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Abstract

Objective: The aim of this study was to evaluate external apical root
resorption in the upper and lower teeth during orthodontic treatment.
Material and methods: Periapical radiographs of 37 patients (22.05
years) of both sexes were evaluated by two radiologists at the beginning
of orthodontic treatment, after the alignment and leveling phase, and
at the end of orthodontic treatment, and classified according to the
severity of root resorption. Results: The results indicated that root
resorption was present in most of the dental groups evaluated at the
end of treatment (p <0.05), with a relationship to malocclusion type,
root shape, and apical shape, while treatment time affect the process
of root resorption in some dental groups evaluated. It was observed
that the greater the degree of dental crowding at the beginning of
treatment, the higher the incidence of root resorption at the end.
Conclusion: Based on the results of this study, it is concluded that
there is a need for a radiographic protocol involving all teeth before
and after the alignment and leveling phase.
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Introduction

Root resorption is one of the possible,
undesirable occurrences of orthodontic treatments,
having a multifactorial etiology resulting from a
complex interaction between individual biology
and the effect of mechanical forces [2]. There is a
consensus among the authors [1, 2, 8, 10, 11, 30,
37] that almost all orthodontic activity produces a
certain degree of tooth resorption, and there is a
general agreement that the presence of pre-existing
root resorption increases the risk factor [3, 29].

The frequency of root resorption in
orthodontically treated patients is high [7], but
the loss of up to three millimeters in the apical
third should not be a cause for special care [15].
Nevertheless, extreme and irreversible damage to
the dental root, such as severe root resorption, can
result in up to 20% [5] of orthodontic treatments.
Several factors are involved in the mechanism of
apical external resorption, such as genetics, systemic
factors, gender, force magnitude, type of movement
[2-5, 9], duration, and type of orthodontic force
[2, 3, 5, 9]

Radiography is the diagnostic method most
commonly used to detect the presence of external
apical root resorption [2]. The technique of image
subtraction comparing periapical radiographs
obtained before and after orthodontic treatment
is effective in quantifying apical external root
resorption [14]. With the appearance of digital
radiographs, great expectations were developed
to improve the radiodiagnosis of small external
root resorptions, which cannot be diagnosed by
conventional radiographs. This is justified by
the possibility of utilizing the tools available in
the software [38] to process digital radiographic
images. Digital radiographic systems exhibit high
accuracy in the measurement of tooth length with
external apical root resorption, which is superior
to conventional films [38].

The objective of this study was to evaluate the
degree of root resorption in all groups of teeth in
two moments — after the leveling and alignment
phase, and at the end of the orthodontic treatment
by means of periapical radiographs — and determine
the association between the level of root resorption
and the root shape, apical shape, age, gender, type of
malocclusion, amount of initial dental unevenness,
and time of treatment.

Material and methods

The sample of the present study consisted of
74 teeth from each dental group (central incisors,

lateral incisors, canines, first premolars, second
premolars, and first and upper molars) of 37
patients with a mean age of 22.05 years (12 to 40
years), 15 in the growth phase (under 15 years) and
22 adults (over 15 years). Scanning of the initial
periapical radiographs and after alignment and
dental leveling were performed using a transparency
scanner (HP 4050, Palo Alto, CA, USA). Patients
were consecutively selected from the same dental
office in order to meet the following inclusion
criteria (convenience sample): they had not previously
been treated orthodontically; all permanent teeth
had erupted (except for third molars); absence of
exodontia, agenesis, malformation, or defect in the
teeth; supernumerary teeth; endodontic treatment;
and impacted incisors.

All patients were treated by the same orthodontist
using the Straight Wire technique, with slot 0.22
“x0.028” (Abzil, 3M, Sao José do Rio Preto, Brazil)
using the yarn sequence (Abzil, 3M, Sao José do Rio
Preto, Brazil): 0.014 “NiTi, 0.018” SS, 0.017x0.025
“SS, 0.014.” NiTi wire remained for one month in
the arc and the other wires remained on average
for two months. Exclusion criteria during treatment
were: history of trauma and alteration in the incisal
portion of the crown of the incisors (wear and tear)
during orthodontic treatment.

All the periapical radiographs were acquired by
the parallelism technique, and were performed by
the same professional. The time interval between the
initial and post-leveling radiographs was from six to
12 months, with an average time of nine months.
This period was variable due to the amount of
movement required to perform the dental alignment
and leveling. The same Heliodent 70 Dental X-Ray
(Sirona - The Dental Company, Bensheim, Germany),
70 kVp and 10 mA X-ray apparatus was used to
obtain all X-rays using Kodak Insight film (Eastman
Kodak Co, Rochester, NY, USA).

The evaluation of the digital images was
performed by two dental radiology specialists,
after training and calibration of the same. The
Kappa test was applied to verify the level of intra-
and inter-examiner agreement, obtaining a level of
agreement between 0.85-0.92.

After the training, the periapical radiographs
of the lower central incisors at the beginning of
treatment and after the alignment and leveling
phase were evaluated by each examiner. The total
longitudinal length of the tooth in the radiographic
image was obtained using the program Adobe
Photoshop CS3, using the measurement of the
distance of the incisal points coronary (CI) and the
root apex (RA). The IC point was obtained by the
midpoint of the mesio-distal length of the incisal
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edge of the incisors, while the AR point was located
in the most apical portion of the root apex (figure
1). For teeth with two or three roots, the following
distances were utilized: the apex to the tip of the
most prominent cusp in the premolar, the apex to
the tip of the palatal cusp in the upper molars,
and tip of the mesial cusp to the apex in the lower
molars. These measurements were performed twice
for each tooth, by two evaluators.

Figure 1 (A and B) - Points and lines used to standardize
the measurement of tooth length in digital radiographic
images. IC: Coronary incisal point. AR: Root apex point.

The roots were classified according to the
root morphology, using triangular, rhomboid, and
square, and apical morphology was classified
by normal, pipette, and with laceration [15]. The
classification of the severity of root resorption by
Levander and Malmgren [15] was used, where:
degree O = no root resorption; grade 1 = irregular
contour up to 1 mm resorption; grade 2 = root
resorption between 1 and 2 mm; grade 3 = root
resorption between 2 and 3 mm; grade 4 = root
resorption greater than 3 mm.

The Irregularity Index by Little [21] was used to
determine the degree of initial dental unevenness.
The patients were classified into four intervals
according to the degree of unevenness obtained
in the initial gypsum models: 1 to 3 mm; 4 to 6
mm; 7 to 9 mm; and 10 mm or more.

For cases in which root resorption greater than
2 mm was observed in the intermediate phase, a
norm was adopted to reduce the applied force by

half, increase the interval between the application
of the force, and perform periapical radiographs at
intervals of three months. Root resorption of less
than 2 mm was followed with the same methodology
until the end of treatment.

Calibration of the magnification between the
radiographs was also performed, as they were
obtained at various times and could contain
some distortion. In order to standardize the
measurements without stretching or root shortening,
the distance between the cementoenamel junction
and the incisal edge of tooth 41 was measured,
and the linear correction between the two moments
was performed through a simple rule of three, with
only the mean measures calibrated.

After tabulations of the data, they were
submitted to the statistical treatment Q-Square
and Fisher’s Exact, with a significance level of 5%.

Results

At the end of the radiographic evaluations, the
averages were obtained between the measurements
performed by the evaluators for each of the 888
teeth evaluated in the 37 patients and in the three
phases of the work, i.e., after the alignment and
leveling phase and at the end of the orthodontic
treatment. Of the 37 patients evaluated, all had root
resorption in at least one tooth during a phase of
the orthodontic treatment.

The presence of apical external root resorption
(RR) was related to several factors, such as gender,
age, malocclusion, root shape, apical shape,
treatment time, initial tooth level, and treatment
time. Data were statistically submitted to chi-square
test and / or Fisher’s exact test for comparison of
means (p <0.05).

When the presence of root resorption was
related to the genus, a statistical association of
the presence of this condition was observed, with
the gender between the beginning of the treatment
and the end of the alignment and leveling phase
(intermediate phase) only in the lower first molars.
However, the root resorption was present with
statistical significance in the majority of dental
groups in the third evaluation (between the initial
and final radiography).
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Table I - Relationship between root resorption and gender

RR quantity observed in the RR quantity observed in the RR quantity observed in the

first evaluation (between second evaluation (between . .
e eps . . . . . third evaluation (between the
the initial and intermediate the intermediate and final initial and final radiography)
radiography) radiography) graphy
MEN WOMEN MEN WOMEN MEN WOMEN
S/RR C/RR S/RR C/RR S/RR C/RR S/RR C/RR S/RR C/RR S/RR C/RR
11/21 5 21 17 31 9 17 20 28 9 17 8 40
12/22 12 14 18 30 9 17 16 32 9* 17* 4* 44*
13/23 13 13 19 29 10 16 23 25 10* 16* 6* 42*
14/24 16 10 22 26 11 15 39 19 13* 13* 10* 38*
15/25 9 17 19 29 13 13 35 13 13* 13* 8* 40*
16/26 12 14 27 21 12 14 22 26 12* 14* 8* 40*
31/41 12 14 21 27 14 12 28 20 14* 12* 11* 37*
32/42 16 10 30 18 12 14 24 24 12 14 14 34
33/43 18 8 26 22 16 10 26 22 16* 10* 12* 36*
34/44 17 9 28 20 14 12 26 22 16* 10* 10* 38*
35/45 17 9 31 17 11 15 27 21 11 15 16 32
36/46 8* 18* 30* 18* 15 11 26 22 15* 11* 14* 34*

* There was a statistical difference.
Chi-square, p <0.05; Fisher’s exact, p <0.05.

S / RR - absence of external root apex resorption; C / RR - presence of external root apex resorption.

Regarding age, there was a statistical relationship between the presence of RR and age (age 1 -
growing patients, age 2 — adult patients) between the initial period and the intermediate period (p <0.05)
only for the lateral incisors, while there was no such relationship between the intermediate and final
periods (p> 0.05). In the third evaluation, a positive relationship was observed with root resorption
for the first and second lower premolars (table II).

Table Il - Relationship between root resorption and age range

RR quantity observed in the RR quantity observed in the RR quantity observed
first evaluation (between second evaluation (between in the third evaluation
the initial and intermediate the intermediate and final (between the initial and
radiography) radiography) final radiography)
AGE 1 AGE 2 AGE 1 AGE 2 AGE 1 AGE 2
S/RR C/RR S/RR C/RR S/RR C/RR S/RR C/RR S/RR C/RR S/RR C/RR
11/21 10 20 12 32 10 20 19 25 3 27 6 38
12/22 11 19 19 25 10 20 15 29 2 28 4 40
13/23 14 16 18 26 15 15 18 26 4 26 5 39
14/24 16 14 22 22 15 15 25 19 7 23 19 25
15/25 12 18 16 30 19 11 29 15 4 26 5 39
16/26 15 15 24 20 13 17 21 23 3 27 9 35
31/41 17 13 16 28 16 14 26 18 7 23 8 36
32/42 25* 5% 21* 23* 16 14 20 24 11 19 8 36
33/43 20 10 24 20 16 14 26 18 9 21 12 32
34/44 22 8 23 21 17 13 23 21 11* 19* 8* 36*

To be continued...
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Continuation of table Il

RR quantity observed in the RR quantity observed in the RR quantity observed
first evaluation (between second evaluation (between in the third evaluation
the initial and intermediate the intermediate and final (between the initial and
radiography) radiography) final radiography)
AGE 1 AGE 2 AGE 1 AGE 2 AGE 1 AGE 2
S/RR C/RR S/RR C/RR S/RR C/RR S/RR C/RR S/RR C/RR S/RR C/RR
35/45 23 7 25 19 18 12 20 24 15*% 15*% 7* 37*
36/46 16 14 22 22 16 14 25 19 7 23 13 31

* There was a statistical difference.
Chi-square, p <0.05; Fisher’s exact, p <0.05.

S / RR - absence of external root apex resorption; C / RR - presence of external root apex resorption.

Regarding malocclusion, there was a statistical relationship between the presence of root resorption
with malocclusion between the initial period and the intermediate period (p <0.05) in the upper and
lower lateral incisors and lower first molars, while this relationship continued between the intermediate
period and the final maxillary lateral incisors (p <0.05). Statistical relationship was also observed in
all phases of the orthodontic treatment for the first lower molars (table III).

Table Ill - Relationship between root resorption and malocclusion

RR quantity observed in the
second evaluation (between
the intermediate and final

radiography)

Class I Class II Class III Class I Class II Class III Class I Class II Class III
S/RR C/RR S/RR C/RR S/RR C/RR S/RR C/RR S/RR C/RR S/RR C/RR S/RR C/RR S/RR C/RR S/RR C/RR
11/21 9 13 8 28 5 11 7 15 16 20 6 10 4 18 3 33 2 14

RR quantity observed in the first
evaluation (between the initial
and intermediate radiography)

RR quantity observed in the
third evaluation (between the
initial and final radiography)

12/22 15* 7% 8 28 7 9 3 19 18* 18* 4* 12* 3 19 3 33 0 16
13/23 11 11 13 23 8 8 10 12 19 17 4 12 4 18 4 32 2 14
14/24 15 7 13 23 10 6 13 9 19 17 8 8 5 17 5 31 4 12
15/25 10 12 10 26 8 8 14 8 25 11 9 7 1 21 8 28 2 14
16/26 14 8 20 16 5 11 11 11 13 23 10 6 5 17 4 32 4 12
31/41 9 13 19 17 5 11 16 6 16 20 10 6 6 16 6 30 3 13
32/42 11* 11* 28 8 7 9 10 12 17 19 9 7 5 17 10 26 4 12
33/43 14 8 20 16 10 6 16 6 17 19 9 7 8 14 8 28 5 11
34/44 12 10 23 13 10 6 10 12 20 16 10 6 3 19 9 27 5 11
35/45 13 9 25 11 10 6 12 10 18 18 8 8 8 14 9 27 5 11
36/46 13* 9* 21 15  4* 12* 16 6 18 18 7 9 9* 13* 11* 25* O0* 16*

* There was a statistical difference.
Chi-square, p <0.05; Fisher’s exact, p <0.05

S / RR - absence of external root apex resorption; C / RR - presence of external root apex resorption.

There is a positive statistical relationship between root resorption and root shape of the teeth in
the initial and intermediate period only for upper incisors with triangular and rhomboid root shapes.
The same condition can also be observed in the third evaluation, i.e., between the initial and final
period for the same group, teeth with triangular and rhomboid forms (p <0.05) (table IV).
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Table IV - Relationship between root resorption and root shape

Initial and intermediate Intermediate and final ers . .
. . Initial and final difference
difference difference
TRIAN RHOM SQUA TRIAN RHOM SQUA TRIAN RHOM SQUA

SRR CRR SRR CRR SRR CRR SRR CRR SRR CRR SRR CRR SRR CRR SRR CRR SRR CRR

11/21 13* 17* 9* 35* 0 0 14 16 15 29 0 0 7 23* 2% 42* 0 0

12/22 9 13 21 31 0 0 11 11 14 38 0] 0 3 19 3 49 0 0
13/23 5 7 27 35 0 0 6 6 27 35 0] 0 1 11 8 54 0 0
14/24 2 4 36 32 0 0 4 2 36 32 0 0 1 5 23 45 0 0
15/25 1 4 27 42 0 0 5 0 43 26 0] 0] 1 4 9 60 0 0
16/26 O 39 34 0 0 0 1 34 39 0] 0 0 1 12 61 0 0
31/41 30 33 3 8 0 0 37 26 5 6 0 0 15 48 0 11 0 0
32/42 34 22 12 6 0 0 29 27 7 11 0 0 17 39 3 15 0 0
33/43 4 2 40 28 0 0 3 3 39 29 (0] 0 2 4 19 49 0 0
34/44 5 1 40 28 0 0 3 3 37 81 0] 0 2 4 20 48 0 0
35/45 7 3 41 23 0 0 3 7 35 29 0 0 3 7 19 45 0 0
36/46 1 1 37 35 0 0 0 2 41 31 0 0 1 1 19 538 0 0

* There was a statistical difference.
Chi-square, p <0.05; Fisher’s exact, p <0.05.
TRIAN = triangular; RHOM = rhomboid; SQUA = square; SRR = without root resorption; CRR = with root resorption.

When assessing the relationship between root resorption and the apical form of the teeth, a positive
statistical relationship was observed in the initial-intermediate period for the lower central incisors
with normal apical form and in pipette for the first lower premolars with normal apical form and
with laceration. This same condition was also found in the third evaluation, i.e., between the initial
and final period, for the same group of incisors and premolars with the normal apical form. The first
lower premolars exhibited a positive association in the third evaluation for the form with dilaceration,
which had not been observed before (table V).

Table V - Relationship between root resorption and apical shape

Initial and intermediate Intermediate and final ers . .
. . Initial and final difference
difference difference
NORMAL PIPE TORN NORMAL PIPE TORN NORMAL PIPE TORN

SRR CRR SRR CRR SRR CRR SRR CRR SRR CRR SRR CRR SRR CRR SRR CRR SRR CRR
11/21 19 47 3 3 0 2 24 42 4 2 1 1 9 57 1 5 1 1

12/22 21 30 0] 9 12 17 34 2 0 6 15 5 46 0 2 19
13/23 29 34 1 4 2 4 27 36 3 2 3 3 8 55 0 5 1 5
14/24 35 29 1 2 2 5 32 32 3 0 5 2 22 42 1 2 1 6
15/25 23 33 1 3 4 10 36 20 4 0 8 6 19 37 0 4 2 12
16/26 35 32 0 0 4 3 30 37 0 0 4 3 10 57 0 0] 3 4
31/41 17* 34* 13* 4* 3 3 30 21 8 9 4 2 7 44* 5 12 3 3
32/42 33 26 4 0 9 2 30 29 2 2 4 7 13 46  3* 1* 3 8
33/43 41 28 3 1 0 1 39 30 3 1 0 1 19 50 2 2 0 1
34/44 34* 28* 2 0 9* 1* 34 28 0 2 6 4 17 45* O 2 5* 5*
35/45 42 23 2 0 3 34 31 1 1 3 4 19 46 1 1 5
36/46 33 32 0 0 5 4 35 30 0 0 6 3 19 46 0 0 1 8

* There was a statistical difference.
Chi-square, p <0.05; Fisher’s exact, p <0.05.
PIPE = pipette; SRR = no root resorption; CRR = with root resorption.
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A correlation was also noted with the evolution of orthodontic treatment, i.e., how teeth presented
evidence of root resorption in the intermediate phase. The results show that there was only a positive
association for the second upper premolars, i.e., those with root resorption will continue to reabsorb,
and those that did not present root resorption in the first evaluation will continue to exhibit said
condition until the end of the treatment. This same association was not found in the other dental
groups (table VI).

Table VI - Evolution of root resorption

RR quantity observed in the first RR quantity observed in the second
evaluation (between the initial and evaluation (between the intermediate and
intermediate radiography) final radiography)
SRR CRR SRR CRR
11/21 22 52 29 45
12/22 30 44 25 49
13/23 32 42 33 41
14/24 38 36 40 34
15/25 28* 46* 48* 26*
16/26 39 35 34 40
31/41 33 41 42 32
32/42 46 28 36 38
33/43 44 30 42 32
34/44 45 29 40 34
35/45 48 26 38 36
36/46 38 36 41 33

* There was a statistical difference.
Chi-square, p <0.05; Fisher’s exact, p <0.05.
SRR = no root resorption; CRR = with root resorption.

The treatment time did not present a statistically significant relationship in any of the three ranges
evaluated for any tooth group when only the presence or absence of root resorption was analyzed, as
shown in table VII.

Table VII - Relationship between root resorption and treatment time

Initial/final Within 18 months 19-24 months 25-36 months

SRR CRR SRR CRR SRR CRR
11/21 5 15 9 30 5 20
12/22 2 18 3 29 1 o1
13/23 8 12 7 25 6 "
14/24 6 14 8 24 3 19
15/25 3 17 4 28 3 "
16/26 3 17 6 26 3 "
31/41 6 14 10 929 4 18
32/42 6 14 8 24 4 18
33/43 9 11 7 25 6 "
34/44 5 15 8 24 9 13
35/45 3 17 11 21 9 "
36/46 5 15 s 24 3 "

Chi-square, p <0.05; Fisher’s exact, p <0.05.

SRR= without root resorption; CRR = with root resorption.
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In relation to the degree of dental unevenness and its relationship with the root resorption of
the incisors and lower canines, the higher the degree of dental unevenness at the beginning of the
orthodontic treatment, the greater the incidence of root resorption in the incisors and lower canines
at the end of the treatment. Furthermore, even the group with the lowest initial slope resorption was
present at the end of the treatment (table VIII).

Table VIII - Relationship between root resorption and degree of initial tooth unevenness (Little Irregularity Index)

Initial to intermediate period

Initial to final period

Little 1-3mm 4-6mm 7-9mm 10m_|r_n or 1-3mm 4-6mm 7-9mm IOm_ir_n or
SRR CRR SRR CRR SRR CRR SRR CRR SRR CRR SRR CRR SRR CRR SRR CRR

Lower —yo. g« 98+ 16*  10* 18% 21* 11* 15* 29* 12* 32% 2% 26% 5% 927

1INC1SOors

Lower 7 12 10 6 8 10 6 9% 13* 3* 19* 3* 11* 6* 10*

canines

* There was a statistical difference.
Chi-square, p <0.05; Fisher’s exact, p <0.05.

SRR = without root resorption; CRR = with root resorption.

Discussion

It is difficult to establish comparisons between
the results and conclusions of the vast majority of
studies on root resorption due to methodological
differences between the studies. This challenge is
markedly present with regard to the classification
of external root resorption, which can be done
subjectively, as observed in some studies [12, 13,
22, 23, 25], or objectively [15, 24].

Even among radiographic studies, comparisons
are limited due to the different radiographic
techniques used in the studies: periapical intra-oral
radiography [8, 10, 11, 15-17, 19, 22, 24, 26, 34],
panoramic radiography [13, 22], teleradiography [12],
periapical intraoral radiography, teleradiography
[35], and computed tomography of the cone beam
[28]. The periapical technique has been shown to
be superior to that of the diagnosis of external root
resorption [33], which has shown that panoramic
radiographic images can overestimate 20% or more
the amount of root loss after orthodontic movement,
compared to images from periapical radiography.

All permanent teeth are subject to presenting
clinically irreversible microscopic evidence of root
resorption that is not radiographically detectable. As
arule, reabsorption does not compromise the tooth’s
functional capacity or longevity [3, 15, 22, 29]. Many
authors [1, 15, 20, 31] consider root resorption to be

a common consequence in orthodontic treatments.
These findings are confirmed by the results of this
study, as all the patients had at least one tooth
with some degree of root resorption during the
orthodontic treatment.

It is not possible to predict the risk of root
resorption before orthodontic treatment. Patients at
risk should be identified by radiographic controls
during treatment [2, 3, 6, 15, 18]. According to
Levander and Malmgren [15], the diagnosis of
apical external root resorption can be made after
six months of treatment, which has also been
recommended by other authors [2, 3, 16, 18].

Treatment time

Some authors have affirmed that the increase
in the period of orthodontic movement determines
a greater tendency towards root resorption [1, 2,
32]. However, other authors [23, 29] have reported
no root resorption as a consequence of increased
treatment time.

In human radiological studies, Baumrind et al.
[1] reported treatment time as a determinant factor
in root resorption, although extreme resorptions
believed to be related to systemic factors, as
opposed to time.

Levander and Malmgren [15] found 34% of the
teeth examined with root resorption after six to
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nine months of treatment, whereas at the end of
the active treatment, which was carried out over
19 months, root resorption increased to 56%.

In the present study, with regard to the treatment
time and its influence on root resorption, there were
15 cases of root resorption within 18 months of
treatment, 30 cases between 19 and 24 months, and
20 cases between 25 and 36 months. Statistically,
the treatment time factor only showed a positive
statistical association for upper central incisors,
lower central incisors, lower lateral incisors,
lower canines, and lower second premolars. When
reabsorption occurred, the positive association was
for grade 1 in the lower central incisors, lower
canines, and lower second premolars, but not at
all time intervals.

Age

In 1954, Massler and Malone [24] had reported
that, even in the absence of orthodontic treatment,
the incidence of root resorptions exacerbates
with age. Factors such as periodontal ligament
characteristics and muscular adaptation to occlusal
changes may be more favorable in young patients
[19].

All tissues involved in the root resorption
process undergo changes with age. The periodontal
membrane becomes less vascularized, bones
become more dense, avascular, and lose elasticity,
and the cement becomes thicker. These changes
reflect the greater susceptibility to root resorption
observed in adults [20, 34, 36]. Teeth with open
apex would be less susceptible to resorption,
due to the likelihood of better nutrition, greater
cellularity of the apical area, and a more effective
muscular adaptation towards occlusal changes.
The early approach aimed at correcting maxillary
mandibular relationships would be based on teeth
not susceptible to reabsorption. However, other
studies [1, 12, 15, 22] have affirmed that there is
no association between age and predisposition to
develop apical external root resorption.

Linge and Linge [20] found that the maxillary
incisors were reabsorbed less frequently in patients
younger than 11 years of age with periapical
radiographs, and that in the first study, root
radicular shortening was found to be twice as high
in older patients when compared with younger ones.
However, other authors [1, 12, 15] have verified a
null association between age and root resorption.
In this study, age was only associated with root
resorption for the lower lateral incisors in the first
evaluation, and for the lower premolars in the final
evaluation.

Sexual dimorphism

Not conclusively, women may be considered
more predisposed to root resorption, since some
studies [20, 36] have suggested that the inter-sex
difference is not related to hormonal factors, but
rather to the stage of root development at the same
age or orthodontic age. Thus, the roots of men’s
teeth would be more immature and, thus, less
predisposed to resorption. This could be taken into
account in this study if the sample consisted of all
growing patients, but it was divided into growing
patients and adult patients. The higher frequency
of external apical root resorption in women was
also found in the works of Levander and Malmgren
[15] and Kjaer [13].

However, contrary to the results above,
Baumrind, Korn, and Boyd [1] found an average
of 1.2 mm more of external apical root resorption
in men than in women. This result is compatible
with the findings of this study, because although
women present a higher frequency, when men
develop external apical root resorption, it tends
to present a higher degree of severity. The women
presented a lower frequency of root resorption when
compared to men only for the lower molars in the
first evaluation (between the initial and intermediate
radiography).

Maloclusion

In association with Angle’s classification, only
Kalley and Phillips [12] found a significant incidence
of root resorption in patients with Angle Class III
malocclusion. However, Mirabela and Artun [26]
and Baumrind et al. [1] reported no significant
differences between Angle Classes I, II, and III.
These results were compatible with those found in
this study, as the type of malocclusion presented
a positive co-association with the frequency and
/ or degree of root resorption only for the upper
lateral incisors, lower lateral incisors and lower
molars in the initial-intermediate phase. During the
intermediate phase, a co-association was observed
for the upper lateral incisors in patients with Angle
Class II and III malocclusion and Angle Class I
malocclusion for the lower molars.

When the dental groups were analyzed
separately, only the upper lateral incisors exhibited
a positive association between root resorption
and type of malocclusion at all time intervals.
The lower lateral incisors and lower molars were
positively associated with resorption only in the
first evaluation. Thus, the co-association between
root resorption and type of malocclusion may be
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related to the severity of the malocclusion as a
consequence of the required mechanical resources
and the long treatment time [26, 27].

Radicular form

Several authors have stated that the region of
the anterior teeth, especially the upper incisors, is
the most vulnerable to root resorption [12, 15, 17,
26, 35]. For other authors [13, 15, 19, 24, 34], the
lower incisors constitute the group of teeth that
present a higher frequency in the development of
external apical root resorption. It is not difficult
to understand this frequency, since they are
unirradiculate teeth with conical shape, and they
transmit the force applied on the crown directly
to the apex during movement.

When the degree of root resorption and the
shape of the root (triangular, rhomboid, or square)
were associated, most of the teeth presented a
rhomboid root shape. Only the central and lateral
inferior incisors and half of the upper central
incisors presented a triangular radicular form;
only in these teeth, i.e., the superior incisors,
was a statistically significant association observed
between the radicular form and root resorption
in the initial and intermediate and initial and
final periods (Chi-square, p> 0.05). This result is
in agreement with the studies by Kjaer [13], but
diverges from Levander and Malmgren [15], who
observed that the degree of root resorption in teeth
with lofted apex was higher than that observed in
normal roots.

Apical form

When analyzing the apical anatomy of the
root, studies [3, 13, 15, 17, 18, 26, 28, 33-36]
have shown that the apical pipetted form is the
most susceptible to developing apical external root
resorption. In this study, when the root resorption
and the apical form were related, a statistically
significant association was only observed in the
initial-intermediate period for the lower incisors
with normal shape and in pipette. In the first lower
premolars with normal and torn in the initial-final
period, a positive association was only found in the
lower lateral incisors with normal root and pipette,
and in the first lower premolars with apical normal
and torn form (chi-square, p> 0.05).

The teeth that presented the highest frequency
of root laceration were the upper lateral incisors
(28.3%), second upper premolars (20.2%), lower
lateral incisors (17.5%), and lower first premolars
(14.8%).

Dental disnivelation quantity

Regarding the degree of dental unevenness
and its association with the root resorption of the
incisors and lower canines, the higher the degree
of unevenness exhibited at the beginning of the
orthodontic treatment, the greater the incidence of
root resorption in the incisors and lower canines
at the end of the treatment. It was also observed
that, even in the group with the lowest initial level,
reabsorption was present at the end of treatment,
i.e., regardless of the degree of dental unevenness,
it is positively associated with the presence of root
resorption at the end of the orthodontic treatment in
the aforementioned teeth. This may be explained by
the radicular shape that they present, and because
they are teeth that perform the greatest movements
during orthodontic treatment [18, 27].

Conclusion

Based on the results of this study, it may be
suggested that it is necessary to have as a protocol
to radiograph all teeth before and after the alignment
and leveling phase. Only then will the evolution
of root resorption be known for each individual,
thus providing individualization of the orthodontic
treatment, with respect to the forces applied in the
different dental groups.
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