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Duration of orthodontic treatment with

fixed appliances in adolescents and adults:
a systematic review with meta-analysis
Allen Abbing, Vasiliki Koretsi@®, Theodore Eliades® and Spyridon N. Papageorgiou”

Abstract

Objectives: Adults with fixed orthodontic appliances are increasing nowadays. Compared with adolescents, adults
present biological differences that might influence treatment duration. Therefore, the aim of the study was to
compare duration of treatment with fixed appliances between adults and adolescents.

Materials and methods: Eight databases were searched up to September 2019 for randomized and non-randomized
clinical studies comparing treatment duration with fixed appliances in adolescents and adult patients. After duplicate
study selection, data extraction, and risk of bias assessment with the Cochrane ROBINS-I tool, random effects meta-
analyses of mean differences (MD) and their 95% confidence intervals (Cls) were performed, followed by assessment of
the quality of evidence with GRADE.

Results: A total of 11 unique studies (one prospective and 10 retrospective non-randomized) with 2969 adolescents
and 1380 adult patients were finally included. Meta-analysis of 7 studies found no significant difference in the duration
of comprehensive treatment with fixed appliances (MD = — 0.8 month; 95% Cl = — 4.2 to 2.6 months; P = 0.65; P =
92%) between adults and adolescents. Similarly, both distalization of upper first molars with skeletal anchorage for class
Il correction and the retraction of canines into the premolar extraction spaces lasted similarly long among adults and
adolescents. On the other hand, alignment of palatally displaced canines lasted considerably longer in adults
compared to adolescents (1 study; MD = 3.8 months; 95% Cl = 14 to 6.2 months; P = 0.002). The quality of evidence
for the meta-analysis was low due to the inclusion of non-randomized studies with considerable risk of bias.

Conclusions: While existing evidence does not indicate a difference in the overall duration of treatment with fixed
appliances between adults and adolescents, the alignment of palatally displaced canines lasted significantly longer in
adults. However, our confidence in these estimates is low due to the risk of bias in the included studies.

Trial registration: PROSPERO: (CRD42019148169)

Keywords: Orthodontics, Fixed appliances, Treatment duration, Clinical trials, Systematic review, Meta-analysis

Introduction However, orthodontic treatment of adult patients

Over the last several years, there has been an increase in
the proportion of adults in orthodontic practices. This is
due to the projected modern beauty standards, raised
public awareness, increased treatment desire, novel tech-
niques, and extensive direct-to-consumer advertising [1].
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might considerably differ from the treatment of children
and adolescents. In growing adolescents, many mal-
occlusion traits are corrected by attempting to influence
physiological growth with orthopedic appliances [2, 3].
Adult patients do not exhibit growth potential, and they
are thus treated with other protocols, which usually
focus on dentoalveolar compensation [4]. Due to that
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fact, orthodontic treatment might differ in expectations,
duration, and obtained results in adult patients.

Moreover, orthodontic tooth movement is a primarily
biological process initiated by forces, which are trans-
lated to biochemical signals, and it is mainly dependent
on the physiology of mineralized and non-mineralized
tissues [5]. Animal studies imply that biological differ-
ences between adult and juvenile rats are apparent dur-
ing orthodontic tooth movement. Lower initial rates of
osteoclast differentiation, absence of a positive correl-
ation between the rate of tooth movement and the num-
ber of activated osteoclasts [6], significantly lower
proliferation activity of the periodontal ligament cells in
the initial phase of tooth movement [7], and a decreased
bone turnover activity [8] have been reported in older
rats. Although the initial phase of tooth movement ap-
peared to be faster in juvenile than adult rats, tooth
movement rates were similar once the linear phase was
reached [6]. In human adults, inflammatory mediators of
the gingival crevicular fluid were reported to be less re-
sponsive in the initial phase of tooth movement [6] and
yet higher levels of cytokine and osteoclast activity were
coupled with slower tooth movement rates [9].

It is widely accepted that orthodontic treatment lasts
for a long time; an average treatment with fixed appli-
ances approximately lasts 24.9 months [10]. Considering
that long-treatment times are a burden to the patients
and are associated with various adverse effects [11, 12],
the ability to predict treatment duration and accordingly
inform patients in advance is an essential skill for ortho-
dontists [13] and lies in the interest of both orthodon-
tists and patients. In that context, patients’ age might be
an important factor in predicting treatment duration.

Objective

The present systematic review aims to critically compare
the evidence derived from randomized and non-
randomized clinical trials on the duration of treatment
with fixed appliances between adolescents and adults.

Materials and methods

Protocol and registration

This review’s protocol was made a priori, registered in
PROSPERO (CRD42019148169), and all post hoc changes
were appropriately noted (Appendix 1). This review is
conducted and reported according to the Cochrane Hand-
book [14] and PRISMA statement [15].

Eligibility criteria

Clinical studies on human patients of any age, sex, ethni-
city, or malocclusion were included, in which duration
of orthodontic treatment with fixed appliances was com-
pared between adolescent and adult patients (Appendix
2). Due to high inter-individual differences, the cut-off
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age of adulthood was arbitrarily chosen to be 18 years of
age, unless otherwise noted in the included studies. No
limitations concerning language, publication year, or sta-
tus were applied. The primary outcome of this review
was the duration of comprehensive orthodontic treat-
ment in months from the insertion to the removal of
fixed appliances. The secondary outcome was to assess
the complete duration of any partial orthodontic treat-
ments, like alignment of displaced canines or correction
of deep-bites/cross-bites, if such treatments were
reported.

Information sources and search

Eight electronic databases were systematically searched
without any restrictions for publication date, type, and
language from inception up to 28 September 2019 (Ap-
pendix 3), while Directory of Open Access Journals,
Digital Dissertations, metaRegister of Controlled Trials,
WHO, and Google Scholar, as well as the reference lists
of eligible articles or existing systematic reviews were
manually searched for any additions.

Study selection

Two authors (AA, SNP) screened the titles and/or ab-
stracts of studies retrieved from the searches to identify
articles that potentially meet the inclusion criteria, be-
fore moving to their full texts. Any differences between
the two reviewers were resolved by discussion with a
third author (VK).

Data collection process and items

Data collection from the identified reports was con-
ducted using pre-defined and piloted forms covering (a)
study characteristics (design, clinical setting, country),
(b) patient characteristics (age, sex), (c) malocclusion
characteristics, (d) appliance characteristics, and (e)
number and type of extractions performed (if any). Data
were extracted by two authors (AA, SNP) with the afore-
mentioned way to resolve discrepancies.

Risk of bias of individual studies

The risk of bias of included randomized studies was
assessed with the Cochrane Collaboration’s RoB 2.0 tool
[16]. The risk of bias of included non-randomized studies
was assessed with the ROBINS-I (“Risk Of Bias In Non-
randomized Studies of Interventions”) [17]. Assessment of
the risk of bias within individual trials was likewise inde-
pendently performed by two authors (AA, SNP) and dis-
crepancies were resolved by consulting a third author
(VK).

Data synthesis and summary measures
An effort was made to include all existing trials in the
analysis; where data were missing, they were calculated
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by us. As duration of orthodontic treatment is bound to
be affected by clinician-, appliance-, and patient-related
characteristics, a random-effects model was deemed ap-
propriate to calculate the average distribution of true ef-
fects, based on clinical and statistical reasoning [18], and
a restricted maximum likelihood random-effects model
was used according to recent guidance [19]. Mean differ-
ences (MDs) and their corresponding 95% confidence
intervals (CIs) were calculated as effect sizes.

The extent and impact of between-study heterogeneity
was assessed by inspecting the forest plots and by calcu-
lating the tau® (absolute heterogeneity) and the I* statis-
tic (relative heterogeneity), respectively. I defines the
proportion of total variability explained by heterogeneity
(not chance) in the results. An I* statistic over 75% was
arbitrarily considered to represent considerable hetero-
geneity, while also considering the heterogeneity’s direc-
tion (localization on the forest plot) and uncertainty
intervals around heterogeneity estimates [20]. Ninety-
five percent predictive intervals, which are crucial for
the correct interpretation of random-effects meta-
analyses [21], were calculated for meta-analyses of > 3
trials to incorporate existing heterogeneity and provide a
range of possible effects for a future clinical setting.

Additional analyses and risk of bias across studies
Possible sources of heterogeneity were a priori planned
to be sought through subgroup analyses and random-
effects meta-regression in meta-analyses of at least five
trials but could not be ultimately performed (Appendix
1). Likewise, reporting biases were planned, but they
were not assessed due to the limited number of meta-
analyzed trials.

The overall quality of meta-evidence (i.e., the strength
of clinical recommendations) was rated using the Grades
of Recommendations, Assessment, Development, and
Evaluation (GRADE) approach [22] following recent
guidance on synthesizing non-randomized studies [23],
and summary of findings tables were constructed using
the improved format proposed by Carrasco-Labra et al.
[24]. The minimal clinically important, large, and very
large effects were defined as half, one, and two standard
deviations of the response of the control (adolescents)
group [25]. The produced forest plots were augmented
with contours denoting the magnitude of the observed
effects to assess heterogeneity, clinical relevance, and im-
precision [26].

Robustness of the results was planned to be checked a
priori with sensitivity analyses based on (a) inclusion/ex-
clusion of non-randomized studies, (b) inclusion/exclu-
sion of trials with methodological shortcomings, and (c)
improvement of the GRADE classification. In the end,
only one sensitivity analysis excluding non-randomized
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studies with methodological shortcomings could be con-
ducted (Appendix 1).

All the analyses were run in Stata version 14.0 (Stata-
Corp LP, College Station, TX, USA) by one author
(SNP) and the dataset is openly available [27]. All P
values were two-sided with o = 5%, except for the test of
between-studies or between-subgroups heterogeneity,
where a value was set at 10% [28].

Results

Study selection

The electronic literature search yielded 1718 results,
while 4 studies were manually identified from the refer-
ence list of the identified papers (Fig. 1). After duplicate
removal and screening of titles/abstracts against the pre-
defined eligibility criteria (Appendix 4), the full texts of
140 papers were checked. One study [29] was excluded
post hoc, since it included only one adult patient, which
made statistical comparisons between adolescents and
adults patients difficult. Eventually, 11 papers pertaining
to 11 unique studies (1 prospective and 10 retrospective
non-randomized studies), which were published as jour-
nal papers, were finally included (Table 1) [1, 31-40].

Study characteristics

The primary studies were conducted in university clinics
(n = 4; 36%) or private practices (n = 7; 64%) and origi-
nated from seven different countries (Brazil, Germany,
Italy, Malaysia, Nepal, South Korea, and the USA) (Table
1). A total of 2969 adolescents and 1380 adult patients
were included with a median total sample of 59 patients
per included study (range 18 to 2840 patients per study).
Out of the 8 studies reporting on patient sex, 152 (33%)
of the 457 patients in total were male, while the mean
age for adolescents and adults was 13.1 and 26.7 years,
respectively, in the 8 studies providing data.

Nine of the included studies assessed comprehensive
orthodontic treatment with fixed appliances, while one of
them also included patients, whose treatment plan in-
volved removable or functional appliances and orthog-
nathic surgery [36]. One of the studies on comprehensive
fixed appliance treatment compared conventional fixed
appliances with the Suresmile appliances [39]. This com-
parison falls outside this review’s scope and data for con-
ventional appliances was therefore only included. The
other two studies solely assessed either orthodontic align-
ment of palatally displaced canines [34] or retraction of
maxillary canines into premolar extraction spaces [35].
These are reported separately.

As far as complexity of the treated cases is concerned,
this was defined in the inclusion criteria of the primary
studies in only three studies [1, 33, 37] and consisted of
a minimum Class II molar relationship of a quarter (one
study) or half cusp (two studies). As far as tooth
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1718 records identified electronically

4 records identified manually

918 duplicates were removed

A\ 4

804 records were screened

\ 4

664 were excluded by title/abstract

A\ 4

140 full texts were checked for eligibility against the criteria

129
18
;
9
3
24

\ 4

68
1
3
1
1

full texts were not eligible
Missing full texts

Systematic review

Case series/reports

No fixed appliances

Only one age group

Mixed age groups

Duration not assessed
Different treatment for different age groups
Missing data

Only one adult patient included

11 papers/unique studies included

Fig. 1 PRISMA flow diagram for the identification and selection of eligible studies

extractions are concerned, 4 studies (36%) did not report
on extractions, 4 studies (36%) performed extractions on
all patients, and 2 studies (18%) included both extraction
and non-extraction cases.

Risk of bias within studies

The included non-randomized trials presented several is-
sues that increased their risk for bias (Table 2). Even
though all included non-randomized studies were prone
to confounding and did not use any kind of matching,
three studies (27%) were judged to be in moderate risk
of bias for confounding, as they included patients with
similar baseline severity and who were treated with simi-
lar appliances. The remaining 8 studies (73%) either did
not report on these confounders or had obvious baseline
discrepancies. Five studies (45%) were in moderate or
serious risk of bias for the selection of participants as
they included either not representative cases of the aver-
age patient or recruited patients being treated at differ-
ent periods. All studies did not blind the outcome
assessor and were judged to be in moderate risk of bias
for outcome measurement, even though it is unclear
how this might affect the reported results. Finally, all

studies were judged to be in low risk of bias for (a) clas-
sification of interventions (exposure), (b) deviations from
intended interventions, (c) missing data, and (d) selec-
tion of the reported result.

Data synthesis

A total of 7 studies with 1150 patients comparing the
duration of comprehensive treatment with fixed appli-
ances among adolescents and adults were eligible for
meta-analysis, the results of which indicated no statisti-
cally significant difference (7 studies; MD = - 0.8
months; 95% CI = — 4.2 to 2.6 months; P = 0.65; Table
3). However, extreme heterogeneity was observed among
studies both in absolute (tau® = 17.05) and relative terms
(* = 92%), which might render data synthesis problem-
atic. Therefore, the most extreme study of Shim et al
[40] was excluded in order to achieve a homogeneous
data synthesis. The results of this updated meta-analysis
still indicated no difference in treatment duration be-
tween adolescents and adults (6 studies; MD = 0.4
months; 95% CI = - 0.7 to 1.4 months; P = 0.47; Fig. 2)
with minimal absolute and relative homogeneity (tau® =
0 and I* = 0%).
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Table 1. Characteristics of included studies.
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Study Design; Patients (M/  Malocclusion Treatment Severity Appliance Ex
setting; F); mean
country® age

Bhattarai rNRS; Uni; AD: 134 No impactions, 2-phase Tx, or non- Full Tx NR Roth FA 0.018" (loops, elastics;  NR
2011 [30] NP (NR); 13.6 compliant patients; all permanent teeth HG)

ADU: 46 except M3

(NR); 23.1
Dyer 1991 rNRS; Pract;  AD: 30 (0/ Cl. 11/1; all permanent teeth except M3 Full Tx > Cl.  SE FA 0.022" (elastics, HG, AXPM
m us 30); 125 I MR sliding jigs)

ADU: 26 (0/

26); 276
Furquim INRS; Pract;  AD: 23 (10/  CL I Full Tx NR FA and MPA NR
2018 [31] BR 13);11.8

ADU: 16 (7/

9); 224
Harris 1990  NRS; Pract;  AD% 29 (0/  Cl. 1I/1; all permanent teeth except M3 Full Tx =1 Cl.  FA (SDFET) 4xPM
[32] us 29); 12.5 I MR

ADU®: 30 (0/

30); 279
lancu 2018 NRS; Uni; IT  AD: 19 (8/ PDC PDC NR OSE; FA 0.022 (TPA, CAN) NR
[33] 11); 13.8 alignment

ADU: 3 (2/1);

237
Jiang 2017 pNRS; Uni;  AD: 10 (6/4); Need for Mx canine retraction Canine NR FA 0.019" (T-loops 124¢cN; TPA)  2x Mx
[34] us 14.7 retraction PM

ADU: 8 (1/7);

25.1
Loke 2012 INRS; Pract; ADS 716 No syndromes, CLP, or only RFA; Cl. | Full Tx NR FA + Mx removable appliance, Ex
[35] MY (NR); NR (28%), 11 (57%), Il (15%); impactions (7%) functional appliance, or (74%)

ADU*: 156 surgery

(NR); NR
Nienkemper  rNRS; Uni; AD: 37 (17/ = Va bilateral Cl. Il MR or anterior Mx Full Tx > Y Cl. MI-distalizer NR
2014 [36] DE 20); 129 crowding I MR

ADU: 14 (4/

10); 30.9
Robb 1998 rNRS; Pract; AD%: 40 15/ Cl.1(94%) or Il (6%) Full Tx NR FA 4AxPM
[37] us 25); 129

ADU% 32

(12/20); 31.3
Sachdeva NRS; Pract;  AD: 1861 Cl1, 1, or Ml Full Tx Mean FA NR
2012 [38] us (NR); NR PAR =

ADU: 979 255

(NR); NR
Shim 2011 NRS; Pract; AD% 70 35/ No root resorptions, root-fillings, or Full Tx NR SE FA Ex
[39] KR 35); NR trauma PM1

ADU*: 70 (55%)

(35/35); NR

rNRS retrospective non-randomized study, pNRS prospective non-randomized study, Uni university clinic, Pract private practice, AD adolescent, ADU adult; NR, not
reported, Tx treatment, M3 3rd molars, Cl. angle’s class, CLP cleft lip and palate, RFA removable functional appliance, MR molar relationship, Mx maxillary, PDC
palatally displaced canine, PAR Peer Assessment Rating, FA fixed appliance, HG headgear, SE standard edgewise, MPA mandibular protraction appliance, SDFET

sequential directional force edgewise technique, MI miniscrew implant, OSE open surgical exposure, TPA transpalatal arch, CAN cantilever, PM premolar, Ex
extraction of permanent teeth

2Given with the country’s ISO 3166 alpha-2 code

Pwith 18 years of age taken as cut-off for adults, except if otherwise noted
€20 years taken as cut-off for adults

921 years taken as cut-off for adults.

Results of individual studies

In single studies, no statistically significant differences
between adolescents and adults in treatment times either
for upper first molar distalization with skeletal anchor-
age (1 study; MD = 0.1 month; 95% CI = - 1.7 to 1.8

months; P = 0.95) or retraction of canine into the extrac-
tion space of the first premolar (1 study; MD = 2.0
months; 95% CI = — 0.5 to 4.5 months; P = 0.12) were
found. However, alignment of palatally displaced canines
lasted an average of 3.8 months longer in adults



Table 2 Assessment of included non-randomized studies with the ROBINS-I tool

Domain Reference  Bhattarai Dyer 1991  Furquim Harris 1990 lancu 2018 Jiang 2017 Loke 2012 Nienkemper Robb 1998 Sachdeva Shim 2011
2011 [30] (1] 2018 [31] (32] (33] [34] [35] 2014 [36] [37] 2012 [38] [39]
1. Confounding 1.1 Y Y Y Y Y Y Y Y Y Y Y
1.2 N N N N N N N N N N N
13 N N N N N N N N N N N
14 NI PY PN PY N NI NI PY NI NI NI
1.5 N Y PY Y Y N N Y N N N
1.6 PN PN PN PN PN PN PN PN PN PN PN
1.7 N NA N NA N N N NA N N N
1.8 NA NA NA NA NA NA NA NA NA NA NA
Judgement Serious Moderate Serious Moderate Serious Serious Serious Moderate Serious Serious Serious
2. Selection of participants 2.1 Y PN N PN N N Y PN NI NI PN
into the study 22 % N N N % NA NA
23 Y N N N Y NA NA
24 PY PY PY PY Y Y NI PY PN PN PN
25 NA NA NA NA NA NA NA NA N N N
Judgement Serious Low Low Low Low Low Serious Low Moderate Moderate Moderate
3. Classification of 3.1 Y Y Y Y PY Y Y Y
interventions 32 v v v v v v v
33 N N N N N N N N
Judgement Low Low Low Low Low Low Low Low Low Low Low
4. Deviations from intended 4.1 NI NI NI NI NI NI NI NI NI NI NI
interventions 42 NA NA NA NA NA NA NA NA NA NA NA
4.3 NI Y NI Y Y Y NI NI NI NI
4.4 NI NI PY PY PY PY NI Y NI NI
4.5 PY PY PY PY PY PY PY PY PY PY PY
4.6 NA NA NA NA NA NA NA NA NA NA NA
Judgement Low Low Low Low Low Low Low Low Low Low Low
5. Missing data 5.1 NI NI NI NI NI NI NI NI NI NI NI
5.2 PN PN PN PN PN PN PN PN PN PN PN
53 PN PN PN PN PN PN PN PN PN PN PN
5.4 NA NA NA NA NA NA NA NA NA NA NA
5.5 NA NA NA NA NA NA NA NA NA NA NA
Judgement NI NI NI NI NI NI NI NI NI NI NI
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Table 2 Assessment of included non-randomized studies with the ROBINS-I tool (Continued)

Domain Reference  Bhattarai Dyer 1991  Furquim Harris 1990 lancu 2018 Jiang 2017 Loke 2012 Nienkemper Robb 1998 Sachdeva Shim 2011
2011 [30] (1 2018 [31] (32] (33] [34] [35] 2014 [36] [37] 2012 [38] [39]
6. Measurement of outcomes 6.1 PY PY PY PY PY PY PY PY PY PY PY
6.2 PY PY PY PY PY PY PY PY PY PY PY
6.3 PY PY PY PY PY PY PY PY PY PY PY
6.4 PN PN PN PN PN PN PN PN PN PN PN
Judgement Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate
7. Selection of the reported 71 PN PN PN PN PN PN PN PN PN PN PN
result 7.2 PN PN PN PN PN PN PN PN PN PN PN
7.3 PN PN PN PN PN PN PN PN PN PN PN
Judgement Low Low Low Low Low Low Low Low Low Low Low
Overall Judgement Serious Moderate Serious Moderate Serious Serious Serious Moderate Serious Serious Serious

N no, NA not applicable, NI no information, PN probably not, PY probably yes, Y yes
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Table 3 Details of performed analyses
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Treatment Analysis Studies MD P value P tau? 95% prediction
(patients) (95% Cl) (95% Cl) (95% Cl)
Complete treatment Original 7 - 079 0.65 92% 17.05 - 1230, 10.72
(conventional appliances)® (1150) (— 418, 261) (77%, 99%) (5.19, 134.34)
Sensitivity; 6 039 047 0% 0 —1.08,1.86
omitting Shim 2011 (1010) (— 065, 1.42) (0%, 98%) (0, 73.07)
Alignment of displaced canine Original 1 379 0.002 - - -
(30) (142, 6.16)
Distalization of 1st molar Original 1 0.06 0.95 - - -
(51) (—1.66,1.78)
Retraction of canine Original 1 202 0.12 - - -
(18) (— 049, 453)

MD mean difference, Cl confidence interval

“Original analysis gives a very heterogeneous picture, which is probably incompatible with synthesis of the studies; the sensitivity analysis probably gives a more

stable image and should be preferred

compared with adolescents (1 study; 95% CI = 1.4 to 6.2
months; P = 0.002).

Additional analyses, risk of bias across studies, and
quality of evidence

Several subgroup analyses, meta-regressions, and assess-
ments for reporting biases were originally planned in the
review’s protocol, but they could not be eventually per-
formed due to limited data and inadequate reporting
(Appendix 1). One subgroup analysis could be per-
formed according to the inclusion of tooth extractions,
where three studies consistently extracted teeth in all pa-
tients (MD = 1.1 month; 95% CI = - 0.4 to 2.6 months;
P = 0.14) and three studies did not report at all on ex-
tractions (MD = - 0.3 months; 95% CI = - 1.8 to 1.1
months; P = 0.66), with no significant between subgroup
difference (P = 0.25).

The quality of evidence (Table 4) for the main meta-
analysis of comprehensive treatment duration of six
studies was very low, due to the inclusion of non-
randomized studies with considerable risk of bias. The
quality of evidence for the two meta-analyses on the
duration of first upper molar distalization (1 study) and
canine retraction (1 study) was low to very low, due to
the inclusion of non-randomized studies and impreci-
sion from limited analyzed samples. Finally, the quality
of evidence of the meta-analysis that reported signifi-
cantly longer alignment duration for palatally displaced
canines in adult patients (1 study) was similarly very low
due to bias and imprecision. Overall, the low to very low
GRADE for all analyzed comparisons means that further
research in terms of well-designed studies is very likely
to have an important impact, which is likely to change
our current estimates of effect.

Adults Adolescents [ Small Moderate | Large ] | Very large
Study N Mean (SD) N Mean (SD) Treatment duration (months) MD (95% CI) Weight
T
Harris 1990 30 300(41) 29  300(47) <i— 0.96 (-1.27, 3.19) 216
Dyer 1991 26 307(42) 30  295(4.3) —.— 1.20 (-1.03, 3.43) 216
Robb 1998 32 306(80) 40  29.4(8.8) ——:.— 1.20 (-2.68, 5.08) 72
Bhattarai 2011 46 288(83) 134 304(82) — 155(-433,123) 139
Sachdeva 2012 125 250(9.1) 479 250 (8.1) I 0.00 (-1.74, 1.74) 354
|
Furquim 2018 16 509(29.3) 23  39.8(14.4) | 11.04 (-4.46,2654) 05
2=0%
QUeTAI(1*=0%) ‘ 0.39 (-0.65,1.42)  100.0
with 95% prediction =l (-1.08, 1.86)
I I I | I I I I
20 -16 5 4 0 4 8 16 20
Favors adult patients Favors adolescent patients
Fig. 2 Contour-enhanced forest plot for the duration of comprehensive treatment among adolescents and adult patients. N, number of patients;
SD, standard deviation; MD, mean difference; Cl, confidence interval
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Table 4 Summary of findings table according to the GRADE approach
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Anticipated absolute effects
(95% ClI)

Outcome Adolescents Difference in adults Quality of the evidence What happens with adults
Studies (patients) (GRADE)®
Full Tx duration 30.1 0.4 months more @OCO very low” Little to no difference in overall treatment

1010 patients (6 studies) months @ (0.7 months less to 1.4
months more)

Duration of PDC 3.0 months 3.8 months more

alignment (14 to 6.2 months more)

30 patients (1 study)

Duration of 1°* molar 7.4 months 0.1 month more

distalization (1.7 months less to 1.8

51 patients (1 study) months more)

Duration of canine 4.0 months 2.0 months more

retraction

18 patients (1 study) more)

due to bias

@000 very low™?
due to bias, imprecision

@®OO very low*
due to bias, imprecision

@000 very low"

duration

Might be associated with longer alignment of
PDCs

Little to no difference in duration of 1st molar
distalization

Little to no difference in duration of canine

(0.5 month less to 4.5 months  due to bias, imprecision

retraction

Intervention: comprehensive orthodontic treatment with fixed appliances/population: adolescents or adult patients with any kind of malocclusion/setting:
university clinics, private practices (Brazil, Germany, Italy, Malaysia, Nepal, South Korea, USA)

Cl confidence interval, GRADE Grading of Recommendations Assessment, Development and Evaluation, Tx treatment, PDC palatally displaced canine, mo month
#Response in the control group is based on random-effects meta-analysis of the adolescent groups of included studies

BStarts from “high”

“‘Downgraded by two to three levels for bias due to the inclusion of non-randomized studies with serious risk of bias
9Downgraded by one level for imprecision due to the inclusion of an inadequate sample
¢Downgraded by one level for bias due to the inclusion of non-randomized studies with moderate risk of bias

Sensitivity analysis

No sensitivity analysis could be performed by omitting
non-randomized studies, as only non-randomized stud-
ies were included. Sensitivity analysis according to the
risk of bias by including only 2 of the 6 studies, which
were in moderate risk of bias, still gave similar results (2
studies; MD = 1.1 months; 95% CI = - 0.5 to 2.7
months; P = 0.18) to the original analysis.

Discussion

Results in context

To our knowledge, this is the first study to systematically
assess existing evidence on the duration of orthodontic
treatment with fixed appliances in adult and adolescent
patients. Eleven studies were finally included according
to the review’s eligibility criteria and 7 (one prospective
and six retrospective) with a total of 1150 patients were
meta-analyzed.

As far as the review’s main scope is concerned, meta-
analysis of the seven included studies found no statistically
significant difference in treatment duration between adults
and adolescents (P = 0.65; Table 3). Lower responsiveness
to orthodontic forces as well as lower rates of tooth move-
ment have been reported for adults compared to younger
patients only with respect to the initial phase of tooth
movement [40]. Moreover, it is important to note that all
studies included here reported differences of very small
magnitude (i.e., they were in the white portion of Fig. 2)
and have probably limited clinical relevance. This might,
therefore, indicate that any delays in tooth movement due
to biological differences [6] might be counterbalanced by
a potentially better compliance of adult patients in

keeping their appointments and adhering to the orthodon-
tist’s instructions, which have a direct effect on treatment
duration [37].

On the other hand, the duration for the alignment of
palatally displaced canines was significantly longer for
adult patients compared to adolescents in one included
study (MD = 3.8 months; Table 3). This is not in agree-
ment with Stewart et al. [41], who found a positive associ-
ation between young age and severity of displacement as
well as longer treatment time. Yet, treatment of displaced
canines presents considerable differences according to pa-
tients’ characteristics, tooth localization, and treatment
methods [42]. Besides, older patients also have signifi-
cantly higher odds for ankylosis of the impacted canines
once orthodontic traction has been applied to them [43].

Finally, no statistically significant difference was
found in the duration of either distalization of the
maxillary first molars with skeletal anchorage or the
retraction of upper canines after premolar extraction.
As far as distalization of the maxillary first molars is
concerned, some studies have reported that it is more
difficult in older patients when the second molars
have already erupted [44], which could indicate that
longer distalization times might be expected in adults.
However, the protocol in the included study [36] uti-
lized forces in the upper third of the usual spectrum
[45] in order to account for friction losses and forces
were adapted constantly, which also provided ad-
equate distalization for adults. Finally, as far as canine
retraction is concerned, although the single identified
study [34] found no statistically significant difference
in duration of retraction, considerably higher root
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resorption for adult patients was reported, which is
corroborated by previous data [46] and might indicate
underlying differences in the physiology of tooth
movement and the tissue response [47].

Strengths and limitations

This systematic review has several strengths, comprising
an a priori registered protocol [48], a comprehensive lit-
erature search, the use of modern analytic methods [19],
the application of the GRADE approach to assess the
strength of provided recommendations [22], and the
transparent availability of all data [27].

However, some limitations do also exist at the same
time. Firstly, methodological issues existed for all in-
cluded studies that might influence results and that is
especially the case for included retrospective non-
randomized studies [49]. Inclusion of non-randomized
studies in meta-analyses is not considered prohibitory,
provided that robust bias appraisal has been per-
formed and recent guidance has been provided on
how to appropriately incorporate such designs [23].
Secondly, most meta-analyses were predominantly
based on small trials, which might affect the precision
of the estimates [50]. Thirdly, the small number of
trials included in meta-analyses and their incomplete
reporting of results and potential confounders, such
as case severity, different cut-off ages for adulthood,
treatment appliances/techniques, and treatment out-
come quality, precluded from conducting many sub-
group analyses and meta-regressions, which could
enable identification of treatments that might take
longer in adult patients. Finally, a potential overlap of
age groups might exist at some point in-treatment
due to the length of the comprehensive treatment, al-
though mean ages for included adolescents and adults
were 13.1 and 26.7 years, respectively.

Conclusions

Based on available evidence from mostly retrospective
non-randomized studies assessing adult and adolescent
patients, no statistically and clinically significant differ-
ence in the duration of comprehensive orthodontic
treatment with fixed appliances was found. However,
existing studies on the topic have serious methodological
limitations and future studies with transparent reporting
of treatment procedures, objective outcome assessment,
and adequate handling of confounders are needed to ro-
bustly tackle this topic.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/540510-020-00334-4.

[ Additional file 1. Appendix 1-4 ]

Page 10 of 11

Abbreviations

Cl: Confidence interval; GRADE: Grading of Recommendations Assessment,
Development, and Evaluation; MD: Mean difference; PICOS: Participants-
Interventions-Comparisons-Outcome-Study design

Acknowledgements
None.

Protocol and registration
The protocol was registered prior to the study in the publicly accessible
PROSPERO database (CRD42019148169).

Authors’ contributions

The first and last authors (AA and SNP) performed study selection, data
extraction, and risk of bias assessment independently and in duplicate.
Literature searches were performed by the second author (VK), and data
analysis was performed by the last author (SNP). Disagreements were
resolved with discussion or the involvement of the second author (VK). All
authors read and approved the final manuscript.

Funding
None.

Availability of data and materials

All data generated or analyzed during this study are included in this
published article or its supplements, while its dataset is openly provided
through Zenodo (https://doi.org/10.5281/zenod0.3631110).

Ethics approval and consent to participate
Ethical approval was not required.

Competing interests
The authors declare that they have no competing interests.

Received: 8 June 2020 Accepted: 13 August 2020
Published online: 05 October 2020

References

1. Dyer GS, Harris EF, Vaden JL. Age effects on orthodontic treatment:
adolescents contrasted with adults. Am J Orthod Dentofac Orthop. 1991;
100:523-32.

2. Cordasco G, Matarese G, Rustico L, et al. Efficacy of orthopedic treatment
with protraction facemask on skeletal class Ill malocclusion: a systematic
review and meta-analysis. Orthod Craniofacial Res. 2014;17(3):133-43 https://
doi.org/10.1111/0cr.12040.

3. Koretsi V, Zymperdikas VF, Papageorgiou SN, Papadopoulos MA. Treatment
effects of removable functional appliances in patients with class Il
malocclusion: a systematic review and meta-analysis. Eur J Orthod. 2015;37:
418-34.

4. Kinzinger G, Frye L, Diedrich P. Class Il treatment in adults: comparing
camouflage orthodontics, dentofacial orthopedics and orthognathic surgery
- a cephalometric study to evaluate various therapeutic effects. J Orofac
Orthop. 2009;70:63-91.

5. Krishnan V, Davidovitch Z. On a path to unfolding the biological
mechanisms of orthodontic tooth movement. J Dent Res. 2009;88:597-608.

6. Ren Y. Age effect on orthodontic tooth movement. [doctoral thesis].
Nijmegen: University of Nijmegen; 2003.

7. Kyomen S, Tanne K. Influences of aging changes in proliferative rate of PDL
cells during experimental tooth movement in rats. Angle Orthod. 1997,67:
67-72.

8. Misawa-Kageyama Y, Kageyama T, Moriyama K, Kurihara S, Yagasaki H,
Deguchi T, et al. Histomorphometric study on the effects of age on
orthodontic tooth movement and alveolar bone turnover in rats. Eur J Oral
Sci. 2007;115:124-30.

Alikhani M, Chou MY, Khoo E, Alansari S, Kwal R, Elfersi T, et al. Age-
dependent biologic response to orthodontic forces. Am J Orthod Dentofac
Orthop. 2018;153:632-44.

10.  Papageorgiou SN, Hochli D, Eliades T. Outcomes of comprehensive fixed
appliance orthodontic treatment: a systematic review with meta-analysis
and methodological overview. Korean J Orthod. 2017b;47:401-13.


https://doi.org/10.1186/s40510-020-00334-4
https://doi.org/10.1186/s40510-020-00334-4
https://doi.org/10.5281/zenodo.3631110
https://doi.org/10.1111/ocr.12040
https://doi.org/10.1111/ocr.12040

Abbing et al. Progress in Orthodontics

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

(2020) 21:37

Tasios T, Papageorgiou SN, Papadopoulos MA, Tsapas A, Haidich AB.
Prevention of orthodontic enamel demineralization: a systematic review
with meta-analyses. Orthod Craniofacial Res. 2019;22:225-35.

Samandara A, Papageorgiou SN, loannidou-Marathiotou |, Kavvadia-Tsatala
S, Papadopoulos MA. Evaluation of orthodontically induced external root
resorption following orthodontic treatment using cone beam computed
tomography (CBCT): a systematic review and meta-analysis. Eur J Orthod.
2019:41:67-79.

Vu CQ, Roberts WE, Hartsfield JK Jr, Ofner S. Treatment complexity index for
assessing the relationship of treatment duration and outcomes in a
graduate orthodontics clinic. Am J Orthod Dentofac Orthop. 2008;133:9.e1-
13.

Higgins JPT, Green S. Cochrane handbook for systematic reviews of
interventions version 5.1.0. London, UK: The Cochrane Collaboration; 2011.
http://handbook.cochrane.org. Accessed 15 Nov 2018.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gatzsche PC, loannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses
of studies that evaluate health care interventions: explanation and
elaboration. J Clin Epidemiol. 2009,62:e1-34.

Sterne JAC, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron |, et al. RoB
2:a revised tool for assessing risk of bias in randomized trials. BMJ. 2019;
366:14898.

Sterne JA, Herndn MA, Reeves BC, Savovi¢ J, Berkman ND, Viswanathan M,
et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of
interventions. BMJ. 2016;355:i4919.

Papageorgiou SN. Meta-analysis for orthodontists: part | - how to choose
effect measure and statistical model. J Orthod. 2014a;41:317-26.

Langan D, Higgins JPT, Jackson D, Bowden J, Veroniki AA, Kontopantelis E,
et al. A comparison of heterogeneity variance estimators in simulated
random-effects meta—analyses. Res Synth Methods. 2019;10:83-98.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ. 2003,327:557-60.

IntHout J, loannidis JP, Rovers MM, Goeman JJ. Plea for routinely presenting
prediction intervals in meta-analysis. BMJ Open. 2016;6:2010247.

Guyatt GH, Oxman AD, Schiinemann HJ, Tugwell P, Knottnerus A. GRADE
guidelines: a new series of articles in the journal of clinical epidemiology. J
Clin Epidemiol. 2011;64:380-2.

Schiinemann HJ, Cuello C, Akl EA, Mustafa RA, Meerpohl JJ, Thayer K, et al.
GRADE guidelines: 18. How ROBINS-I and other tools to assess risk of bias in
nonrandomized studies should be used to rate the certainty of a body of
evidence. J Clin Epidemiol. 2019;111:105-14.

Carrasco-Labra A, Brignardello-Petersen R, Santesso N, Neumann |, Mustafa
RA, Mbuagbaw L, et al. Improving GRADE evidence tables part 1: a
randomized trial shows improved understanding of content in summary of
findings tables with a new format. J Clin Epidemiol. 2016;74:7-18.

Norman GR, Sloan JA, Wyrwich KW. Interpretation of changes in health-
related quality of life: the remarkable universality of half a standard
deviation. Med Care. 2003;41:582-92.

Papageorgiou SN. Meta-analysis for orthodontists: part Il - is all that glitters
gold? J Orthod. 2014b;41:327-36.

Abbing A, Koretsi V, Eliades T, Papageorgiou SN. Duration of orthodontic
treatment with fixed appliances in adolescents and adults: a systematic
review with meta-analysis. Zenodo. 2020; https;//doi.org/10.5281/zenodo.
3631110.

loannidis JP. Interpretation of tests of heterogeneity and bias in meta-
analysis. J Eval Clin Pract. 2008;14:951-7.

Lee YJ, Lee TY. External root resorption during orthodontic treatment in
root-filled teeth and contralateral teeth with vital pulp: a clinical study of
contributing factors. Am J Orthod Dentofac Orthop. 2016;149:84-91.
Bhattarai P, Shrestha RM. Comparative study of duration of orthodontic
treatment among Nepalese adolescent and adult patients. Orthod J Nepal.
2011;1:28-30.

Furquim BD, Janson G, Cope LCC, Freitas KMS, Henriques JFC. Comparative
effects of the mandibular protraction appliance in adolescents and adults.
Dental Press J Orthod. 2018;23:63-72.

Harris EF, Baker WC. Loss of root length and crestal bone height before and
during treatment in adolescent and adult orthodontic patients. Am J
Orthod Dentofac Orthop. 1990;98:463-9.

lancu Potrubacz M, Chimenti C, Marchione L, Tepedino M. Retrospective
evaluation of treatment time and efficiency of a predictable cantilever

34.

35.

36.

37.

38.

39.

41.

42.

43.

45.

46.

47.

48.

49.

50.

Page 11 of 11

system for orthodontic extrusion of impacted maxillary canines. Am J
Orthod Dentofac Orthop. 2018;154:55-64.

Jiang F, Chen J, Kula K, Gu H, Du Y, Eckert G. Root resorptions associated
with canine retraction treatment. Am J Orthod Dentofac Orthop. 2017;152:
348-54.

Loke ST, Tan SY. Factors influencing duration of orthodontic treatment: a
12-year retrospective study. MDJ. 2012;34:16-30.

Nienkemper M, Wilmes B, Pauls A, Yamaguchi S, Ludwig B, Drescher D.
Treatment efficiency of mini-implant-borne distalization depending on age
and second-molar eruption. J Orofac Orthop. 2014;75:118-32.

Robb SI, Sadowsky C, Schneider BJ, BeGole EA. Effectiveness and duration of
orthodontic treatment in adults and adolescents. Am J Orthod Dentofac
Orthop. 1998;114:383-6.

Sachdeva RC, Aranha SL, Egan ME, Gross HT, Sachdeva NS, Currier GF, et al.
Treatment time: SureSmile vs conventional. Orthodontics (Chic). 2012;13:72-
85.

Shim YS, Kim AH, An SY. A study of root resorption in upper and lower
incisor in patients following orthodontic treatment. J Dent Hyg Sci. 2011;11:
251-5.

Schubert A, Jager F, Maltha JC, Bartzela TN. Age effect on orthodontic tooth
movement rate and the composition of gingival crevicular fluid : a literature
review. J Orofac Orthop. 2020,81:113-25.

Stewart JA, Heo G, Glover KE, Williamson PC, Lam EW, Major PW. Factors
that relate to treatment duration for patients with palatally impacted
maxillary canines. Am J Orthod Dentofac Orthop. 2001;119:216-25.

Cassina C, Papageorgiou SN, Eliades T. Open versus closed surgical
exposure for permanent impacted canines: a systematic review and meta-
analyses. Eur J Orthod. 2018:40:1-10.

Koutzoglou SI, Kostaki A. Effect of surgical exposure technique, age, and
grade of impaction on ankylosis of an impacted canine, and the effect of
rapid palatal expansion on eruption: a prospective clinical study. Am J
Orthod Dentofac Orthop. 2013;143:342.

Kinzinger GS, Fritz UB, Sander FG, Diedrich PR. Efficiency of a pendulum
appliance for molar distalization related to second and third molar eruption
stage. Am J Orthod Dentofac Orthop. 2004;125:8-23.

Fudalej P, Antoszewska J. Are orthodontic distalizers reinforced with the
temporary skeletal anchorage devices effective? Am J Orthod Dentofac
Orthop. 2011;139:722-9.

Jiang RP, McDonald JP, Fu MK. Root resorption before and after orthodontic
treatment: a clinical study of contributory factors. Eur J Orthod. 2010;32:
693-7.

Harris EF. Root Resorption During Orthodontic Therapy. Semin Orthod.
2000,6(3):183-194.

Sideri S, Papageorgiou SN, Eliades T. Registration in the international
prospective register of systematic reviews (PROSPERO) of systematic review
protocols was associated with increased review quality. J Clin Epidemiol.
2018;100:103-10.

Papageorgiou SN, Xavier GM, Cobourne MT. Basic study design influences
the results of orthodontic clinical investigations. J Clin Epidemiol. 2015;68:
1512-22.

Cappelleri JC, loannidis JP, Schmid CH, de Ferranti SD, Aubert M, Chalmers
TC, et al. Large trials vs meta-analysis of smaller trials: how do their results
compare? JAMA. 1996;276:1332-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


http://handbook.cochrane.org
https://doi.org/10.5281/zenodo.3631110
https://doi.org/10.5281/zenodo.3631110

Supplementary material

Appendix 1. Additional review details and deviations from the protocol.

Deviations from the protocol

Several factors were planned to be assessed through subgroup analyses/meta-regressions in meta-
analyses of at least 5 studies, but they could not be ultimately conducted due to limited
material/reporting: (i) subsets according to the patient sample characteristics (age, sex, malocclusion
type, malocclusion severity, skeletal configuration); (ii) subsets according to any additional
appliances/adjuncts used in treatment; (iii) the operator’'s experience with each system. Additionally,
sensitivity analyses regarding i) inclusion/exclusion of non-randomized studies and (ii) improvement of
the GRADE classification were not performed.




Appendix 2. Eligibility criteria for the inclusion of primary studies.

Inclusion criteria

Exclusion criteria

Patients Human patients of any age, sex, ethnicity, or Systemic diseases, syndromes, disorders
malocclusion

Intervention | Any orthodontic treatment with fixed No fixed appliances
appliances

Control Adolescent patients (up to 18 years, unless -
otherwise noted)

Outcome Treatment duration in months -

Studies Randomized and prospective or retrospective | Animal studies, case reports/series, non-clinical

non-randomized clinical trials

studies, and cross-sectional studies




Appendix 3. Literature search (as of September 28th, 2019) for each database with the corresponding hits.

Databank Search Limits Hits
MEDLINE orthodon* AND (therap* OR treatm*) AND (adult_* OR overage* OR old*
(through OR elder* OR senior* OR matpre* OR “non—grow!ng") _AND (adplesc* OR Humans 479
PubMed) underage* OR yoqu* OR child* QR teen* OR Juveml_e* OR immature*
OR youth* OR growing) AND (duration* OR "treatment time")
Embase Same as MEDLINE Human 191
Web of DENTISTRY ORAL
Knowledge Same as MEDLINE SURGERY 562
MEDICINE
TITLE-ABS-KEY ( orthodon* AND ( therap* OR treatm* ) AND ( adult*
OR overage* OR old* OR elder* OR senior* OR mature* OR "non-
Scopus growing" ) AND ( adolesc* OR underage* OR young* OR child* OR teen* | Dentistry 375
OR juvenile* OR immature* OR youth* OR growing ) AND ( duration* OR
"treatment time" ) ) AND ( LIMIT-TO ( SUBJAREA , "DENT"))
CDSR Same as MEDLINE 4
DARE Same as MEDLINE 0
CENTRAL Same as MEDLINE 71
\L/i'gr‘;":‘,; Health | same as MEDLINE 36
SUM (with overlaps) 1718
SUM (without overlaps) 800

CDSR, Cochrane Database of Systematic Reviews;

Effects;CENTRAL, Cochrane Central Register of Controlled Trials.

DARE, Cochrane Database of Abstracts of Reviews of




Appendix 4. List of studies identified from the literature search and their inclusion/exclusion status
with reasons.

Nr Paper Status

1 {ACTRN12615000341527} Efficacy of oral probiotics in improving oral hygiene for orthodontic
patients. 2015. Excluded by title

2 {CTRI1/2018/12/016793} New Approach For Faster Tooth Movement. 2018. Excluded by title

3 {DRKS00012463} Duration of tooth brushing with a manual and an electric toothbrush in children and
adults with fixed appliances. 2017. Excluded by title
{ISRCTN05771195} An investigation of two methods of orthodontic space closure: nickel titanium

4 . ) .
versus stainless steel springs. 2013. Excluded by title

5 {JPRN-UMIN000022182} Comprehensive clinical evaluation of indirect bonding method in orthodontic
treatment. 2016. Excluded by title

6 {NCT02659813} Orthodontic Archwire Effectiveness Trial. 2016. Excluded by title

7 {NCT03251807} Effect of Low-Intensity Pulsed Ultrasound on Functional Treatment of Class Il
Malocclusion. 2017. Excluded by title

8 {NCT03547531} Comparison of Modified Circular and Natural Tooth Brushing Methods in
Effectiveness of Dental Plaque Removal. 2018. Excluded by title

9 {NCT0364119} Orthodontic Approaches to Correct Deep Bite in Mixed Dentition Patients. 2018. Excluded by title
Abellan R, Gémez C, Iglesias-Linares A, Palma JC. Impact of photodynamic therapy versus ultrasonic

10 scaler on gingival health during treatment with orthodontic fixed appliances. Lasers in Surgery and
Medicine. 2019;51(3):256-67. Excluded by title
Aboul-Ela SMBED, El-Beialy AR, EI-Sayed KMF, Selim EMN, EI-Mangoury NH, Mostafa YA.

11 Miniscrew implant-supported maxillary canine retraction with and without corticotomy-facilitated
orthodontics. Am J Orthod Dentofacial Orthop 2011;139(2):252-9. Excluded by title

12 Abtahi M, Jahanbin A, Yaghoubi M, Esmaily H, Zare H. Are more nickel ions accumulated in the hair
of fixed orthodontic patients? Indian J Dent Res. 2013;24(3):298-301. Excluded by title

13 Afzal A, Qamruddin I. Relation between centric slide and Angle's classification. J Coll Physicians Surg
Pak. 2005;15(8):481-4. Excluded by title

14 Agaoglu G, Arun T, Izgi B, Yarat A. Nickel and chromium levels in the saliva and serum of patients
with fixed orthodontic appliances. Angle Orthod. 2001;71(5):375-9. Excluded by title

15 Ahmed |, Saif ul H, Nazir R. Carious lesions in patients undergoing orthodontic treatment. Journal of
the Pakistan Medical Association. 2011;61(12):1176-9. Excluded by title

16 Aileni KR, Rachala MR. Early treatment of class Ill malocclusion with Petit facemask therapy. Int J
Orthod Milwaukee. 2011;22(4):41-5. Excluded by title

17 Akbulut N, Altan A, Akbulut S, Atakan C. Evaluation of the 3 mm Thickness Splint Therapy on
Temporomandibular Joint Disorders (TMDs). Pain Res Manag. 2018;2018:3756587. Excluded by title
Akhare PJ, Daga AM, Pharande S. Rapid canine retraction and orthodontic treatment with

18 dentoalveolar distraction osteogenesis. Journal of Clinical and Diagnostic Research. 2012;5(7):1473-

7. Excluded by title
Al-Ainawi Kl, Al-Mdalal Y, Hajeer MY. The Effect of Using a Modified Dentoalveolar Distractor on

19 Canine Angulation following Rapid Canine Retraction: A Split-mouth Design Randomized Controlled
Trial. J Contemp Dent Pract. 2016;17(1):49-57. Excluded by title
Alam MK, Imran A, Enezei HH, Shahid F, Nowrin SA, Rahman SA. Inter disciplinary management of

20 maxillary lateral incisors agenesis with implant prostheses: A case report. International Journal of
Pharma and Bio Sciences. 2015;6(3):B1185-B93. Excluded by title
Albaker BK, Wong RWK. Diagnosis and management of root resorption by erupting canines using

21 cone-beam computed tomography and fixed palatal appliance: A case report. Journal of Medical Case
Reports. 2010;4. Excluded by title
Alberconi TF, Siqueira GLC, Sathler R, Kelly KA, Garib DG. Assessment of Orthodontic Burden of

22 Care in Patients With Unilateral Complete Cleft Lip and Palate. Cleft Palate Craniofac J.
2018;55(1):74-8. Excluded by title
Alessandri-Bonetti G, D'Anto V, Stipa C, Rongo R, Incerti-Parenti S, Michelotti A. Dentoskeletal

23 effects of oral appliance wear in obstructive sleep apnoea and snoring patients. Eur J Orthod.
2017;39(5):482-8. Excluded by title
Alfaro-Moctezuma P, Osorno-Escareno MD, Nuno-Licona A, Leiva-Cartes F, Angeles-Medina F.

24 Effects of orthodontic treatment on the inhibitory masseteric reflex. Revista De Investigacion Clinica-

Clinical and Translational Investigation. 2003;55(3):289-96. Excluded by title
Alfaro-Moctezuma P, Osorno-Escareno Mdel C, Nuno-Licona A, Leiva-Cartes F, Angeles-Medina F.

25 (Effects of orthodontic treatment on the masseter muscle inhibitory reflex). Rev Invest Clin.
2003;55(3):289-96. Excluded by title
Alfawal AMH, Hajeer MY, Ajaj MA, Hamadah O, Brad B. Evaluation of piezocision and laser-assisted

26 flapless corticotomy in the acceleration of canine retraction: a randomized controlled trial. Head Face
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