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Abstract
Objective: To determine whether there is any relationship between the 
thickness of the labial alveolar bone wall in the anterior portion of the 
maxilla and arch shape.

Materials and Methods: Thirty patients (age, 12-53 years) were selected 
from archived cone beam computed tomography (CBCT) cases. All 
maxillary front teeth were present in all the cases. The distance between the 
cementoenamel junction (CEJ) and the facial bone crest and the thickness 
of the labial alveolar bone wall at distances of 1, 3, and 5 mm apical to the 
facial bone crest were measured.

Results: The distance between the CEJ and the facial bone crest ranged 
from 2.24 mm and 3.08 mm. No significant differences were found 
between the thickness of the bone wall at 1, 3, and 5 mm apical to the 
crest. A significant difference was found between the U-shaped arch on 
one side and the V-shaped and square-shaped arches on the other side. The 
U-shaped arch and labial bone wall thickness were correlated at the 1-mm 
distance (F = (8, 276) = 3.24, p = 0.002). U-shaped and V-shaped arches 
were common in women, whereas square-shaped arches were common in 
men (χ2 = 105.5, p = 0.000).

Conclusion: Our study is the first to associate arch shape and labial 
alveolar bone wall thickness.

Clinical relevance: The association between the U-shaped arch and bone 
wall thickness may constitute a new indicator for the tendency of the labial 
alveolar bone to resorb after extraction and placement of endo-osseous 
implants.

Keywords: Anterior teeth; Arch shape; Bone dimensions; Cone beam 
computed tomography

Introduction
The anterior teeth play an important role in dental and facial esthetics 

[1]. A previous study showed that some dimensional changes occur in the 
alveolar process following tooth extraction, where the labial cortical bone 
was found to resorb first in the labial and alveolar crest directions [2]. The 
greatest amount of bone loss is in the horizontal dimension, occurring mainly 
in the facial aspect of the ridge. There is also a loss of vertical ridge height, 
which is most pronounced in the buccal aspect [3], resulting in a narrower 
and shorter ridge [4]. Accordingly, the healing pattern after extraction may  
pose an esthetic problem in the case of implant-supported restoration 
fabrication [5].
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the presence of all maxillary front teeth, and the exclusion 
criteria included the presence of impacted, overlapping, 
unerupted, or extracted teeth of one of the six maxillary 
anterior teeth and teeth without clear bony boundaries that 
would prevent accurate measurements.

Measurements

The dimensions of the labial bones of the six anterior 
teeth were measured in each case. The distance between the 
cementoenamel junction (CEJ) and the alveolar crest and 
the labial bone wall thickness at different levels in relation 
to the alveolar crest were measured. The measurements were 
performed at 1, 3, and 5 mm from the crest of the alveolar 
ridge, as shown in figure 1.

The thickness of the alveolar bone at different locations 
is correlated with different maxillary arch shapes. Arch 
shapes were determined utilizing the axial images, and they 
were detected through the yellow curved axial arch plane 
indicator by tracing the incisal edges and buccal cusp tips 
of the maxillary teeth, where three arches form (U-shaped, 
V-shaped, and square-shaped) (Figure 2a-c). Measurements 
were performed using the Galileos CBCT 3D Digital Imaging 
System (Sirona, Germany). Images were obtained at 85 kV, 
5-7 mA, and 14 seconds with a voxel size of 0.3 mm and field 
of view of 15 × 15 × 15.

The dimensions of the facial and lingual/palatal aspects of 
the alveolar process appear to be dependent on the eventual 
location and the size and inclination of the roots of erupted 
teeth [5]. It is generally believed that in subjects with different 
face heights, the masticatory muscle volume, cross-sectional 
area, and orientation of muscle fibers are different, which 
results in differences in the biting force on the facial and 
alveolar widths [6,7].

The dental arch form is defined as the curving shape 
formed by the configuration of the bony ridge. The basic 
characteristics of the arch form include the radius of curvature 
of the labial segment, intercanine width, and intermolar 
width. The dental arch size and shape undergo different 
changes throughout the growth of the supporting bones and 
the movement of teeth after eruption, and the perioral muscles 
and intraoral functional forces also aid in the configuration of 
the dental arch [8].

The literature lacks any studies that correlate the different 
arch shapes and the dimensions of the labial alveolar bone and 
an attempt to predict certain patterns of bone loss in relation 
to arch shape. Therefore, the aim of this study was to measure 
the thickness of the facial bone in the anterior portion of the 
maxilla at different locations apical to the alveolar bone crest 
and to determine whether it was related to the arch shape 
using cone beam computed tomography (CBCT).

Materials and Methods
Ethics statements

Ethical approval was obtained from the Ethics Committee 
at the Research Center of Riyadh Elm University with 
approval number FRP/2020/252/222/218, and the study 
was performed in accordance with the ethical standards as 
laid down in the 1964 Declaration of Helsinki and its later 
amendments.

Study design and population
Thirty cases were selected from the archived CBCT images 

at Riyadh Elm University. The inclusion criterion included 

Figure 1: The locations of the measurements: 1 mm, 3 mm, and 5 
mm from the crest to the cementoenamel junction. The thicknesses 
of the labial plate of the bone measured at specified locations

Figure 2: Different arch shapes: (a) V-shaped, (b) U-shaped (c), and square-shaped
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Statistical analysis
The inter-observer agreement was excellent between 

authors when assessing both the labial bone thickness and 
the distance from the CEJ to the alveolar crest (intra-class 
correlation coefficient, 0.99 for all measured values). The 
kappa value was used for arch shape, and the inter-observer 
agreement was 0.63. All data were analyzed using statistical 
tests such as one-way analysis of variance (ANOVA), the 
chi-square test, multiple ANOVA (MANOVA), and the 
Tukey honestly significant difference (HSD) test. One-way 
ANOVA was used to compare the mean distance between 
the CEJ and the alveolar crest for the six anterior teeth. To 
determine whether there were any differences between the 
independent variables (arch shape and tooth) and dependent 
variables such as bone thickness at 1 mm, 3 mm, and 5 mm, 
MANOVA was used. All statistical analyses were performed 
using SPSS software version 20 (IBM Corp., Armonk, NY, 
USA), and p < 0.05 was considered statistically significant.

Results
The sample included nine men and 21 women (age range, 

12-53 years). The mean distance between the CEJ and the 
alveolar crest for the six anterior teeth varied from 2.24 mm 
and 3.08 mm, with no significant difference between the teeth 
(F (5, 154) = 1.45, p = 0.2) (Figures 3 and 4). The mean bone 
wall thicknesses at 1, 3, and 5 mm from the alveolar crest for 
the six anterior teeth was not significantly different between 
the three measured distances, as shown in table 1.

In this study, the U-shaped arch was the most frequent 

arch shape in women (62%), whereas the square-shaped arch 
was the most prevalent in men (78%) (χ2 = 105.4, p = 0.001). 
The Tukey HSD test showed a significant difference between 
the U-shaped arch on one side and both V-shaped and square-
shaped arches on the other side, in terms of the labial bone 
wall thickness at 1 mm from the alveolar crest (F (8, 276) = 
3.24, p = 0.002). The U-shaped arch showed the least bone 
wall thickness for all teeth (right central incisor: mean 0.56 
mm, standard deviation [SD] 0.21 mm; left central incisor: 
mean 0.55 mm, SD 0.27 mm; right lateral incisor: mean 0.63 
mm, SD 0.18 mm; left lateral incisor: mean 0.65 mm, SD 
0.24 mm; right canine: mean 0.6 mm, SD 0.22 mm; and left 
canine: mean 0.4 mm, SD 0.21 mm), except for the left lateral 
incisor where the square-shaped arch presented the least 
labial bone wall thickness (mean 0.61 mm, SD 0.18 mm).

No significant differences were found in the mean 
distances between the CEJ and the alveolar crest for the six 
anterior teeth or the mean bone wall thicknesses at 1, 3, and 5 
mm from the alveolar crest by sex (Table 2).

Ages were divided into five categories (12-20, 21-30, 
31-40, 41-50, and 51-55 years), and a significant association 
was found between all measured variables including the level 
of the alveolar crest from the CEJ and the mean bone wall 
thicknesses at 1, 3, and 5 mm from the alveolar crest for 
the six anterior teeth. The Tukey HSD test revealed that the 
D-CEJ was significantly (p = 0.006) different between age 
groups 12-20, 21-30, and 31-40 years and age groups 41-50 
and 51-55 years, as the younger groups had a smaller distance 
than the older groups.

 
Figure 3: Distance between the cementoenamel junction and the alveolar crest by age
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At 1 mm from the crest of the alveolar ridge, the age 
group of 12-20 years had the smallest bone wall thickness (p 
= 0.001) (Figure 5). At 3 mm from the crest of the alveolar 
ridge, the age group of 12-20 years had a lower bone wall 
thickness than the age group of 21-30 years (p = 0.001) 
(Figure 6). Finally, at 5 mm from the crest of the alveolar 
ridge, the bone wall thickness was larger in the age group of 
21-30 years than in the age group of 12-20 years according to 
the Tukey HSD test (p = 0.026) (Table 3, Figure 7).

Discussion
Over the past 10 years, replacement of the anterior teeth 

using implants has received increased attention owing to their 
significant esthetic advantages [9]. However, the loss of facial 
bone due to resorption of the alveolar process immediately 
after tooth extraction is a major problem in treatment planning 
for implant placement [10-12]. In this pilot study, the results 
showed that the distance between the crest of the alveolar 
bone and the CEJ ranged between 2.24 and 3.08 mm. The 
distance was greatest for the lateral incisor, followed by the 
canines, and was the least for the central incisor. This result 
agrees with the findings of Januario et al. [12], in which the 
distance ranged from 1.6 to 3 mm, with the longest distance 
seen in the canines and shortest in the central incisors.

The thickness of the labial bone wall was <1 mm at all 
measured locations at 1, 3, and 5 mm from the crest of the 
alveolar ridge. The lowest thickness was found at 5 mm, with 
no significant difference between the measured thicknesses at 
1 and 3 mm. These results are in agreement with the findings 

of Huynh-Ba et al. [13], which showed that in more than 
70% of the cases, the measured labial bone wall thickness is  
≤0.5 mm.

Moreover, there was no significant difference between 
men and women regarding the distance between the crest of 
the alveolar ridge and the CEJ, or in bone thickness at 1 mm, 
3 mm, and 5 mm from the crest of the alveolar ridge. Our 
findings are consistent with the findings of Braut et al. [14], 
who did not find any significant difference in the labial bone 
thickness between men and women.

The dimensions of alveolar bone are related to several 
factors. One of these factors, as stated in a previous study 
by Gracco et al., is that the thickness of alveolar bone in 
the maxillary anterior teeth is related to different facial 
types. It was found that individuals with a short facial 
type had thicker bones than individuals with a long facial 
type [15,16]. Furthermore, individuals with long faces had 
narrower arch dimensions, whereas those with short faces 
had wider arches [17].

Our study is the first to associate arch shape and labial 
alveolar bone wall thickness, where a significant association 
was found between U-shaped arches and bone wall thickness 
at 1 mm from the crest of the alveolar ridge. This finding 
may constitute a new indicator for the tendency of the 
labial alveolar bone to resorb after extraction and placement 
of endo-osseous implants. This could also be applied to 
orthodontic movement, where adequate incisal alveolar bone 
wall thickness is considered an anatomical limitation, as 
mentioned by Bajracharya [18].

 
Figure 4: Distance between the cementoenamel junction and the alveolar crest by arch shape
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 N Mean SD F p-value

Dist-CEJ

Central Rt 28 2.2 0.8

1.47 0.2

Central Lt 28 2.4 0.9

Lateral Rt 27 2.7 1.26

Lateral Lt 28 3.1 1.8

Canine Rt 23 2.9 1.78

Canine Lt 26 2.9 1.4

Total 160 2.68 1.4

Alveolar bone wall thickness (1mm)

Central Rt 28 0.65 0.28

1.32 0.258

Central Lt 28 0.67 0.25

Lateral Rt 27 0.79 0.28

Lateral Lt 28 0.64 0.2

Canine Rt 23 0.67 0.25

Canine Lt 26 0.72 0.29

Total 160 0.69 0.26

Alveolar bone wall thickness (3mm)

Central Rt 28 0.6 0.25

0.67 0.644

Central Lt 28 0.67 0.21

Lateral Rt 27 0.73 0.27

Lateral Lt 28 0.73 0.29

Canine Rt 23 0.7 0.25

Canine Lt 25 0.61 0.31

Total 159 0.68 0.26

Alveolar bone wall thicknesses (5mm)

Central Rt 28 0.62 0.18

0.66 0.654

Central Lt 28 0.61 0.25

Lateral Rt 27 0.61 0.39

Lateral Lt 28 0.57 0.29

Canine Rt 23 0.63 0.41

Canine Lt 25 0.49 0.28

Total 159 0.59 0.31

Dist-CEJ, distance between the cementoenamel junction and the alveolar crest; Rt, right; Lt, left; SD, standard deviation

Table 1: One-way analysis of variance of differences of the distance from the crest of the alveolar ridge to the cementoenamel junction for the 
six maxillary anterior teeth and differences in alveolar bone wall thicknesses at 1, 3, and 5 mm from the crest of the alveolar ridge

 N Mean SD F p-value

Dist-CEJ
Male 48 2.8 1.33   

Female 112 2.6 1.41 0.44 0.51

1 mm
Male 48 0.7 0.28   

Female 112 0.7 0.25 0.65 0.42

3 mm
Male 48 0.7 0.25   

Female 111 0.7 0.27 0.42 0.52

5 mm
Male 48 0.6 0.3   

Female 111 0.6 0.31 1.28 0.26

Dist-CEJ, distance between the cementoenamel junction and the alveolar crest; SD, standard deviation

Table 2: One-way analysis of variance of the distance from the crest of the alveolar ridge to the cementoenamel junction for the six maxillary 
anterior and the difference in alveolar bone wall thicknesses at 1, 3, and 5 mm from the crest of the alveolar ridge by sex
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Figure 5: Differences in the measurement at 1 mm from the crest of the alveolar ridge by age

 
Figure 6: Differences in the measurement at 3 mm from the crest of the alveolar ridge by age

Previous studies have shown that crestal bone loss within 
the first year of implant insertion ranges from 0.9 to 1.6 mm 
[19-21]; thus, according to the current study, the arch shape 
could predict the site that is more susceptible to alveolar bone 
loss. Consequently, and in relation to our findings, patients 
with U-shaped arches will exhibit a higher tendency for 
maxillary labial bone loss following tooth extraction than 
those with other arch forms (V-shaped and square-shaped). 
This indicates that ridge preservation procedures should 
be performed immediately after extraction in patients with 

U-shaped arches as a precautionary procedure, thus limiting 
horizontal and vertical ridge alterations in post-extraction 
sites. 

Furthermore, it was found that the U-shaped arch was 
the most prevalent in women, who constituted the highest 
percentage of the studied population, whereas the square-
shaped arch was the most prevalent arch shape in men. These 
findings disagree with those of a study that compared two 
different ethnic groups in Malaysia; Othman et al. [22] found 
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Figure 7: Differences in the measurement at 3 mm from the crest of the alveolar ridge by age-

 Age (years) N Mean (mm) SD (mm) F p-value

Dist-CEJ

12-20 34 2.5 1.9   

21-30 44 2.3 1.02 3.74 0.006*

31-40 56 2.7 1.2   

41-50 20 3.3 1.02   

51-60 6 4.1 1.29   

Total 160 2.7 1.39   

1 mm

12-20 34 0.6 0.21   

21-30 44 0.8 0.24   

31-40 56 0.7 0.26 6.48 0.000*

41-50 20 0.7 0.27   

51-60 6 0.7 0.23   

Total 160 0.7 0.26   

3 mm

12-20 33 0.6 0.28   

21-30 44 0.8 0.23   

31-40 56 0.6 0.27   

41-50 20 0.6 0.23   

51-60 6 0.6 0.13 5.01 0.001*

Total 159 0.7 0.26   

5 mm

12-20 33 0.5 0.43   

21-30 44 0.7 0.28   

31-40 56 0.6 0.25   

41-50 20 0.5 0.19   

51-60 6 0.6 0.22 2.83 0.026*

Total 159 0.6 0.31   

Table 3: One-way analysis of variance of the distance from the crest of the alveolar ridge to the cementoenamel junction for the six maxillary 
anterior teeth and the difference in alveolar bone wall thicknesses at 1, 3, and 5 mm from the crest of the alveolar ridge by different age groups

Dist-CEJ, distance between the cementoenamel junction and the alveolar crest; SD, standard deviation
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that although the most prevalent arch form was the U-shaped 
arch, there was no difference between sexes. Similarly, a 
study in India by Khunk and Madaan [23] found that 50% 
of the studied population had a U-shaped arch, with no 
significant difference between men and women, which also 
differs from the findings of our study.

Regarding different arch shapes, as reported in previous 
studies, the V-shaped arch was more prevalent in Caucasians, 
the square-shaped arch was more common in Koreans and 
Japanese, and the U-shaped arch was more common in 
Israelis [24-27]. Furthermore, different arch forms have an 
even distribution in the Egyptian population [25,28], whereas 
the square-shaped arch was more prevalent among the 
Vietnamese [25]. These variations in the morphology of the 
dental arches, with increased incidence of U-shaped arches, 
may act as an indicator of the thickness of the alveolar bone, 
and according to Belser [29], at least 2 mm of the labial bone 
wall should be available to ensure proper soft tissue support 
and to avoid resorption of the facial bone wall following 
restoration; otherwise, augmentation should be performed.

One limitation of this study is the limited number of 
cases studied. Further investigations with larger sample 
sizes should be conducted to determine if there is an exact 
correlation between different arch shapes and labial bone wall 
thickness.

Conclusions
In conclusion, our study is the first to associate arch shape 

and labial alveolar bone wall thickness. This association 
may constitute a new indicator for the tendency of the labial 
alveolar bone to resorb after extraction and placement of 
endo-osseous implants.
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