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Associations among the anterior maxillary dental arch form, alveolar bone thickness, and
the sagittal root position of the maxillary central incisors in relation to immediate implant
placement: A cone-beam computed tomography analysis
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ABSTRACT

Purpose: This study evaluated the associations of the dental arch form, age-sex groups, and sagittal root position
(SRP) with alveolar bone thickness of the maxillary central incisors using cone-beam computed tomography (CBCT)
images.

Materials and Methods: CBCT images of 280 patients were categorized based on the dental arch form and age-sex
groups. From these patients, 560 sagittal CBCT images of the maxillary central incisors were examined to measure
the labial and palatal bone thickness at the apex level and the palatal bone at the mid-root level, according to the
SRP classification. The chi-square test, Kruskal-Wallis test, and multiple linear regression were used for statistical
analyses.

Results: Significant differences were found in alveolar bone thickness depending on the arch form and SRP at the
apex level. The square dental arch form and class I SRP showed the highest bone thickness at both levels of the palatal
aspect. The taper dental arch form and class II SRP presented the highest bone thickness at the apex level of the
labial aspect. No association was found between the dental arch form and SRP. Elderly women showed a significant
association with thinner alveolar bone. Age-sex group, the dental arch form, and SRP had significant associations with
alveolar bone thickness at the apex level.

Conclusion: The patient’s age-sex group, dental arch form, and SRP were associated with alveolar bone thickness
around the maxillary central incisors with varying magnitudes. Therefore, clinicians should take these factors into

account when planning immediate implant placement. (Imaging Sci Dent 2022; 52: 197-207)
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Introduction

Dental implants are the most common treatment option
for tooth replacement and enhance oral health-related
quality of life, especially when placed in the single an-
terior maxillary area and when the immediate implant
placement protocol is used.' Implant rehabilitation in the
esthetic area has been a clinical challenge for clinicians in
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terms of both functional and esthetic outcomes.
Numerous studies have shown that many factors affect
treatment outcomes in this area, including the timing of im-
plant placement, the correct 3-dimensional (3D) position of
the fixture, primary stability of the dental implant, and the
quantity of available bone.>” The fifth International Team
for Implantology consensus recommended a sufficient
volume of bone apical and palatal of the extraction site to
allow implant insertion in a correct 3D position with suffi-
cient primary stability.3 Grunder et al.* suggested that the
labial bone thickness should be at least 2 mm to achieve
a long-term esthetic outcome. Kan et al’ classified the
sagittal root position (SRP) to provide information on the
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relationship of the root position with alveolar bone hous-
ing by using cone-beam computed tomography (CBCT) in
order to assist in proper implant treatment planning. They
reported that 86.5% of maxillary central incisor cases were
favorable for immediate implant placement.

CBCT is a non-invasive and high-resolution imaging
technique widely used in various dental fields, especially
for planning implant surgery. CBCT is used to identify
vital structures and to evaluate the implant site morpholo-
gy, quality, and quantity of bone. Several previous studies
measured the alveolar bone thickness using CBCT to col-
lect data on bone quantity related to immediate implant
placement.é’7

Generally, most patients prefer immediate implant
placement because it is less traumatic and involves fewer
surgical procedures. Less invasive surgery could reduce
the risk from surgical procedures and systemic conditions
in all age groups, especially elders.® Elderly persons are
considered those aged 65 years or over.” The elderly pop-
ulation is trending upward globally. Some research has
suggested chronological age as a risk factor for implant
failure due to the nature of systemic diseases and changes
in local bone quality and quantity from hormonal factors,
as exemplified by osteoporosis.'® Aging was identified as
a factor contributing to reduced thickness of the buccal
bone wall of anterior maxillary teeth."" Sex was also re-
ported to have a negative linear correlation with palatal
bone thickness and an association with significantly thin-
ner bone walls in postmenopausal women.>'* Therefore,
changes in anterior maxillary alveolar bone thickness
would be associated with differences in age and sex.

In implant dentistry, the arch form of the maxilla influ-
ences the prosthetic treatment plan, such as stress distri-
bution around the dental implant, the number of implants,
and the implant position.”’14 In addition, several studies
have used CBCT to investigate the relationship between
bone quantity and various types of arch forms (e.g., alve-
olar or dental arch form)."”'® Findings from databases of
bone quantity from CBCT image files related to the arch
form may help predict the quantity of alveolar bone.

Practically, since the cost of CBCT machines remains
high, not every dental clinic or hospital can provide CBCT
machines for clinicians. Misch'” presented practical mea-
surement methods to classify the dental arch form by mea-
suring the distance of the anterior cantilever in the premax-
illary area from the dental model or intraoral measurement.
The premaxillary anterior arch length showed no signifi-
cant differences according to the class of malocclusion or
sex.'™" The shape of the premaxillary arch is maintained

even after tooth extraction. Previous studies have also re-
ported that the accuracy and reliability of tooth dimensions
and arch measurements using CBCT are clinically accept-
able.”?' Therefore, this study used CBCT images in order
to categorize the dental arch form.

Taken together, an understanding of alveolar bone thick-
ness, dental arch form, and SRP could assist the proper
planning of implant treatment. Therefore, the objective of
this study was to evaluate the associations of the dental
arch form, age-sex groups, and SRP with alveolar bone
thickness in the maxillary central incisors using CBCT im-
ages.

Materials and Methods

Data collection

This retrospective study was conducted with the ap-
proval of the Ethics Committee of the Faculty of Dentist-
ry, Chulalongkorn University, Bangkok, Thailand (HREC-
DCU-2020-023) and registered with the Thai Clinical
Trials Registry (TCTR) with the identification number
TCTR20210809005. All data records and Digital Imaging
and Communications in Medicine (DICOM) files were re-
trieved from the computer database of Advanced Medical
Devices Technology and Medical Robotics, Pathumthani,
Thailand. The data records included patients who were at
least 20 years old at the time of the CBCT scan (with data
initially recorded between January 2018 to June 2020),
with no history of apical surgery, trauma, or orthodontic
therapy.

In the CBCT data selection, the inclusion criteria were as
follows: 1) all anterior maxillary teeth were fully formed
without crowding or spacing; 2) all anterior teeth were
not restored with root canal filling materials, dental posts,
crowns, or dental implants; and 3) there was no radio-
graphic evidence of restoration, periapical pathology, root
resorption, and significant bone loss.

All CBCT images were obtained using a CBCT machine
(Planmeca Promax® 3D Max, Planmeca, Helsinki, Finland)
with 0.40-mm voxel size. The CBCT images were then
categorized by sex (men and women) and age group (20-64
years for adults and > 65 years for elders). Age-sex groups
were classified as adult men, adult women, elderly men,
and elderly women. A single operator recorded all data
measurements in this study to ensure uniformity.

Classification and measurement of the dental arch
form
The dental arch form was classified based on linear
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measurements of the anterior cantilever in the premaxil-
la area according to Misch’s classification.'” Briefly, the
anterior cantilever was described as the distance between
2 imaginary horizontal lines, as detailed in Figure 1. The
first imaginary line connected the tip of the upper right
canine to the other side, while the second imaginary line
was parallel to the first line and passed through the most
facial surface of the central incisor. Then, a third imagi-
nary line that was connected and perpendicular with both
imaginary horizontal lines at the midline was measured.
The distance between 2 lines was referred to as the an-
terior cantilever. This anterior cantilever represented the
dental arch form, which was categorized into 3 groups:
square (anterior cantilever <8 mm), ovoid (anterior canti-
lever 8-12 mm), and taper (anterior cantilever > 12 mm).
However, these measurements were performed clinically.

In this study, due to the accuracy and reliability of CBCT,
the measurements were performed using CBCT images
with a 3D surface rendering view in CBCT viewing soft-
ware (Planmeca Romexis Viewer ver. 5.2.0.R, Planmeca,
Helsinki, Finland). First, the axes of each CBCT image
were reoriented according to Bulyalert and Pimkhaokham’s
study,” with minor modifications. Briefly, the axial plane

Anterior
Cantilever

Fig. 1. The anterior cantilever is the distance (mm) between 2 imag-
inary horizontal lines, as reported by Misch."”
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was set parallel to the occlusal plane. The sagittal plane
was set parallel to the median palatine suture. The coronal
plane was created perpendicular to both the axial and sag-
ittal planes. Then, the canine’s cusp tip levels, which rep-
resented the actual canine cusp tip in the patient’s mouth,
were identified in the axial plane. The reference points on
both canine cusp tips were marked and used as the first
imaginary line. The second imaginary line, which ran par-
allel to the first line, passed through the most facial surface
of the central incisor in the axial plane. Both reference lines
were reassured in the 3D surface rendering view. Finally,
the anterior cantilever was measured using the measuring
tool (Fig. 2).

Measurements of labial and palatal alveolar bone

thickness

Measurements of labial and palatal alveolar bone thick-
ness were made according to the study of Do et al.” with
minor modifications. The DICOM files were imported
into CBCT viewing software (Kodak Dental Imaging
Software 3D Module 2.4, CodeWeavers Inc., Saint Paul,
MN, USA). All CBCT images were sliced at the position
of each maxillary central incisor. Thus, all sliced images
of the maxillary central incisors were used to measure al-
veolar bone thickness. In the axial plane, the axes of the
teeth were set perpendicular to the labial contour of the
alveolar bone, passing through the center of the root ca-
nal in the coronal plane and parallel to the root axis in the
sagittal plane (Fig. 3).

In the sagittal plane, 4 reference planes that ran perpen-
dicular to the long axis of the root were drawn. The cemen-
to-enamel junction (CEJ) plane was drawn at the CEJ level.
The “a” plane was drawn at 3 mm apically from the CEJ
level. The “b” plane was drawn at the mid-root (middle dis-
tance of 3 mm apically from the CEJ to the root apex lev-
el). The “c” plane was drawn at the root apex level. Then,

Fig. 2. The dental arch form is classified using the anterior cantilever on axial and 3-dimensional rendering images.
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the thicknesses of labial and palatal alveolar bone were
measured perpendicular to the long axis of the root as fol-
lows: La was defined as the labial alveolar bone thickness
at the root apex level, Pa as the palatal alveolar bone thick-
ness at the root apex level, and Pm as the palatal alveolar
bone thickness at the mid-root (middle distance of 3 mm
apically from the CEJ to the root apex level) (Fig. 4).

SRP classification

The CBCT images of each maxillary central incisor
were classified according to the SRP classification pre-
sented by Kan et al.,” who categorized the root position

K

Fig. 3. The labial and palatal bone thickness are measured perpen-
dicular to the alveolar cortical bone from the central slice sagittally.

Long axis of the root

A B

Long axis of the root

within the bone into 4 classes (classes I, II, III, and IV).
In class I, the root is positioned against the labial cortical
plate; in class II: the root was centered in the middle of
the alveolar housing without engaging either the labial or
the palatal cortical plates at the apical third of the root; in
class III, the root was positioned against the palatal cor-
tical plate; and in class IV, at least two-thirds of the root
engaged both the labial and palatal cortical plates (Fig. 5).

Data analysis

To assure the reliability of the results, the intra-examin-
er calibration was evaluated using the intraclass correla-
tion coefficient (ICC) for 10 randomly selected subjects
to measure all the variables twice. The second measure-
ment was carried out 2 weeks afterward. Then, a 2-way
mixed-effect model was used to obtain a 95% confidence
interval.

The median and interquartile range of the alveolar bone
thickness were calculated according to dental arch forms,
age-sex groups, and SRP. The data were analyzed using
statistical software (SPSS version 22.0; IBM Corp., Ar-
monk, NY, USA). The chi-square test was used to eval-
uate the significance of associations between the dental
arch form and sex, age group, age-sex groups, and SRP.
The normality of the data was determined by the Kolm-
ogorov Smirnov test, while the Kruskal-Wallis test was

2.1mm 4

C

Fig. 4. A. On a sagittal cone-beam computed tomographic image, 4 reference planes are defined perpendicular to the long axis of the root
of right central incisor as follows. CEJ: the cemento-enamel junction level of the right central incisor, a plane: 3 mm apically from the CEJ
level, b plane: the level of mid-root (the middle distance of 3 mm apically from the CEJ to the root apex level), ¢ plane: the root apex level. B.
La: labial alveolar bone thickness at the root apex level, Pa: palatal alveolar bone thickness at the root apex level, Pm: palatal alveolar bone
thickness at the mid-root (middle distance of 3 mm apically from the CEJ to the root apex level). C. An example of the measurements.
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Class Il Class IV

Fig. 5. The sagittal root position classification as reported by Kan et al.’

Table 1. Dental arch form distribution (percentage) according to age groups, sex, and age-sex groups

Square arch Oval arch Taper arch
(n=280) (n=135) (n=65)

Age Adult (>20-64 y) 52(29.1%) 80 (44.7%) 47 (26.3%)
(n=280) Elderly (>65 y) 28 (27.7%) 55 (54.5%) 18(17.8%)
Sex Men 36(29.5%) 54 (44.3%) 32(26.2%)
(n=280) Women 44 (27.8%) 81(51.3%) 33(20.9%)
Adult men 22(30.1%) 28 (38.4%) 23(31.5%)

Age-sex Elderly men 14 (28.6%) 26(53.1%) 9 (18.4%)
(n=280) Adult women 30 (28.3%) 52 (49.1%) 24 (22.6%)
Elderly women 14 (26.9%) 29 (55.8%) 9(17.3%)

used to assess the relationships between alveolar bone
thickness and dental arch form, age-sex groups, and SRP.
Multiple regression was performed to identify predictors
of alveolar bone thickness. The oval arch form, class I
SRP, and adult men were selected as the reference groups
based on their high prevalence in the Thai population.
This allowed comparisons between other study groups.
P <0.05 was set as the criterion for a statistically signifi-
cant difference.

Results

In total, 560 CBCT images of the maxillary central inci-
sors from 280 patients (122 men, 158 women) that met this
study’s criteria were evaluated. Their age ranged from 20
to 81 years (mean, 55 years). The dental arch forms were
80 square arches, 135 oval arches, and 65 taper arches. As
shown in Table 1, the distribution of arch forms was not
significantly different according to age group, sex, or age-

sex groups. The kappa score, which was used to evaluate
the ICC, was 0.996 for the alveolar bone thickness mea-
surements and 0.999 for the anterior cantilever measure-
ments, showing almost perfect agreement.

The median value and interquartile range of alveolar
bone thickness of La, Pa, and Pm in each dental arch form
are presented in Table 2. La and Pa showed significant
differences according to the dental arch form (P <0.05),
but Pm did not show a statistically significant difference
(P>0.05). The square arch form showed the lowest bone
thickness at La and demonstrated a significant difference
compared with the taper arch form. In contrast, at Pa, the
alveolar bone thickness demonstrated the highest value,
with a significant difference from other arch forms. The
oval arch form exhibited significantly thinner bone than the
square arch form at Pa.

According to age-sex groups, at La, elderly women ex-
hibited the lowest alveolar bone thickness and a significant
difference in alveolar bone thickness compared to all other
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groups (P<0.05). In addition, adult women showed a sig-
nificant difference in alveolar bone thickness relative to
adult men. At Pa and Pm, adult women and elderly women
showed a significant difference in alveolar bone thickness
from both adult men and elderly men. In comparison, there
was no statistically significant difference between adult

Table 2. Comparison of the median and interquartile range of the
alveolar bone thickness according to the dental arch form (unit:
mm)

Square arch Oval arch Taper arch

La  145(1.03-2.10)
Pa  8.80(7.23-10.30)*"
Pm  3.80(3.10-4.90)

1.60 (1.10-2.20)
8.00 (6.68-9.50)°
3.60 (2.98-4.70)

1.90 (1.30-2.40)*
8.05 (6.50-9.43)"
3.55(2.68-4.53)

La: labial alveolar bone thickness at the root apex level, Pa: palatal
alveolar bone thickness at the root apex level, Pm: palatal alveolar
bone thickness at the mid-root (middle distance of 3 mm apically
from the CEJ to the root apex level), a, b: horizontally, the same
superscript letter indicates significant differences (P <0.05).

women and elderly women at both Pa and Pm. In addition,
there were no statistically significant differences between
adult men and elderly men at La, Pa, and Pm (Table 3).

SRP was categorized according to Kan et al > Most roots
of the maxillary central incisors were positioned buccally
within the cortical alveolar bone or class I SRP (96.4%).
Class IIT SRP was not found in this study. The distribution
and percentage of SRP according to the dental arch form
are shown in Table 4. There was no significant relationship
between SRP and the dental arch form.

The median value and interquartile range of alveolar
bone thickness in each class of SRP are presented in Table 5.
La, Pa, and Pm showed significant differences in alveolar
bone thickness according to the SRP classification. Class
I SRP exhibited the highest alveolar bone thickness at Pa
and Pm, while class II SRP exhibited the highest alveolar
bone thickness at La. In contrast, class IV SRP showed the
lowest alveolar bone thickness at Pa and Pm.

Based on the results from the comparisons in this study,

Table 3. Comparison of the median and interquartile range of alveolar bone thickness among the age-sex groups (unit: mm)

Adult men Elderly men Adult women Elderly women
La 2.00(1.30-2.30)*° 1.80 (1.30-2.40)° 1.60 (1.10-2.20)*¢ 1.30 (0.90-1.70)><¢
Pa 8.90(7.50-10.50)*" 9.20(8.00-10.83)°¢ 740 (6.30-8.70)*¢ 7.55(6.43-9.25)™¢
Pm 425(3.20-5.33)*" 420 (3.30-5.30)°¢ 3.40 (2.82-4 20)*¢ 3.30(2.70-4.20)°¢

La: labial alveolar bone thickness at the root apex level, Pa: palatal alveolar bone thickness at the root apex level, Pm: palatal alveolar bone
thickness at the mid-root (middle distance of 3 mm apically from the CEJ to the root apex level), a, b, c, d: horizontally, the same superscript
letter indicates significant differences (P <0.05).

Table 4. Dental arch form distribution according to sagittal root position

Square arch Oval arch Taper arch Overall
Class I 156 (97.5%) 258 (95.6%) 126 (96.9%) 540 (96.4%)
Class II 2(1.3%) 11(4.1%) 4(3.1%) 17 (3%)
Class I1I - - - -
Class IV 2(1.3%) 1(0.4%) 0(0%) 3(0.5%)
Total 160 270 130 560

Table 5. Comparison of the median and interquartile range of sagittal root position among the 3 measurement locations (unit: mm)

Class I Class II Class IIT Class IV
La 1.60(1.10-2.18)*° 3.50(3.00-4.35)" - 3.00(3.00-3.15)°
Pa 8.20 (6.90-9.70)*° 6.20 (5.35-7.80)" - 3.00(3.00-3.70)°
Pm 3.75(3.00-4.80)*° 2.80(2.00-3.90)" - 1.00 (0.75-1.00)°

La: labial alveolar bone thickness at the root apex level, Pa: palatal alveolar bone thickness at the root apex level, Pm: palatal alveolar bone thickness at the mid-
root (middle distance of 3 mm apically from the CEJ to the root apex level), a, b: horizontally, the same superscript letter indicates significant differences (P <0.05).
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Table 6. Summary of the multiple linear regression analysis.

La Pa Pm

R’ 0.237* 0.192% 0.136*
Dental arch form

Square arch form —0.153* 0.520%* -

Taper arch form 0.174* —0.260 -
Sagittal root position

Class II 1.827* —2.114% —1.215%

Class IV 1.438% —5.698* —3.348%
Age-sex groups

Elderly men 0.064 0.195 —0.026

Adult women -0.119 —1.532% —0.858%*

Elderly women —0.455% —1.377* —1.014%*
Constant 1.804* 9.195* 4 467*

La: labial alveolar bone thickness at the root apex level, Pa: palatal alveolar
bone thickness at the root apex level, Pm: palatal alveolar bone thickness
at the mid-root (middle distance of 3 mm apically from the CEJ to the root
apex level), *P <0.05. The oval arch form, class I SRP, and adult men were
the reference groups.

the following 3 factors were included in the multiple lin-
ear regression model: 1) the type of the dental arch form,
2) SRP classification, and 3) age-sex groups. The type
of the dental arch form, SRP classifications, and age-sex
groups were significantly associated with alveolar bone
thickness at La and Pa (P<0.05, Table 6). However, in
the univariate model, the dental arch form was not signifi-
cantly correlated with the alveolar bone thickness at Pm.
Therefore, for Pm, only the SRP classification and age-
sex group were used in the multivariate model.

Compared to the alveolar bone thickness of the oval arch
form, those in the square arch form demonstrated signifi-
cantly thinner alveolar bone at La (P <0.05), while signifi-
cantly thicker alveolar bone was found at Pa (P <0.05).
The taper arch form demonstrated significantly thicker al-
veolar bone at La (P <0.05).

When compared with the alveolar bone thickness of
class I SRP, class II and class IV SRP demonstrated sig-
nificantly thinner alveolar bone at Pa (P <0.05 for both)
and Pm (P <0.05 for both), while class II and class IV
SRP demonstrated significantly thicker alveolar bone at
La (P<0.05 for both).

In terms of age-sex groups, compared to the alveolar
bone thickness of adult men, adult women exhibited sig-
nificantly thinner alveolar bone at Pa (P <0.05), and Pm
(P<0.05). In addition, elderly women exhibited signifi-
cantly thinner alveolar bone at La (P <0.05), Pa (P <0.05),
and Pm (P <0.05).

According to the R? of all 3 measurement areas, the
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correlation between the predictor variable and the alveo-
lar bone thickness was 23.7% at the La area, 19.2% at Pa,
and 13.6% at Pm, as shown in Table 6.

Discussion

This study investigated associations among the dental
arch form, age-sex groups, and SRP regarding alveolar
bone thickness in the maxillary central incisor using CBCT
images. Most previous studies have reported categoriza-
tions of the arch form at several levels: alveolar bone, basal

13-16,22
bone, and tooth.

Practically, the premaxillary dental
arch form can be classified from an intraoral examination
or a stone model without using the arch form template or
mathematical calculations.” Therefore, the arch form could
be a practical parameter for real-world clinical usage. To
the best of the authors’ knowledge, this was the first study
that used the classification of the dental arch form in the
premaxillary area to characterize the alveolar bone thick-
ness and SRP.

In this study, a CBCT 3D model was used to classi-
fy types of dental arch forms. The benefits of CBCT 3D
models are reproducibility, cost-effectiveness, and ease of
data manipulation. Many reports showed good accuracy
and reliability of linear measurements made on CBCT 3D
models and clinically acceptable arch length and tooth size

20,21
measurements.

No significant difference was found in
accuracy between a CBCT 3D model, digitalized model, or
stone model.>*** However, some studies found variations
in the dental arch dimension measurement, as the refer-
ence point at the canine cusp tip might have a discrepancy
from the canine’s marginal ridge or anatomical tooth wear
at the functional occlusal plane level.”' Thus, to represent
the actual cusp tip on a CBCT image, the plane of the axi-
al slice to the most obvious point of both canine cusp tips
was modified. This study used the ICC to evaluate the
reliability of arch form measurement and showed almost
perfect agreement. In the present study, dental arch forms
were classified as square, oval, and taper. Previous studies
demonstrated that the oval arch form was the most prev-
alent, similar to the results of this study.”> However, other
types of dental arch forms (oval, square, or taper) showed
the highest frequency in some studies.'***

In single tooth replacement of the maxillary central
incisor, the practitioner needs to replicate the tooth mor-
phology and gingival margin concerning the CEJ of the
contralateral tooth. Previous research suggested placing
the implant platform 3-4 mm below the gingival margin
for the best esthetic results.”*® The present study deter-
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mined the reference plane for the measurement at the
pre-determined restorative margin level (3 mm from the
CEJ) related to the apex level. The availability of apical
and palatal bone could represent the alveolar bone thick-
ness at the appropriate implant position for the immediate
implant placement approach according to the recommen-
dation of Morton et al.’

Several studies have focused on alveolar bone thick-
ness, including the labial and palatal aspects. Regarding
the labial aspect, Spray et al.”’ stated that the critical
thickness value that reduces the incidence of facial bone
loss is around 2 mm. Grunder et al.* also suggested that
the facial bone thickness should be at least 2 mm to pro-
vide implant stability and achieve long-term esthetic
outcomes. In many studies, most cases showed that the
labial bone wall of the anterior maxillary teeth was very
thin.*’** Similarly, the present study showed a thin (<2
mm) alveolar labial bone wall at the apical level, similar
to the study of Lopez-Jarana et al.”® For the palatal aspect,
previous studies showed that the palatal bone thickness
was high and increased apically,7’30 comparable to the
results of this study. According to the restorative-driv-
en surgery concept, Wang et al’! suggested that a dental
implant should mimic the natural tooth root in the con-
tralateral and parallel to the tooth root axis. In immediate
implant treatment planning, Chung et al.** recommended
that the implant should be placed to mimic the original
root angulation, but should be located more palatal due to
the thicker palatal native bone. The results from this study
assisted in planning according to this concept.

In terms of age and sex difference, the alveolar bone
thickness in all measurement areas showed statistically
significant differences among groups. On the labial aspect
at the apex level, elderly women showed statistically sig-
nificant differences in alveolar bone thickness from other
groups and had the thinnest alveolar bone. Adult and el-
derly men showed no significant difference in this regard,
unlike the significant difference in alveolar bone thickness
observed in women. Gakonyo et al." reported that the la-
bial alveolar bone thickness decreased with age. Zhang et
al."” reported that the labial bone was significantly thinner
in postmenopausal women due to increasing age and sys-
temic conditions.

The results of the present study showed that increasing
age alone was not associated with reduced palatal bone
thickness. Adult women and elderly women showed signif-
icant differences in alveolar bone thickness relative to adult
men and elderly men. Similarly, Do et al® reported that the
palatal bone thickness at the apex level of the maxillary in-

cisors differed significantly between the sexes. Soumya et
al.” showed that sex had a significant influence on the pal-
atal alveolar bone thickness. These results suggest that cli-
nicians should be aware of the possibility of minimal labial
bone thickness, especially in elderly women.

In terms of SRP, the most prevalent root positions in
the alveolar bone housing of maxillary central incisors
in this study were class I SRP (96.4%), followed by class
II and class IV SRP. Class III SRP was not found within
the dataset. The present study classified the SRP based
on Kan et al.” The predominance of class I SRP is in ac-
cordance with previous studies on Thai and Asian popu-
lations. The prevalence of the buccal root position of the
maxillary central incisor has been reported to be 92.2%
to 95.4%,””* while class III SRP has been reported as the
rarest of all classes.®”” Lombardo et al.*® reported that the
dental and alveolar arch forms differed in width and depth
in different ethnic groups. Therefore, differences in SRP
across studies might be due to ethnic differences.

No association was found between the dental arch form
and SRP, while the alveolar bone thickness demonstrated
associations with the dental arch form and SRP. This re-
sult suggests that only the dental arch form could not be
used to predict the SRP classification. Then, the relation-
ships of pairs of variables in the collected data were ana-
lyzed.

The alveolar bone thickness was dissimilar according to
the dental arch form at the apex level (La and Pa), while
there were no differences in the palatal bone thickness
at the mid-root (Pm) among the dental arch forms. The
square dental arch form showed the thickest alveolar bone
in the palatal aspect (Pa), while the labial aspect showed
the thinnest bone at the apex level (La). The taper arch
form showed the thickest bone at the labial aspect (La),
but it was less than 2 mm. The oval arch form, which
was the most prevalent type, showed the thinnest alveolar
bone at the palatal aspect at the apex level (Pa). Consid-
ering the arch form classification in this study, lingual-in-
clined maxillary central incisors showed less anterior
cantilever in the square dental arch form, corresponding
to a reduced labial bone thickness at the root apex level,
following the study of Tian et al.*® However, the square
arch form seemed more favorable for implant anchorage
related to immediate implant placement locations due to
the greater palatal alveolar bone thickness. Kim et al.”’
recommended placing the implant parallel to the labial
alveolar plate and slightly inclined more toward the labial
edge than towards the incisal edge. Therefore, the taper
arch form seemed to be suitable for this concept. Howev-
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er, care should be taken to prevent exposure of the dental
implant to the labial wall in all arch types because all den-
tal arch forms have shown alveolar bone thickness of less
than 2 mm at the labial aspect at the apex level.

Class I SRP showed the thickest bone in the palatal as-
pect at both the mid-root and palatal levels, but showed
the lowest bone thickness at the labial aspect. Class II
SRP showed the thickest bone thickness at La (more than
2 mm). Class IV SRP showed the thinnest bone in the
palatal areas, as was also reported by Khoury et al.”® This
information would help clinicians design the final implant
position and angulation related to the alveolar bone thick-
ness. Based on this result, most root positions of maxil-
lary central incisors were located buccally and demon-
strated a high quantity of alveolar bone at the palatal sites.
As several studies reported, in immediate implant place-
ment, the implant should be placed in the palatal position
parallel to the palatal plate to achieve implant stability.38
In class I SRP, the immediate implant position would be
most favorable for engaging the apical and palatal bone
and gaining primary stability, and the present study sup-
ported this concept. However, class II and IV SRP would
allow the immediate implant position to follow the tooth
socket, engaging the apical bone. This would leave more
than 2 mm of labial bone at the implant apex.

This study showed correlations among the dental arch
form, SRP, age-sex groups, and alveolar bone thickness.
The square arch form showed a positive correlation with
alveolar bone thickness at the apex level of the palatal as-
pect, while a negative correlation was shown at the apex
level of the labial aspect. The taper arch form showed a
positive correlation only at the apex level of the labial
aspect. The dental arch form showed no correlation with
the alveolar bone thickness at the mid-root area. Class II
and class IV SRP showed negative correlations with al-
veolar bone thickness at the mid-root and apex levels of
the palatal aspect. Age-sex groups also showed inverse
associations with alveolar bone thickness. All women had
negative correlations at both palatal aspects, while elder-
ly women had more negative correlations at the labial
apex level than all other groups. This result agrees with a
previous study, which showed significantly higher bone
volume in men than in women at the apex and mid-root
of maxillary central incisors 78 In contrast, adult men and
elderly men had no significant differences in the correla-
tions to bone thickness. Similar to the findings of Linja-
wi et al.,”” age and sex showed negative relationships to
the anterior maxillary alveolar bone thickness at the apex
level. Since some studies found no correlation between
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older age and alveolar bone thickness, the findings for
this combination of older age and female sex might prove
significant. Systemic conditions and post-menstrual syn-
drome might be a contributor to more bone resorption.

A limitation of this study related to its retrospective
nature is the use of various settings of the voxel size. A
previous study showed that 0.2-mm or 0.4-mm voxels de-
livered a similarly accurate 3D CBCT model, and larger
voxels could reduce radiation exposure.40 In fact, some
image viewers could not reconstruct and measure linear
distances with a larger voxel size. The difference in voxel
size might be problematic in measuring distance in some
software. This factor was mitigated in the current study
by utilizing an image viewer that could interpret CBCT
images at 1-mm intervals (slices). Further research could
eliminate this factor entirely by specifying the voxel size
used.

In summary, significant pairwise correlations were found
in this study. The dental arch form was closely associated
with alveolar bone thickness. The square arch form had
the thickest palatal bone, while the labial bone in all arch
types at the root apex level was thin. The dental arch form
did not predict the SRP. Age and sex differences also in-
fluenced alveolar bone thickness. Adult women showed
a negative correlation with alveolar bone thickness at the
palatal aspect, while elderly women showed a negative cor-
relation at all sites. Therefore, the operator should consider
the dental arch form and age-sex groups with great caution
and inform patients, especially elderly women, about their
bone condition. Bone volume prediction considering these
factors could aid in planning immediate implant placement
at the maxillary central incisor site. This would result in
better aesthetic outcomes and long-term success.
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