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Abstract

Objective The aim of this meta-analysis was to investigate
the effect of orthodontic treatment on root resorption of
endodontically treated teeth compared to vital teeth.
Materials and methods A literature search was conducted
in 18 electronic databases. Review articles and relevant
articles were searched for cross-references. Two indepen-
dent reviewers screened all articles according to prede-
fined inclusion and exclusion criteria and extracted the
corresponding data. The pooled estimate of mean differ-
ence of root resorption weighted by the fixed-effect mod-
el and the corresponding 95 % confidence intervals (Cls)
were used to construct a forest plot by implementing the
“RevMan 5.1” software. Quality and heterogeneity
assessments as well as publication bias evaluation and
sensitivity analyses were performed. Inter-reviewer agree-
ment for data selection, data extraction and quality anal-
ysis was evaluated by Cohen’s kappa.

Results Six out of 1,942 original papers met the inclusion
criteria. Four out of six studies were included in the quantita-
tive analysis. Root resorption was less in endodontically trea-
ted teeth than in vital teeth (MD=-0.48 mm; 95 % CI=-0.81
to —0.14 mm). The funnel plot indicated no evidence of
publication bias, while no data heterogeneity was present
(P=0 %). However, the overall quality of the included studies
was considered as “low.”

Conclusions Following orthodontic treatment, endodonti-
cally treated teeth exhibit relatively less root resorption than
teeth with vital pulps.
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Introduction

Root resorption of teeth is an undesirable, particularly com-
plicated and nonreversible pathologic process, which is
related to the external layers of cementum, the dentine of
the root, or the apex [1, 2].

External apical root resorption has long been recognized
as an unwanted side effect of orthodontic tooth movement
and a significant number of published articles have con-
firmed the relationship between orthodontic treatment and
external root resorption, especially concerning the incisors,
as well as the canines, premolars, and molars [3—6]. This can
be attributed to both bone remodeling and to root resorption
that take place as a sterile inflammatory process initiated by
force application [7]. The degree and severity of the external
root resorption associated with orthodontic treatment
depends on several factors, with the duration of treatment
and the type and magnitude of orthodontic forces playing a
major role [1, 8]. Histological studies have reported that root
resorption occurs in 90 % of teeth that have been moved
orthodontically [9, 10], while 1-5 % of orthodontically
moved teeth suffer resorption amounting to one third of
the original root length [11]. Orthodontic patients that pres-
ent a detectable root resorption during the first 6 months of
active treatment are more likely to experience resorption in
the following 6-month period than those without [12].

@ Springer



1734

Clin Oral Invest (2013) 17:1733-1744

Root resorption during orthodontic treatment has been
associated with previously endodontically treated teeth,
since some authors found that previously endodontically
treated teeth exhibit more [13, 14], equal [15], or less root
resorption [16, 17]. According to these aforementioned con-
troversial results, it seems that root resorption of endodon-
tically treated teeth compared to vital teeth during
orthodontic treatment remains an issue that needs to be
investigated in an evidence-based manner.

Among all available study designs, systematic reviews
and meta-analyses (MAs) are considered to be the study
designs providing the strongest evidence [18]. Thus, the
aim of this study was to qualitatively evaluate the currently
existing evidence by undertaking a systematic review of the
literature and to perform a quantitative synthesis of the
corresponding data by means of a MA in order to detect
whether there is a difference in the apical root resorption of
endodontically treated teeth compared to vital teeth sub-
jected to orthodontic treatment.

Material and methods

This MA was undertaken by following the PRISMA state-
ment for reporting systematic reviews and meta-analyses of
studies that evaluate healthcare interventions [19].

Data sources and searches

Electronic searches were conducted for studies published up
to January 2012. In addition, the reference lists of the articles
eligible for inclusion in this investigation were also manually
reviewed. Citations of articles published in journals, disserta-
tions, and conference proceedings were located by searching
several electronic databases, using a search strategy appropri-
ately adjusted for each individual database (Table 1).

No restrictions were applied concerning publication year,
language, or status. “Gray literature” (i.e., materials that can-
not be found easily through conventional channels) was not
excluded from our search. When additional information was
needed, authors, journal editors, or libraries were contacted.

Study selection

Two reviewers (IIM and AZ) independently screened titles,
abstracts, and full-text reports. Any disagreement was re-
solved by consultation with the third author (MAP) until a
final consensus was achieved. Inter-reviewer agreement on
study eligibility was assessed by Cohen’s kappa. Appropri-
ate studies to be included in the MA fulfilled specific pre-
defined inclusion criteria; only randomized controlled
clinical trials (RCTs), quasirandomized controlled clinical
trials, and prospective and retrospective controlled clinical
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trials (CCTs) were included in current investigation
(Table 2).

Data extraction

Two reviewers (IIM and AZ) independently extracted rele-
vant data in a pre-designed collection form. Any disagree-
ment was resolved by consultation with the third author
(MAP) until a final consensus was achieved. Inter-
reviewer agreement on data extraction was assessed by
Cohen’s kappa.

Quality assessment

Strength of evidence was evaluated with respect to pre-
established characteristics [20, 21]. Studies were catego-
rized as of low (0-5 points), medium (6—8 points), or high
(9 or 10 points) quality. Inter-reviewer agreement on quality
assessment was evaluated by Cohen’s kappa.

Assessment of publication bias

Publication bias was evaluated through visual inspection of
funnel plot asymmetry [22], which however should be seen
as a means of examining “small study effects” and not as a
tool to diagnose specific types of bias [23]. In the presence
of publication bias, the Begg and Mazumdar’s rank correla-
tion test [24] was planned to be conducted to examine the
negative correlation between the standardized effect size
and the standard errors of these effects, as well as the linear
regression-based tests proposed by Egger et al. [25] to
quantify the publication bias captured by the funnel plot.

Data synthesis

Data were summarized and considered suitable for pooling
if the corresponding studies used similar interventions in
the same way and reported similar outcomes. The pooled
estimate of mean difference (MD) of root resorption
weighted by the fixed-effect model and the corresponding
95 % confidence intervals (ClIs) were used to construct a
forest plot by implementing the “RevMan 5.1” [26], a
specific software for performing systematic reviews and
meta-analyses provided by the Cochrane Collaboration.

Heterogeneity assessment

To assess heterogeneity, the P statistic was calculated,
which is considered as a useful statistic for quantifying
inconsistency [27]. I is defined according to the following
formula [27, 28]:

P =[(Q—df)/Q] x 100%,
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Table 1 The electronic databases searched, the search strategies used, and the corresponding results
Electronic database Search strategy used Extend of search Hits
MEDLINE searched via PubMed on (((resorpt*) OR (resorbt*)) AND (orthodont*)) In all fields 757
24 November 2011 www.ncbi.nlm.nih. AND ((randomized controlled trial[pt] OR
gov/sites/entrez/ controlled clinical trial[pt] OR randomized
controlled trials[mh] OR random
allocation[mh] OR double-blind method[mh]
OR single-blind method[mh] OR clinical tri-
al[pt] OR clinical trialsfmh]) OR (“clinical
trial”[tw]) OR (singl*[tw] OR doubl*[tw] OR
trebl*[tw] OR tripl*[tw]) AND (mask*[tw]
OR blind*[tw]) OR (placebos[mh] OR pla-
cebo*[tw] OR random*[tw] OR research
design[mh:noexp] OR comparative study OR
evaluation studies OR follow-up studies[mh]
OR prospective studies[mh] OR control*[tw]
OR prospectiv¥[tw] OR volunteer*[tw]))
EMBASE searched via ScienceDirect on ((resorpt*) OR (resorbt*)) AND (orthodont*)  Limited to Embase 413
8 December 2011 www.embase.com
Cochrane Database of Systematic Reviews (orthodontic) and (resorption) In all fields 19
searched via The Cochrane Library on
8 December 2011 www.thecochranelibrary.com
Cochrane Central Register of Controlled Trials (Orthodontic) and (resorption) In all fields 52
searched via The Cochrane Library on
08.12.2011 www.thecochranelibrary.com
Google Scholar Beta searched on 11 January 2012 Orthodontic resorption Title only 298
www.scholar.google.com
Web of Science searched on 6 January 2012 [((Randomized controlled trial[pt] OR Refined by subject areas: 122
http://scientific.thomson.com/products/wos/ controlled clinical trial[pt] OR randomized dentistry, oral surgery medicine
controlled trials[mh] OR random or radiology, nuclear medicine,
allocation[mh] OR double-blind method[mh]  medical imaging or biophysics
OR single-blind method[mh] OR clinical tri-  or research experimental medicine
al[pt] OR clinical trials[mh]) OR (“clinical
trial”[tw]) OR [(singl*[tw] OR doubl*[tw]
OR trebl*[tw] OR tripl*[tw]) AND
(mask*[tw] OR blind*[tw])] OR (place-
bos[mh] OR placebo*[tw] OR random*[tw]
OR research design[mh:noexp] OR compar-
ative study OR evaluation studies OR follow-
up studies[mh] OR prospective studies[mh]
OR control*[tw] OR prospectiv¥[tw] OR
volunteer*[tw])]) and Topic = (orthodont*)
and Topic = (resorpt*)
Evidence-based medicine searched on 9.12.2011  Orthodont* and resorpt* In all fields 0
http://ebm.bmjjournals.com
Scopus searched on 21 December 2011 (ABS(resorpt*) AND SUBJAREA(mult OR Subject areas: dentistry, medicine, 847
WWW.Scopus.com agri OR bioc OR immu OR neur OR phar OR  biochemistry, genetics and
mult OR medi OR nurs OR vete OR dent OR  molecular biology, health
heal)) AND (ABS(orthodont*) AND professions,
SUBJAREA(mult OR agri OR bioc OR immunology and microbiology,
immu OR neur OR phar OR mult OR medi pharmacology, toxicology and
OR nurs OR vete OR dent OR heal)) pharmaceutics
LILACS database searched on 9 (orthodontic) AND (resorption) In all fields 97
December 2011 http://bases.bvs.br
Bibliografia Brasileira de Odontologia searched (orthodontic) AND (resorption) In all fields 74
on 12 December 2011 http://bases.bvs.br
Ovid database searched via Heal-link on 6 January (orthodont*) AND (resorpt*) Journal subsets: clinical medicine, 185

2012 http://ovidsp.ovid.com/autologin.html

life and biomedical sciences, life
sciences, health professions and
medical humanities; limited to
abstracts, original articles and
articles with abstracts Ovid
databases: Journals@Ovid Full
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Table 1 (continued)

Electronic database Search strategy used Extend of search Hits
Text, Your Journals@Ovid
via HEAL-Link
Bandolier searched on 12 December 2011 Orthodontic AND resorption In all fields 1
http://www.jr2.ox.ac.uk/Bandolier
Atypon Link searched on 12 December 2011 orthodont* and resorpt*® In all fields 1
http://www.atypon-link.com/
African Journals Online searched on 12 orthodontic AND resorption In all fields * 1
December 2011 www.ajol.info
Digital dissertations searched via UMI (orthodont*) AND (resorpt*) Citation and abstracts 269

ProQuest on 6 January 2012 http://
proquest.umi.com/pqdweb?RQT=302&cfc=1

Conference Paper Index searched via Cambridge  (orthodontic) AND (resorption)

Scientific Abstracts on 21 December 2011
http://journals.cambridge.org/action/search

metaRegister of Controlled Trials (all registers (orthodont*) AND (resorpt*)

active and archived) searched on 21 December
2011 http://www.controlled-trials.com/mrct/

German National Library of Medicine (ZB MED) (orthodont¥*) AND (resorpt*)

searched on 06.01.2012 http://www.medpilot.de
Sum

searched (databases:
dissertations and theses)

In all fields 3
In all fields® 7
Limits: keywords only, 3

MEDLINE excluded
3,149

Indicates limited search capabilities.

where Q is the chi-squared statistic and df is its degrees

of freedom.

Table 2 Eligibility criteria used in this meta-analysis

This describes the percentage of the variability in effect
estimates that is due to heterogeneity rather than sampling

Criteria category Inclusion criteria

Exclusion criteria

Outcome Studies investigating apical root resorption of
endodontically treated teeth compared to vital
teeth subjected to orthodontic treatment

Study design Randomized controlled clinical trials

Quasirandomized controlled clinical trials
Prospective controlled clinical trials
Retrospective controlled clinical trials

Participants' characteristics

Investigations not relevant to the subject of this study

Prospective uncontrolled clinical trials
Retrospective uncontrolled clinical trials
Unsupported opinion of expert

Editor’s choices

Books’ abstracts

Conferences’ abstracts

Cross-sectional surveys

Narrative reviews

Systematic reviews

Meta-analyses

Animal studies

Replies to the author/editor

Studies on molecular biology, histology or genetics
In vitro studies

Case series without a control

Case reports

Case-control observational studies

Studies with missing English abstract or/and having
no abstract at all

Ongoing studies

Clinical trials with inadequate sample size groups
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error (chance) [29]. F* is independent of the number of
studies and quantifies heterogeneity on a scale of 0-
100 %. Heterogeneity was defined as low (25 %), moderate
(50 %), or high (75 %) [25]. In addition, although the Q
value was also calculated, only its significance was taken
into consideration.

Sensitivity analyses

Additional meta-analyses were conducted to explore the
influence of study design, trial quality, sample adequacy,
blinding, method error analysis, publication date, and re-
moval of individual studies on the effect size.

Results
Literature flow

Initially, the search yielded 3,149 records. After subtrac-
tion of duplicates, 1,938 titles remained, while four
additional articles were identified through manual
searching (n=1,942). In total, 1,931 records were ex-
cluded for various reasons after implementation of the
specific exclusion criteria. Of the remaining 11 articles,
the full text was not accessible for four studies, even
after attempts were made to contact the authors, journal
editors and university libraries containing the title. Fi-
nally, one study did not use a proper control group, and
thus it was excluded. Consequently, only six studies
remained for final qualitative evaluation. Because two
of the studies used data of the same subgroup of teeth
[30, 31], they were counted as one study in quantitative
synthesis. Furthermore, one additional study [32] used a
different methodology (presented below) as the other
included studies in the qualitative synthesis, and there-
fore it was excluded from the data pooling. In total,
four studies were included in quantitative synthesis.

The selection procedure, the number of excluded studies,
and the corresponding reasons for exclusion are provided in
Fig. 1 and Table 3. The kappa scores before reconciliation
for study selection, data extraction, and quality evaluation
procedures were 0.799, 1.000, and 0.656, respectively.
According to Landis and Koch [33], these kappa scores
indicated substantial, almost perfect and substantial inter-
reviewer agreement, respectively.

Description of studies and baseline characteristics

The characteristics of the studies included in the MA are
presented in Table 4.

The sample of 39 pairs of endodontically treated
teecth and its contralateral vital controls in two of the

articles [30, 31] originates from a larger sample of 343
patients examined in the two studies by the same
authors. In the first study, the prevalence and severity
of apical root resorption of maxillary anterior teeth is
evaluated and any differences between subgroups of
patients with and without a history of earlier orthodontic
treatment are analyzed [30]; while in the second, the
risk factors of root resorption of maxillary teeth in adult
patients who had undergone orthodontic treatment are
investigated [31]. The subgroup of endodontically trea-
ted teeth is common for the two studies and therefore is
used only once in the present study. Moreover, the
sample in these articles [30, 31] included incisors and
canines, while the rest of the articles used only incisors
in their samples. However, after contacting the authors
[30, 31], they kindly provided all their detailed data
(including the incisors) used in their study. Thus, the
sample used in the present study originated from these
two studies consisted of 28 endodontically treated inci-
sors (15 centrals and 13 laterals) and their contralateral
vital controls. Finally, Llamas-Carreras et al. [32] used a
distinctively different methodology, since they used all
types of teeth, while the measurements were carried out
on digital panoramic radiographs. Moreover, they mea-
sured the proportion of root resorption of the teeth and
not the tooth lengths as the other included studies. Due
to these reasons, the data of this study could not be
pooled, and thus it was not included in the quantitative
synthesis.

In total, the amount of root resorption of 107 endodonti-
cally treated incisors was measured before (T1) and after
treatment (T2), while 107 contralateral vital teeth of the
former served as control group. The amount of root resorp-
tion was measured by measuring the tooth length in peri-
apical radiographs.

Quality assessment

The overall quality of the studies included in the MA
was evaluated as “Low.” All five studies were retro-
spective controlled clinical trials of low quality (Tables 4
and 5). In all of the studies, the sample was deemed as
adequate, since 15 or more patients were included in
each group. In three studies, a method error analysis
was used, while no study assessed the possible impact
of confounding factors.

Assessment of publication bias
The funnel plot exhibited a symmetrical distribution,
indicating that there is no evidence of publication bias

of the data of the source studies (Fig. 2), and thus no
other statistical evaluations of publication bias, such as
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Fig. 1 Flow diagram of the

studies retrieved through the
selection process

Records identified through
database searching
(n=1938)

Additional records identified
through other sources
(n=4)

’ t Identification

Screening

Eligibility

Included

the Begg and Mazumdar’s rank correlation test [24] or
the linear regression-based tests by Egger et al. [25]
were performed.

Data synthesis and heterogeneity assessment

Root resorption was significantly less in endodontically
treated teeth than in teeth with vital pulp (MD: —0.48 mm,
95 % CI: —1.32 to —0.22 mm; P=0.005; Fig. 3). Heteroge-
neity of the source data was low (=0 %).

Sensitivity analysis
Sensitivity analysis indicated relative robustness of results.
With regard to the outcomes, only minor changes were

observed, which were nonsignificant. In addition, no “re-
versal of effect direction” was noted. Finally, concerning the
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Records screened on basis of title and
abstract, after duplicates removed

(n=1942)

Records excluded

(n=1931)

v

Full-text articles to be assessed for
eligibility (n=11)

Records excluded (full texts not
> available)

(n=4)

A

Full-text articles assessed for
eligibility

(n=7)

Articles excluded

(n=1)

[Retrospective uncontrolled
CTs (n=1)]

v

Studies included in qualitative
synthesis
(n=6)

Studies included in
quantitative synthesis

(meta-analysis)
(n=4)

importance of individual studies, no changes were found.
The only possible exception in robustness was observed
after the removal of the study by Spurrier et al. [34], which
seemed to increase the MD of root resorption between the
two tooth groups by 0.79 mm.

Discussion

The electronic search and the corresponding selection pro-
cedure yielded only a few studies appropriate for inclusion,
due to the fact that in this MA a precise protocol was
followed to minimize possible selection bias. This may be
indicative of the lack of original high-quality studies in the
currently existing literature concerning the issue of root
resorption during orthodontic treatment of endodontically
treated teeth.
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Table 3 Number of the excluded articles in this meta-analysis accord-
ing to the exclusion criteria

Number of
excluded articles

Exclusion criteria

Investigations not relevant to the subject
of this study
Prospective uncontrolled clinical trials 0

1,907

Prospective clinical trials with inadequate
sample size groups
Retrospective uncontrolled clinical trials

Unsupported opinion of expert
Editor’s choices

Books’ abstracts

Conferences’ abstracts
Cross-sectional surveys
Reviews

Systematic reviews
Meta-analysis

Animal studies

Replies to the author/editor

S O 0O O O v O = O = O

Studies on molecular biology, histology
or genetics
In vitro studies

Case series without a control
Case reports or reports of cases
Case-control observational studies

(= = =]

Studies with missing English abstract
or/and having no abstract at all
Ongoing studies 0
Full-text unavailable 4
Total 1,936

The results of this investigation indicate that there are
differences between the amount of root resorption in
endodontically treated teeth and in teeth with vital pulps.
Root resorption was significantly less in endodontically
treated teeth than in vital teeth and the pooled MD of
root resorption between these two groups was —0.48 mm
95 % CI=—0.81 to —0.14 mm; P=0.005), although this
difference (—0.48 mm) might be considered of little clin-
ical importance. Further, in three of the studies included
in this MA that performed a method error analysis, the
mean error for the tooth length measurements was
0.34 mm in two of the studies [30, 31], and 0.32 and
0.18 mm for the measurements of the endodontically
treated teeth and the control teeth, respectively, in the
third study [34], amounts comparable but less than the
MD found in current evaluation.

The result of the present study agrees with the result
of several studies which found significant less root
resorption in endodontically treated teeth subjected to
orthodontic treatment as compared to vital ones [16,
30, 31, 34].

Other studies have shown no significant differences in
root resorption between vital and root-filled teeth [17, 32,
35-37]. However, two of these studies [35, 36] were con-
ducted in animals, while one study [32] used teeth of all
types (incisors, canines, premolars, molars), a fact that could
be considered as a confounding factor, since maxillary inci-
sors have been shown to exhibit a greater amount of root
resorption during orthodontic treatment, compared to other
tooth types [38, 39].

In contrast to the results of this investigation, two studies
have shown loss of cementum to be greater in endodonti-
cally treated teeth, although there was no difference in
radiographic root length between vital and root-filled teeth
[14, 40]. However, both of these studies were conducted in
animals. One additional study [13] found also a greater
frequency of root resorption in the endodontically treated
teeth compared to the vital controls; however, the majority
of the cases included had received severe dental injury such
as intrusion, extrusion, and replantation.

It has been suggested that the dental pulp plays an im-
portant role in the processes of root resorption and remodel-
ing of cementum is associated with orthodontic tooth
movement [16, 41]. The results of the present study comply
with such a suggestion, but they do not offer direct
evidence.

Although we initially planned to investigate all the pos-
sible factors that may affect root resorption of endodontical-
ly treated teeth subjected to orthodontic treatment, there
were some drawbacks in the source studies that did not
allow any further analysis of these factors.

Firstly, it has been suggested that traumatized teeth, either
previously endodontically treated or not, exhibit a greater
tendency towards root resorption [42], while orthodontic
movement has been suggested to worsen the tendency to
root resorption in previously traumatized teeth [13, 42, 43].
Dental injury could be a possible confounding factor in the
present study; however, there is a lack of randomized clin-
ical trials investigating patients with previously traumatized
teeth undergoing orthodontic treatment. In general, data
about the influence of previous dental trauma on root re-
sorption during orthodontic treatment are few and
conflicting. One study has shown that the average decrease
in root length of traumatized teeth undergoing orthodontic
treatment was 1.07 mm compared to 0.64 mm for un-injured
teeth [4]. Brin et al. [44] studied the reaction of previously
traumatized teeth to the application of orthodontic forces
and found moderate root resorption in 27.8 % of previously
injured teeth receiving orthodontic treatment compared to
7.8 % in the orthodontic treatment only group and 6.7 % in
the trauma only group, while an increased frequency of root
resorption was noted in teeth that had experienced multiple
episodes of trauma. The authors suggested that previous
trauma may be predictive of an increased risk of root
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resorption during orthodontic treatment, although they
concede a small sample size and a heterogeneous collec-
tion of injuries may render findings inconclusive [44].
Malmgren et al. [15] however found that traumatized
teeth did not have a greater tendency to root resorption
than un-injured teeth, although they suggest previously
traumatized teeth with signs of root resorption prior to
orthodontic treatment may be more prone to root resorp-
tion during treatment.

In any case, it should be stated that it is difficult to
properly record and quantify the intensity, location, and
type of previous teeth injuries. Of the studies that met
the inclusion criteria to be considered in the present
MA, two studies [17, 45] do not mention if the teeth
included were previously injured, while in the study of
Spurrier et al. [34] it is stated that “the extent to which
either tooth may have been traumatized was not
known.” All anterior teeth included in Llamas-Carreras
et al.'s study [32] had received trauma. In the remaining
two studies [30, 31], although the history of traumatic
injury was recorded, the severity of the trauma was not
recorded and it is also not specifically mentioned if the
endodontically treated teeth included in the study were
injured. Thus, because of the lack of related data, no
useful conclusion could be drawn regarding the effect of
dental injury to the root resorption of orthodontically
moved vital or root-filled teeth.

Further, the discussion of the type of materials used
for endodontic treatment is important, since they could
influence possible inflammatory reactions. For example,
Ca(OH)2-based materials have been shown to have a
favorable effect on periapical tissue healing and repair
of orthodontic root resorption in endodontically treated
dogs’ teeth [46], while apical foramen widening com-
bined with Ca(OH)2-containing sealer have been shown
to be more favorable to the healing of chronic periapical
lesions than other sealers [47]. Moreover, the periapical
histological repair was found to be better in the teeth
with Ca(OH)2 root canal dressing before obturation than
in teeth with immediate obturation [48]. The presence of
other materials, such as zinc oxide and eugenol, induces
chronic periapical inflammation because of the toxicity
to the tissues [49, 50], while root canal treatment per-
formed with iodoform-containing root canal filling ma-
terial was found to accelerate root resorption in root
canal-treated primary molars compared with homologous
teeth without endodontic treatment [51]. However, none
of the included studies in the MA mentioned the mate-
rials used in endodontic treatment, and thus a further
investigation of the results of this evaluation concerning
this factor could not be performed.

In addition, the timing of the endodontic therapy was
not mentioned in all studies. Timing of endodontic

Judged quality
standard

Low

Low

Low

Low

Low

Low

Score
3
3
4
4
5
4

Confounding

factors

Adequate statistics

provided
0 point); sample size (adequate = 1 point; partly inadequate = 0.5

Blinding in
measurements
0
0
0
0
0

Method error
analysis

Valid measurement
1
1
1
1
1

methods
3 points; prospective study = 1 point; retrospective study

Selection
description
0
0
0
0
1

Sample
size

Study
design
0
0
0
0
0

Esteves et al. [17]
Mirabella and Artun [30]
Mirabella and Artun [31]
Spurrier et al. [34]

Study®
Kreia et al. [45]
blinding in measurements = 1 point; Confounding factors estimated in analysis = 1 point. In summary, a study could maximally score 10 points and was categorized of low (05 points), medium (6—

point; inadequate = 0 point); selection description (adequate = 1; partly inadequate = 0.5; inadequate = 0); valid measurement methods = 1 point; use of method error analysis = 1 point; use of
8), or high (9-10) quality

Table 5 Quality evaluation of the studies included in the MA
# Authors in alphabetical order
The following eight variables were evaluated: study design (RCT

Overall estimate

Number
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Fig. 2 Funnel plot for the mean o+ SE(MD)
difference of root resorption
between the endodontically
treated teeth and the control
group of teeth with vital pulp.
The funnel plot exhibits a
symmetrical distribution, which
indicates that there is no
evidence of publication bias of
the data of the source studies

0.1t

04T

\
1
MD

0.5 +
2

therapy related to the onset of orthodontic treatment is
of potential interest because the periapical environment
of teeth with apical periodontitis may exhibit inflamma-
tory reaction, and consequently bone and root resorption
[52] and higher concentrations of bacterial endotoxin
[53]. While periapical lesions can heal completely in
as carly as a 1-3 months time after endodontic treat-
ment [54, 55], incomplete healing can be found in
7.6 % of cases up to 5 years after endodontic treatment
[54]. The presence of inflammatory factors could be a
matter of concern for orthodontic movement, since it
can contribute to an increased inflammatory reaction
and root resorption [34] with possible implications for
the healing process. Nevertheless, the timing of the
endodontic therapy was mentioned only in three of the
included studies [17, 32, 34]. Two studies [32, 34]
mention that root canal treatment was completed prior
to the start of orthodontic treatment without specifying

evidence of publication bias, as well as low heterogeneity of
the data of the source studies. Finally, sensitivity analysis

showed relative robustness of the results.
However, there are also some limitations that diminish in

a way the results of this MA, such as the small number of
original studies that were possible to be included in the MA,
as well as their low quality. Moreover, the pooled sample
possibly included previously traumatized teeth, which might
be considered as a confounding factor, due to the possible
susceptibility of such teeth to root resorption [14].

Conclusions

The results of this MA should be interpreted with some
caution, due to the small number and the low quality of
included studies although every attempt was made to avoid
misleading errors. Under the current limitations, the follow-

ing conclusions can be drawn:

the exact time, while Esteves et al. [17] state that all
root canal treatments were completed more than a year
before the start of orthodontic treatment.

The strengths of this investigation include the fact that a
precise protocol was used with predetermined inclusion
criteria concerning study design. In addition, there was no

Following orthodontic treatment, endodontically treated
teeth exhibit relatively less root resorption than teeth
with vital pulps, although the overall amount of this
resorption might be of little clinical importance.

Mean Difference

Mean Difference

Endodontically treated Vital pulp
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Esteves et al. (2007) 0.81 1.19 16 1.04 1 16 19.2% -0.23[-0.99, 0.53] I
Kreia et al. (2005) 1.14 1.02 20 1.34 1.34 20 20.4% -0.20[-0.94, 0.54] —
Mirabella & Artun (1995) 0.91 1.03 28 1.38 1.53 28 23.8% -0.47 [-1.15, 0.21] —
Spurrier et al. (1990) 1.28 1.09 43 2.05 1.49 43 36.5% -0.77[-1.32,-0.22] —a—
107 100.0% -0.48 [-0.81, -0.14] <o

Total (95% CI) 107
Heterogeneity: Chi? = 2.03, df = 3 (P = 0.57); I = 0%
Test for overall effect: Z = 2.81 (P = 0.005)

Fig. 3 Forest plot using the fixed-effect model for the mean difference

of root resorption and the corresponding confidence intervals between
the endodontically treated teeth and the control group of teeth with

@ Springer
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vital pulp. Root resorption was shown to be significantly less in
endodontically treated teeth than in teeth with vital pulp, while hetero-

geneity of the source data was low
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e Clinicians should consider orthodontic movement of
endodontically treated teeth as a relatively safe clinical
procedure.

The investigation of root resorption of orthodontically
treated root-filled teeth compared to vital teeth by well-
designed RCTs could be very useful. Such high-quality
studies could produce strong evidence to further support
the results of the current investigation, as well as to answer
the questions that remained unanswered in this MA due to
the lack of appropriate data.
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