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Lateral and apical root resorption in teeth
orthodontically moved into edentulous ridge areas
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Objective: The present study aimed at comparing the external lateral root resorption (ELRR) and external apical root
resorption (EARR) between teeth moved through the atrophic edentulous ridge and those undergoing the usual orth-

odontic movement.

Methods: Fifty-four premolars were evaluated, where 27 of them had been moved toward the edentulous ridge (Group 1)
and 27 from the same patient, had not been translated, which comprised the control group (Group 2). ELRR was evalu-
ated by 0-3 scores and EARR was evaluated by 0-4 scores, before and after movement. Measurements were compared by
Kruskal-Wallis and Student-Newman-Keuls tests.

Results: ELRR increased statistically only in the Group 1 (p<0.05). After orthodontic treatment, it was observed that
almost 56% (n = 15) of teeth in Group 1 presented scores 2 and 3, while Group 2 presented scores 2 and 3 in about 11%
(n=3) of the teeth. EARR increased in both groups after orthodontic movement, however, statistically analyses showed

no significant differences between groups (p > 0.05).

Conclusions: Orthodontic movement into the atrophic edentulous ridge is subject to a greater lateral external root

resorption.
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INTRODUCTION

After a tooth is extracted, a dimensional reduc-
tion of the alveolar bone occurs. One year later, it
can reduce to an average of 50%.' Such dimensional
loss 1s more pronounced on the buccal than on the
lingual side of the alveolus, and makes implant place-
ment difficult.? Among the various procedures for
improvement of the alveolar ridge, there are several
types of grafting surgeries, lateralization and trans-
position of the inferior alveolar nerve. However, they
can be considered invasive and/or expensive. In addi-
tion, vertical stability of the grafts, in general, pres-
ents poor predictability.’ In this context, the use of
orthodontic movement becomes an interesting alter-
native to restore the dimensions of the atrophic ridge,
optimizing the relationship between the adjacent
hard and soft tissues.*”’

To have proper preservation of the alveolar bone as
well as root integrity, the movement must take place
in the absence of plaque, which can promote addi-
tional inflammation.®® The force used should also
maintain a physiological level, since excessively heavy
forces can result in significant root resorption.'’-'?
Although mild root resorption is considered inher-
ent to orthodontic movement,®!> the advancement
in knowledge of the effects of root architecture and
different orthodontic therapies can help reduce the
magnitude of the deleterious effects. Although the
literature has extensively explored external root re-
sorption in conventional orthodontic treatments,-"
root response when a tooth 1s moved towards an atro-
phic ridge is less studied, especially in regards to lat-
eral root resorption.’

Given this, the present study aims to compare the
external lateral root resorption (ELRR) and external
apical root resorption (EARR) between teeth moved
through the atrophic edentulous ridge and those un-
dergoing usual orthodontic movement. The null hy-
pothesis tested was that external root resorption is
similar in both groups.

MATERIAL AND METHODS

This retrospective study was approved by the Human
Research and Ethics Committee of the University of
Maringi (UEM) (CAAE #0045.0.093.000-11). All pa-
tients authorized the use of their records. The sample
size was calculated considering a test power of 0.8,
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alpha of 0.05, with a desired difference of 1, as well as
a variation of 1 for the score for each patient. Thus,
the sample size should be 18 teeth for each group.
Radiographic records of 22 patients (8 males and
14 females) were evaluated: individuals who had lost
at least one first molar (for more than 2 years), with
subsequent atrophy of the alveolar bone that prevent-
ed the installation of dental implants. Mean age of the
sample was 46.22 years old (SD = 8.41), ranging from
31.3 to 47 years old. Patients with systemic diseases,
active periodontal disease and/or smoking habit were
excluded. Previous orthodontic treatment and graft
surgery were also exclusion criteria. Five patients
had bilateral atrophic regions, and 17 had unilateral
ones. A total of 27 premolars were moved through
the atrophic alveolar ridge, composing the experi-
mental group (Group 1), and 27 premolars submitted
to conventional orthodontic movement, in the same
patients, comprised the control group (Group 2).
Before and after orthodontic movement images
taken from patients’ radiographic records were used.
They comprised parasagittal slices from cone-beam
computer tomography (CBCT) (16 premolars, from
12 patients), periapical (6 premolars, from 6 patients)
and panoramic (5 premolars, from 3 patients). All pa-
tients received conventional alignment and level-
ing orthodontic treatment, starting with 0.014-in
NiTi archwire, followed by 0.016-in, 0.018-in and
0.020-in stainless steel archwires (Morelli®, SP,
Brazil). The movement through the atrophic ridge
was carried out with NiTi open coil springs insert-
ed on 0.020-in steel archwire and on subsequent
0.019x0.025-1n steel archwire in 0.022-in brackets
(Abzil-3M®, SP, Brazil). Mean orthodontic treatment
time was 17.15 months (SD=6.08), ranging from
8.5 to 30.3 months. The mean movement through
atrophic area was 5.98mm (SD=1.36), minimum
4.5mm and maximum 10.2 mm. Ten mandibular left
second premolars, 11 mandibular right second pre-
molars, 2 mandibular left first premolars, 1 mandibu-
lar right first premolars, 2 maxillary left first premo-
lars and 1 maxillary right first premolar were moved
through adjacent atrophic alveolar bone. Control
tooth in unilateral case was its homologous tooth on
the other side (5 mandibular right second premolars,
6 mandibular left second premolars, 2 mandibular
right first premolars, 1 mandibular left first premo-
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lar, 2 maxillary right first premolars and 1 maxillary
left first premolar), and in bilateral sites the adjacent
premolar —not moved into the atrophic bone— was
evaluated (5 lower right first premolars and 5 lower
left first premolars). Control teeth were anatomically
similar to the experimental group.

ELRR was evaluated before and after orthodon-
tic treatment in radiographic records, according to
the following scores from 0 to 3: 0 = absence of re-
sorption; 1 = presence of slight resorption lacunae;
2 = presence of a clear resorption lacunae; 3 = pres-
ence of more than one distinct resorption lacunae
and/or clear reduction in root thickness (Fig. 1).

As a secondary outcome, the EARR was also as-
sessed, before and after orthodontic treatment, follow-
ing the Levander and Malmgren® method. The scores
of 0 to 4 were attributed according to the following clas-
sification: 0 = absence of resorption; 1 = mild resorption,
irregular apical contour; 2 = moderate resorption, small
root loss, with the apex displaying a partially straight
contour; 3 = marked resorption, loss of almost %5 of the
root length; 4 = extreme resorption with loss of more
than ¥ of the root length (Fig. 2).

Statistical analysis

Two calibrated examiners performed evaluations.
Measurements were repeated for all the images after
an interval of 30 days. The agreement was checked by
Kappa weighted test. External root resorption scores
were compared by Kruskal-Wallis, followed by Stu-
dent-Newman-Keuls post-test, using BioEstat 5.0
software (Instituto Mamiraud, AM, Brazil).

RESULTS

Kappa tests showed good agreement between the
two moments of evaluation for lateral scores (exam-
iner 1 = 0.82; examiner 2 = 0.80), as for apical scores
(examiner 1 = 0.79; examiner 2 = (.81). Inter-exam-
iner Kappa tests also showed good agreement (0.81
for lateral scores and 0.83 for apical scores). Medians
of scores between the two examiners were used for
statistic comparisons.

In Kruskal-Wallis/ Student-Newman-Keuls com-
parison between before and after treatment, ELRR
increased statistically only in the Group 1 (Table 1).
The teeth moved over the ridge had higher lateral re-
sorption scores. After orthodontic treatment, it was
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observed that almost 56% (n=15) of the teeth in
Group 1 presented scores 2 and 3 (2 = presence of a
clear resorption lacunae; 3 = presence of more than
one distinct resorption lacunae and/or clear reduction
in root thickness), while Group 2 presented those
scores in about 11% (n=3) of the teeth (Fig. 3).

EARR increased in both groups after orthodontic
movement (Table 2), however, statistical analyses showed
no significant differences between groups (p>0.05).
The EARR scores distribution is shown in Figure 4.

Figure 1 - Classification of lateral root resorption: O = absence of resorption; 1
= presence of slight resorption lacunae; 2 = presence of a distinct resorption
lacunae; 3 = presence of more than one distinct resorption lacunae and/or
clear reduction in root thickness.

a4

Figure 2 - Classification of apical root resorption: 0 = absence of resorp-
tion; 1 = mild resorption, irregular apical contour; 2 = moderate resorp-
tion, small root loss, with the apex displaying an almost straight contour;
3 = marked resorption, loss of almost % of the root length; 4 = extreme
resorption with loss of more than % of the root length (Source: modified
from Levander and Malmgren®).
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Table 1 - Median, 1% quartile and mean scores of the ELRR and Kruskal-Wallis/ Student-Newman-Keuls comparisons.

Group 1 Group 2
Before After Before After
Median (1% - 3 quartiles) 0(0-1)9° 2 (1-3r 0 (0-0.5)° 0 (0-0.5)
Different superscript letters represent statistical significance at p < 0.05.
Table 2 - Median, 1 and 3 quartiles scores of the EARR and Kruskal-Wallis/ Student-Newman-Keuls comparisons.
Group 1 Group 2
Before After Before After
Median (1% - 3 quartiles) 1(0-1)2 1(1-2)° 0 (0-1 1(0-1p

Different superscript letters represent statistical significance at p < 0.05.
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Figure 3 - Distribution of teeth in scores related to lateral root resorption
(ELRR) before and after orthodontic treatment.

DISCUSSION

The tooth movement over the atrophic ridge have
been demonstrated to be an alternative treatment ap-
proach for formation of alveolar bone through the
transfer path,® allowing better condition for implant
placement.*” Besides its advantages, this movement
has been less investigated regarding root resorption,
mainly the ELRR, that is a less common side-effect
during a conventional orthodontic treatment.”

In the present study, the null hypothesis should be par-
tially rejected, once the EARR scores were similar in teeth
moved through the atrophic edentulous ridge comparing to
controls. However, ELRR scores were significantly differ-
ent in Group 1. It is important to emphasize that none of
the teeth in both groups showed periodontal or endodontic
commitment during or after orthodontic movement.
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Figure 4 - Distribution of teeth in the scores related to apical root resorption
(EARR) before and after orthodontic treatment.

After movement through atrophic ridge, Group 1
showed scores 2 or 3 in almost 56% (n=15) of the teeth,
while the Group 2 presented those scores in about 11%
(n=3). Similar findings were shown by Diedrich et al,’
who reported 40.6% of the 32 premolars moved through
the atrophic bone. Lindskog-Stokland et al.” reported
that some lateral root resorption is an inevitable occur-
rence after such orthodontic movement.

After an extraction, a dimensional reduction of
the alveolar bone occurs. One year later, it can re-
duce to an average of 50%,' and the width reduction
is greater than the loss of height.? The high risk for
ELRR may be correlated to the proximity of buc-
cal and lingual cortical plates in edentulous alveolar
ridge, as more periodontal stress during tooth move-
ment can be generated in such a dense bone.*!
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EARR is a well-known side effect of the orth-
odontic treatment, and the second outcome of the
present study confirms that. Both groups presented
similar scores of EARR, which are also in agreement
with previous studies.”’ As the apex is far from the
cortical plates, this could explain why root responses
were similar for both groups. Despite the risk to oc-
cur, either EARR and ELRR appear to cease after
treatment.®” %15 As such external root resorptions are
inflammatory and induced by the orthodontic forces,
no endodontic treatment is needed."

It was reported that tooth movement for alveolar
bone recovery can also be performed through the in-
vaginations of the maxillary sinus.?? If there is more
cortical bone adjacent to the movement (invagination
area), the reshaping will occur more slowly and the
moved tooth possible will present more resorption.?
In the present study, only 3 patients had premolars
moved through maxillary sinus invagination. One of
them presented score 3, one presented score 2, and
the other one showed score 0, for ELRR after move-
ment. Limitation of the number of maxillary teeth
studied did not allow us to affirm precisely, but seems
that the root response is similar to that in mandible,
in agreement to Lindskog-Stokland et al.”

Imaging tests are essential for diagnosing and
monitoring root resorption. If in the first 6 months
of treatment noticeable external root resorption is
diagnosed, the orthodontic treatment must be done
in a slower pace.'” CBCT allows for the analysis and
visualization of images in full size."'>" However, due
to the high cost and radiation exposure, it is less used
in routine practice. Periapical and panoramic radio-
graphs are more frequently used, and they proved to
be a good diagnostic tool for external root resorp-
tion."> However, they present distortions that must
be taken into account when performing metric rat-
ings."”” This study used qualitative scores that are
less influenced by amplification issues. Levander and
Malmgren® scores for EARR were created for peri-
apical radiography evaluation, although they can be
applied for any radiographic source. Scores are easy
to apply, and they set clinically relevant thresholds of
EARR diagnostic.” Similarly, in the present study,
we developed scores for ELRR for the same reasons.
Kappa tests showed similar intraexaminer and inter-
examiners agreement, both for EARR and ELRR
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evaluations. Despite this agreement, there were some
limitations due to the different radiographic sources.
However, this fact was minimized by using scores for
the same tooth.

Clinically, it can be interpreted that the move-
ment through the atrophic ridge is an advantageous

7222426 However, individual evaluation is

strategy.
critical for the treatment options on surgical graft or
orthodontic-based bone rebuilding. Future studies
with quantitative measurements are suggested using

CBCT images.

CONCLUSION

Orthodontic movement in an atrophic edentulous
ridge is subject to a greater risk of external lateral root
resorption.
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