveolar bone axial inclination, is reported in 
Table 4. It can be observed that 10.8% (n = 17) of first 
premolars; 13.2% (n = 16) of second premolars; 23.6% 
(n = 33) of first molars, and 17.8% (n = 32) of second 
molars showed an angle with an amplitude lower than 
0º. The amplitude between 10º to 20º stands out in the 
central incisors, 54.9% (n = 167); lateral incisors, 60% 
(n = 168); canines, 60.5% (n = 170); first premolars, 
54.1% (n = 85), and second premolars, 54.5% (n = 
66). In molars the angle amplitude distribution shows 
higher variability.
Table 5 displays the results obtained for the studied 
variables in relation to the individual’s age group. 
A higher mean value of bone thickness P1 (0.7 [0.3] 
mm) occurred in the individuals up to 40 years 
old and a lower mean value (0.4 [0.3] mm), in the 
individuals over 60 years. Additionally, it can be 
observed that the mean values variable reduces with 
the increase in age. The ANOVA test allowed us to 
verify the assumptions and to conclude that the results 
were statistically significant in at least one age group. 
The various comparisons performed in this study 
allowed us to conclude that significant differences 
occurred among individuals up to 40 years old and 
over 60 years of age.
The highest mean value of bone thickness P2 (1 [0.4] 
mm), occurred in the individuals between 51 and 
60 years old, and the lowest mean value of P2 (0.9 
[0.3] mm), occurred in individuals between 41 and 
50 years old. The parametric ANOVA test allowed 
us to conclude that the differences observed are not 
statistically significant (Table 5). 
The mean values of FCD increases with the increase 
in age. Therefore, the highest mean value (4.2 [0.7] 
mm), occurred in individuals over 60 years of age, 
and the lowest mean value (3.3 [0.7] mm), occurred in 
individuals up to 40 years old. Through the ANOVA 
test it was concluded that there is at least one group 

with statistically significant results. Comparisons 
allowed us to conclude that the results of individuals 
up to 40 years old are significantly different than 
the results of individuals between 51 and 60 years old 
and individuals over 60 years of age. The results of 
older individuals are also statistically different when 
compared to the results of individuals between 41 and 
50 years old (Table 5).
It can be observed that angle, on average, increases 
with age. Therefore, the highest mean value (13.9º 
[6.3º]), occurred in individuals over 60 years of age, 
and the lowest mean value (10.6º [3.6º]), occurred 
in individuals up to 40 years old. The ANOVA test 
revealed that the differences observed are statistically 
significant in at least one group. The significant 
differences occur among individuals up to 40 years 
old and over 60 years of age (Table 5).
The variables of bone thickness in P1, P2, facial 
crestal distance and angle characterization in 
accordance to the type of tooth are reported in Table 
6. It is evident that the thickness in P2 showed higher 
values than the thickness in P1. The mean value 
of FCD was 3.6 (1.2) mm, where 50% registered a 
maximum of 3.5 mm, and 25% a result greater than 
or equal to 4.3 mm. Of the evaluated teeth, 66.9% 
obtained an angle greater than or equal to 10º, 15.4% 
got an angle greater than or equal to 20º, and 33.1% 
obtained an angle of less than 10º.

DISCUSSION

This study used a total of 202 CBCT scans with a 
sample of 1463 teeth (n = 1463) obtained according to 
the proposed inclusion criteria, also adapted by other 
similar studies [3,8,10,12,13,21-23,25,29,31-33]. The 
clinical history of patients was unknown. For this 
reason, it was impossible to exclude scans from special 
patients such as: patients with systemic pathologies, 
patients taking medicines with bone implications, 
smokers or patients that have undergone orthodontic 
treatment. Smokers have a tendency to experience 
more bone resorption after dental extraction than 
non-smokers [5,12,34,35], and the orthodontic 
treatment causes changes in the alveolar bone 
morphology due to changes in tooth position [36]. 
In this study, the size of the used voxel (0.15 mm) 
represents a small size, which is convenient to take 
more precise measurements since the resolution is 
high [37-39].
The four-measurement protocol was standardised 
in order to be replicable among the two observers. 
Therefore, it was possible to guarantee a greater 
accuracy inter and intraobservers in determining 
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each measurement. The buccal bone plate thickness 
was measured in two locations, P1 and P2, in order 
to analyse the bone thickness in different locations 
apical to the crown of the tooth, which could interfere 
with immediate implant placement. The P1 location is 
more important than P2 as the bone in the bone crest 
supports the gingival margin and shapes the alveolar 
bone. For this reason, the distance between the tooth’s 
CEJ and the buccal bone crest (FCD) also becomes 
relevant [21,29,40].
The angle formed between the long axis of the tooth 
and the corresponding alveolar bone axial inclination 
was measured in each tooth [9]. This measurement is 
important as the sagittal angle of the alveolar bone 
and its morphology are important in determining the 
treatment plan and choosing the size and inclination 
of the implant. In order to have the best three-
dimensional position, the implant angle should be 
the same as the axis angle of the tooth inside the 
alveolar bone, except when the original position 
of the tooth is not, by itself, favourable to optimal 
rehabilitation. According to Juodzbalys et al. [41] and 
his classification system for the maxillary anterior 
extractions socket the need for palatal angulation 
in an adequate extraction socket varies till 5º and in 
compromised cases could varies from 5º to 30º [41]. 
This will help the clinician to adopt further action in 
order to achieve this goal, namely, resorting to bone 
regeneration techniques [25-27]. 
This study main limitation is the CBCT precision 
when compared to the direct measurement of the bone 
crest that results in a more accurate measurement. 
In this type of study, the thickness gauge is not a 
feasible method as it can only be used after dental 
extraction, which does not comply with the proposed 
methodology. For this reason, the CBCT is a more 
appropriate method. The CBCT allows for the 
determination of several measurements in various 
locations and the existing bone quality. Thus, it is 
considered the most appropriate and used method in 
implant surgery planning [10,23,42].
In total, the 202 collected scans resulted in a sample 
of 1463 teeth. In each scan it was possible to measure, 
according to the inclusion criteria, an average of 
7.2 (3.4) teeth. The anterior teeth evaluated were 
304 central incisors, 280 lateral incisors, and 281 
canines. The posterior teeth evaluated were 157 first 
premolars, 121 second premolars, 140 first molars, 
and the remaining 180 were second molars. A higher 
representativeness of anterior teeth (central incisors, 
lateral incisors, and canines) was achieved when 
compared to premolar or molar teeth.
According to several studies, there are morphological 
differences in the alveolar bone between the anterior 

and posterior teeth. Thus, this study evaluated the 
alveolar bone of each type of tooth: central incisor, 
lateral incisor, canine, first/second premolar, and first/
second molar [4,6,8,13,14,16,34].
The collected scans belonged to male individuals 
(45.5%) and female individuals (54.4%). The 
homogeneity between male and female individuals 
was obtained in each age group resulting in a good 
sample representativeness.
The ages varied significantly resulting in high 
standard deviations. For females, the average age 
was 50.6% (n = 13.6) and for males it was 52.6% 
(n = 13.3). The high standard deviation reflects 
the age dispersion. This makes it harder to extrapolate 
the results for each age group as bone dimension 
might be dependent on the age of each individual. 
For individuals up to 40 years old, greater thickness 
was observed in P1 (0.7 [0.3] mm) and lower 
thickness was observed in individuals over 60 years 
old (0.4 [0.3] mm). It was possible to determine that 
with the increase in age the bone thickness in P1 
reduces (Table 5). However, this was not the case 
in P2. The results from Braut et al. [11] confirm 
this assumption. Braut et al. [11] used a similar 
methodology to this study: a sagittal cut perpendicular 
to the bone crest was selected and a point 4 mm apical 
to the CEJ of each anterior tooth was used to measure, 
perpendicular to the long axis of the tooth, the 
existing buccal bone thickness (MP1). Subsequently, 
another point in the middle of the root was selected 
to measure, also perpendicular to the long axis of the 
tooth, the existing buccal bone thickness (MP2). Braut 
et al. [11] observed a tendency for bone thickness 
reduction with the increase in age only significant in 
the bone crest area. This conclusion might be related 
to the fact that the crest area is the first affected area 
in the presence of chronic infections or periodontitis 
[11,25].
On the subject of P1, 76.7% of all assessed teeth 
showed thicknesses lower than 1 mm and 35.3% 
did not display buccal bone in P1. By evaluating 
these figures per class, it is possible to determine 
that regarding P1, 517 teeth (35%) displayed 0 mm 
of thickness and 605 teeth (41.4%) had between 0.1 
and 1 mm. The remaining teeth displayed thicknesses 
greater than or equal to 1 mm.
Assessing anterior teeth, it was possible to determine 
that most teeth displayed a very thin buccal bone 
thickness (< 1 mm): 87.5% of central incisors, 
77.5% of lateral incisors and 85.1% of canines. In 
particular, bone is non-existent in this location in 
29.3% of central incisors, 29.6% of lateral incisors 
and 41.3% of canines. Bone was rarely found greater 
than or equal to 1 mm (central incisors: 12.5%; 
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lateral incisors: 22.6%; canines: 15%), as confirmed 
in several studies: Huynh-Ba et al. [10], Braut et 
al. [11], and Ghassemian et al. [12], Januário et al. 
[13], Nowzari et al. [23], Vera et al. [24]. It was also 
observed that the thickness in P1 of the first premolar 
was greater than 1 mm in 9.5% of cases, which 
represents a low percentage when compared to second 
premolars (41.3%). The second molar presented more 
frequently a thickness greater than or equal to 2 mm 
(12.8%), and 53% of these teeth had a thickness 
greater than or equal to 1 mm in P1. However, the first 
molar displays a different behaviour. Approximately 
73.6% of the assessed first molars displayed a bone 
thickness of less than 1 mm, close to the first premolar 
(90.5%) and anterior teeth (central incisors: 87.5%; 
lateral incisors: 77.5%; canines: 85.1%). This can be 
explained by the fact that only a measurement at the 
mesial-buccal root of the first molar was performed, 
since the thickness in this area is thinner than the root 
distal buccal area [43]. Temple et al. [43] confirms 
the presence of a lower thickness of the buccal bone 
of the mesial-buccal root in comparison to the distal 
buccal root. The first molar follows the pattern of the 
first premolar in what concerns buccal bone thickness. 
Temple et al. [43] investigated the buccal bone 
thickness in posterior teeth and measured the bone 
thickness of each maxillary molar root concluding that 
the second molar does not follow the same pattern as 
the first molar showing higher bone availability.
P2’s bone thickness was on average 0.9 (0.6) mm, 
25% of the examined teeth had on average 0.6 mm of 
thickness and 50% displayed a thickness greater than 
or equal to 0.8 mm.
Analyzing P2, it was observed that 63.5% of teeth 
(929) show a thickness between 0.1 and 1 mm, and 
22.83% show a thickness between 1 mm (inclusive) 
and 1.5 mm. The remaining teeth display greater 
thickness in this location. These figures allow us to 
predict that the buccal bone thickness will be greater 
in P2 than in P1.
The thickness in P2 showed higher values than the 
thickness in P1 (Table 6). For this reason, it is safe to 
say that the closer we get to the apical direction, the 
greater the buccal bone thickness. It was possible to 
verify that 67.5% of first premolars have a thickness 
of less than 1 mm, where 1.9% have a thickness 
greater than or equal to 2 mm. The second premolar, 
in 51.3% of the cases, has a thickness greater than 1 
mm against 32.4% of the first premolars. In other 
words, a reduction in buccal bone thickness from P1 
to P2, from coronal to apical, in the first premolar 
area is observed. Thus, the bone thickness in the 
second premolar area appears to be more consistent 
from coronal to apical, which means it is more 

constant than on the first premolar, meeting the results 
obtained by Shen et al. [32]. These results confirm 
that in the apical direction, bone availability is not 
always superior, which disturbs the achievement of 
implant primary stability and might indicate the need 
for employing bone regeneration techniques prior to 
implant placement or using narrow diameter implants 
(< 3.5 mm) [16,21,28,33,44].
Fenestration (P2 = 0 mm) was found in only 3 types 
of teeth (central incisor, canine, and first premolar), 
representing a very low percentage (0.2%) when 
compared to other studies. Zekry et al. [21] observed 
a fenestration percentage in anterior teeth between 9.9 
and 51.6%, and in posterior teeth between 13.9 and 
84.5%. However, it is worth mentioning that this study 
also includes mandibular teeth. Braut et al. [11] also 
observed 58.8% of lateral incisors with fenestration. 
This study also used mandibular teeth. The 
discrepancy found in the results might be related to the 
use of a different methodology and voxel. Zekry et al. 
[21] observed a greater fenestration prevalence 5 mm 
from the alveolar crest and Braut at al. [11] performed 
the measurement in the root middle area. The voxels 
used in the previously mentioned studies were 0.4 mm 
and 0.126 mm, respectively. Additionally, Braut et al. 
[11] evaluated only 498 teeth and Zekry et al. [21] 
evaluated 3618 teeth. However, these studies followed 
different methodologies [11,21].
In what concerns the FCD (Table 5) the mean values 
increased with age. In individuals over 60 years old, 
it was possible to observe a greater distance (4.2 
[0.7] mm) between the bone crest and the CEJ than 
on individuals up to 40 years old (3.3 [0.7] mm), 
resulting in a statistically significant difference. This 
result is confirmed by the studies conducted by Zekry 
et al. [21] and Wang et al. [25].
The mean value obtained for FCD was 3.6 (1.2) 
mm, where 50% registered a maximum of 3.5 mm, 
and 25% registered a result greater than or equal 
to 4.3 mm (Table 6). In a small number of teeth, 
this distance is less than or equal to 1 mm (0.75%); 
28.4% show a distance between 1 mm and 3 mm, 
and in most teeth, the distance is greater than 3 and 
less than or equal to 5 mm (61.18%). This result 
is not in accordance with the studies conducted 
by Zekry et al. [21] and Wang et al. [25], which 
reported a maximum FCD variation of up to 4 mm. 
This difference is related to the use of different 
methodologies, especially regarding the inclusion and 
exclusion criteria. Zekry et al. [21] excluded all the 
analyses with a distance to CEJ greater than 4 mm. In 
Wang’s study the measurements were carried out by 
only one observer with a 0.3 mm voxel, which is less 
accurate than the voxel used in this study (0.15 mm) 
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[21,25]. The studies performed by Januário et al. [13], 
show that the FCD (between 1 and 2 mm) for central 
incisors was very different than the values found in 
our study. In 64.2% of the cases regarding the central 
incisors and in 73.7% regarding the canines, the FCD 
obtained was greater than 3 mm. This difference 
might be explained by the smaller sample used by 
Januário et al. [13] and the different voxel used in 
CBCT (0.2 mm), since this study used a 0.15 mm 
voxel. A larger voxel decreases the measurement 
precision. Also, age might have influenced this result. 
Our study includes more individuals over 40 years old 
(156 adults) when compared to the study performed 
by Januário et al. [13] (112 adults), which confirms 
that this measurement tends to increase with age 
[13,21]. This event is the result of the physiological 
bone loss that occurs with age, as also confirmed by 
Ghassemian et al. [12] and Zecry et al. [21].
Of the evaluated teeth, 66.9% obtained an angle 
greater than or equal to 10º, 15.4% got an angle 
greater than or equal to 20º, and 33.1% obtained 
an angle of less than 10º. Negative angles were 
found in 10.8% of first premolars; 13.2% of second 
premolars; 23.6% of first molars, and 17.8% of 
second molars, showing that these teeth were axial 
proclined. The posterior teeth showed negative angles 
more frequently (first premolar: 10.8%; second 
premolar: 13.2%; first molar: 23.6%; second molar: 
17.8%). Both the first and second molar showed more 
frequently an angle between 10º and 20º (10.2% and 
14%, respectively). 
Regarding the anterior teeth, it was possible to 
observe that the angle oscillated more frequently 
between 10º and 20º (central incisor: 54.9%; lateral 
incisor: 60%; canine: 60.5%). This result is supported 
by Wang et al. [25], where over 40% of anterior 
teeth displayed an angle between 10º and 20º. This 
angle corresponds to a level II in Lau’s classification, 
where 45% of maxillary anterior teeth allow for 
immediate implant placement, even with a greater 
level of difficulty. Angle of less than 10% positive 
on maxillary anterior teeth (central incisors: 35.9%; 
lateral incisors: 22.5%; canines: 13.5%) occurred less 
frequently. In this group of teeth, implant insertion is 
relatively easy, as it can follow the same orientation 
as the tooth, deviating slightly to palatal, in order to 
guarantee greater bone thickness and primary stability. 
In addition, in Wang et al. [25] the existence of an 
angle of less than 10º was less frequent (10%) [25,45].
The literature has several studies evaluating the 
bone plate dimensions in anterior teeth (including 
premolars) through CBCT [11-13,21,23-25,32]. 
However, the studies focusing also on molar teeth are 
less frequent (Zecry et al. [21] and Temple et al. [43]). 

Since there are few studies including molar teeth, it is 
difficult to compare our results with other studies. In 
fact, there are more studies regarding the anterior area 
as this is more demanding in terms of aesthetics and 
treatment depending on bone availability. However, 
the posterior areas do not always have optimal bone 
availability, especially in terms of bone height in 
relation to the maxillary sinus. Thus, it is important 
to use vertical and horizontal bone regeneration 
techniques. If these techniques cannot be used, 
short and narrow implants gain more emphasis [11-
13,21,23-25,32].
If we consider 1 mm as the minimum value, it is 
worth mentioning that it is always safer to have a 
thickness of 2 mm and to ensure the compliance 
of the implant bed preparation protocol, as it will 
allow immediate aesthetics and medium to long-
term maintenance [46]. The results found in this 
study show that this thickness rarely occurs. A bone 
thickness between 2 and 2.5 mm was found only on 
8.1% of lateral incisors, 2.7% of canines, and 8.1% of 
first molars. This thickness is more frequent in second 
premolars (18.9%) and second molars (62.2%). A 
thickness of 2 mm was not found in central incisors 
and first premolars. These results are in accordance 
with other studies that resorted to CBCT image 
measurements [11-13,23,24].
The present study indicated that 76.7% of all assessed 
teeth showed thicknesses of less than 1 mm, and 
35.3% did not display buccal bone in P1. Thus, in 
most cases, the bone thickness is not enough to allow 
correct immediate implant placement, including 
posterior teeth. As such, these cases do not comply 
with the requisites for immediate implant placement. 
The results obtained are in accordance with the study 
performed by Januário et al. [13], in which the buccal 
bone thickness of anterior teeth was investigated. 
Approximately 85% of locations displayed a thickness 
of less than 1 mm, and 40% to 60% of evaluated teeth 
displayed a bone thickness of less than 0.5 mm. In this 
study, 250 CBCT scans with anterior maxillary teeth 
were included [13].

CONCLUSIONS 

According to this research, more than 1 mm of buccal 
bone thickness was rarely found in the anterior 
(central incisors: 12.5%; lateral incisors: 22.5%; 
canines: 14.9%), first premolar (9.5%) and first 
molar teeth (9.5%). The tooth type and its location 
in the maxilla influence bone thickness available for 
immediate implant insertion.
Older individuals present less bone thickness in 
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the coronal aspect of the dental root than younger 
individuals. Most of central incisors (64.2%) and 
canines (73.7%) presented more than 3 mm of 
distance between cementoenamel junction and the 
most coronal point of the buccal alveolar bone.
The angulation between the tooth’s long axis and the 
alveolar bone axial inclination in the sagittal plane 
was more frequent between 10º and 20º (51.5%) for 
all maxillary teeth.
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