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Abstract---Statement of the Problem: The thickness and height of the
facial wall of the alveolar bone in anterior part of maxilla is a critical
factor to achieving esthetic and success of implant insertion.
Objectives:The aim of present study was evaluating the anterior
maxillary bone by cone beam computed tomography (CBCT)
images.Methods :In this in vitro study, 200 CBCT images of the
anterior maxillary teeth were examined. Each tooth was classified
according to the sagittal root position and the measurements were
done by one practitioner. Results:The following variables were
significantly associated with gender (male predilection): tooth-ridge
angulation (TRA )in the right lateral teeth; concavity angulation (CA)in
the right central and lateral teeth; concavity depth (CD ) in the right
lateral teeth and both canines; concavity location (CL)in the right
canine; buccal bone height (BH)and palatal bone height ( PH) in the
left canine.Age was associated with CLand ridge angulation in none of
the teeth; with TRA and CD in all anterior teeth; bone density in the
right lateral teeth; with CA in both Ilateral teeth; with BH in both
central teeth; with PHin the right central and left lateral teeth; and
with TA in both lateral teeth and canines. Conclusion: The placement
of implants in maxillary canines site compared to central teeth is
harder , due to facial position of the root, thin facial bone,low CA, high
CD.

Keywords---CBCT image, Maxillary bone, Implant placement.

Introduction

Radiography is one of the important diagnostic tools utilized in dentistry
operation [1]. Cone beam computed tomography (CBCT), an emerging digital
imaging technique, provides investigation of craniofacial hard and soft tissues via
different planes [1,2]it reproduce excellent images and has one tenth amount of
radiation than conventional CT scanning technique[2]. Before implant
replacement CBCT is done to evaluate the bone quality and quantity [2].

One of treatment options in anterior tooth replacement is implant treatment [3].
As in this section esthetic is critical for best results Several factors should be
noticed :buccal bone thickness and bone height specially in immediate
implantation are critical [4].

The thickness and form of alveolar bone is different between patients. Some
factors like maxillary bone jaw morphology, position of the upper incisors, and
facial type (e.g. shorter face type persons have greater alveolar bone thickness
compared to long face ones), inclination of the incisors, and degree of jaw
protrusion [S]affect the thickness and form of alveolar bone .Moradet al.[0]
reported the mean thicknesses of 1-1.2 mm in the maxillary anterior tooth
regions, respectively. Jin et al. [7|reported a thickness <2 mm in the Canine
region.These volumes are ethnic populations related [3,6] , gender, side of the
tooth, face type, and soft tissue type may also have effect on the thickness and
height of the facial wall of the alveolar bone. However, alveolar bone
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measurements have not yet been studies in Iranian populations. So current
investigation used CBCT images to measure alveolar bone in the aesthetic zone of
the maxillary anterior teeth in an Iranian adult population patients, focusing on
the quantifications relation with gender and age.

Materials and Methods

The study was designed as a crosssectional radiographic study to evaluate the
quality and quantity of anterior maxillary bone(left canine to right canine) in order
to immediate implant placement by using CBCT images. CBCT images were
taken from the archives of a private oral and maxillofacial radiology center
inBabol,Iran. The CBCT images required for this study were 200which should
have all 6 anterior maxillary teeth. Anyimagethatshowedsignsofperiapical
pathologic lesion,previousapicalsurgery,root fracture and root resorption
intheregionofinterestand any images that presented with lack of clarity ortoo
muchscatteringwereexcluded .

All CBCT scans were made with Planmeca Promax 3D S3(finland,Helsinki)(Field
of view 8x10)and processed with PlanmecaRomexis viewer software . In order to
determine relative tooth inclination, the maxilla was positioned horizontal to the
anterior nasal spine-posterior nasal spine plane.(the normal inclination is defined
11045 degree) [1,3]. Each tooth was classified according to axial and buccolingual
position in the bone.(Figure 1) [8].

To determine the height and thickness of the bone, two reference lines were
drawn. The first line was drawn from the center of long axis of tooth , while the
second line was drawn perpendicular to the apex. The bone height was measured
in millimeters (mm) for facial and palatal bones from the bone crest to the apical
line, parallel to the longaxis of the tooth. ( Figure 2A) The bone thickness was
measured in four different locations parallel to the apical plane: A) crestal area; B)
midroot; C) apex; and D) 4 mm above the apex (parallel to the apical line). At
location A, the bone thickness was 1 mm from the crestal bone. At location C, the
bone thickness was measured at the apical line. At location B, thickness was
measured midway between point A and point C (Figure 2B) [8].

The following distances and angles were measured to determine the morphology
of the alveolar ridge:

1) Ridge angulation (RA): It is the angle between the ridge midline and the
maxillary plane. The ridge midline was determined by connecting three
buccolingual midpoints at vertical distances of 2, 6, and 12 mm from the
alveolar crest. The maxillary plane is defined as the line that connects the
anterior nasal spine (ANS) to the posterior nasal spine (PNS) point.

2) Tooth angulation (TA): It is the angle between line A (the line between
incisors and the apex, dividing the tooth into palatal and facial parts) and
the maxillary plane (Figure 3A).
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3) Tooth-ridge angle (TRA): It is the angle between line A and line B; line B
represents the line running through the faciopalatal midpoint of the
alveolar process (Figure 3A) [9,10].

4) Concavity depth (CD): It is the distance between the deepest point of the
facial plate (point D) and a vertical reference line perpendicular to the
maxillary plane, passing through the most external point of the facial plate
(point C) (Figure 3B).

5) Concavity angulation (CA): It is the angle between line D-C (the line
connecting point D to point C) and line D-P (the line connecting point D to
point P, with point P defined as the most external point of the facial plate,
coronal to point D) (Figure 3B).

6) Concavity location (CL): It is the vertical distance between point D and the
line connecting the cementoenamel junction (CEJ) of teeth (Figure
3B)[9,10].

To evaluate the bone quality of the anterior maxilla, bone density was defined as
Hounsfield units using a device. The Hounsfield unit is a simple andrapid
technique to assess bone quality in patients with available CT scans [11]. Al
CBCT images were reviewed by an observer with no information about the
patients’ clinical status; the judgments and conclusions were solely based on
radiographic images. Also, to ensure the reliability of the results, 10% of the
samples were randomly re-examined in an interval of two weeks.

Data were evaluated in SPSS version 25, using descriptive statistics, including
number (percentage) and meantstandard deviation (SD). Results were compared
between the groups in terms of gender and age, using independent t-test, Chi-
square, and ANOVA test.

Results

In this study, the anterior maxillary bone was examined in 200 CBCT images
(each image covering all six anterior teeth). The images were obtained from a
statistical population, including 110 female patients (55%) and 90 male patients
(45%), aged 15-66 years (mean age: 39.35 years). The distribution of tooth
classes, based on the inclination and sagittal root position, is shown in Figure 1.
The tooth classification had a significant relationship with gender (P<0.001). The
distribution of tooth classes in men and women was as follows( Figure 4)

Women:ClassIII>ClassII>ClassIV>Class V>Class [>Class VI>Class VII
Men: ClasslIII>ClasslI- Class V>Class I>ClassIV>Class VI

Measurement of the buccal and palatal bone thickness showed that the buccal
bone thickness had a significant relationship with gender only in location A (at
the crest); at this location, men had a thicker buccal bone (P=0.005). The palatal
bone thickness had a significant relationship with gender in location B (midroot),
location C (apex), and location D (4 mm apical from the apex); men showed



6093

thicker palatal bones in these locations (P<0.001, P<0.001, and P=0.042,
respectively).

However, the bone density, TA, and RA had no significant relationship with
gender. The TRA had a significant relationship with gender only in tooth 10. In
tooth 10, men had more TRA than women. The average CA, CD, and CL for each
tooth, as well as differences between gender , are presented in Table I, Table II,
and Table III.

Effect of age:

The RA and CL showed no significant relationship with age in any of the six
anterior teeth, whereas the TRA and CD had significant associations with age in
each of the six anterior teeth. Also, the bone density showed a significant
relationship with age in tooth 10 (P=0.009). Besides, the CA had a significant
relationship with age in tooth 7 and tooth 10 (P=0.044 and P=0.021, respectively).
The buccal bone height (BH) showed a significant relationship with age in tooth 9
and tooth 8 (P=0.002 and P=0.040, respectively). Also, the palatal height (PH) had
a significant relationship with age in tooth 9 and tooth 7 (P<0.001 and P=0.043,
respectively). Finally, the TA showed a significant relationship with age in tooth
10, 11, 7, and 6 (P=0.037, P=0.006, P=0.011, and P=0.003, respectively).

Discussion:

The most important factor in the long-term survival of implants is the implant
location in the jaw bone. If the implant is positioned correctly at the same
angulation as the roots into the bone, the final restoration will be in the correct
position [12].Therefore, before a dental implant surgery, analysis of 3D
radiographic images is an important diagnostic stepin determining the root
direction of the tooth, the adjacent anatomical areas, and the buccal bone
thickness. For this purpose, it is necessary to prepare CBCT images before an
implant surgery [13].

The reason for choosing CBCT images in this study was the lower radiation dose
of CBCT, better representation of hard tissues, higher image resolution, and more
accurate linear measurements compared to CT imaging. These advantages have
made CBCT an implant-specific imaging technique [14]. According to the results
of this study, the average bone density of the anterior maxillary bone was
445.94+200.71, while in a study by Y Hao et al. on Asian people, the average bone
density of the anterior maxillary bone was 460.25+136.42 [15].The discrepancy
between the findings may be due to differences between male and female
populations of the two studies.

In the present study, the mean TA and RA were 103.58+9.14 and 114.72+31.62,
respectively. The highest TA and RA were related to the central, lateral, and canine
teeth, respectively. The mean TRA was 10.35%4.74, and the highest TRA was
related to the central teeth, canines, and lateral teeth, respectively. In this regard,
a study by Nasrollahi N et al. from Iran reported similar results to our study, as
the largest tooth and ridge angles were observed in the central, canine, and lateral
teeth, respectively [16].However, in a study by Wang HM from China, the TRA
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angle was larger in the canines than in the incisors; differences between the
results may be due to racial differences or different definitions of measurement
points in these two studies [17].

In a study by Seung-Lok Lee from Korea, the curvature angulation of the buccal
bone (drawing a line through the P ,Q and R points : QPQR) was measured.
Although the QPQR was approximately the same as the CA angle in the present
study, the CA was measuredabove the apex in our study. This result is in line
with our study, as the largest CA was related to the canine, lateral, and central
teeth, respectively [18].

This finding can be explained by the average Collum angle in the anterior teeth.
The Collumangle is the angle between the long axis of the crown and the long axis
of the root.Normally, the largest Collum angle is attributed to the lateral, central,
and canine teeth, respectively.

The canine teeth have the largest Collum angle of all types of malocclusions;
however, inthe central and lateral teeth, this angle is related to the type of
malocclusion [19]. The mentioned finding seems logical due to the position of the
occlusal plane and canine angulation,because from incisors to canine teeth, the
crown of the tooth gradually becomes more buccal, and the root becomes more
palatal. However, the present results regarding CD differ from those reported by
Ahmed from Egypt [20].

In their study, the canines had the highest CD ,[19] while in the present study,
the highest CL was related to the lateral teeth, and the lowest CL was attributed
to the lateral ones;this result may be attributed to the short length of the root in
lateral teeth.Among maxillary anterior teeth, the maximum root length was
related to canines, central teeth, and lateral teeth, respectively [21].

The mean BH of the anterior maxillary bone was 12.24+2.62 in the present
study.The highest BH was related to the canines, lateral teeth, and central teeth,
respectively.This result can be explained by the root distance of anterior teeth
from anatomical structures, such as the floor of the nasal cavity and maxillary
sinus. The average distance between the roots of anterior teeth and these
structures was 8.54 mm in central teeth, 9.49 mm in lateral teeth, and 5.39 mm
in canines;[22] this result is in line with the findings reported by Dina Ahmed et
al. [20].

The maximum thickness of the buccal bone was observed at 4 mm from the apex,
and its lowest thickness was observed at the midroot; this result can be justified,
as location D is 4 mm away from the apex. Moreover, most teeth were categorized
in class 2 or class 3 (in a retroclined position, with the root in the facial third of
the bone).Given the position of the root, the thickness of the buccal bone was very
low in location B. In a study by Porto, among anterior maxillary teeth, the lowest
bone thickness was related to the buccal and palatal bones in the maxillary
canines [23]. However, these results are inconsistent with our study due to
differences in the measurement criteria.
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In the present study, similar to many other studies, the bone around the anterior
maxillary teeth was very thin in each location [8,10,18,24,25]. According to the
present results, dental class (sagittal root position) had a significant relationship
with the type of tooth. Among six anterior teeth evaluated,class 3 was the most
common class, and class 7 was the least common one. In a study by Gluckman et
al., class 2 was the most common class, while class 5 was the least common one
[8].

In the current study, the relationship between the studied parameters and gender
was examined. It was found that bone density, RA, and TA had no significant
relationships with gender in any of the six anterior teeth. However, variables with
a significant relationship with gender (male predilection) were as follows: TRA in
tooth 10; CA in tooth 9 and tooth 10; CD in tooth 10, tooth 11, and tooth 6; CL in
tooth 11; and BH and PH in tooth 6. In the study by Gluckman et al., there was
no significant relationship between the bone height and gender in the central
teeth. In canines, BH and PH were higher in men than in women; also, in lateral
teeth, PH was higher in men than in women [8].

The greater bone height in men can be attributed to their larger size compared to
women. However, in a study by Panjnoush et al., CD and CA showed no
significant relationship with gender [26]. The buccal bone thickness at the level of
the bone crest was significantly higher in women than in men, and the palatal
bone thickness was significantly higher in men than in women in the middle of
the root, at the apex, and at 4 mm from the apex.

The relationship between the studied parameters and age was also investigated in
this study. Tooth classification, CL, and RA showed no significant relationship
with age in any of the six anterior teeth. The TRA and CD had significant
relationships with age in all of the anterior teeth. Also, bone density showed a
significant relationship with age in tooth 10. The BH had a significant relationship
with age in tooth 8, tooth 9, and tooth 10. Moreover, the PH showed a significant
relationship with age in tooth 7 and tooth 9. Besides, the CA showed a significant
relationship with age in tooth 7 and tooth 10. Finally, TA showed a significant
relationship with age in teeth 6, 8, 10, and 11.

Contrary to our findings, Ahmed et al. found no significant relationship between
CD and age [20]. Moreover, in the study by Panjnoush et al., the CD and CA were
measured at a 1-mm distance from the floor of the nasal cavity at the midpoint of
the lateral and maxillary canines [26]. Based on the results, the CA and CD had
no significant relationship with age.Since their measurement criteria were
different from our study, differences in the results were expected. Contrary to our
study, Wang et al. found no significant relationship between TRA and age [17].

Conclusion:

Despite the limitations of this study, including the small sample size, age
limitation of patients with six anterior teeth, clinician errors, and racial
differences, the results suggested the sensitivity of the anterior maxillary region
for implant placement.This high sensitivity was attributed to factors, such as
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esthetic considerations, facial position of the root, thin facial bone,low CA, high
CD, and greater height of buccal and palatal bones.
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Tables

Concavity
Angle

overall

men

women

P value*

10

11

8

7

6

P value**

132/02+22/52 a

145/67+9/33 b
153/29+12/25 ¢
140/38+19/82 b
144/60+7/78 b
154/06+7/33 ¢

<0/001

136/15+19/41 a

149/96+200/17
b
154/06+16/52 c
142/79+18/90 a
145/89+9/03 b
154/94+7/90 ¢

<0/001

128/62+24/36 a

144/61+7/76 b
152/67+7/07 c
138/40+20/42 d
143/55+8/47 d
153/34+6/78 ¢

<0/001

Table 1:Evaluation of Concavity Angle(CA) of six anterior maxillary teeth by sex

-Different lower letters in each column indicate a significant difference for BH

0/005

0/028
0/211
0/221
0/568

0/519

between different teeth in each position at the level of a = 0.05.and different upper
letters in each column indicate a significant difference for PH between different
teeth in each position at the level of a = 0.05.

*Using Independent T test.

** Using one way ANOVA and in case of significant multiple comparisons using

Tukey test
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overall

men

women
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P value*

6

P value**

2/64+1/73 a
2/89+2/07 a
2/51+1/98 a
2/24+1/78 b
2/92+1/49 a
2/41+1/51 b

<0/001

2/63+2/20 a
3/18+2/95 a
2/75+2/85 a
2/27+2/13 a
3/07+1/90 a
2/57+2/11 a

<0/001

2/65+1/24 a
2/65+0/79 b
2/32+0/70 a
2/21+1/43 a
2/81+1/04 b
2/27+0/70 a

<0/001

0/135
0/003
0/004
0/282
0/111

0/026

Tablel 2:Evaluation of Concavity Depth(CD) of six anterior maxillary teeth by sex

-Different lower letters in each column indicate a significant difference for BH

between

different teeth in each position at the level of a = 0.05.and different upper letters
in each column indicate a significant difference for PH between different teeth in
each position at the level of a

= 0.05.

*Using Independent T test.

** Using one way ANOVA and in case of significant multiple comparisons using

Tukey test
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overall men women P value*

15/2742/90 a 15/77+3/39 14/87+2/35a 0/077
10 14/34+2/33 b 14/74+2/82 14/01+1/78 b 0/112
11 17/4443/14 c 18/29+3/82 16/74+2/22 c 0/040
8 15/45+2/86 a 16/11+3/23 14/91+2/39a  0/222
7 14/47+2/55 b 15+2/89 14/03+2/16a  0/149
6 17/5343/14 c 18/49+3/58 16/75+2/48 ¢ 0/185
P value** <0/001 0/120 <0/001 -

Table 3 :Evaluation of Concavity Location(CL) of six anterior maxillary teeth by
sex

-Different lower letters in each column indicate a significant difference for BH
between different teeth in each position at the level of a = 0.05.and different upper
letters in each column indicate a significant difference for PH between different
teeth in each position at the level of a = 0.05.

*Using Independent T test.

** Using one way ANOVA and in case of significant multiple comparisons using
Tukey test
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Figures :

Figure 1 :Classification of tooth inclination and sagittal root position

Classl: The most apical point of the tooth is in the middle- one third of the
bone(A)
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,ClassIl :Normal inclination/ The most apical point of the tooth is in the facial
one-third of the bone(B)

Class III:Retrocline/The most apical point of the tooth is in the facial one-third of
the bone(C)

ClassIV:The most apical point of the tooth is out of the socket and in the facial
one-third of the bone(D).

ClassV:Procline/With thick palatal bone and thin facial bone/Facial bone
thickness is increasing near the apex(E)

ClassVI:Thin palatal and facial bone (F)

ClassVII: The most apical point of the tooth is in the palatal one-third of the
bone(G)

Point D{post-apical)

Point Clapex)

Point B{mid-root)

Point Afat crest)

Figure 2: Refrence lines for measuring bone height (A) and bone thickness (B)
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Maxillary Plan Point P
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,'l
Point C ‘! )

Figure 3 :Radiographic picture for measurements of morphologic features of
maxillary anterior esthetic zone before implant placement. Tooth angulation (TA)
and tooth-ridge angle (TRA) (fig.3A) ,c oncavity depth (CD) , concavity angulation
(CA) ,concavity location (CL) (fig. 3B) .
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Figure 4 : Distribution of tooth classification based on the inclination and sagittal
root position.



