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Abstract

Background: Orthodontic treatment can result in root resorption (RR). Traditional two-dimensional (2D) data
exhibit magnification, deformation and positioning problems. Cone beam computed tomography (CBCT) contains
more accurate three-dimensional (3D) information. This study identified and qualified the extent and location of
root resorption using cone beam computed tomography (CBCT) after comprehensive orthodontic treatment.

Methods: Studies comparing the RR before and after comprehensive orthodontic treatment using CBCT were
identified using electronic searches of databases, including Cochrane, PubMed, EMBASE, China National Knowledge
Infrastructure (CNKI) and Web of Science, and manual searches in relevant journals and the reference lists of the
included studies until Oct 25, 2017. The extraction of data and the risk of bias evaluation were conducted by two
investigators independently. The methodological quality of the included studies was assessed using the
methodological index for non-randomized studies (MINORS). Studies that reported the length and volume of teeth
were used for quantitative analyses.

Results: Twelve studies were included in the meta-analysis. The length of all teeth after intervention was
significantly shorter than that before treatment (MD = 0.80, 95% Cl 0.56, 1.03, P < 0.00001). The sequence of RR from
heaviest to lightest was maxillary lateral incisors, maxillary central incisors, mandibular anterior teeth, and maxillary
canines. Studies were divided into two subgroups based on the use of tooth extraction. Root shortening after
treatment was observed in both groups, and extraction caused more root resorption than was observed in the
non-extraction group.

Conclusions: There were different degrees of root resorption after orthodontics, but it was clinically acceptable.
Root resorption established in CBCT research was less serious and more accurate than that observed in the two-
dimensional research. Current evidence suggests that root length and volume were reduced after orthodontic
treatment. The order of the amount of RR was maxillary lateral incisors, maxillary central incisors and mandibular
anterior teeth. Most of the articles were complicated by different confounding factors. Therefore, more high-quality
clinical trials are needed to determine the risk factors of root resorption and optimal protocols for treatment and to
draw more reliable conclusions.
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Background

External apical root resorption (EARR) is a reduction in
root structure involving the apices, and it is a common
phenomenon of orthodontic treatment in the modern
world [1]. Most resorption is clinically insignificant, but
severe root resorption threatens tooth longevity and
causes tooth mobility or loss [2]. With improvements in
orthodontic techniques and increased patient expecta-
tions, orthodontists need to be aware of EARR [3].

The prevalence of EARR is high, and the factors affect-
ing it are complex and multiple, including internal and
external factors. Internal factors are patient factors that
include genetics, age at the start of treatment, gender,
nutrition, root morphology, alveolar bone density, type
of malocclusion, and so on [4—6]. External factors are
primarily caused by orthodontic treatment, such as the
type of appliance, treatment technique, continuous or
intermittent force, force magnitude and direction, dur-
ation of the applied force, premolar extractions, tooth
distance and root movement are risk factors for EARR
[7-9]. The causes and mechanisms of resorption are not
completely clear.

Different aspects of tooth resorption, including preva-
lence and degree, were investigated using conventional
radiographs. Conventional radiographs include periapical
film, panoramic radiograph, and lateral cephalometric
images. Image distortion and magnification are common
characteristics of panoramic radiography, also known as
non-positioning radiographs, and this technique impre-
cisely measures cephalometric points [10, 11]. The dis-
advantages of this approach include confounded images
caused by superimposed anatomic structures and a lack
of right- and left-side information [12].

However, root resorption occurs 3-dimensionally, and
2D images cannot detect root resorption on lingual or
buccal surfaces nor measure the volume of root loss.
Therefore, quantification of treatment outcome using
2D images raised some criticism because of its
reliability.

CBCT is an effective imaging method for the diagnosis
of orthodontic root resorption using a 1: 1 ratio for re-
construction with no amplification error [13]. CBCT
clearly shows the root structure, which results in more
accurate qualitative judgment of orthodontic root re-
sorption [14, 15]. CBCT images enhance cross-section
research in three dimensions because the images may be
observed at any angle using 3D reconstruction. There-
fore, studies on RR using CBCT demonstrated improved
accuracy and sensitivity in comparison with those using
2D data [16]. CBCT data contain equal image informa-
tion of the right and left sides with no interference due
to image overlap. Wang demonstrated that CBCT accur-
ately measured tooth and root resorption volumes, and
it was a more accurate and reliable 3D measuring
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method for EARR investigation [17]. Another significant
advantage of CBCT in root resorption studies is that it
could be used in vivo, compared with Micro CT.

Weltman et al. [4] and Roscoe et al. [18] systematically
reviewed root resorption associated with orthodontic
treatment based on 2D images, but they did not do
quantitative synthesis. There are no systematic reviews
of root resorption associated with orthodontic treatment
based on CBCT data, which is a more accurate and
scientific method [19]. Therefore, it is necessary to inte-
grate the data and conclusions of these trials. The
purpose of this article is to report the results of a
rigorous systematic review of the scientific literature
relating to EARR in patients with fixed orthodontic
appliances using the most accurate imaging informa-
tion, CBCT.

Methods

This meta-analysis was performed in accordance with
the guidelines of the Preferred Reporting Items for Sys-
tematic Reviews and Meta Analyses (PRISMA) checklist
and PRISMA harm checklist items.

Types of studies

Study design: Randomized and non-randomized con-
trolled trials, clinical trials, and prospective and
retrospective reports were included. Longitudinal studies
that observed root changes at different time points of
treatment (before and after orthodontic treatment) were
included. Self-controlled studies were included. Case
reports, case series studies, descriptive studies, opinion
articles and reviews were not included.

Types of participants

We included studies of orthodontic patients with no
restrictions in the characteristics of occlusion, age or
gender, and with available pre-and post-operative
CBCT data. Patients with periodontitis were excluded.
Pregnant patients and patients with systemic diseases,
syndromes, pathologies, or history of root resorption
were excluded.

Types of interventions

For comprehensive orthodontic treatment, patients in
permanent dentition with fixed appliances, such as
brackets and bands were included. Patients with different
wire techniques and orthognathic surgery patients
with pre-operative orthodontics with extraction treat-
ment (bicuspid extraction on the upper and/or lower
arch) or non-extraction were also included. Patients
with local orthodontic treatment or stage treatment
were excluded.
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Types of outcome measures

Primary outcomes: Root resorption was evaluated using

CBCT after orthodontic treatment. The primary out-

comes were tooth/root length and tooth/root volume.
The PICOS format and null hypothesis are shown in

Table 1.

Search methods for study identification

For the identification of studies to include or consider
for this review, we developed detailed search strategies
for each database searched. These strategies were based
on the search strategy developed for MEDLINE but re-
vised appropriately for each database. We searched the
following databases: the CNKI database, the Cochrane
Library, Web of Science, PubMed and EMBASE (to
October 2017). We used no language or date restrictions
in the searches of the electronic databases. The key
words used to screen the databases are shown in Table 2.
Citations of the remaining studies were examined to
identify publications not located in the MEDLINE
database. We contacted the authors of randomized con-
trolled trials to identify any unpublished trials.

Data collection and analysis

Selection of studies The studies were screened, se-
lected, and evaluated by two independent authors. Titles
and abstracts were examined, and duplicate studies were
eliminated. Full texts were obtained when the abstracts
did not provide sufficient information. In the second
phase of selection, eligibility criteria were used on the
full articles. Any discrepancies in the inclusion of articles
between reviewers were addressed via discussion until
consensus was reached. Disagreements were resolved via
discussion and consultation with a third author.

Data extraction and management Two independent
authors (Deng and Sun) abstracted study data and evalu-
ated data quality. Disagreements were adjudicated via
consensus with a third reviewer (Xu). Data included
study design (randomization procedure, blinding and

Table 1 PICOS format and null hypothesis

PICOS format

Population Patients with orthodontics

Intervention Comprehensive orthodontics; not local orthodontics
Comparison Before and after treatment

Outcome Root resorption evaluated as tooth/root length and

volume assessed using radiographic imaging CBCT

Null hypotheses  There is no difference in the incidence and severity of
root resorption before and after comprehensive

orthodontic treatment.
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assessment endpoints) and patient characteristics (num-
ber, age, author, gender, indication, published years, and
orthodontic site). When the data could not be culled
from the article, we contacted the authors.

Methodological quality assessment

Two independent authors (Deng and Sun) assessed the
quality of each study included in the meta-analysis using
Methodological Index for Non-randomized Studies (MI-
NORS). Evaluations were compared, and any inconsist-
encies between the review authors were discussed and
resolved. For the self-controlled studies, the MINORS
scores ranged from 9 to 15 out of a possible score of 16
(Table 3). There were no clear and consistent inclusion
criteria for the included studies, but they were identified
as moderate scientific evidence considering their pro-
spective properties and the consecutive inclusion of
participants.

Statistical analysis

Two authors independently screened the eligible studies,
assessed the risk of bias in the trials and extracted data.
The following outcomes of interest were recorded:
tooth/root length and tooth/root volume. We calculated
the mean differences (MD) with 95% confidence inter-
vals (CI) for continuous data and risk ratios (RR) with
95% CI for dichotomous outcomes. Heterogeneity was
tested using Cochrane’s Q-test. I*>50% was defined to
indicate significant heterogeneity (F°-value superior to
25, 50 and 75% corresponding to low, medium and high
heterogeneity, respectively). Meta-analyses were per-
formed using Review Manager 5.3 (Nordic Cochrane
Centre, Copenhagen, Denmark). If the studies used simi-
lar participants and similar interventions, the fixed-effect
model was used; if there was potential heterogeneity
among studies, we preferred to use random-effects
models. If sufficient data were available, we performed
the following subgroup analyses: position of tooth; dif-
ferent intervention; extraction group and non-extraction
group. If there were insufficient clinical trials for specific
interventions or insufficient data for extraction, we
qualitatively described the results. We then evaluated
the influence of each subgroup on heterogeneity using
forest plot analysis. Publication bias was assessed using
funnel plot analysis.

Results

Description of studies

Search results

A total of 473 studies were obtained from the five
databases. All abstracts were entered into the software
Endnote (X8). The software screened for duplication,
and 380 studies were retrieved. All the remaining studies
were screened by the authors. A total of 206 abstracts



Deng et al. BMC Oral Health (2018) 18:116 Page 4 of 14

Table 2 Search results

Data base Search strategy Numbers

CNKI Subject = root resorption AND Subject = orthodontic AND Subject = CBCT 103
(accurate match)

Cochrane Root resorption: ti, ab kw and Orthodontics: ti, ab, kw and cone beam 8
computed tomography: ti, ab, kw

Web of Science TS = ((root resorption) AND orthodontics AND (CBCT OR (Cone Beam 34
Computed Tomography)))

PubMed (Cone Beam Computed Tomography))) (root resorption) AND (root resorption) AND 132
(orthodontics OR orthodontic) AND (CBCT OR (Cone Beam Computed Tomography))

EMBASE ‘tooth disease’ AND ‘orthodontics’ AND ‘cone beam computed tomography’ 178

AND [1-1-1966]/sd NOT [30-9-2017]/sd AND [1966-2017]/py

were retrieved after excluding reviews, case reports,
animal research and articles that did not conform to the
research purpose. A total of 165 studies were excluded
after full-text analysis for the following reasons: a. no
results of CBCT examination; b. no assessment of root
resorption; and c. local or stage treatment. Among 41
studies, 12 studies were analyzed quantitatively. The
search results are presented in Table 2 and the flowchart
of the literature search is presented in Fig. 1. Twelve

studies were included in this review: Sun et al. [20];
Castro et al. [2]; Ahn et al. [13]; Wang et al. [21]; Wang
et al. [22]; Qiao et al. [23]; Castro et al. [24]; Xu [25];
Wang et al. [26]; Oliveira et al. [27]; Ni et al. [28]; Zhang
et al. [29].

Study characteristics
Study characteristics were summarized in Table 4.

Table 3 Methodological index for non-randomized studies (MINORS)

MINORS Year 1 2 3

score Author

sumeal200 202 @ @ @
Castro et al[2] 2013 . . .
Amedfd] 203 @ @ @
Wang et 2013 . . .
al21]
wanget 2014 @ @ @
al[22]
Qioeral23] 2014 @ @ @
Castoer 205 @ @ @
al.[24]
Xu [25] 205 @ O @
Wang et 2015 . . .
al.[26]
Oliveimer 2016 @ @ @
al.[27]
Nieral[28] 206 @ @ @
zhangee 2016 @ @ @
al.[29]

4 5 6 7 8 Total
® O ® & 0 =
® O ® & 0
® O ® & 0
® O O @ O =B
® 00O @ @ v
® 6 O ® 0 °
® O O ©® o =»
® O O & & 1
® O ® & 0 =
® 6 06 0 0 <~
® 6 O & 0
® 6 ® & 0 v

Items 1-12 represent: 1, a clearly stated aim; 2, inclusion of consecutive patients; 3, prospective collection of data; 4, endpoints appropriate to the aim of the
study; 5, unbiased assessment of the study endpoint; 6, follow-up period appropriate to the aim of the study; and 7, loss to follow-up less than 5%; 8, prospective
calculation of the study size. An item scored 0 means not mentioned, 1 means reported but inadequate, and 2 means reported and adequate. The total score was

16 for self-controlled studies. Use red for 0, yellow for 1 yellow and green for 2
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[ 18 additional records identified by searching published journals by hand ]

[ 473 records were identified in total ]4{ 93 records excluded by removing duplicates ]

53 studies were reviews, 40 studies were case
reports, 13 studies involved animal research, 28
studies were duplicates, 36 studies did not
conform to the research purpose, and 4 studies

were investigations

165 full-text articles excluded for the following reasons: a. no
results from the CBCT examination; b. no assessment of
tooth resorption; ¢. no comprehensive orthodontic treatment

-
29 full-text articles excluded because the data could not
L be extracted

[ 455 records identified through database ]
= | |
e
o v
=4
g
Q v
®.
=a [ 380 records screened for eligibility ]
-

P [ 206 full-text articles assessed for eligibility '——’
g
(4]
,=:'

y

[ 41 studies were included in qualitative

g
g.
S [ 12 studies were included in quantitative synthesis (meta-analysis) ]

Fig. 1 Flowchart of the literature search

Characteristics of the participants A total of 247 par-
ticipants were investigated and provided 1039 teeth in
the 12 studies. The mean age of the participants ranged
from 12.8 to 26.62 years, and both genders were in-
cluded. Three studies [2, 24, 29] were based on teen-
agers, and the other studies included adults. Participants
in four studies [20-22, 26] had skeletal malocclusion
that was more serious than other studies, which may be
the risk of root resorption.

Characteristics of the interventions All studies
included comprehensive orthodontics, not local treat-
ment, and the duration was between pre-treatment and
post-treatment.  Pre-operative  decompensation  of
orthognathic surgery was also included. However, this
type of intervention is different than normal treatment
and may be one source of heterogeneity.

Characteristics of the outcomes Tooth length meas-
urement method was primarily based on CBCT data.
Tooth length was the distance from the apex to incisal
edge or cusp. The volume index measurement method
was performed using software for root reconstruction to
calculate tooth volume before and after treatment. There
was little methodological difference between the studies,
and a low measurement bias could be considered.

Risk of bias in included studies The main bias was the
implementation bias, which occurred in the process of

intervention. Multiple factors of root resorption were
also interfering factors. Three articles [2, 20, 26]
exhibited report bias.

Effects of interventions

Primary results

Tooth length—total teeth

Ten studies reported changes in tooth length using
CBCT. Meta-analysis revealed medium heterogeneity
(I =33%), and a random effect model was used. Post-
treatment was comparable to pre-treatment (MD = 0.80,
95% CI 0.56, 1.03, P<0.00001). The meta-analysis
results are shown in Fig. 2. The funnel plot was more
symmetrical, which indicates a small publication bias
(Fig. 3). The source of heterogeneity may lie in the
method of measurement. Ahn et al. and Wang et als
studies [13, 21, 22] measured the root length, which
was the distance from the apex to the enamel dentin
boundary, but other studies measured the tooth length as
the distance from the cusp or incisal edge to apex.

Tooth length—maxillary central incisor

Seven studies reported changes of tooth length in maxillary
central incisors using CBCT. Tooth length was significantly
reduced after orthodontic treatment (MD = 0.84, 95% CI
0.56, 1.12, P<0.00001). The meta-analysis results are
shown in Fig. 4.



Page 6 of 14

Deng et al. BMC Oral Health (2018) 18:116

Yluow W ‘awnjoA Y003 A/ ‘Yibua| 1004 Ty ‘Yibus| 4100} 71

uonnusp
w gl anbjuydal aum-1ybIens  1usuewadAjes Ul 1ig-Ssoid IopRIUY (L1z'zL) ALTL (ASTEL'SHEN) g=U [6¢] 9107) e 12 Bueyz 71
Pa|14-1001 INOYUM
1931 JoU1UE U] BUIPMOID 1LIDPOIA
pol|1-1001 YuMm
W oC+e8l anbiuyday aum-1ybiens Y1991 JOoUSIUR Ul BUIPMOID S1RISPO (ec'cdizel’el'LL) U KZEF 0T 0L49N) 9L =U [87] OL00) 1@ IN  LL
s10spoul Alejjixew JO UopdeiIaI pue
Jesapun osimabp3  siejowaid Isiy Alejjixew JO uondeixg (cc'Ltz’ziLL) L (A9Z-8194'SN) Ll =u [£2] (9107) e 10 BIISNIO Ol
(fov'z
wge  uopesusdwodap annelsdo-ald Ill SSe|D [e13IRMS (@TV'1y TE1E€TTITTLLL) AL FIETTLIIEIN) 0E=U [97] (5107) e 12 Buemy 6
leapun anbiuysa) aim-1ybrens siejowaid 15| Jo uondenxg (YaaataIN4NN) 1L (AszioL4'8W) gL =u [sa (sl nx 8
1Dy Jaye buipmon
[PIUSP D1LISPOU LM UOISN|PIO[W  P3)[1j-1004 INOYIM 193] JOLISO4
Jeapun anbiuyoar aim-ybiens | SSB|D UONIUSP 1USURULID ‘P3|I1004 YUIM U133) J0LRISOd L (AL FQTLHHTN) 9=U 2] (S107) e 12 olsed  /
Wzl anbiuydal aum-1ybrens siejowaid 35| Jo UopdRINg (€TTT1TelTl'LL) 1L (K 907'94%N) 0L =U [€7] w107) eI ORID 9
SOIIUOPOYLIO [e21BINS-2ud
1B3PUN  PaISIsse -AW010D10D paruswbNY [BEFEIRES (T 1Y'ZELE) ot (1eapuNe SSIN) g = [cc] (7107) e 12 Buem g
s2INpa20id [eUOIUSAUOY (8¢ F8¥C '94¥LN) 0E=U
S2IUOPOYLIO [eD1BINS-2ud
1B3PUN  PaISISSe -AW0DIN0D paruswbNy lll ssep> [ea1bing (T 1Y'TELE) T CETSET 6L LIN) 9T =U (12 (£100) e 3@ Buemy ¥
sieak 70 41991
81 anbiuysa) aum-1ybrens uoisniold 1e[03AleOIUSP | SSB[D J01131UR JRjng|pUBIN/AlR|IXey ™ (for8F799ziLed) LE=U [€1(€100) PR UYY €
(UonORIX3-UON)
w7z anbiuysa) auMAY6IeNS  BUIPMOID UM UOISN|PI0feW | SSe|) REDNY 1L (Kel'el4 1L 0E=U [¢] (€107) o102 0NSe) 7
w9/  uopesusdwodap sanelado-alg lll SSepD [exe[s (T 1Y'TELE) AL (RL€TL4OLN) LL=U [0d) (zl0D) eI UNS |
uoneing UONUBAIRIU| suonedipuy| 1931 paienjeA  sawodinO syuedipiued Apns oN

S3IPNIs PapnppUl U3 JO soispeIRY) f djqel



Deng et al. BMC Oral Health (2018) 18:116

Page 7 of 14

Test for overall effect: Z= 6.56 (P < 0.00001)

Pretreament Posttreament Mean Difference Mean Difference
Study or Subgrou Mean _SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% ClI
Ahn etal.2013[13] 123 1.71 135 112 169 135 148% 1.10(0.69,1.51] 2013 T
Castro etal.2013(2] 2431 255 360 2398 267 360 156% 0.33[-0.05,0.71] 2013 == =
Wang et al.2013[21) 1075 126 30 9.2 1.34 30 87% 1.55(0.89,2.21] 2013
Wang et al.2013([21] 10.83 1.04 26 1012 1.18 26 9.7% 0.71[0.11,1.31] 2013 I
Wang et al.2014[22] 10.88 0.81 8 1005 1.36 8  40% 0.83[-0.27,1.93] 2014 w1
Qiao etal.2014[23] 2485 173 B0 2385 177 60 93% 1.00[0.37,1.63] 2014
Xu 2015([25] 2482 1.73 108 23582 173 108 13.2% 1.00[0.54,1.46] 2015 v
Castroetal.2015[24] 2055 1.21 20 20.25 1.18 20 7.4% 0.30 [-0.44,1.04] 2015 ]
Castroetal.2015[(24] 2029 1.33 20 2013 1.57 20 55% 0.16 [-0.74,1.06] 2015 ]
Ni et al.2016([28] 2261 2.01 18 2201 237 18 25% 0.60 [-0.84,2.04] 2016
Zhang et al.2016(29] 23.04 157 8 2222 159 8 22% 0.82[-0.73,2.37] 2016
Oliveira etal.2016[27] 24.02 2.34 44 2319 254 44 4.5% 0.83[-0.19,1.85] 2016 T |
Ni et al.2016(28] 2268 214 18 2198 205 18 2.7% 0.70 [-0.67,2.07) 2016
Total (95% CI) 855 855 100.0% 0.80 [0.56, 1.03] >
Heterogeneity: Tau?= 0.06; Chi*=17.90, df=12 (P= 0.12); F= 33% 1 1

Fig. 2 Primary result of tooth length increase or decrease with orthodontic treatment—total teeth

+ +
-2 -1 0 2
Tooth length increase Tooth length decrease

Tooth length—maxillary lateral incisor

Six studies reported changes of tooth length in maxillary
lateral incisors using CBCT. Tooth length of maxillary
lateral incisors was significantly reduced after treatment
(MD=0.90, 95% CI 0.58, 1.22, P<0.00001). The
meta-analysis results are shown in Fig. 5.

Tooth length—maxillary canine

Five studies reported changes in maxillary canine.
Meta-analysis revealed low heterogeneity (I* = 19%), and
a fixed-effect model was used. The tooth length was sig-
nificantly shorter after treatment (MD =0.68, 95% CI
0.37, 1.00, P<0.00001). The meta-analysis results are
shown in Fig. 6.

Tooth length— mandibular anterior teeth

Three studies reported changes of tooth length in
mandibular anterior teeth using CBCT. Meta-analysis
revealed high heterogeneity (I> =63%), and a
random-effect model was used. Sensitivity tests were
performed after the removal of different study groups in
Wang et al. [21], and the heterogeneity was reduced to
0%. Post-treatment was comparable to pre-treatment
(MD=053 95% CI 0.16, 0.90, P<0.00001). The
meta-analysis results are shown in Figs. 7 and 8.

Tooth length—tooth extraction & non-tooth extraction
The study was divided into two subgroups, tooth extrac-
tion and non-extraction, based on the orthodontic
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Fig. 3 Funnel plot—root resorption in total teeth. Included studies: Castro et al. [2]; Ahn et al. [13]; Wang et al. [21]; Wang et al. [22]; Qiao et al.
[23]; Castro et al. [24]; Xu [25]; Oliveira et al. [27]; Ni et al. [28]; Zhang et al. [29]
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Pretreament Posttreament
Study or Subgroup Mean _SD Total Mean SD Total Weight

Mean Difference
IV, Fixed, 95% Cl_Year

Mean Difference
IV, Fixed, 95% CI

Xu 2015[25)

Oliveira et al.2016(27)
Zhang et al.2016(29)
Ni et al.2016(28]

Ni et al.2016(28]

2476 15 36 2379 139 36 17.5%
25.03 2 22 2423 23 22 48%
23.04 157 8 2222 159 8 33%
2259 1.16 8 2187 083 8 8.0%
2239 1.05 8 2181 1.1 8  6.4%

Total (95% CI) 228
Heterogeneity: Chi*=2.72, df=7 (P=0.91); F= 0%
Test for overall effect: Z=5.88 (P < 0.00001)

228 100.0%

Castro etal.2013(2] 2485 1.73 60 2439 175 60 20.2% 0.46[-0.16,1.08 2013 S (G
Ahn etal.2013[13] 1233 1.44 66 11.26 1.52 66 30.7% 1.07([0.56,1.58] 2013 s
Qiao et al.2014[23] 2481 1.49 20 2384 149 20 9.2% 097(0.051.89] 2014

—_—

0.97[0.30,1.64] 2015

0.80[-0.48,2.08] 2016 |
0.82[-0.73,2.37] 2016 T e
0.72[-0.27,1.71] 2016 R TV T
0.58 [-0.53,1.69] 2016 =

0.84[0.56, 1.12] R4

Fig. 4 Primary result of tooth length increase or decrease with orthodontic treatment—maxillary central incisor

2 A 0 1 2
Tooth length increase Tooth length decrease

approach. The following heterogeneity test results were
demonstrated: p=0.96 and 0.12, I*> was 0 and 40%,
respectively; the two subgroups combined together p =
0.18, I> was 28%. Subgroup analysis demonstrated CHI*
=1.10, P=0.29, and subgroup differences were not sta-
tistically significant. Therefore, we speculated whether
extraction or not was less affected to heterogeneity. The
heterogeneity source in the non-extraction group arose
from control group in Wang et al. [21]. The overall ef-
fect value (Z=7.10, P<0.00001) suggests that the effect
of extraction treatment on tooth length was statistically
significant. The total effect of the tooth extraction group
was 1.03 [0.77, 1.30], and the total effect value of the
non-extractive group was 0.77[0.37, 1.18]. Tooth extrac-
tion may have caused more root resorption. The
meta-analysis results are shown in Fig. 9.

Tooth length—different interventions

The study was divided into three subgroups, straight
wire, augmented corticotomy-assisted presurgical ortho-
dontics and edgewise technique, based on the orthodon-
tic technique. Subgroup analysis demonstrated that
subgroup differences were not statistically significant.
Therefore, we speculated different intervention of het-
erogeneity was less affected. The total effect of the
straight wire group was 0.8 [0.52, 1.08], the total effect
value of the augmented corticotomy-assisted presurgical
orthodontics group was 0.74[0.21, 1.27] and the total

effect of the edgewise group was 0.83[- 0.19, 1.85]. The
augmented corticotomy-assisted presurgical orthodon-
tics may cause less root resorption. The meta-analysis
results are shown in Fig. 10.

Root volume

Three studies reported changes in root volume using
CBCT. The results of meta-analysis revealed that the
root volume before and after orthodontic treatment was
significantly different (MD =23.12, 95% CI 17.88, 28.36
P <0.00001). The root volume was significantly re-
duced after treatment. The meta-analysis results are
shown in Fig. 11.

Discussion

Summary of main results

Evidence suggests that orthodontic treatment causes an
increased incidence and severity of apical root resorp-
tion. Tooth length and root volume were reduced after
orthodontic intervention.

Overall completeness and applicability of evidence

Numerous CBCT studies investigated root resorption
before and after orthodontic treatment, but quantitative
data of the extraction were only available in 12 articles
for a meta-analysis. We chose two major indicators,
tooth/root length and root volume, to reflect root re-
sorption. Other indicators that reflect changes were not

~
Pretreament Posttreament Mean Difference Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight [V, Fixed, 95% Cl Year IV, Fixed, 95% CI

Ahn et al.2013[13] 12.28 1.93 69 1114 1.83 69 257% 1.14[051,1.77] 2013 T

Castro etal.2013(2) 2359 1.85 60 231 1.87 60 22.8% 049[-018,1.16) 2013 T

Qiao et al.2014[23] 23.86 1.52 20 22.73 153 20 11.3% 1.13[0.18,2.08] 2014 [ TR

Xu 2015[25) 2385 1.49 36 2271 152 36 209% 1.14[0.44,1.84] 2015 PaEn

Oliveira etal.2016[27]  23.02 2.22 22 2216 233 22 56% 0.86[-0.48 220) 2016 o

Ni et al.2016[28] 2012 097 6 1973 13 6 6.0% 039[091,1.69] 2016 I

Ni et al.2016[28] 20.37 1.06 6 1962 096 6 7.7% 0.75[-0.39,1.89]) 2016 ]

Total (95% Cl) 219 219 100.0% 0.90[0.58, 1.22] ‘

Heterogeneity: Chi*= 3.37, df = 6 (P = 0.76); F= 0% 4 2 3 2 4

Testfor overall effect Z= 5.55 (P < 0.00001) Tooth length increase Tooth length decrease

Fig. 5 Primary result of tooth length increase or decrease with orthodontic treatment—maxillary lateral incisor
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pretreatment posttreatment

Mean Difference

Mean Difference

Test for overall effect: Z= 4.29 (P < 0.0001)

Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Castroetal2013(2) 27.23 184 60 272 186 60 22.4% 0.03[-0.63, 069 2013 —

Ahn etal.2013(13) 1579 149 69 1491 16 69 36.8% 0.88(0.36,1.40) 2013 —a—
Qiaoetal.2014[23] 2588 157 20 2497 152 20 10.7% 0.91[-0.051.87] 2014 | T —
Xu 2015[25) 2586 157 36 2495 151 36 19.4% 0.91[0.20,1.62) 2015 —
Ni et al.2016(28] 2512 0.83 4 2437 051 4 10.8% 0.75[-0.20,1.70] 2016 I
Total (95% Cl) 189 189 100.0% 0.68[0.37, 1.00] R4
Heterogeneity: Chi®= 4.92, df= 4 (P = 0.30); F= 19% = = 3 ] 1

Fig. 6 Primary result of tooth length increase or decrease with orthodontic treatment—maxillary canine

Tooth length increase  Tooth length decrease

included, and numerical integration and meta-analysis
were not performed. Quantitative analysis of other indi-
cators may be performed using numerical analyses to
improve the data on this issue.

Quality of the evidence

Twelve articles were included in this meta-analysis, and
all of the studies were non-randomized controlled trials.
Randomized controls cannot be used because it is ethic-
ally impossible to perform CBCT screenings in patients
who have not undergone orthodontic treatment. All
studies were self-controlled, which reflects the impact of
intervention on these patients more accurately. All pa-
tients were diagnosed and measured using CBCT, which
excluded the shortcomings of magnification and distor-
tion in 2D image data. All data sources were evaluated
more accurately and reproducibly by CBCT, which is the
most accurate method of obtaining data in vivo. Meth-
odological evaluation scores from 9 to 15, and 4 studies
received scores that were above or equal to 13, which were
considered as high quality. One study was below 10 and
was considered low quality. The remaining studies
were of medium quality. The overall quality of the
selected literature was good. There were 3 prospective
trials, and the remaining trials were retrospective experi-
ments. Prospective experimental evidence will provide
more adequate data.

Potential biases in the review process

The different orthodontic technologies, such as straight
wire and edge wise, and corticotomy, incompleteness of
some of the reports and lack of quality control in some

trials may have contributed to bias in study assessments.
We made every attempt to limit bias in the review
process by ensuring a comprehensive search for poten-
tially eligible studies. Time limitations prevented the
search of additional databases and sources, which may
have identified additional published and unpublished
studies. There may also be publication bias because of
the lack of publication of negative results. We strictly
controlled the inclusion of exclusion criteria. There were
only two prospective experiments, while others were
retrospective studies. There may be biases in sample se-
lection and dropout. The sample size of all studies was
relatively small, and only one of the studies calculated
the sample size [27].

The age distribution did not completely cover the age
of patients with orthodontic treatment, but it covered
the span of treatment for most patients. However, there
were few samples for adolescent studies, and many
patients of orthodontic treatment are adolescents in
clinical practice. Therefore, whether the conclusions of
this meta-analysis are well suited for adolescent samples
must be further studied.

Primary outcome tooth length

Tooth position Total tooth root length was reduced
after orthodontic treatment, and the included studies
exhibited a small publication bias. The effect value indi-
cated that the maxillary lateral incisors were the most
absorbed, followed by the maxillary central incisors,
mandibular anterior teeth and upper canines. Nanek-
rungsan et al. [8] found that the maxillary lateral incisors

Pretreament Posttreament

Mean Difference
Study or Subgroup Mean _SD Total Mean _SD Total Weight IV, Random, 95% Cl

Mean Difference
IV, Random, 95% CI

Castroetal2013(2) 234 24 180 2306 251 180 30.5%
Wangetal201321] 1075 1.26 30 92 1.34 30 26.0%
Wangetal.201321] 10.83 1.04 26 1012 118 26 27.6%
Wang etal.2014(22]  10.88 0.81 8 1005 136 8 158%
Total (95% CI) 244 244 100.0%

Heterogeneity: Tau?= 0.20; Chi*= .20, df= 3 (P = 0.04); F= 63%
Testfor overall effect: Z= 2.93 (P = 0.003)

0.34 [-0.17, 0.85] -+

1.55[0.89, 2.21) —
0.71[0.11,1.31] —
0.83-0.27,1.93] —_
0.83[0.28, 1.39] i

Fig. 7 Primary result of tooth length increase or decrease with orthodontic treatment—mandibular anterior teeth
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Pretreament Posttreament
Mean SD Total Mean SD Total Weight

Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

Study or Subgroup

Castro etal.2013(2] 234 24 180 2306 251 180 521%
Wang etal.2013[21] 10.83 1.04 26 1012 118 26 36.7%
Wangetal2014[22] 10.88 0.81 8 1005 1.36 8 11.2%
Total (95% CI) 214 214 100.0%

Heterogeneity: Chi*=1.17, df=2 (P = 0.56); F= 0%
Test for overall effect: Z= 2.84 (P = 0.005)

of Wang et al. [21]
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0.53[0.16, 0.90] -
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Fig. 8 Primary result of tooth length increase or decrease with orthodontic treatment—mandibular anterior teeth after removing control group

Tooth length increase  Tooth length decrease

were primarily reduced after treatment. Yu et al. [30]
found that the maxillary lateral incisors exhibited greater
resorption than maxillary central incisors and canines
using CBCT. Kennedy et al. [31] also found that the
maxillary lateral incisors were more prone to root re-
sorption than the central incisors. Pejicic et al. [32]
found that lateral incisors were primarily affected, and
mean values ranged from 0.5 mm to 3 mm, which is
consistent with the conclusions of our study. Previous
2D studies [3, 33, 34] found that maxillary central inci-
sors were the most affected teeth. Sameshima et al. [11]
demonstrated that the absorption order was the upper
central incisors, the upper lateral incisors, the lower cen-
tral incisors, and the lower lateral incisors. Jung et al.
[35] found that the maxillary central incisors were the
most resorbed, with 27% undergoing greater than
1 mm of root resorption. Inaccuracies caused by the
magnification and overlap of 2D data, the different
types of patient malocclusion, or the different treat-
ment methods may explain the differences in absorp-
tion of the anterior teeth.

A meta-analysis of Segal et al. [36] was based on 2D
data and demonstrated a strong correlation between
root resorption and apical displacement. The mean
resorption of upper central incisors was 1.421 + 0.448 mm,
which was slightly higher than the present study
(MD =0.84,CI[0.56,1.12]). Two-dimensional data may
over-estimated root resorption.

The present meta-analysis revealed that the root re-
sorption of the upper central incisors and upper lateral
incisors were similar, and it was difficult to determine
which tooth was the most affected. The sample of 3D
studies was quite small. Therefore, larger 3D sample
sizes and more clinical trial evidence are required to
supplement and confirm these conclusions.

The heterogeneity of root resorption of the mandibu-
lar anterior teeth was high partially because two studies
measured the root length and other studies measured
tooth length. Removal of the data from control group of
Wang et al. [21] reduced the heterogeneity to zero,
which suggested that this data was the source of hetero-
geneity. This group was pre-operative orthodontic of

Pretreament Posttreament

6.6.1 Tooth extraction group

Ahn etal.2013[13] 123 171 135 112 188 135 17.7%
Qiao etal.2014[23) 2485 1.73 60 2385 1.77 60 10.5%
Hu 2015[25] 2482 173 108 2382 173 108 154%
Oliveira etal.2016[27) 24.02 234 44 2319 254 44 48%

Subtotal (95% CI) 347 347
Heterogeneity: Tau®= 0.00; Chi*=0.29, df= 3 (P = 0.96); F=0%
Testfor overall effect: Z= 7.64 (P < 0.00001)

48.4%

6.6.2 Non-tooth extraction group

Wang etal.2013([21] 10.75 1.26 30 9.2 1.34 30 97%
Wang etal.2013([21] 10.83 1.04 26 1012 1.8 26 11.0%
Castro et al.2013(2) 2431 255 360 2398 267 360 18.8%
Wang et al.2014[22] 10.88 0.81 8 1005 1.36 8 43%
Zhang et al.2016(29] 23.04 1.57 8 2222 159 8  23%
Ni et al.2016([28] 2261 2.01 18 22.01 237 18  2.6%
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Test for overall effect: Z=3.73 (P =0.0002)
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Fig. 9 Primary result of tooth length increase or decrease with orthodontic treatment—extraction or not
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pretreatment posttreatment Mean Difference Mean Difference
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Fig. 10 Primary result of tooth length increase or decrease with orthodontic treatment—different orthodontic technique

orthognathic surgery patients, which resulted in greater
root resorption (1.55 + 0.66 mm). Experimental group was
also pre-operatively compensated, but corticotomy
was added. A previous study demonstrated that corti-
cotomy reduced the duration of treatment and re-
sulted in lower root resorption compared to
traditional methods. Therefore, the value of experi-
mental group may be reduced.

The key of orthodontics prior to orthognathic surgery
lies in the anterior teeth for compensation [37]. The root
much more easily touches the alveolar bone, which in-
creases the risk of root resorption [38]. Some scholars
confirmed that maxillary root resorption is most likely to
occur in the patients with bony malocclusion because of
the maximum distance of tooth movement, especially the
incisors [39, 40]. Therefore, the data suggest that ortho-
pedic orthodontic treatment of skeletal malocclusion

using simple orthodontics will cause more root resorption,
regardless of cortical osteotomy intervention.

Extraction vs non-extraction There is controversy
about root resorption following extraction and non-ex-
traction methods. The present study was divided into two
subgroups: extraction group and non-extraction group.
The heterogeneity test found no significant difference
between the subgroups. Therefore, the effect of ex-
traction on the heterogeneity is speculative. The over-
all effect value suggests that the effect of extraction
treatment on tooth length was statistically significant.
The heterogeneity source of the non-extraction group
arose from control group in Wang et al. [21], whose
analysis was based on tooth position.

The effect of tooth extraction (1.03 + 0.27) on root re-
sorption was greater than that in the non-extraction

Test for overall effect: Z= 8.64 (P < 0.00001)

Pretreatment Posttreatment Mean Difference Mean Difference
Study or Subgrou Mean SD _Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
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Zhang etal.2016(29) 511.81 80.81 8 496.04 64.51 8 05% 15.77[-55.88,687.42) 1
Total (95% Cl) 192 192 100.0% 23.12[17.88, 28.36] ¢
it iR - - - O - = = = =
Heterogeneity: Chi*= 0.41, df=2 (P =0.81); F=0% 100 20 0 50 100

Fig. 11 Primary result of root volume increase or decrease with orthodontic treatment
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group (0.77 £ 0.40). Baumrind et al. [41] found no asso-
ciation between tooth extraction and root resorption in
a 2D study, which is consistent with the Kaley et al. [42]
study. However, Sameshima et al. [11] found that re-
moval of four first premolar teeth resulted in more root
resorption than removal of two maxillary premolar teeth
or no removal. The incidence of EARR was 3.72 times
higher in patients who received extractions than patients
without extraction [43]. Sun et al. [44] further confirmed
that tooth extraction compared to non-extraction treat-
ment caused more root resorption, which is consistent
with the conclusions of the present meta-analysis. Jung
et al. [35] found that maxillary central incisors resorp-
tion was 0.6 + 0.67 mm in the non-extraction group and
098 £0.82 mm in the extraction group. The mean
values are close to the present meta-analysis, but the
standard deviation was smaller in our meta-analysis than
in his study. In conclusion, the extraction group exhib-
ited greater RR than the non-extraction group. The
three-dimensional data were more accurate, and the root
resorption that occurred in clinical treatment was not as
serious as expected.

Different interventions According to the subgroup
analysis of the intervention methods, the intervention
was not considered as the main source of heterogeneity
in this study. According to the effect value from largest
to smallest of root resorption was edgewise, straight wire
and augmented corticotomy-assisted presurgical ortho-
dontics. However, there was only one study of edgewise,
so more clinical studies were needed for the comparison
between edgewise and other orthodontic techniques.
The corticotomy group had a slightly lower root resorp-
tion than the straight wire group, suggesting that corti-
cotomy may also reduce tooth root resorption in
addition to accelerating tooth movement [45].

Primary outcome tooth volume

Root resorption is not just a two-dimensional change in
length, it actually occurs in three dimensions, including
on the buccal-lingual and mesial-distal sides. Therefore,
the volume index is more realistic than the length index,
which reflects the root resorption accurately. All three
studies [20, 26, 29] focused on the maxillary and
mandibular incisors and were consistent with no hetero-
geneity in the length index.

Factors affecting root resorption

Treatment duration Clinical studies demonstrated that
a long course of treatment may cause more serious root
resorption [41, 46—48]. Therefore, clinical orthodontists
should avoid prolonged orthodontic treatment. However,
if the patient has had root resorption or root resorption
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prior to treatment, orthodontic treatment will increase
the degree and speed of root resorption, which causes
severe root resorption [46]. However, some studies re-
ported no correlation between treatment duration and
apical root loss [34, 49].0ne possible reason is that
patients prolonged the treatment because of untimely re-
ferral. The limited periods of activation during the pro-
longed referral period in a lighter force system may also
explain this difference. Harry et al. [50] suggested that
the stress duration is the more serious reason than the
magnitude of force. Segal et al’s meta-analysis based on
2D data demonstrated a strong correlation between root
resorption and duration [36].

Treatment duration is a risk factor of root resorption,
but it is also correlated with it. We included data before
and after comprehensive orthodontic treatment rather
than topical or stage treatment to exclude changes in
tooth length that occurred only after months of adduction
or depression. Normal orthodontic treatment of a general
course is 2-3 years, and stage data may not reflect the
complete response to an entire treatment. The present
study included before and after treatment data, which re-
duced the bias to some extent. These results provide the
best available evidence for clinical decisions to minimize
the risk and severity of apical root resorption. Therefore,
clinicians should be very careful when moving anterior
teeth over a long distance and a long time.

Limitations

1. There were many confounding factors, such as tooth
movement distance, magnitude of force, alveolar
shape and technique. There was no regression
analysis of age, gender or other risk factors. Original
studies did not meet consistent inclusion and
exclusion criteria and provided limited information
about age and could not be compared quantitatively.
We hope that more unified reference planes and
measurement methods may be used in future
quantitative analyses.

2. Only non-randomized controlled trials (self-con-
trolled trials) were included because of the lack of a
large number of related RCT experiments due to
limited conditions.

3. Most of the included trials (9 papers) resulted in
changes in the length of the tooth, and root
resorption was a three-dimensional change, not only
in two dimensions. However, only three studies in-
cluded volume changes.

4. Most of the research focused on the upper and lower
anterior teeth, and root resorption of the upper and
lower posterior teeth was less studied. Therefore,
total dentition root resorption severity and impact
factors require further experiments to verify.
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Clinical significance

It is necessary to inform patients of the risk of root re-
sorption prior to orthodontic treatment. Significant
shortening of the root length will lead to inappropriate
crown-root ratios and adjacency to the periodontal tis-
sue. Apical resorption greater than 3 mm is equivalent
to 1 mm of bone loss, which will accelerate the peri-
odontal disease process. The treatment program must be
re-evaluated if serious root resorption is found. Future
experiments should be based on a reasonable sample
size and the implementation of the entire orthodontic
process to ensure the effect value.

The above meta-analysis demonstrated that the aver-
age value of root resorption was approximately 1 mm,
and the upper limit did not exceed 2 mm. Sharpe’s grad-
ing standards indicated that the first grade was slightly
blunt (1-2 mm) [51]. The results were grade 1. Mal-
mgren’s rating standard indicates that level 1 is irregular
root contour and level 2 is root resorption apically
amounting to less than 2 mm (minor resorption) [40].
The most serious case did not exceed 2 degrees, and it
was a mild absorption.

Conclusions
The following conclusions are drawn based on the exist-
ing research:

1. Evidence suggests that orthodontic treatment
increased the incidence and severity of apical root
resorption. Tooth length and root volume were
reduced after orthodontic intervention, but these
changes were in a clinically acceptable range.

2. Different tooth positions exhibited different degrees
of absorption, and the sequence of RR from
heaviest to lightest was maxillary lateral incisors,
maxillary central incisors, mandibular anterior
teeth, and maxillary canines.

3. Tooth extraction may result in more root
resorption than non-extraction.

4. Most of the patients measured using CBCT exhibited
root resorption within the clinically acceptable range.
The RR value of CBCT was lower than the 2D data.

However, more methods are needed to provide more
reliable evidence for clinical trials based on CBCT data.
Experimental studies on treatment, the distance and
angle of tooth movement, and correction techniques
may provide more clinical guidance for orthodontic
treatment of RR reduction.
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