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ABSTRACT

Introduction: The prevalence of Apical Root Resorption (ARR)
after orthodontic treatment is high. It is associated with several
factors, such as tooth group, type and duration of treatment,
applied force and root morphology.

Aim: To evaluate the apical root morphology of maxillary incisorsin a
Brazilian subpopulation using Cone Beam Computed Tomography
(CBCT) images.

Materials and Methods: In this retrospective and cross-sectional
study, 400 maxillary incisors from 167 patients registered in the
data base of Dental Radiology Clinics between January 2012
and April 2017 were analysed. The apical root configuration
was verified by navigating 0.1 mm/0.1 mm, in the three planes,
axial, coronal, and sagittal sections on CBCT images, from the
root canal entrance to the apical foramen, as well as from the
apical direction to the crown. The standard reference for apical
root form corresponded to the long axis of the tooth. The root

INTRODUCTION

Imaging exams have been routinely indicated in dental treatment
[1-3]. Cone Beam Computed Tomography (CBCT) is a technology
that allows three dimensional visualisation of mineralised maxillofacial
structures [3]. This imaging method has favoured the precise
definition of the challenges and the planning of the therapeutic
protocols [2-7].

Apical root resorption (ARR) is characterised by the loss of tooth
structure due to clastic activity cells [8,9]. The prevalence of ARR
after orthodontic treatment is high and may be associated with
several factors, such as tooth group, type and duration of treatment,
applied force, and root morphology [10,11].

Previous studies have analysed the frequency and risk factors for
ARR associated with orthodontic treatment [12-19]. Levander E
and Malmgren O studied the risk of severe root resorption and
the importance of root morphology in resorption [15]. Regarding
the evaluation of the importance of the root form, more severe
resorptions (8 and 4 grades) were observed in blunt (39%) and
pipette-shaped (78%) roots. Maues CP et al., determined the
prevalence of severe external root resorption and explored the
potential risk factors arising from orthodontic treatment [14].
Teeth located in the upper anterior region, overjet greater than or
equal to 5 mm at the beginning of treatment, treatments involving
tooth extractions, prolonged therapy time, and complete root
formation at the time of the beginning of orthodontic treatment
were identified as possible risk factors. Other studies have
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forms and their frequency were characterised according to the
classification proposed by Levander and Malmgren (1988). The
qualitative variables were analysed by the Chi-square test. The
level of significance was p-value <0.05.

Results: A total of 400 maxillary anterior teeth (central and lateral
incisors; n=200 each) from 167 patients (101 women; mean age
was 41.8+16.20 years) were analysed. The most common apical
root form presented in the central incisors was the blunt root {99
(49.5%)}, followed by pipette-shaped root {69 (34.5%)}. The less
frequent was the short root {13 (6.5%)} (p-value <0.001). In the
lateral incisors, the highest frequency presented was lacerated root
{111 (565.5%)}, followed by blunt root {47 (23.5%)}, and pipette-
shaped root {37 (18.5%)} (p-value <0.001).

Conclusion: Maxillary central incisors had a higher frequency
of rhomboid (blunt) root morphology, while lateral incisors had a
higher frequency of curved (lacerated) root form.

Keywords: Imaging exam, Root anatomy, Root resorption

associated the degree of ARR to the root width and length and
type of orthodontic device [20-22].

The root morphology of maxillary anterior teeth has been analysed
by using conventional radiographic images [10,14,15,23], whose
limitations are now well discussed [7,10,24,25]. Nevertheless, few
studies have focused on the use of CBCT or were projected to
study root morphology before orthodontic treatment [18,19,26].
Taking into consideration the multifactorial aetiology of ARR [12-
19] and based on the individual biological variability and genetic
predisposition [18], the present study aimed to evaluate the apical
root morphology of maxillary incisors in a Brazilian subpopulation
using CBCT. The null hypothesis was that there was no difference in
apical root morphology frequencies between maxillary incisors.

MATERIALS AND METHODS

This retrospective, cross-sectional study was conducted between
January 2012 and April 2017 in Federal University of Goias,
Brazil. The data were collected and analysed from May 2017 to
December 2018. This study was approved by the Research Ethics
Committee of the Federal University of Goias, Brazil (protocol CAAE
06486919.0.0000.50883).

Inclusion criteria: The CBCT images of high resolution and presenting
healthy teeth with fully formed apices were included.
Exclusion criteria: Root canals with calcification, endodontic treatment,

intraradicular pins or crown, teeth with internal or external root
resorption, developmental disorders, and patients with history of
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traumatic dental injury, orthodontic treatment, and systemic disease
were excluded.

Sample size calculation: The sample size for the present study was
calculated based on a pilot study that allowed analysing 90% of the
apical root configurations, varying 8% more or less, depending on
the evaluated tooth root. At a power of 80% (effect size=0.5) and an
alpha error probability of 0.05, a minimum sample of 52 roots was
required for each group. So, a sample size of 400 teeth (200 central
incisors and 200 lateral incisors) was taken.

The CBCT scans were selected from patients registered in the
database of private Dental Radiology Clinics (CIRO, Goiania, GO,
Brazil and CROIF, Cuiaba, MT, Brazil) between January 2012 and
April 2017. All CBCT had been performed either to guide the
diagnostic process or as part of the patient’s dental treatment plan.

CBCT Scan Acquisition and Determination of Apical
Root Morphology

The apical root configuration of the maxillary anterior incisors was
analysed by navigating 0.1 mm/0.1 mm, in the three planes, axial,
coronal, and sagittal sections on CBCT images, from the root canal
entrance to the apical foramen (root apex), as well as from the apical
direction to the crown. The CBCT image navigation strategy was
based on previous studies [24,25,27,28]. The standard reference
for root form corresponded to the main root canal navigation in the
three planes individualised for each tooth. When necessary, CBCT
images were oriented to correct the parallax error. The determination
of the root morphology and its frequency were performed according
to the classification of abnormalities in root morphology proposed by
Levander Eand Malmgren O, recorded in four categories: 1) short root;
2) blunt root; 3) root with an apical bend (lacerated root); 4) pipette-
shaped root. In the present apical root morphological analysis, we
categorised and compared those that were not considered normal
[Table/Fig-1a-h] [15].

[Table/Fig-1]: CBCT images of maxillary incisors showing a,b) Sagittal section-
short; c,d) Sagittal section-blunt;e-sagittal; f: Coronal section-lacerated (curved);
g) Sagittal section; h) Coronal section-pipette shaped roots configuration.

Two dental radiology specialists with more than ten years of
experience were the observers who analysed all CBCT images and
were calibrated from the evaluation of 10% of the sample. Facing
possible differences, a consensus was reached after a third observer
analysed the image.

STATISTICAL ANALYSIS

The frequency and percentage of qualitative variables were obtained.
Qualitative variables were evaluated by the Chi-square test and
processed using the Statistical Analysis System (SAS) 9.1 software
(SAS, Cary, NC, USA). Values of p<0.05 were considered significant.

RESULTS

A total of 400 maxillary anterior teeth (central and lateral incisors; N=200
each) from 167 patients (101 women; mean age=41.8+16.20 years)
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were analysed. [Table/Fig-2] summarises the results of frequencies
(%) of apical root morphologies for central incisors. The highest
frequency was a blunt root (n=99; 49.5%), followed by a pipette-
shaped root (n=69; 34.5%) and lacerated root (n=19; 9.5%) (p-value
<0.001). [Table/Fig-3] summarises the results for lateral incisors.
The highest frequency was lacerated root (n=111; 55.5%), followed
by blunt root (n=47; 23.5%), and pipette-shaped root (n=37;
18.5%) (p-value <0.001). [Table/Fig-4] presents the comparative
statistics between maxillary central and lateral incisors regarding
root morphology. There were significant differences in apical root
form in central and lateral incisors (p-value <0.05) except short
root configuration of central incisor vs short root of lateral incisor
(p-value=0.054) and blunt root configuration of central incisors vs
lacerated root of lateral incisors (p-value=0.230).

Root configuration n (%)

Short 13 (6.5"
Blunt (rhomboid) 99 (49.5)8
Lacerated (curved) 19 (9.5
Pipette-shaped 69 (34.5)°
p-value <0.001*

[Table/Fig-2]: Frequency of root configuration in maxillary central incisors.

*Chi-square test; Same letters are not statistically different from each other (p>0.05)

Root configuration n (%)
Short 5 (2.5
Blunt (rhomboid) 47 (23.5)8
Lacerated (curved) 111 (565.5)°
Pipette-shaped 37 (18.5)
p-value <0.001*

[Table/Fig-3]: Frequency of root configuration in maxillary lateral incisors.

*Chi-square test; Same letters are not statistically different from each other (p>0.05)

Root configuration of Root configuration of lateral
central incisor incisor p-value*
Short 0.054
Blunt/rhomboid <0.001
Short
Lacerated/curved <0.001
Pipette-shaped <0.001
Short <0.001
Blunt/rhomboid <0.001
Blunt/rhomboid
Lacerated/curved 0.230
Pipette-shaped <0.001
Short 0.003
Blunt/rhomboid <0.001
Lacerated/curved
Lacerated/curved <0.001
Pipette-shaped 0.009
Short <0.001
Blunt/rhomboid 0.015
Pipette-shaped
Lacerated/curved <0.001
Pipette-shaped <0.001

[Table/Fig-4]: Comparison of root morphology between maxillary central and

lateral incisors.
“Chi-square test; Values of p<0.05 were considered significant

DISCUSSION

The present study aimed to evaluate the apical root morphology
of maxillary incisors in a Brazilian subpopulation by using CBCT.
The results showed that there were significant differences in apical
root form frequencies in central and lateral incisors except short
root configuration of central incisor vs short root of lateral incisor
(p-value=0.054) and blunt root configuration of central incisors vs
lacerated root of lateral incisors (p-value=0.230). Therefore, the
tested null hypothesis was rejected.
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The present study employed CBCT images to analyse root
morphology since this method of imaging has increasingly been
indicated in clinical dental practice [7], and due to lack of studies
using this methodology [6,18,19]. The CBCT imaging providing
accurate identification of frequency, position of roots, root canals,
and apical foramina, favours the treatment modality in human
permanent teeth [24,25]. In addition, CBCT appears to be useful
in assessing root resorption, and its diagnostic performance was
better than that of periapical radiography [6,18,19]. However, it
should be considered that the final result of CBCT imaging may
suffer interference from multiple factors, such as the Computed
Tomography (CT) scanner (including the acquisition software), the
patient, and the analysis software [7].

The analysis of the present study was performed on maxillary central
and lateral incisors because they are the teeth most affected by
root resorption after orthodontic treatment [10,14,23,29]. Picanco
GV et al., evaluated factors common to patients who developed
moderate or severe external root resorption in the maxillary incisors
during fixed orthodontic treatment [12]. The results demonstrated
that the risk factors for severe root resorption in the upper incisors
during orthodontic treatment were root resorption before initiation
of treatment, extractions, reduced root length, decreased crown/
root ratio, and thickness. Fernandes LQP et al., conducted a review
of possible risk factors for external ARR in patients undergoing
orthodontic treatment [17]. The research was conducted in the
MEDLINE and PubMed databases from 1993 to 2016. The patient’s
gender and age do not appear to influence the degree of external
ARR, and other clinical and orthodontic treatment related factors, with
exception of prolonged treatment time and heavy force application,
which were associated with higher levels of external ARR.

Among the risk factors involving root resorption in orthodontically
treated teeth is apical root morphology [10,15,30-33]. Thus, the
determination of apical root morphology in CBCT scans before
orthodontic treatment can establish better predictability of results
regarding root resorption after orthodontic treatment [18,19,33]. The
results of the present study showed that the most common apical
root form presented in the central incisors was the blunt root (49.5%),
followed by pipette-shaped root (34.5%), and lacerated root (9.5%).
In the lateral incisors, the highest frequency presented was lacerated
root (55.5%), followed by blunt root (23.5%), and pipette-shaped
root (18.5%). These findings corroborate the results obtained by
Ahlbrecht CA et al., and differ from those observed by de Andrade
Vieira W et al., [26,33]. Methodological and population differences
were compared with present study which explain the divergence of
results found in the literature [Table/Fig-5] [10,23,26,33].

It has been demonstrated that teeth presenting narrower pipette-
shaped apex and lacerated roots are more susceptible to suffer
resorption during orthodontic treatment [30,32]. Oyama K et al.,
analysed stress distribution in cases of different root morphologies

Author’s Place
name and of Sample size Imaging Prevalence of different
year study (tooth group) method root morphologies
Panoramic film: blunt (3%),
Sameshina 743 teeth dilaocerated (10%), norm;al
GT and (premolars, Panoramic | (85%), bottle—shzoaped (1%)
Asgarifar USA canines, lower and and pointed (<1%)
KO. 2001 incisors, molars perl|ap|cal Periapical film: blunt (4%),
[10] and upper films dilacerated (15%), normal
incisors) (78%), bottle-shaped
(2%) and pointed (1%)
Panoramic fim: dilacerated
900 teeth &j;)/o) nprtmgl(ﬁ?;%), glunt
' (upper and Panoramic 0), pointea (1 7o) an
/:thglja 531 2| ndia | lower incisors, and bottle shape (1%)
23] Y canines, periapical | perigpical film: dilacerated
premolars and films (16%), normal (76%),
molars) blunt (5%), pointed (3%)
and bottle shape (1%)
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Central incisor: neutral
(25.5%), blunt (10.9%),
long (27.3%), conical
(14.5%), short (14.5%),
lingual dilaceration (0%),
distal dilaceration (5.5%),

55 patients 1l ’
mesial dilaceration (1.8%)

(upper central
and lateral
incisors

Ahlbrecht
CAetal., USA
2017 [26]

CBCT
scans

Lateral incisor: neutral
(25.5%), blunt (25.5%),
long (20%), conical (0%),
short (3.6%), lingual
dilaceration (5.5%), distal
dilaceration (16.4%),
mesial dilaceration (3.6%)

Agenesis: normal
(64.2%), short (7.5%),
blunt (4.5%), apically bent
(11.9%) and pipette-
shaped (11.9%)

Control: normal (99.3%),
short (0.4%), blunt (0%),
apically bent (0%) and
pipette-shaped (0.4%)

335 patients
(nonsyndromic
tooth agenesis Periapical
and control film
groups; upper
incisors)

de
Andrade
Vieira W et
al., 2020
[33]

Brazil

Central incisor: short
(6.5%), blunt (49.5%),
lacerated (9.5%), and
pipette-shaped (34.5%)

400 teeth
(upper central
and lateral
incisors)

CBCT
scans

Current
study

Brazil
Lateral incisor: short

(2.5%), blunt (23.5%),
lacerated (565.5%), and
pipette-shaped (18.5%)

[Table/Fig-5]: Percentages of apical root morphologies found in previous published

studies [10,23,26,33].

during an orthodontic force application using finite element models
[30]. Five root models were employed (normal, short, rhomboid,
lacerated, and pipette) with orthodontic forces applied in the
vertical (intrusive) and horizontal (lingual) directions to the tooth
axis. The models tended to focus stress on the cervical region and
the base portion of the crown support after intrusive force. There
was no relevant stress concentration at the root of the normal root
model when orthodontic forces were applied. The forces applied
to roots with short, torn, pipette-shaped morphologies resulted in
greater root strain than those applied to normal root forms during
orthodontic treatment.

Limitation(s)

There are some limitations in the present study, which include the
collection of the CBCT scans from only two images centres and
evaluation limited only to maxillary anterior teeth (central and lateral
incisors). More reliable information may be obtained by collecting
data from several centres and involving different teeth groups.

CONCLUSION(S)

Despite the limitations of the present study, CBCT scans demonstrated
that maxillary central incisor has a higher frequency of rhomboid (blunt)
root morphology, while lateral incisor had a higher frequency of curved
(lacerated) root form. All these morphological characteristics should
be taking into consideration during the orthodontic practice in order to
improve the success rates and be more predictable as the occurrence
of root resorption. Further longitudinal prospective studies, in which
the same patient is observed over time, should be developed to better
understand the impact of apical root morphology on the severity of
root resorption.
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