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ABSTRACT

Purpose: This study was conducted to characterize the relationship of the angulation between the tooth root axis and
alveolar bone axis with anterior alveolar (AA) arch forms and sagittal root position (SRP) in the anterior esthetic region
using cone-beam computed tomography (CBCT) images.

Materials and Methods: CBCT images that met the inclusion and exclusion criteria were categorized using a recent
classification of AA arch forms and a SRP classification. Then, the angulation of the root axis and the alveolar bone
axis was measured using mid-sagittal CBCT images of each tooth. The relationships of the angulation with each AA
arch form and SRP classification were evaluated using 1-way analysis of variance and a linear regression model.
Results: Ninety-eight CBCT images were included in this study. SRP had a greater influence than the AA arch form
on the angulation of the root axis and the alveolar bone axis (P <0.05). However, the combination of AA arch form
and SRP was more predictive of the angulation of the root axis and the alveolar bone axis than either parameter
individually.

Conclusion: The angulation of the root axis and alveolar bone axis demonstrated a relationship with the AA arch
form and SRP in teeth in the anterior esthetic region. The influence of SRP was greater, but the combination of both
parameters was more predictive of root-to-bone angulation than either parameter individually, implying that clinicians
should account for both the AA arch form and SRP when planning implant placement procedures in this region.

(Imaging Sci Dent 2019; 49: 123-30)
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Introduction

Dental implants have become the standard treatment for
dental reconstruction due to their high survival and success
rates for both osseointegration and restoration. However,
dental implants in the maxillary anterior esthetic zone are
challenging for clinicians due to patients’ esthetic expec-
tations and several risk factors that affect treatment out-
comes, including anatomical risks, aspects of the smile de-
sign, and limited tooth space."”
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From a biomechanical perspective, the anterior maxilla
is the weakest region for implant placement, which under-
scores the importance of placing implants with an appro-
priate 3-dimensional position and angulation in the alveolar
arch to optimize outcomes related to esthetics, phonet-
ics, load distribution, and the loss of bone and soft tissue
around the implant.l After tooth extraction, hard and soft
tissue alterations can occur in the both horizontal and verti-
cal dimensions, especially on the facial aspect of the alve-
olar ridge.®” When a large amount of alveolar bone change
occurs, there may be insufficient ridge width for implant
placement.* A clinical examination and proper radiographic
images, such as those provided by 3-dimensional comput-
ed tomography, are required to obtain accurate information
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about the alveolar arch prior to implant placement.
Several reports have presented classifications of the
maxillary arch form or the dental arch form using mea-

8-10 11
or human cadavers.

surements derived from models
However, previous reports have all focused on the dental
arch or basal arch, and none have fully addressed the form
of the alveolar arch proper, since the alveolar process that
supports teeth and dental implants is located deep under the
tooth structure. Suk et al. (2013) were the first to report the
application of cone-beam computed tomography (CBCT)
to compare dental and basal arch forms in cases of normal
occlusion and class III malocclusion.'” Using CBCT, Buly-
alert et al. (2018) recently reported a classification of alve-
olar arch forms in the maxillary anterior esthetic zone."

Anterior alveolar (AA) arch forms can be classified into
4 groups: long narrow arches, short medium arches, long
medium arches, and long wide arches, according to the
intercanine width, interpremolar width, intercanine depth,
and intercanine width-to-depth ratio."” This classification
of AA arch forms could be helpful for selecting the im-
plant size when determining the number of implants or
implant axes; however, it still has no evidential support.

The root position is crucial for implant treatment plan-
ning in the anterior esthetic region, particularly in imme-
diate implant therapy. The original root position in the
alveolar bone was found to explain the morphology of the
post-extraction site, which in turn could predict future im-
plant stability and bone perforation. Accordingly, Kan et
al." presented a classification of sagittal root position (SRP)
to aid implant treatment planning, in which the relationship
between the root position and its osseous housing is cate-
gorized as class I, IT, III, or IV.

Several studies have reported the angulation of the alve-
olar bone axis and the long axis of the whole tooth for the
anterior maxillary teeth. This information is beneficial for
guiding orthodontic therapies.”” Nonetheless, some au-
thors have used the SRP classification within the alveolar
bone housing'* to evaluate bone quality as a guideline for
assessing the challenges of implant placement or the need
for adjunctive soft tissue and/or hard tissue augmentation
during treatment planning.]g'20 Wang et al."”” and Lau et
al?! suggested that the implant axis should be placed in
a way that mimics the natural tooth root and is parallel
to the tooth root axis. Nevertheless, no reports have yet
demonstrated the proper angulation of the natural tooth
root and the alveolar bone axis.

Taken together, achieving long-term successful outcomes
of implant therapy requires the implant fixture to be placed
in the alveolus with an appropriate position and angulation'

depending on various factors, such as the arch form. None-
theless, no previous study has reported the angulation of
the root axis and the alveolar bone axis in different types of
anterior maxillary alveolar arch forms. This study therefore
aimed to characterize the relationships of the angulation
between the tooth root axis and the alveolar bone axis with
AA arch forms and SRP in the anterior esthetic region us-
ing CBCT images.

Materials and Methods

This study was conducted with the approval of the Eth-
ics Committee of the Faculty of Dentistry, Chulalongkorn
University, Bangkok, Thailand (HREC-DCU-P 2016-011).
CBCT images of the anterior maxillary region, including
the right to the left maxillary first premolars of patients
without any artifacts and defects, along with patients’ data,
were retrieved from the radiographic database of the Es-
thetics and Implant Clinic at Chulalongkorn University.
The data were originally recorded from January 2013 to
December 2016. The following inclusion criteria were
applied: age of at least 21 years at the time of the CBCT
scan; class I normal occlusion (a class I molar and canine
relationship, a curve of Spee of less than 2 mm, arch length
discrepancies of less than 3 mm, and normal overbite and
overjet); fully formed and intact maxillary incisors, canines
and first premolars; no evidence of periapical pathology;
and no history of surgical and/or orthodontic treatment.
The measurements were made using computer software
(One Volume Viewer Software Ver.1.8.0; J. Morita Mfg.
Corp., Kyoto, Japan) under 300% magnification.

Classification and measurement of the AA arch

form

In this study, the AA alveolar arch form was classified ac-
cording to the system proposed by Bulyalert et al.” Briefly,
the classification was based on the curve of the anterior
maxillary alveolar arch from the right to left maxillary first
premolar teeth at the implant platform level, approximate-
ly 3 mm below the cemento-enamel junction. The anterior
maxillary alveolar arch forms were classified into 4 groups:
long narrow arch forms, short medium arch forms, long
medium arch forms, and long wide arch forms."”

SRP classification

The SRP classification was based on the dental root po-
sition of the maxillary incisors and maxillary first premo-
lars in the alveolar bone housing. Each tooth root image
was classified according to the classification published
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Fig. 1. The sagittal root position classification as reported by Kan et al."*

C

Fig. 2. The landmarks for angulation evaluation comprise the alveolar bone axis, tooth root axis, and the angle between the alveolar bone
axis and the tooth root axis. A. Line A: alveolar bone axis, line 1: the buccal line; and line 2: the palatal line. B. Line B: the tooth root axis;
line 3: the cervical line. C. C° is defined as the angle between the alveolar bone axis (line A) and the tooth root axis (line B).

by Kan et al.,"* according to which the position of a root
within its bone is divided into 4 classes,* as detailed in
Figure 1.

As shown in Figure 1, class I contains roots engaged
with the buccal cortical bone, class II includes roots that
are in the middle of the alveolar bone housing without en-
gaging either the buccal or the palatal bone at the apical
third of the root, class III contains roots engaged with the
palatal cortical bone, and class IV refers to roots engaged
with both the buccal and the palatal cortical bone."*

Angulation evaluation

The angulation of the alveolar bone axis and the tooth
root axis was defined as the angle between the alveolar
bone axis and the tooth root axis of the maxillary central

incisors, lateral incisors, canines, and first premolar teeth.
To measure the angulation of the alveolar bone axis and
the tooth root axis, the labio-lingual cross-section at the
middle of the tooth was measured using CBCT images in
accordance with the procedure described by Lau et al.”'
Figure 2 shows the angulation and long axis of the tooth
root and alveolar bone. Specifically, Figure 2A shows the
alveolar bone axis, which is represented by line A, which
bisects the angle of the buccal line (line 1) and palatal line
(line 2). Figure 2B demonstrates the tooth root axis (line
B), which is the line drawn from the midpoint of the cer-
vical line (line 3) to the root apex. The angulation between
the alveolar bone axis and the tooth root axis is shown in
Figure 2C, where C° represents the angle between the al-
veolar bone axis (line A) and the tooth root axis (line B).
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The angulation between the alveolar bone axis and the
root axis was analyzed in both the right and left maxillary
central incisors, the maxillary lateral incisors, the maxil-
lary canines, and the maxillary first premolars.

Table 1. Sagittal angles between the root axis and alveolar bone
axis (unit: degrees)

Sagittal angle between root axis

ation in the maxillary esthetic area

Data analysis

The mean and standard deviation of the angulation be-
tween the tooth root axis and the alveolar bone axis was
calculated for each of the different types of AA arch forms.
The data were analyzed using statistical software (SPSS
22.0; IBM Corp., Armonk, NY, USA). To ensure the reli-
ability of the measurements obtained from the examiner,
intra-examiner calibration was performed by measuring 10

Tooth and alveolar bone axis Range randomly selected images twice on separate days 1 month
Maxillary central R after the initial measurements. The intraclass correlation co-
incisor (n=196) 1659597 1.10-33.12 efficient was calculated using a 2-way mixed effects model
Maxillary lateral . to obtain a 95% level of confidence interval. The normality
incisor (n= 196) 13.89£6.12 067-3241 4 the data was determined using the Shapiro-Wilk test. A

: : comparative analysis with the independent t-test and Pear-
Maxillary canine 14.93+6.02" -0.61-3523 :
(n=196) son product moment correlation was conducted between
: the right and left sides of the alveolar arch forms. Descrip-
Maxillary first 13.38 £6.46° 1.01-30.64

premolar (n=196)

tive statistics were presented, including mean values with

standard deviations, frequencies, and percentages. Analysis

The same superscript capital letters indicate the absence of significant dift-

erences in sagittal angulation (P>0.05). of variance with the Scheffe post-hoc test was performed

Table 2. Comparison of mean values and standard deviations of the sagittal angle of the root axis and alveolar bone axis across the 4 groups
defined by anterior alveolar arch form

Arch form Long narrow Short medium Long medium Long wide
tooth (n=060) (n=24) (n=060) (n=52)
Central incisor 15.34+5.884BCP 13.49+4.93" 18.01+5.19P 17.81£6.64°P
Lateral incisor 13.40+6.35 11.24+6.62 1478 +5.75 14.66+5.79
Canine 15.06+6.79*BC€ 11.57+4.42" 16.10+5.99¢ 14.99 +529"BC
First premolar 1235597 13.60+6.28 13.05+6.46 14.86+6.98
Overall 14.04 + 6.34ABCP 12.48+5.65" 15.09+6.37%P 15.58 £6.30°°

The same superscript capital letters indicate the absence of significant differences in sagittal angulation for each horizontal row (P >0.05).

Table 3. Distribution of sagittal root positions of the anterior maxillary incisors and first premolars in the alveolar bone

Sagittal root position Overall Central incisor Lateral incisor Canine First premolar
Class I 667 (85.10%) 156 (79.60%) 160 (84.20%) 194 (99.00%) 152 (77.60%)
Class 1T 82 (10.50%) 40 (20.40%) 1(0.50%) 31(15.80%)
Class III - - —
Class IV 35 (4.50%) - 1 (0.50%) 13 (6.60%)
Total 784 196 196 196

Table 4. Angulation of the maxillary incisors and first premolars with reference to the alveolus according to the sagittal root position (SRP)

. . 14
classification

(unit: degrees)

SRP tooth Class 1 Class 1T Class III Class IV
Central incisor 17.27 +5.60* 13.91£6.66 - -
Lateral incisor 15.11£5.625€ 1142+4.62 - 549+2.69
Canine 14.99 +6.02BP 8.63+0.00 - 9.84+0.00
First premolar 14.09+6.14%F 1243+7.61 - 737+3.26
Overall 15.35+5.96% 12.98 +6.80° - 631+£3.04"

The same superscript capital letters indicate the absence of significant differences in angulation for each column (P>0.05). The same symbols indicate the
absence of significant differences in angulation for each horizontal row (P >0.05).
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Table 6. Linear regression analysis of the anterior alveolar (AA) arch form and sagittal root position (SRP) in relation to the sagittal root

angulation between the tooth root axis and the alveolar bone axisa

AA arch form AA arch form* SRP
B P value § P value §] P value
(Constant) 15.579 <0.001 6314 <0.001 7.101 <0.001
Long narrow —1.544 0.009 —1.161 0.038
Short medium -3.102 <0.001 —2.787 <0.001
Long medium —0.091 0.876 0.239 0.669
SRP class I 9.036 <0.001 8.867 <0.001
SRP class II 6.668 <0.001 6.482 <0.001
SRP class III - - - -
R 0.170 0312 0.350
Adjusted R-square 0.025 0.095 0.117
F-value 7077 42.138 21.773
P-value <0.001 <0.001 <0.001

*Dependent variable: angle

found between classes I, II, and IV (P <0.05). In class I,
the mean angulation of the maxillary central incisor was
significantly greater than that of the other teeth. However,
in classes II and 1V, significant differences between the
mean root-to-bone angulation of the maxillary incisors
and the first premolar were not found (Table 4).

The frequency of each SRP class according to each AA
arch form for the various teeth is shown in Table 5. The
SRP of the maxillary central incisor in every arch form was
either class I or II. More than 98% of the maxillary canines
were classified as SRP class I, as were most of the maxil-
lary first premolars, followed by classes II and IV, respec-
tively.

As shown in Table 6, the alveolar arch form and SRP
classification explained 2.5% and 9.5% of the variation
in the angle of the root axis and the alveolar bone axis,
respectively. However, the AA arch form in combination
with the SRP accounted for approximately 11.7% of the
variation in the angulation of the root axis and alveolar
bone axis. The relationship between the alveolar arch form
and the SRP with the angle of the root axis and the alveolar
bone axis was found to follow the following equation:

Angle=7.101—-1.161 long narrow arch —2.787 short
medium arch +0.239 long medium arch + 8.867
SRP; +6.482 SRP;

Discussion

Our study showed a moderate correlation between the
right and left AA arch forms. The angulation between the
dental root axis and the alveolar bone axis was also cor-
related to a similar extent. Thereby, the position and axis

of an implant in the anterior maxillary region could be
guided by the angulation of the contralateral tooth root
axis and the alveolar bone axis. Adjunctive bone augmen-
tation may be required to build an appropriate contour of
the AA arch.”**

Our analysis of the relationship between the root-to-
bone angulation and the AA arch form demonstrated that
the angulation between the tooth root axis and the alveo-
lar bone axis was strongly influenced by the intercanine
depth. The angulation of the tooth root axis and alveolar
bone axis decreased as the intercanine depth of the alve-
olar arch became smaller. Thus, the type of AA arch form
could be used to predict the angulation of the tooth root
axis and the alveolar bone axis.

Class I SRP showed the greatest angulation between the
dental root axis and the alveolar bone axis, and exhibit-
ed greater palatal bone thickness than the other classes.”*
Most of the maxillary teeth in the anterior esthetic zone in
this study were classified as having class I SRP, whereas
class III SRP was not found within the dataset used. This
result is consistent with the results of previous studies.
The frequency of class III SRP has been reported to vary
from 0.2% to 1.8%,"**'**" indicating the rarity of this
class of SRP."**'**" Therefore, palatal implant engage-
ment in the anterior maxilla is recommended due to the
availability of sufficient palatal bone support, which af-
fects primary implant stability during immediate implant
placement. Consequently, immediate implant placement
is typically performed in the anterior esthetic region.

The previous concept of immediate implant placement
was driven by restoration,”**’ meaning that the implant
should be placed in a way that mimics the dental root axis.
Since class I SRP is most common, most implants should
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be drilled parallel to the labial cortical bone, and should
also be inclined more towards the labial edge than towards
the incisal edge or cingulum. For this reason, the thinned
alveolar bone, especially in the labial aspect, tended to in-
crease the risk of bone perforation during osteotomy. On
the basis of the findings of this study, we recommend the
use of CBCT assessment as a standard method for presur-
gical evaluation of the implant site to determine the vol-
ume and quality of the bone surrounding vital structures.
In order to minimize recession of the labial bone and soft
tissue, we recommend a minimum labial bone thickness of
1-2mm. " As a result, when seeking to achieve long-term
maintenance of both esthetic results and function, surgeons
should use a modified 3-dimensional implant position and
angulation by placing a properly sized and shaped im-
plant fixture more palatally, and should also fill the labial
gap with bone grafting material during immediate implant
placement. Moreover, if the bone volume is insufficient,
bone augmentation may be performed either during or be-
fore implant placement.”’3 }

In summary, the angulation of the dental root axis and
the alveolar bone axis plays an important role in determin-
ing implant position, and is influenced by both the AA arch
form and SRP. Surgeons should be aware of this informa-
tion and take it into consideration when determining where
implants should be properly placed in order to achieve a
suitable result.
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