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Abstract

This study purposed to assess the average of the facial alveolar bone thickness at the facial root surface
of the maxillary anterior teeth, along with its relationship to the root position by using cone-beam computed
tomography (CBCT) in a group of Thai population. Seventy CBCT scans (420 teeth) were randomly selected from
the CBCT database at School of Dental Medicine, Rangsit University. The exclusion criteria were the subjects with
extensive dental caries, fixed coronal restoration, severe root resorption, and destructive periodontal disease in
maxillary anterior region. After recruitment, 406 teeth were used to measure facial alveolar bone thickness and
sagittal root position (SRP). The data of the facial alveolar bone thickness was collected in cross-sectional dimensions.
The measurements were performed at three reference points, which were 4 mm apical to CEJ (R1), midpoint
between 4 mm to CEJ and mid-root (R2), and mid-root (R3). The results revealed that the facial alveolar bone
thickness seemingly decreased apically in every type of tooth. The mean facial bone thickness of maxillary teeth
was between 0.67+0.75 to 1.04+0.67 mm. The majority of examined teeth in this study exhibited Class | SRP (overall
92.87 %; central incisor 93.87 %, lateral incisor 89.85 %, and canine 95.56 %). Class Il SRP was found to be 5.4 %,
522 % and 2.27 % in lateral incisor, central incisor and canine respectively. Class IV SRP was found only 1.73 %
(lateral incisor 1.45 %, central incisor 1.50 % and canine 2.22 %). But Class Ill SRP did not present in this studly.
Simple correlation test showed no statistically significance between the facial alveolar bone thickness and root
position. In conclusion, the anterior maxillary teeth have a high prevalence of thin facial alveolar bone wall. These
findings may consider risking of facial alveolar bone dehiscence, fenestration or soft tissue recession after immediate
implant placement. The majority of the root position is SRP class | which is favorable for the implant - alveolar

bone engagement of immediate implant placement.
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Introduction

Immediate implant placement and provisionalization
has been claimed to be the treatment of choice when
it comes to replacing failing teeth in esthetic zone due
to its stability of soft tissue shape over time."*’
To achieve an esthetically successful outcome, the bone
surrounding root apex at palatal side should be 4-5 mm,
and at buccal aspect of the root surface should be 2 mm
in thickness to provide stable post-implant placement
environment and prevent soft tissue recession, fenestration,
and dehiscence.**° Sagittal root position (SRP) represents
the relationship of root to its osseous housing which is
important in determining the feasibility of immediate
implant placement. The amount of palatal alveolar
bone is considered for implant engagement to attain
primary stability during immediate implant placement.
The other anatomical factor that should be considered
for dental implant in esthetic zone is the marginal bone
thickness at mesial and distal to the implants, and the
facio-lingual dimension of the papillary base that correlates
to papillary fill and gingival recession after the treatment.*’
To assess and determine the factors concerned, the
information of the underlying structures that involved
in implants treatment should be carefully and precisely
measured by means of gathering the data to construct
a proper treatment plan that is best suited case by case.
Not only a clinical and non-invasive data-collecting
examination, but also radiographic examinations are
required, which is mandatory for observing hard tissue
and bony structure prior to the treatment plan for

implantation established.”®

Cone beam computed tomography (CBCT) has
been considered to be a useful radiographic assessment
prior to implant placement since it offers a 3D imaging
of the bony structure while providing a less radiation
dose compare to that medical CT or other types of
radiograph with equal information.”'* Anyhow, the study
about facial alveolar bone thickness using CBCT in Thai
population is still very limited. The available information
shown the low prevalence of labial plate thicker than
1 mm." The facial alveolar bone wall should be ideally
at least 2 mm after implant bed preparation.”” Hence,
sufficient information is required for the prediction of
implant treatment outcome in Thai population. The
aims of this study were to assess average bone thickness
at three reference points along the facial root surface
of anterior teeth, and along with its relationship to the
root position, by assessing the radiographic images from
the CBCT.

Materials and Methods

Seventy CT scans (420 teeth) were randomly
selected from the CBCT database at school of Dental
Medicine, Rangsit University. The inclusion criteria were
applied to all of participants’ age between 20-70 years
old that presented of all maxillary anterior teeth (central
incisors, lateral incisors, canines). The exclusion criteria
included the participants with extensive dental caries,
fixed coronal restorations, severe root resorption, and

destructive periodontal disease in maxillary anterior
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region. Finally, 406 teeth were used for measuring the
facial alveolar bone thickness and classifying types of
root position according to Kan’s Sagittal Root Position
(SRP) classification.

CBCT machine used in this study was i-CAT
(I-CAT 17-19, Imaging Sciences International LLC, Hatfield,
PA USA). The x-ray machined was set at 120 kVp, 5 mA
and 14.7 s (voxel size: 0.25 mm, 14 bit, FOV: 16 x 13
cm). The software that was used for measuring was CS
3D Imaging Software (slice thickness: 250 pm).

From CBCT scan images, the data of facial
alveolar bone thickness were collected in cross-sectional
1x1 dimensions. The reformatted panoramic curve was
standardized by drawing the line from points of the
center of the pulp at mid-root location from left to right

of first premolar teeth. Due to the reasons above, long

Imaginary line

Anatomical

4 mm.

|
CEJ

root

axis was drawn in each tooth and measured the facial
alveolar bone thickness following the line which was
perpendicular to imaginary line, from outer cortical bone
to the external root surface. The facial bone was measured
at three reference points as following: 4 mm apically
to CEJ, represented with R1. The midpoint between 4
mm apically to CEJ and middle of root, represented
with R2 and the middle of anatomical root, represented
with R3 (Fig. 1). The cross-sectional images were
scan-captures and independently evaluated for facial
alveolar bone thickness measurement and root position
by two examiners. The inter-examiner agreement was
calibrated using 14 randomly selected images. An
assessment of the reproducibility of measurements
between two examiners measuring the same quantity

was calculated at interclass correlation of 0.87 for 14 images.

Figure 1 Three reference points to assess the average facial alveolar bone thickness.

In this study, SRP classification by Kan et al?
was used to classify the position of root related to
surrounding bone. The SRP in relationship to the osseous
housing was evaluated by viewing the cross-sectional
image made at the midpoint of the tooth parallel to its
long axis, were divided into 4 classes (Fig. 2). Class I: the
root is positioned against the labial cortical plate, class

ll: the root is 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, class lI:
the root is positioned against the palatal cortical plate
and class IV: at least two thirds of the root is engaging
both the labial and palatal cortical plates. The root
position of each anterior tooth was classified by using
the same scans as using in facial alveolar bone thickness

measurement and classified by one examiner (Fig. 3).
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Figure 2 SRP classification according to Kan et al.2 From left to right; class I, ll, Il and IV.

Figure 3 SRP determinations

The mean values and standard deviations were
calculated for all parameters. The average facial bone
thickness in each reference points (R1, R2 and R3), the

prevalence of root position’s classification and the

This study consisted of 420 teeth from 70 Thai
subjects (35 males and 35 females) with the range of
age 21 to 66 years old (mean+SD = 47.14+11.97). After

the inclusion and exclusion criteria were applied, 406

Table 1 Distribution of the analyzed teeth (N=406).

relationship between the bone thickness and root
angulation in each classification were analyzed by using

Simple correlation.

teeth were recruited. All CBCT scans were taken
between 2013 and 2016 at the Department of Oral
Radiology, Rangsit University. The distribution of the

analyzed subjects was presented in Table 1.

Distribution of the analyzed teeth

Tooth 13 12

No. of the analyzed data 69 68

11 21 22 23 Total

64 69 70 66 406
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The mean facial bone thickness of central
incisors at reference R1, R2 and R3 were 1.02, 0.96 and
0.93 mm respectively. The mean facial bone thickness
of lateral incisors at reference R1, R2 and R3 were 0.85,

0.76 and 0.76 mm respectively. The mean facial alveolar

bone thickness of canine at reference R1, R2 and R3
were 1.00, 0.91 and 0.94 mm respectively. The standard
deviation of mean facial alveolar bone thickness was

presented in Table 2.

Table 2 The mean and standard deviation of facial alveolar bone thickness of maxillary anterior teeth.

Central incisor Lateral incisor Canine

R1 Range 0.40-1.62 0.09-1.52 0.26-1.78

Mean=+SD 1.02+0.59 0.85+0.66 1.00+0.69
R2 Range 0.42-1.50 0.00-1.46 0.15-1.67

Mean+SD 0.96+0.50 0.76+0.69 0.91+0.69
R3 Range 0.05-1.44 0.00-1.50 0.14-1.71

Mean+SD 0.93+0.49 0.76+0.69 0.94+0.69
n 68 69

At R1 of the central incisors exhibited the mean
facial alveolar bone thickness 0 mm, between 0-1 mm,
between 1.01 - 2 mm and >2mm as 13.37 %, 35.09 %,
43.19 % and 8.36 % respectively. For the lateral incisors
presented mean facial alveolar bone thickness 0 mm,

between 0-1 mm, between 1.01 - 2 mm and >2mm as

Central incisor

28.83%
® 0mm ® 0-1mm ® 0mm
@ 1.01-2mm ® >2mm @ 1.01-2mm

Lateral incisor

@® 0-1mm
® >2mm

23.19 %, 31.88 %, 39.86 % and 5.07 % respectively. For
the canines, the examined teeth exhibited mean facial
alveolar bone thickness between 0-1 mm, between 1.01
-2 mm and >2mm as 17.88 %, 25.35 %, 49.20 % and

7.57 % respectively, as shown in Fig. 4.

Canine

31.88%

® 0-1mm
® >2mm

® 0mm
@ 1.01-2mm

Figure 4 The percentage of each group of facial alveolar bone thickness at R1 by each tooth type.

At R2, the central incisors, the majority of
examined teeth exhibited the mean facial alveolar bone
between 1.01 - 2 mm as 50.38 %. Most of lateral incisors

exhibited mean facial alveolar bone between 0-1 mm

as 45.65%. For the canines shown the mean facial
alveolar bone thickness 0 mm, between 0-1 mm, between
1.01 - 2 mm and >2mm as 19.26 %, 26.67 %, 45.92 %

and 8.15 % respectively, as shown in Fig. 5.
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Central incisor

Lateral incisor

Canine

® 0mm
o 1.01-2mm

@ 0-1mm
®=2mm

® 0mm

O 1.01-2 mm

@ 0-1mm
® =2mm

@® 0mm
o 1.01-2 mm

® 0-1mm
® =2mm

Figure 5 The percentage of each group of facial alveolar bone thickness at R2 by each tooth type.

At R3, the central incisors, the majority of
examined teeth exhibited the mean facial alveolar bone
between 0-1 mm and 1.01 - 2 mm 40.60 % and 46.63
% respectively. 43.48 % of the examined lateral incisors

teeth exhibited mean facial alveolar bone thickness

Central incisor
B %

26.81%

@® 0mm
0 1.01-2 mm

@ 0-1mm
® =2mm

@® 0mm

Lateral incisor

o 1.01-2mm

between 1.01 - 2 mm. For the canines, the examined
teeth exhibited facial alveolar bone thickness 0 mm,
between 0-1 mm, between 1.01 - 2 mm and >2mm as
18.52 %, 37.78 %, 36.30 % and 7.40 % respectively, as

shown in Fig. 6.

Canine

B.15% 19.26%

@ 0-1mm
® =2mm

@® O0mm
© 1.01-2 mm

@ 0-1mm
® =2mm

Figure 6 The percentage of each group of facial alveolar bone thickness at R3 by each tooth type.

The sagittal root position classification

The CBCT data from the 406 teeth, 378 teeth
(92.87 %) were Class |, 22 teeth (5.40 %) were Class |,
0 (0 %) were Class Ill, and 7 teeth (1.73 %) were Class
IV. The frequency distributions of SRP classification (class
I, II, lland V) in each tooth type were calculated. The
central incisors (134 teeth) presented with 93.28 %, 5.22 %,

0 %, and 1.50 %, respectively. The lateral incisors (138
teeth) presented with 89.85 %, 8.70 %, 0 %, and 1.45 %,
respectively. The canines (135 teeth) presented with
95.56 %, 2.22 %, 0 %, and 2.22 %, respectively. In the
present study, the frequency distributions of the SRP

classification of each tooth type are presented in Table 3.
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Table 3 Prevalence of SRP classification in each tooth type.

Frequency distribution of SRP

Overall Central Lateral Canine
SRP % n % n % n % n
Class | 92.87 378 93.28 125 89.85 124 95.56 129
Class Il 5.40 22 5.22 7 8.70 12 2.22 3
Class Il 0 0 0 0 0 0 0 0
Class IV 1.73 7 1.50 2 1.45 2 2.22 3
Total 100 406 100 134 100 138 100 135

The correlation analysis between the facial
alveolar bone thickness and SRP classifications shown

no significant different at reference points of any teeth.

Discussion

Replacement of failing teeth in esthetic area

has been considered as a critical challenge to both
functional and esthetic outcomes."” Establishing an
appropriate treatment plan prior to any procedures
produces more predictable outcomes and complications
that help the patient to decide which kind of prosthesis
would be most likely to meet patients’ requirements
and expectation. When a dental implant was put into
one of the treatment plan, both prosthetic and surgical
consideration should be carefully assessed in order to
confirm both quantitative and qualitative considerations
of the area that will support the dental implant.” Also,
the sagittal root position of the tooth to be extracted
is important in determining the immediate implant
placement site to gain adequate primary stability of the
implant.

In the present study, most of the studied teeth
exhibited a facial alveolar bone thickness less than 1
mm at all reference points (R1, R2, and R3). This is in
agreement with Braut et al**, which classified facial bone
thickness in anterior maxillary region, from right to left
maxillary first premolars, into 3 thickness groups; missing

(0 mm), thin (less than 1 mm), and thick (equal to, or

more than 1 mm) bone thickness, at 2 radiographic
reference points; MP1 (point at the crestal area), and
MP2 (point at the half root length). They concluded
that 62.9 % and 80.1 % of examined teeth revealed
facial bone thickness less than 1 mm at MP1 and MP2
respectively. In addition, Jaidee et al'' studied the
average thickness of the maxillary labial plate in Thai
population using CBCT scans, which included 724
anterior maxillary teeth, reporting the mean labial plate
thickness varied from 0.660 (at mid root level) to 0.885
mm (at 4 mm apically to CEJ) with none of the subjects
presented with labial bone thickness exceeding 2 mm.
On contrary, the facial bone thickness in this study
exceeded 2 mm at all points, the reason might be
explained from facial bony exostoses presented in some of
the subjects. Another study about facial bone thickness®,
that recruited of 250 CBCT scans with the presence of
all maxillary anterior teeth in each scan, at three reference
points; 1mm, 3 mm, and 5 mm apically to alveolar bone
crest area, reporting the mean of the buccal plate varied
from 0.5 to 0.7 mm with no missing bone wall presented.
The prevalence of missing bone wall in the present
study, as well as Braut et al** and Jaidee et al'' was
due to the constant reference points, 4 mm apically to
CEJ and mid root region, was chosen, while Januario et al 10
evaluated reference points apically to alveolar crestal
area, which may varied individually due to
physiologic or pathologic changes that affect the crestal

area before the more apical points. Crestal area is the
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most likely to be the first critical site that would show
the early sign of esthetic complication, such as peri-implant
mucosal recession and metal exposure, thus evaluating
the existing crestal bone would be beneficial for the
implant site selection in order to prevent, or predict,
the outcome of the implant in esthetic region."

For immediate implant placement, primary
implant stability must be achieved by engaging the
fixture with palatal bone wall and beyond the root apex
approximately 4-5 mm.'"" Kan and his collegues’
classified SRP of anterior maxilla teeth as class |, II, lll
and IV according to theirs osseous housing. 600 SRP
images were evaluated, 81.1 % were class |, 6.5 % were
class I, 0.7 % was class Il and 11.7 % were class IV. In
our study, 92.87 % of class | root position was found,
which is the most favorable class for immediate implant
placement due to the highest amount of palatal bone
availability. It would provide the best implant stability
comparing to the other classification. After immediate
implant placement is performed, bone grafting in the
gap between implant and remaining socket would be
the next procedure to be done.'®"” 5.40 % class Il and
1.73 % class IV SRP was reported in our study. Class I
SRP, the roots locate in the center of alveolar bone
housing. The surrounding bone would loss on both
facial and palatal aspects might not be adequate to
ensure implant stability, compared to class I. Class IV
SRP shows the existing tooth root occupies majority of
the alveolar volume, affecting further loss of facial and
palatal bone after tooth extraction. Therefore, class IV
SRP is considered to be relative contraindication for
immediate implant placement, due to inadequate
stability and compromising the esthetic outcome.

No class lll root angulation classification was
found in this study. The result is consistent to Lin et
al”® which performed the study in Taiwanese population,
93.8 % class I, 1.5 % class Il, 4.7 % class IV and no class
Il SRP were showed. Class Il SRP, the roots engage in
the palatal bone, which is not suitable for immediate

implant placement after extraction, due to the stability

of the implant relies on its engagement in the available
on the facial aspect instead of palatal aspect unlike
class I. The result of engaging in facial bone might cause
fenestration and affected esthetic outcome. Therefore,
class Il SRP is less favorable than class | and class Il in
immediate implant placement.

The correlation between facial bone thickness
and sagittal root position of class I, Il and IV were not
statistically significant at any level of facial alveolar bone
measurement. While class Ill SRP was not found in this
study, thus the class Il SRP data was excluded. According
to Kan et al?, which reported less frequency of class |l
SRP as 0.7 %, revealed the raring of the root position.
Anatomically, class Il SRP in which the entire root length
engages the palatal cortical bone plate, therefore the
facial alveolar bone thickness should have been high
tendency of greater facial alveolar bone.

Another limitation is the image resolution. Since
the original scan resolution was 0.25 mm, which might
be too large for the small linear measurement, used in
the study. Some of studied teeth showed the facial
alveolar bone thickness less than 0.5 mm which smaller
than two voxels and this led to measurement inaccuracy
due to the partial volume effect. The further study
should have set the smaller voxel size e.g. 0.1 or 0.2 mm,
however, the radiation dose and exposure time would
be also raised. All variables should be considered crucially

for the next investigation.

Conclusion

Nowadays, dental implant has become a treatment
of choice for tooth replacement. To achieve a successful
treatment outcome with high predictability, precise
assessment and careful preoperative treatment planning
are required to analyze the risk factors especially in the
esthetic zone. The facial bone thickness and root
position are considered to be local risk factors for
immediate implant placement. This study demonstrated

that the ideal facial alveolar bone thickness was low
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prevalence. However, the class | sagittal root position,
which is favorable for implant-bone engagement, was the
majority of this finding. The use of CBCT is recommended

for implant-based treatment planning.
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