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Abstract Purpose: To study bone profile (facial bone thickness and height of alveolar bone crest)

of anterior maxillary teeth in the aesthetic area among Saudi dentulous adults.

Methods: This retrospective study was conducted at Taibah University College of Dentistry and

Hospital, AlMadinah; Saudi Arabia. The analysis included 490 adult patients’ Cone Beam Com-

puted Tomography (CBCT) retrieved from Kodak Carestream-R4 database. Alveolar bone thick-

nesses and crest bone-height for maxillary anterior teeth were measured directly on CBCT images

using built-in digital caliper. Descriptive statistics and comparative analysis were performed.

Results: Of the 490 CBCTs 186 were found useable for the study purpose. The mean age of the

patients was 34.65 ± 11.57and 109 (59%) were males. Statistically significant (P < 0.001) differ-

ences were found between the mean ± SD facial plate thickness of the central incisors, lateral inci-

sors, and canines (1.12 ± 0.28 mm, 1.14 ± 0.31 mm, and 1.03 ± 0.24 mm, respectively). In

addition, facial plate height increased statistically significantly positively with age for the central

incisors, lateral incisors, and canines (r = 0.543, n = 186, p = 0.001; r = 0.515, n = 186,

p = 0.001; r = 0.474, n = 186, p = 0.001, respectively). Genderwise, males had statistically signif-

icantly (P < 0.00) higher facial bone thickness e.g. in central incisor (males 1.20 ± 0.29 VS females
adinah
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1.04 ± 0.25, p = 0.001) and increased bone height (Males 2.62 ± 0.77VS females 2.09 ± 0.66,

p = 0.001) compared to females.

Conclusion: In this study, the significant differences in bone thickness and crest height between

anterior maxillary teeth in the aesthetic area was highlighted. Notably, increases in facial plate crest

height was linked to age and male and female differed on both facial bone thickness and bone

height.

� 2019 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Radiography is a vital diagnostic tool used in clinical dental

practices (Author et al., 2006). Cone beam computed tomogra-
phy (CBCT), an emerging digital imaging technique, enables
investigators to assess various conditions of tissue and cranio-

facial hard tissues via multiplanar visualization (Author et al.,
2006; Kumar et al., 2015). CBCT imaging can provide high-
quality images with one tenth decrease in radiation below that

of more conventional CT scanning approaches (Kumar et al.,
2015). Because of its high degree of accuracy and precision,
CBCT imaging is widely used in various aspects of dental care

and especially in tooth implant procedures (Kumar et al.,
2015).

Implant dentistry has gained widespread attention in recent
years, especially for use in cases requiring anterior tooth

replacement (Zhou et al., 2014). Several studies have described
reliable and accurate results using a CBCT-based approach to
case selection, assessment of bone quality and quantity, and

implant placement guidance (Kumar et al., 2015). Facial plate
bone thickness and crest height in aesthetic regions of the ante-
rior maxilla are critical factors in the selection of treatment

approaches, especially when planning for immediate implant
placement.

After tooth extraction, inevitable changes tend to occur,
including alveolar bone resorption and remodeling, especially

in the area of the facial plate (Caiazzo et al., 2013). This is
an important factor to consider, as it affects the success of
implant placement, which in turn affects aesthetic outcomes.

Therefore, the assessment of the alveolar bone (using CBCT
imaging) aids in the determination of correct implant position;
this is key for successful treatment with an optimum aesthetic

result (Zhou et al., 2014). CBCT aids in the determination of
alveolar bone thickness and serves as a prognostic tool for
the prediction of pre- and post-surgical implant placement

complications (Zhang et al., 2015).
Several studies have described different factors and condi-

tions that may underlie alveolar bone thickness differences
among patients. Gracco et al. (2009) investigated the relation-

ship between alveolar bone thickness and upper jaw morphol-
ogy, position of the upper incisors, and facial type. They found
that the type of face (e.g. shorter face type individuals have

greater alveolar bone thickness compared to long face individ-
uals), inclination of the incisors, and degree of jaw protrusion
all correlated with alveolar bone thickness in the maxillary

incisor region (Gracco et al., 2009). Morad et al. (2014) further
measured facial bone thickness near the maxillary and anterior
mandibular teeth, as well as the vertical distance from the

cementoenamel junction to the bone crest (Morad et al.,
2014). These authors reported mean thicknesses of 1–1.2 mm
and 0.5–0.8 mm in the maxillary and mandibular anterior
tooth regions, respectively. Jin et al. (2012) similarly investi-
gated buccal and palatal bone thicknesses near the maxillary

canines and premolars, with a particular focus on the side of
the tooth and gender differences (Jin et al., 2012). They
reported a thickness <2 mm in the canine area and one of

>2 mm in the premolar area.
Several studies involving different patient samples have

similarly demonstrated subtle differences between various eth-
nic populations (Morad et al., 2014; Zhou et al., 2014). Factors

such as population characteristics, gender, side of the tooth,
face type, and soft tissue type may influence the thickness
and height of the facial plate of the alveolar bone. However,

age- and gender-based studies of alveolar bone thickness in
Saudi populations have not yet been performed. Therefore,
the present study used CBCT images to measure alveolar bone

thickness and crest height in the aesthetic zone of the maxillary
anterior teeth in a population of adult Saudi patients, with a
particular focus on the role of gender and age.

2. Material and methods

2.1. Study design and setting

This study had a retrospective cross-sectional design and used
CBCT imaging to measure alveolar bone thickness and crest

bone height in the aesthetic zone of the maxillary anterior
teeth. CBCT scans of 490 adult patients were obtained from
Taibah University College of Dentistry and Hospital

(TUCDH) database, AlMadinah, Saudi Arabia. All scans were
obtained previously for various clinical reasons (e.g., removal
of impacted teeth). The present study was conducted between

March and April 2017.
This study was reviewed and approved by Taibah Univer-

sity College of Dentistry Research Ethics Committee (Refer-

ence No.: TUCDREC20170211Sheerah).

2.2. Sample size

Sample size was calculated using Epi Info StatCal software

version 7 (Centers for Disease Control and Prevention,
USA), with a 95% confidence level and an expected frequency
of 50% to indicate a significant difference and effect within the

representative population.

2.3. Inclusion and exclusion criteria

The sample included 186 CBCT scans of bilateral permanent
maxillary anterior teeth in individuals aged 18–65 years. Indi-
viduals who met the previous criteria were included in the anal-

yses. Images in which one or more anterior teeth were missing,

http://creativecommons.org/licenses/by-nc-nd/4.0/
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images with implants in the anterior teeth area, and images
with distortions or poor-quality images were excluded. Images
from patients with systemic or pathological dento-alveolar

conditions (e.g. cyct) that might cause abnormal bone remod-
eling were also excluded.

2.4. Scan measurements

Measurements on CBCT scans were analyzed by two indepen-
dently trained dentists. The bilateral upper canines (UC),

upper lateral incisors (UL), and upper central incisors (UCI)
were included in analyses. Repeated measures reliability
between investigators was assessed to measure their degree of

agreement. Intraclass correlation coefficients (ICCs) were cal-
culated to assess outcome reproducibility and consistency
between all repeated measures.

2.5. Radiographic assessments

At each tooth, the facial plate thickness of the alveolar bone
was measured from a sagittal CBCT image view of the tooth

root (Fig. 1). The sagittal section was made at the middle of
Fig. 1 Measurements of the facial plate of bone thickness in an

axial view from the facial aspect of the tooth root in the CBCT.

Point A: Thickness measurement from the facial plate at the level

of bone crest to the coronal root third. Point B: Thickness

measurement from the facial plate to the mid root surface. Point

C: Thickness measurement rrom the facial plate to the apical root

third. Point D: Distance from the cementoenamel junction (CEJ)

to the alveolar crest.
each tooth by applying the cursor in the midline that bisecting
the tooth into equal halves. Reference points were used to
measure alveolar bone thicknesses at three locations using a

digital caliper: point A from the facial plate at the level of bone
crest to the coronal root third, point B to the mid root surface,
and point C to the apical third. All measurements were taken

in millimeters (mm). To set fixed reference points for each
tooth in the sagittal view, the cursor was placed at the tooth’s
midline and in the sagittal view, the tooth root was divided

equally into cervical, middle, and apical thirds. Reference
points were set at the mid-point of each third, while the cemen-
toenamel junction (CEJ) was set as a fixed reference point for
measuring crest height.

Crest-height (point D) was measured as the distance from
the CEJ to the alveolar bone crest. This was performed using
the same sagittal view as that used for measuring thicknesses

and the same digital caliper as mentioned above. All measure-
ments were in millimeters (mm). The built-in digital caliper
was also used for direct bone measurements on CBCT images.

All images were viewed on the same monitor and under the
same lighting conditions.

2.6. Statistical analyses

Data analyses were conducted using SPSS software (IBM,
Armonk, NY). Descriptive and comparative analyses were
performed on all quantitative data. Independent-sample t-

tests and Pearson correlation tests were used to analyze the
data. ANOVA Test followed by Tukey post hoc analysis was
performed. Intre-rater and intra-rater measured using ICC

testing. The significance level was set at 95%, with P-values
<0.05 considered significant.

This study was conducted in compliance with all STROBE

guidelines.
3. Results

3.1. Sample characteristics and reliability testing

A total of 186 cases (109 males and 77 females) were included
in the present study with a mean age of 34.65 ± 11.57 years.
One thousand and sixteen teeth were measured. Of these,
372 of the teeth imaged were central incisors, 372 were lateral

incisors, and 372 were canines. ICC testing was performed on a
random subset using SPSS (40% of the total cases) to measure
intre-rater reproducibility, as well as to assess the validity of

the collected data. A high degree of reliability was found
between repeated measurements of the facial plate thickness
of the alveolar bone. An average ICC of 0.994 with a 95% con-

fidence interval from 0.992 to 0.995 (P = 0.001) was found. A
high degree of reliability was also found with repeated mea-
surements of the facial plate thickness of the alveolar bone.

The average ICC from this measure was 0.994, with a 95%
confidence interval from 0.992 to 0.995 (P = 0.001). A high
degree of reliability was found between the repeated measure-
ments of the facial plate height. The average ICC for this mea-

sure was 0.999, with a 95% confidence interval from 0.998 to
0.999 (P = 0.001). The intra-rater reliability values for each
examiner were greater than 0.9 which indicate good reliability.
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3.2. Facial bone thickness

Table 1 shows the percentages of teeth with various facial alve-
olar bone thicknesses. With regard to central incisors, nearly
89% exhibited average facial alveolar bone thicknesses

of < 1.5 mm, 11% exhibited facial bone thicknesses between
1.5 and 2 mm, and only 0.5% exhibited thicknesses of
>2 mm. With regard to lateral incisors, 83% exhibited aver-
age facial bone thicknesses of <1.5 mm, while 15% and 1%

exhibited thicknesses of 1.5–2 mm and >2 mm, respectively.
Among the canines, 95% showed average facial bone thick-
nesses of <1.5 mm, while 5% exhibited thicknesses between

1.5 and 2 mm.
The mean facial plate thicknesses of the alveolar bone for

the upper anterior teeth across measurement points are sum-

marized in Table 2. The average facial plate thicknesses for
the central incisors, lateral incisors, and canines were 1.12
± 0.28 mm, 1.14 ± 0.31 mm, and 1.03 ± 0.24 mm, respec-

tively. The ANOVA Test followed by post hoc analysis
showed there was statistically significant (p = 0.0005) differ-
ence between groups.

Mean bilateral differences in facial plate thicknesses at the

upper anterior teeth are presented in Table 3. The smallest
mean facial bone thickness (0.83 mm) was detected at point
B of the left canine, while the highest mean value (1.58 mm)

was determined at point C of the lateral incisors. An unpaired
Table 1 Frequency and percentages of the facial plate

thickness of alveolar bone within each category.

Categories of facial

plate thickness

(mm)*

Central incisor

n (%)

Lateral incisor

n (%)

Canine

n (%)

<1.5 165(88.7) 155(83.3) 177 (95.2)

1.5– 2 20(11) 28(15.1) 9(4.8)

>2 1(0.5) 2(1.1) 0(0.0)

* <1.5: less than required thickness, 1.5–2: minimally required

thickness and >2: preferable required thickness.

Table 2 The means thicknesses of the facial plate of the alveolar b

Distance (mm) Central incisor Mean ± Std. P- value* Lateral

Point A 1.21 ± 0.35 0.001 0.93 ± 0

Point B 0.96 ± 0.35 0.92 ± 0

Point C 1.51 ± 0.53 1.58 ± 0

Average thickness 1.12 ± 0.28 1.14 ± 0

* One-way analysis of variance (ANOVA).

Table 3 The means differences of the facial plate thicknesses of th

Distance (mm) Central incisor (N = 372) Late

Right Left Righ

Point A 0.91 ± 0.42 0.92 ± 0.46 0.94

Point B 0.99 ± 0.52 0.94 ± 0.32 0.91

Point C 1.41 ± 0.58 1.36 ± 0.62 1.58

Average thickness 1.13 ± 0.34 1.13 ± 0.30 1.15

For all comparisons p > 0.05.
t-test revealed no significant differences between the right and
left sides of the canines, lateral incisors, and central incisors in
terms of facial plate bone thickness of the upper anterior teeth

(Table 3).
An independent-samples t-test was used to compare the

right and left sides of the anterior teeth across genders

(Table 4). The facial bone thickness at the anterior teeth was
significantly greater in males than in females (Table 4). Facial
plate thicknesses in the upper anterior teeth across participant

ages were compared via a Pearson correlation coefficient; no
correlation was observed between facial bone thicknesses and
age (Table 5).

3.3. Facial crest bone height

Mean alveolar bone height of the maxillary anterior teeth did
not differ significantly (Table 6). An independent t-test com-

paring bone ridge height differences in the maxillary anterior
teeth between genders (Table 6) revealed significant differences
in bone ridge height, with males exhibiting greater facial bone

heights than those of females (P < 0.001; Table 6). An
unpaired t-test was used to assess differences in facial plate
height between the right and left sides (Table 6), and no signif-

icant differences were observed. Scatterplots and correlation
analyses revealed a significant positive relationship between
age and facial plate height for the upper central incisors, upper
lateral incisors, and upper canines (r = 0.543, n = 186,

p = 0.001; r = 0.515, n = 186, p = 0.001; and r = 0.474,
n = 186, p = 0.001, respectively) (Fig. 2A–C). Overall, there
was a moderate, positive correlation between age and facial

plate height, suggesting that older individuals were more likely
to exhibit greater facial plate heights compared with younger
individuals.

4. Discussion

Dental implant placement following extraction is a common

dental procedure. Satisfactory results and long-term stability
one of the upper anterior teeth (N = 186).

incisor Mean ± Std. P- value* Canine Mean ± Std. P- value*

.47 0.001 0.88 ± 0.33 0.001

.39 0.84 ± 0.31

.62 1.38 ± 0.52

.31 1.03 ± 0.24

e alveolar bone in the upper anterior teeth per side (N = 186).

ral incisor (N = 372) Canine (N = 372)

t Left Right Left

± 0.55 0.92 ± 0.45 0.85 ± 0.27 0.92 ± 0.55

± 0.46 0.94 ± 0.48 0.84 ± 0.43 0.83 ± 0.32

± 0.74 1.58 ± 0.65 1.41 ± 0.58 1.36 ± 0.63

± 0.37 1.15 ± 0.35 1.04 ± 0.29 1.04 ± 0.30



Table 4 Comparison of means facial plate thicknesses of the alveolar bone of the upper anterior teeth based on gender (N = 186).

Tooth Point measured* Gender (Mean ± SD) P-value**

Females Males

Central incisor POINT A 1.0 ± 0.30 1.28 ± 0.38 0.001

POINT B 0.89 ± 0.30 1.01 ± 0.38 0.01

POINT C 1.38 ± 0.52 1.58 ± 0.53 0.01

Average thickness 1.04 ± 0.25 1.20 ± 0.29 0.001

Lateral incisor POINT A 0.8 ± 0.22 1.02 ± 0.58 0.002

POINT B 0.88 ± 0.47 0.96 ± 0.33 0.202

POINT C 1.47 ± 0.57 1.66 ± 0.66 0.054

Average thickness 1.05 ± 0.3 1.2 ± 0.3 0.001

Canine POINT A 0.83 ± 0.24 0.92 ± 0.38 0.062

POINT B 0.80 ± 0.36 0.87 ± 0.25 0.131

POINT C 1.26 ± 0.51 1.48 ± 0.53 0.005

Average thickness 0.96 ± 0.24 1.09 ± 0.24 0.001

* Measures were in millimeters.
** Independent t-test.

Table 5 Correlation coefficients between age and the facial

plate thickness of the alveolar bone measurement points in the

maxillary anterior teeth.

Facial plate thickness of the alveolar bone per

teeth

AGE

r P-value

Central incisor POINT A �0.59 0.427

POINT B �0.022 0.77

POINT C �0.095 0.198

Average thickness �0.35 0.637

Lateral incisor POINT A 0.037 0.62

POINT B 0.023 0.76

POINT C* �0.201 0.006

Average thickness �0.11 0.15

Canine POINT A �0.036 0.63

POINT B �0.096 0.19

POINT C �0.101 0.17

Average thickness �0.128 0.08

* Pearson correlation is significant at 0.01 level.
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with implant treatment depend on the presence of a facial plate

of sufficient height and thickness. Furthermore, the maxillary
anterior region presents considerable challenges because
Table 6 Comparison of the means facial bone height (in mm) of e

(N = 186).

Distance point D* Central incisor Mean ± Std.

All** 2.40 ± 0.77

Gender� Males 2.62 ± 0.77

Females 2.09 ± 0.66

Side Right 2.34 ± 0.77

Left 2.47 ± 0.88

* Measures were in millimeters.
** ANOVA is significant at 0.03 level.
� Independent t-test is significant at 0.001 level.
changes in it are often aesthetically notable to patients. Simul-
taneously, several local risk factors can compromise the qual-

ity of implant outcomes (Zhang et al., 2015). Examining facial
plate thickness at the location of each tooth to be extracted
and replaced with an implant is thus crucial for selection of

the appropriate treatment for the anterior maxillary region
(Zhang et al., 2015). Therefore, the present study aimed to
use CBCT images to measure the facial thickness and height

of the alveolar bone in relation to the maxillary anterior teeth.
Ideally, the facial bone wall should be at least 1.5–2 mm

thick to avoid facial plate resorption immediately following
dental implantation and to ensure proper soft tissue support.

If this requirement is not met and an excessively thin facial
bone is used, fenestration, dehiscence, and recession are possi-
ble, which may further result in poor aesthetics (Cha et al.,

2016). Moreover, there is a bidirectional relationship between
buccal bone thickness and crestal labial soft tissue. As a soft
tissue profile is highly influenced by bone thickness, a role of

thick soft tissue in protecting against crestal bone loss. Given
this, thick tissue biotypes are associated with higher crestal
bone levels, less gingival recession, and better aesthetic results
than are thinner biotypes (Le and Borzabadi-Farahani, 2012).

In the present study, the apical third of the facial bone
appeared to have the most favorable thickness. These results
ach upper anterior tooth based on gender and side of the tooth

Lateral incisor Mean ± Std. Canine mean ± Std.

2.38 ± 0.64 2.56 ± 0.81

2.51 ± 0.70 2.74 ± 0.81

2.20 ± 0.52 2.31 ± 0.74

2.33 ± 0.73 2.55 ± 0.96

2.43 ± 0.73 2.58 ± 0.83



Fig. 2 Scatter plot showing the relationship between age (year) and the distance of alveolar bone from CEJ (mm) in the maxillary

anterior teeth. (a) Central incisor, (b) Lateral incisor and (c) Canine.
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are of particular significance because they demonstrate that
even a slightly deeper placement of an immediate implant
might allow for increased stability and thus the desired emer-
gence profile.

The present analyses indicate that canines have the least
bone thickness while lateral incisors have the greatest bone
thickness among the maxillary anterior teeth. These results

are consistent with those of previous clinical studies
(Ghassemian et al., 2012; Han and Jung, 2011). However,
others with smaller sample sizes have reported that the canines

have the greatest facial plate thickness among the anterior
teeth (Fuentes et al., 2015; Lee et al., 2010). A thick facial bone
wall (mean thickness of >2 mm) was detected in only 0.5%
and 1.6% of the total central and lateral incisors cases assessed

in this study, respectively. This outcome is similar to that of
other studies of smaller samples (Huynh-Ba et al., 2010;
Januário et al., 2011; Nowzari et al., 2012). In contrast, others

(Fuentes et al., 2015; Ghassemian et al., 2012) have reported a
higher prevalence of thick facial plates in the anterior maxil-
lary region than that reported in our study. These disparities
between studies may be attributed to a number of factors,
including sampling variability and population distributions.
It must be acknowledged, therefore, that different samples or
datasets may lead to over- and underestimations of bone

measurements.
We found that one-third of all incisors and nearly half of all

canine teeth exhibited thin bone walls (mean thickness of

<1 mm) in the present study. From a clinical perspective,
the alveolar bone ridge undergoes a well-documented, substan-
tial resorption within the first 4–8 weeks following a tooth

extraction, leading to significant ridge alterations (Buser
et al., 2009; Tomasi et al., 2010). Thus, to achieve a successful
aesthetic outcome, a bone augmentation procedure with a flap
approach is indicated in immediate or early implant placement

cases. Generally, bone augmentation is needed to achieve ade-
quate ridge width or height that was lost due to factors includ-
ing extraction, trauma, periodontal disease, sinus

pneumatization, or extended use of removable dentures
(Deshmukh et al., 2014). Some studies have, however, sug-
gested bone augmentation even in the absence of bone fenes-
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tration or dehiscence for better aesthetic results (Cha et al.,
2016).

The relative impact of socio-demographic characteristics on

facial plate thickness in the region of anterior maxillary teeth
has been previously investigated. Similar to the findings pre-
sented here, studies by Nowzari et al. (2012) and Januário

et al. (2011) revealed no correlation between age and facial
plate thickness (Januário et al., 2011; Nowzari et al., 2012).
When Fuentes et al. investigated the impact of age on facial

plate thickness, a pattern different from that described above
was observed (Fuentes et al., 2015). These results further indi-
cate a significant trend towards decreased facial plate thickness
with increasing age. These differences between studies may be

attributed to a number of limitations, such as a small sample
size, which may limit the generalizability of conclusions that
can be drawn from Fuentes study. Significant differences were

also observed between genders in our study, suggesting that
males exhibit a greater facial plate thickness than do females.
This is inconsistent with the findings of previous studies

(Ghassemian et al., 2012; Nowzari et al., 2012; Zekry et al.,
2014). Conflicting results can be attributed to the differences
in the sample variability and population of interest.

As noted previously, significant buccolingual and apico-
coronal dimension reductions in the alveolar ridge are fre-
quently observed following tooth extraction (Van Der
Weijden et al., 2009). Some have argued that <1 mm of mean

vertical bone resorption in the maxillary anterior region occurs
approximately 1 year after single immediate implant loading
(Slagter et al., 2014; Tsuda et al., 2011). Typically and in opti-

mal conditions, the alveolar crest is positioned 2 mm apical to
the CEJ (Newman et al., 2015). In the present study, the dis-
tance between the facial alveolar bone crest and the CEJ of

the anterior teeth ranged from 1.74 to 3.37 mm. Accordingly,
in cases with limited or reduced alveolar bone crest height,
short implants are a preferable treatment option

(Karthikeyan et al., 2012). Insufficient crest height may also
influence the interproximal papilla level, which may compro-
mise aesthetic outcomes (Roopak and David, 2015).

Studies investigating the relationship between various

socio-demographic factors and their correlations with alveolar
bone crest height have revealed age and gender to be signifi-
cant factors (Boskey and Coleman, 2010; Kelly et al., 1990).

The present study revealed a gender difference in bone crest
position, with females exhibiting smaller facial bone ridge
heights compared with their male counterparts. These results

indicate that gender differences must be considered when plan-
ning immediate implant placements.

Furthermore, we found no significant differences in ridge
height between the right and left facial plates in the present

study. When assessing for a correlation with age, the anterior
facial alveolar bone crest height was found to positively
increased with increased age. This may be explained by

changes in bone due to the nature of the aging process
(Boskey and Coleman, 2010). However, time-related changes
in bone height may also be triggered by subjected load, poor

nutrition, changing oral hygiene habits, and hormonal
changes, all of which also vary with age (Boskey and
Coleman, 2010). In addition, studies have also reported that

bone formation is decreased with age (Boskey and Coleman,
2010).

The present study was the first to address this particular
topic in Saudi Arabia. In addition, our sample size is large in
comparison to similar prior studies. The present findings
may thus be of potentially significant relevance to future work
related to implant placement in the study area. However, lim-

itations of the present study should also be noted, such as our
use of a hospital-based study population and available medical
records data. Further, the study population was of diverse eth-

nic origins, and this heterogenicity may have influenced our
results.

In conclusion, significant differences in bone thickness and

crest height between anterior maxillary teeth in the aesthetic
area was highlighted. Notably, increases in crest height dis-
tance was linked to age and male and female differed on both
facial bone thickness and bone height. The study is the first

step towards enhancing our understanding of the alveolar
bone thickness and crest height in relation to age and gender
that were never-before-seen insight to this community. How-

ever, we found no significant differences with age or gender.
Facial plate bone thickness and crest height in aesthetically rel-
evant anterior maxillary regions can drive the selection of an

appropriate treatment approach, especially when immediate
implant placement is required. Therefore, the use of CBCT is
recommended in the presurgical imaging of these cases, as it

reveals critical facial alveolar bone dimensions in relation to
the tooth to be extracted. Future experimental studies are rec-
ommended to assess facial alveolar bone thickness and height
after extraction and immediately following implant placement.
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