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Summary

Introduction > The purpose of this study was to systematically review the evidence regarding
conventional versus skeletal anchorage devices for molar distalization.
Method > An electronic search was conducted. Hand searching was done in the reference lists of
included studies and some journals. Studies comparing conventional and skeletal anchorage for
molar distalization in Angle class I or II malocclusions were assessed. Presence of periodontal
disease, second or third molar extraction and application of tooth accelerating methods led to
exclusion of studies. Generic-inverse variance approach was used for meta-analysis by use of the
mean difference and random-effect model. Risk of bias was evaluated in included studies.
Results > A total of 1996 articles were found; of which, 1991 were excluded. The mean amounts of
molar distalization/tipping in skeletal anchorage and conventional anchorage groups were
5.35 mm/8.448 and 4.25 mm/8.318, respectively, which were not significantly different. The
mean amounts of premolar movement in skeletal anchorage and conventional anchorage groups
were �0.96 mm and +2.21 mm, respectively, which was statistically significant (P = 0.004).
Duration of treatment in skeletal anchorage and conventional anchorage groups was 8.23 months
and 7.95 months, respectively, which were significantly different (P = 0.0001). Risk of bias was
assessed to be high.
Conclusion > The conventional and skeletal anchorage devices were not significantly different in
terms of the amount of molar distalization/tipping. However, the anchorage loss was lower in the
skeletal anchorage group. The treatment time was shorter in the conventional anchorage group.
More studies with proper design are required.
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Résumé

Comparaison de la distalisation molaire maxillaire avec ancrage conventionnel et
ancrage squelettique : revue systématique et méta-analyse

Introduction > L'objectif de cette étude était d'examiner systématiquement les éléments de
preuve concernant les dispositifs d'ancrage conventionnel par rapport aux dispositifs d'ancrage
squelettique pour la distalisation molaire.
Méthode > Une recherche électronique a été menée. La recherche manuelle a été effectuée dans
les listes de références des études retenues et dans quelques revues. Des études comparant
l'ancrage conventionnel et squelettique pour la distalisation molaire dans les malocclusions de
Classe d'Angle I ou II ont été évaluées. La présence d'une maladie parodontale, l'extraction des
secondes et troisièmes molaires et l'application de méthodes d'accélération du déplacement
dentaire ont conduit à l'exclusion d'études. La méthode générique de pondération par l'inverse de
la variance a été utilisée pour la méta-analyse selon le modèle à effets aléatoires avec le calcul
de la moyenne pondérée des grandeurs d'effet. Le risque de biais a été évalué dans les études
incluses.
Résultats > Au total, 1996 articles ont été trouvés, parmi lesquels 1991 ont été exclus. Les valeurs
moyennes de distalisation et de distoversion molaire dans les groupes d'ancrage squelettique et
d'ancrage conventionnel étaient respectivement de 5,35 mm/8,448 et 4,25 mm/8,318, et ne
présentaient pas de différence significative. Les quantités moyennes de perte d'ancrage pré-
molaire dans les groupes d'ancrage squelettique et conventionnel étaient respectivement de
�0,96 mm et +2,21 mm, avec une différence statistiquement significative (p = 0,004). La durée
du traitement dans les groupes d'ancrage squelettique et d'ancrage conventionnel, respective-
ment de 8,23 mois et de 7,95 mois, était statistiquement différente (p = 0,0001). Le risque de
biais a été jugé élevé.
Conclusion > Les dispositifs d'ancrage conventionnels et squelettiques ne présentaient pas de
différence significative pour ce qui est de la quantité de distalisation/version distale molaire.
Cependant, la perte d'ancrage était plus faible dans le groupe des ancrages squelettiques. La
durée de traitement était plus courte dans le groupe d'ancrage conventionnel. D'autres études de
bonne conception sont nécessaires.
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Introduction
Upper molar distalization is a commonly used treatment modal-
ity for correction of class II malocclusion in non-extraction cases
[1]. The type of movement and the timing of treatment affect
the rate of movement [2]. Tipping movement usually occurs
faster; whereas, bodily movement takes a longer time to
accomplish. Moreover, upper molar distalization should be pref-
erably performed in the mixed dentition period, before the
eruption of second molars [2]. Several distalization methods
have been introduced including the use of extra- and intra-oral
appliances [3–6]. Conventional appliances such as headgear,
despite of being successful for tooth movement, highly depend
on patient compliance [2]. Although the use of headgear has
recently decreased, it is still useful for class II malocclusion cases
with maxillary and/or dentoalveolar protrusion predominance
[7]. The Pendulum appliance is among the most commonly used
intra-oral conventional appliances to distalize upper molars,
which was introduced in 1992 by Hilgers [2]. It seems that
the correction of class II molar relationship occurs mainly by
dentoalveolar changes rather than skeletal changes using Pen-
dulum devices [8]. Anchorage loss, protrusion of the maxillary
incisors and premolars, distal tipping of maxillary molars and
subsequent clockwise rotation of the mandible and increase
in lower anterior facial height are among its main shortcomings
[9–12]. Anchorage results in maximum desired and minimum
unwanted tooth movement and manages the space in ortho-
dontic treatment. Thus, loss of anchorage would result in poor
treatment outcome [13,14]. Temporary anchorage devices
(TADs) are recent additions to orthodontic treatment. Several
authors have reported successful results using mini-screws for
maxillary molar distalization [15–17]. On the other hand, the
clinical use of TADs is associated with some risks and compli-
cations such as screw fracture [18]. Moreover, pain, discomfort
and root proximity are among common concerns in implant-
tome 17 > n83 > September 2019
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supported orthodontics [19]. Although many studies have eval-
uated different methods of molar distalization, controversy still
exists regarding upper first molar distalization using the conven-
tional versus skeletal anchorage devices [20,21]. Antoszewska-
Smith et al. showed that temporary intraoral skeletal anchorage
devices are significantly more effective than conventional meth-
ods of anchorage reinforcement, but they studied the anchorage
reinforcement during en masse retraction not distalizing the
molar teeth and the entire maxillary arch [22]. Thus, a systematic
review is required to allow evidence-based decision-makings.
Recently, a systematic review done by Mohamed et al. evaluated
the quantitative effects of miniscrew supported appliances for
maxillary molar distalization in Class II malocclusion, but they did
not compare the conventional methods with miniscrew sup-
ported appliances [23]. Thus, the aim of the present study
was to systematically review the available evidence regarding
molar distalization using conventional versus skeletal anchorage
devices in terms of dental changes and time required for dis-
talization in Angle class I and II malocclusions.

Materials and methods
The protocol of the present systematic review was registered in
PROSPERO with the following number: 2016 CRD42016048422
available at: http://www.crd.york.ac.uk/PROSPERO/
display_record.php?ID=CRD42016048422.

Search strategy
An electronic search was conducted in MEDLINE, Embase, CEN-
TRAL and Cochrane Oral Health's Trials Register. An electronic
search of literature was conducted in MEDLINE, Embase, CEN-
TRAL and Cochrane Oral Health Trials Register from January
1970 to January 2018 with no time or language restriction.
Hand searching was done in the reference lists of selected
studies and in the following journals: American Journal of
Orthodontics and Dentofacial Orthopaedics, Angle Orthodontist,
European Journal of Orthodontics and Korean Journal of Ortho-
dontics up to January 2018. The search strategy for Medline
search was as follows:

�

to
Malocclusion, Angle Class II [mh]/;

�
 "Class II'' AND (Angle OR malocclusion OR bite);

�
 1 or 2;

�
 [("distal molar movement'') OR (distal adj4 molar)];

�
 3 AND 4;

�
 Malocclusion, Angle Class I [mh]/;

�
 "Class I'' AND (Angle OR malocclusion OR bite);

�
 6 or 7;

�
 [("distal molar movement'') OR (distal adj4 molar)];

�
 8 AND 9;

�
 5 or 10;

�
 [(temporary skeletal anchorage) OR (skeletal adj4 anchorage)
OR (TAD)];
�
 (miniscrew or mini-screw or "mini screw'');
me 17 > n83 > September 2019
�
 (mini implant or mini-implant or "mini implant'');

�
 Or/12–14;

�
 [(extraoral or extra-oral or "extra oral'') adj4 appliance];

�
 ("head gear'' or headgear or head-gear);

�
 [(intraoral or intra-oral or "intra oral'') adj4 appliance];

�
 ("pendulum appliance'' or "Wilson's arch'' or "distal jet appli-
ance'' or Jones or "jig appliance'' or "repelling magnets'' or
("super elastic'' adj3 spring) or Herbst or Frankel or Bass or
Harvold).ti,ab.;
�
 Or/16–19;

�
 15 or 20;

�
 11 AND 21.
The search strategy was modified for other databases
accordingly.

Eligibility criteria for study selection
Types of studies
Parallel randomized clinical trials comparing molar distalization
using TADs and intra-oral or extra-oral non-skeletal anchorage
devices were included. Controlled clinical trials and retrospective
studies were accepted as well.

Participants
Adult or adolescent patients with skeletal class I or class II
malocclusion who needed upper first molar distalization for
incisor retraction or relieving of the upper arch crowding were
selected. Patients with periodontal disease were excluded.
Second or third molar extraction and simultaneous use of tooth
movement accelerating methods led to exclusion from the
study. Adjunctive orthodontic treatment and use of miniplates
were among the other exclusion criteria.

Types of intervention
Active intervention: upper first molar distalization using alveolar
or palatal mini-screws with direct or indirect anchorage.
Control: upper first molar distalization with intra-oral or extra-
oral appliances and dental or extra-oral anchorage.

Outcome measures
Primary outcome measure
Movement of upper first molar shown in negative (distal move-
ment) and positive (mesial movement) values measured on
dental cast, lateral cephalogram, CBCT or assessed clinically.

Secondary outcome measures
Anchorage loss of anterior teeth shown by mesial movement of
upper incisor or increase in overjet values measured on dental
cast, lateral cephalogram, CBCT or assessed clinically.
Time needed to complete the distalization.

Study selection and data extraction
Two reviewers independently selected the studies. Disagree-
ments were resolved by discussion. At first, all the searched
articles were screened according to their title and potentially
irrelevant articles were excluded. The abstracts were then
read and analysed according to the eligibility criteria and
41
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the full-text of selected articles was precisely reviewed. The
final articles were selected. The reviewers contacted the
authors in case of insufficient data regarding the aforemen-
tioned articles. A data extraction form was designed and two
reviewers filled out the form independently and by duplicate.
Assessment of risk of bias
Two reviewers independently assessed the risk of bias of con-
trolled clinical trials according to the Down and Black checklist in
five domains of Reporting, External Validity, Internal Validity-
Bias and Internal Validity-Confounding and Power [24].
Figure 1
Flow diagram of the study selection process
The Agency for Heathcare Research and Quality (AHRQ) guid-
ance [25] was used to assess the risk of bias in retrospective
studies. Comparative retrospective studies were evaluated
according to the cohort checklist.

Data synthesis and analysis
Meta-analysis was done using Review Manager Software ver-
sion 5.3 (Copenhagen, The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014) by generic inverse-variance
approach. The mean difference was used as summary statistics
and a random-effect method was used for meta-analysis. Level
of significance was set at 0.05.
tome 17 > n83 > September 2019
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Results
Measurement of treatment effect
A total of 1996 articles were found by electronic and hand
searching; out of them, 1991 were excluded with reasons
(figure 1). Five articles including two prospective clinical trials
and three retrospective studies were selected.

Qualitative analysis
Table I shows the characteristics and results of the included
articles. As shown, four out of the five reviewed articles had
used the Pendulum appliance as a conventional method while
one article reported using the distal jet. Mini-screws had been
placed in the palate in all reviewed articles.

Quantitative analysis
Molar distalization
Figure 2 shows the forest plot of meta-analysis on molar dis-
talization. As shown the mean amount of molar distalization in
skeletal anchorage and conventional anchorage groups was
5.35 mm and 4.25 mm, respectively. This difference was not
statistically significant (mean difference = �0.06 [�0.7; 0.58],
P = 0.85).

Molar tipping
Figure 3 shows the forest plot of meta-analysis on molar tipping.
As shown the mean amount of molar tipping in skeletal anchor-
age and conventional anchorage groups was 8.448and 8.318,
respectively. This difference was not statistically significant
(mean difference = 0.01 [�0.98; 1.01], P = 0.98).

Anchorage loss in premolar area
Figure 4 shows the forest plot of meta-analysis on premolar
movement in mesial (+) or distal (�) direction. As shown the
mean amount of premolar movement in skeletal anchorage and
conventional anchorage groups was �0.96 mm and 2.21 mm,
respectively. This difference was statistically significant (mean
difference = �1.84 [�3.10; �0.59], P = 0.004).

Treatment time
Figure 5 shows the forest plot of meta-analysis regarding the
treatment time. As shown, the mean treatment time in skeletal
anchorage and conventional anchorage groups was 8.23 months
and 7.95 months, respectively. This difference was statistically
significant (mean difference = 1.12 [0.56; 1.69], P = 0.0001).

Risk of bias in included studies
Table II shows the risk of bias for controlled clinical trials. The
total numbers of these two articles were 17 and 18, showing
high risk of bias.
Table III shows the risk of bias for retrospective studies. The
outcome assessor blindness was not clear in any of the studies.
None of the studies had considered the real effect of the
confounding factors (e.g. presence of second molar) on the
outcome assessment.
tome 17 > n83 > September 2019
Heterogeneity
Heterogeneity was assessed to be high in this meta-analysis.
This can be attributed to different patient characteristics, effect
of confounding factors and different treatment protocols in the
reviewed studies.
Discussion
The purpose of this meta-analysis was to compare molar dis-
talization using skeletal versus conventional anchorage devices
regarding dental changes, treatment time and anchorage loss.
Five studies met the inclusion criteria.
Dental changes
The main goal of molar distalization is to produce a true bodily
movement or at least to keep molar distal tipping as little as
possible. According to this analysis, the amount of molar dis-
talization was not significantly different using skeletal and
conventional anchorage devices (P = 0.85). Grec et al. in a
previous meta-analysis in 2013 assessed the effectiveness of
both methods and concluded that they seem to be effective in
molar distalizing with little more distalization in the skeletal
anchorage group [21]. However, none of their included studies
had compared the two approaches, instead they compared each
procedure with untreated control patients. Thus, they were not
able to analyse the measures, statistically. From the mentioned
meta-analysis and the present systematic review, it appears that
skeletal and conventional anchorages can be successful in molar
distalization. In addition, Antonarakis et al. [26] assessed the
effectiveness of conventional anchorage in a systematic review
and revealed that this method can successfully distalize the
molar, although creating significant anchorage loss. Fudalej
et al. [27] assessed the issue in skeletal anchorage and com-
pared their results with a systematic review by Antonarakis et al.
and concluded that skeletal anchorage causes more molar distal
movement compared to conventional anchorage methods [26].
This result is in contrast with that of our study. Nevertheless,
none of the available systematic reviews have assessed the
issue in studies with both methods. This can decrease the
possible bias in the present study.
In the present review, molar distal tipping was not significantly
different between the two approaches (P = 0.98). Similarly, a
review by Fudalej et al. demonstrated distal tipping with both a
TAD and pendulum appliance [27]. Antonarakis et al. showed
that molar tipping is less in cases with palatal anchorage [26]. In
the present study, all the included articles had used palatal
anchorage. It can be explained by the location of distal and
reaction force vectors, which is lower than the molar centre of
resistance. Thus, it produces distal tipping of the tooth during
molar distalization. All the appliances in the present review
were placed palatally.
41
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TABLE I
Characteristics of the reviewed studies.

Author/year Type of study Malocclusion Sample size
(case/control)

Appliance type
(case/control)

Method of
evaluation

Amount of
distalization in

millimeters (case/
control)

Amount of tipping
(case/control)

Amount of
anchorage loss in
premolars (case/

control)

Time required for
distalization
(case/control)

Oncag/2005 Controlled clinical
trial

Class I/II 15/15 Implants combined
with pendulum

springs/pendulum
appliance

Lateral
cephalograms

For right side:
�3.4 � 1.18/
�4.96 � 1.44

�10 � 3.29/
�7.06 � 5.86

�2.8 � 0.94/
1.56 � 1.69

27/29

Polat-Ozsoy/2007 Retrospective Class II 22/17 Bone-anchored
pendulum

appliance (BAPA)/
Conventional

pendulum (CPA)

Lateral
cephalograms

�4.8 � 1.8/
�2.7 � 1.7

�9.1 � 4.6/�5.3
� 3.8

�2.7 � 1.6/
4 � 2.7

6.8 � 1.7/
5.1 � 0.9

Cozzani/2014 Controlled clinical
trial

Class II 18/18 Bone-anchored
distal screw (DS)/
traditional tooth-
supported distal

jet (DJ)

lateral
cephalogram

� 4.7 � 1.6/
�4.4 � 2.5

Median: �2.88;
�3.1 to 1.3/�5.0;

�9.0 to 2.0

�2.1 � 1.8/
0.9 � 1.6

9.1 � 2.8/
10.5 � 4.2

Mariani/2014 Retrospective Class II/I 30/27 MGBM system
(palatal

anchorage)/
Pendulum

lateral
cephalogram

�4.7 � 2.9/
�2.7 � 3.7

�10.5 � 6.2/
�10.3 � 8.4

2.5 � 4.3/
1.9 � 6.6

8 � 2/
9 � 3

Caprioglio/2015 Retrospective Class II 19/24 Distal screw
appliance/
Pendulum

Lateral
cephalometry

�4.2 � 1.4/
�4.7 � 2

�3.2 � 3/�9
� 4.1

�1.9 � 1.7/
2.7 � 3.3

9 � 2/
7 � 2
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Figure 2
Forest plot of comparison of skeletal anchorage and conventional anchorage in terms of the amount of molar distalization in
millimetres

Figure 3
Forest plot of comparison of skeletal anchorage and conventional anchorage in terms of the amount of molar tipping in degrees

Figure 4
Forest plot of comparison of skeletal anchorage and conventional anchorage in terms of the amount of premolar movement in
millimetres

Figure 5
Forest plot of comparison of skeletal anchorage and conventional anchorage in terms of the treatment time in months

Maxillary molar distalization using conventional versus skeletal anchorage devices: A systematic review and meta-analysis
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TABLE II
Results of risk of bias assessment in controlled clinical trials by the
reviewers according to Down and Black checklist.

Question number Oncag G et al. Cozzani M et al.

Reporting

1 1 1

2 1 1

3 1 1

4 1 1

5 1 1

6 1 1

7 1 1

8 0 0

9 0 0

10 0 1

External validity

11 1 1

12 1 1

13 1 1

Internal validity-bias

14 0 0

15 0 0

16 0 0

17 1 1

18 1 1

19 1 1

20 1 1

Internal validity-confounding

21 1 1

22 1 1

23 0 0

24 0 0

25 1 1

26 0 0

Power

27 0 0

Total 17 18
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Anchorage loss in premolar area
The main disadvantage of molar distalizing procedures is the
forward movement of the anchoring teeth. This anchorage loss
is expressed by mesial movement of the premolar and incisor
segment. In the present study, a significant difference was
observed regarding anchorage loss between the conventional
versus TAD-supported distalization. Similarly, a meta-analysis
done by Hilgers et al. showed that the conventional method
resulted in a certain amount of anchorage loss at the premolar
and incisor regions; whereas, these side effects were not seen
with skeletal anchorage [28]. Mariani et al. found no significant
difference between the skeletal versus the conventional meth-
ods of distalization when measuring anchorage loss at the
premolar region [17]. They reported that the MGBM (Maino,
Gianelly, Bednar, Mura) protocol [16] for the skeletal anchorage
does not completely prevent the anterior anchorage loss. The
possible reasons for anchorage loss in TAD group, as reported by
Kinzinger et al. [29] and Liou et al. [30] might be the absence of
osseointegration and the elasticity of bone, which leads to small
movements when stressed by orthodontic forces. Another
important factor is the reduced stiffness of the wire ligatures
connecting the mini-screw to the trans-palatal bar.
Suzuki and Suzuki designed the iPanda appliance for molar
distalization, which is a fixed appliance anchored to the mid-
palatal mini-screws. They reported significant upper molar dis-
talization without anchorage loss [20]. Cozzani et al. also
showed mesial movement of first premolar using the MGBM
system while the distal screw appliance resulted in 2.2 mm
distal movement of the first premolar. They stated that only
direct skeletal anchorage can provide absolute anchorage, and
spontaneous distal movement of the first premolars was due to
the distal pull of transseptal fibers during distalization of the first
molar [31].

Treatment time
In our study, the mean treatment time for molar distalization
was greater in minis-crew-supported methods. Conversely, Coz-
zani et al. showed no significant difference regarding the time
required for molar distalization using implant-supported distal
jet and a traditional tooth-supported distal jet appliance [32].
However, they considered the treatment time from bonding to
debonding, instead of the time required for molar distalization.
Thus, they concluded that because of spontaneous distal move-
ment of premolars, fewer use of devices such as elastic chain or
coil spring resulted in shortening of the orthodontic treatment
time.
A meta-analysis by Grec et al. reported a greater variation in
treatment time in use of conventional anchorage compared to
skeletal anchorage devices. This might be explained by selection
tome 17 > n83 > September 2019



TABLE III
Results of risk of bias assessment in retrospective articles by the reviewers according to AHRQ checklist.

Polat-Ozsoy Mariani Caprioglio

Selection bias

Any attempt to balance the allocation between the groups? Yes Yes Yes

Did the study apply inclusion/exclusion criteria uniformly to all comparison groups? Yes Yes Yes

Is the selection of the comparison group appropriate? Yes Yes Yes

Did the strategy for recruiting participants into the study differ across study groups? No No No

Are baseline characteristics similar between groups? If not, did the analysis control for
differences?

Yes Yes Yes

Does the design or analysis control account for important confounding and modifying variables? No No No

Performance bias

Did researchers rule out any impact from a concurrent intervention or an unintended exposure
that might bias results?

Yes Yes Yes

Did variation from the study protocol compromise the conclusions of the study? No No No

Attrition bias

In cohort studies, is the length of follow-up different between the groups, or in case-control
studies, is the time period between the intervention/exposure and outcome the same for cases
and controls?

No No No

Was there a high rate of differential or overall attrition? No Yes Yes

Did attrition result in a difference in group characteristics between baseline (or randomization)
and follow-up?

No No No

Is the analysis conducted on an intention-to-treat (ITT) basis? No No No

Detection bias

Were the outcome assessors blinded to the intervention or exposure status of participants? Not clear Not clear Not clear

Are the inclusion/exclusion criteria measured using valid and reliable measures, implemented
consistently across all study participants?

Yes Yes Yes

Are interventions/exposures assessed using valid and reliable measures, implemented
consistently across all study participants?

Yes Yes Yes

Are primary outcomes assessed using valid and reliable measures, implemented consistently
across all study participants?

Yes Yes Yes

Are confounding variables assessed using valid and reliable measures, implemented consistently
across all study participants?

No No No

Reporting bias

Are the potential outcomes pre-specified by the researchers? Are all prespecified outcomes
reported?

Yes Yes Yes
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of more severe cases for treatment with mini-screw-supported
anchorage [21].

Risk of bias
The overall risk of bias was assessed to be high in the reviewed
studies. Lack of randomization and blindness would make it
tome 17 > n83 > September 2019
impossible to draw a definite conclusion based on the reviewed
studies.

Heterogeneity
Heterogeneity was assessed to be high in the present meta-
analysis. Undefined amount of molar distalization, variations in
42
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appliance design, different study designs and differences in the
amount of second or third molar development would be the
possible reasons for high heterogeneity.

Conclusion
Based on the results of reviewed studies, it seems that the
amount of molar distalization and tipping does not differ
between the conventional and TAD-supported distalization.
However, TADs would minimize the loss of anchorage by limiting
premolar mesial movement. Treatment time seems to be
References

[1] Mariani L, Maino G, Caprioglio A. Skeletal
versus conventional intraoral anchorage for
the treatment of class II malocclusion: den-
toalveolar and skeletal effects. Prog Orthod
2014;15:43–53.

[2] Giovannoni D, Mezio M, Caterini L, Dari M,
Pacella E. Pendulum appliance: skeletal and
dentoalveolar effects. A systematic review.
webmedcentralcom 2017;8(1):WMC005351.

[3] Haas AJ. Headgear therapy: the most efficient
way to distalize molars. Semin Orthod
2000;6:79–90.

[4] Cetlin NM, Ten-Hoeve A. A nonextraction
treatment. J Clin Orthod 1983;7:396–413.

[5] Caprioglio A, Fontana M, Longoni E, Cozzani
M. Long-term evaluation of the molar move-
ments following Pendulum and fixed appli-
ances. Angle Orthod 2013;83:447–54.

[6] Fontana M, Cozzani M, Caprioglio A. Non-
compliance maxillary molar distalizing appli-
ances: an overview of the last decade. Prog
Orthod 2012;13:173–84.

[7] Henriques FP, Janson G, Henriques JF, Pupu-
lim DC. Effects of cervical headgear appliance:
a systematic review. Dental Press J Orthod
2015;20:76–81.

[8] Cambiano AO, Janson G, Fuziy A, Garib DG,
Lorenzoni DC. Changes consequent to max-
illary molar distalization with the bone-
anchored pendulum appliance. J Orthod Sci
2017;6:141–6.

[9] Bussick TJ, McNamara Jr JA. Dentoalveolar
and skeletal changes associated with the
pendulum appliance. Am J Orthod Dentofac
Orthop 2000;117:333–43.

[10] Byloff FK, Darendeliler MA, Clar E, et al. Distal
molar movement using the pendulum appli-
ance. Part 2: the effects of maxillary molar
root uprighting bends. Angle Orthod
1997;67:261–70.

[11] Ghosh J, Nanda RS. Evaluation of an intraoral
maxillary molar distalization technique. Am J
Orthod Dentofac Orthop 1996;110:639–46.

[12] Al-Thomali Y, Basha S, Mohamed RN. Pen-
dulum and modified pendulum appliances for

maxillary molar dista
occlusion — A system
tol Scand 2017;75:39

[13] Quinn RS, Yoshikawa
force magnitude in or
1985;88:252–60.

[14] Roberts-Harry D, San
9: anchorage control a
Dent J 2004;196:255–

[15] Kinzinger GS, Gülden 

PR. Efficiency of a ske
ance supported by m
noncompliance maxil
Am J Orthod Dentofac O

[16] Maino BG, Gianelly 

Maino G. MGBM sy
Class II non-extracti
cooperation. Prog Ort

[17] Maino G, Mariani L
Caprioglio A. Maxil
with MGBM-system i
J Orthod Sci 2013;2:1

[18] Suzuki EY, Suzuki B. 

torque values of 

implants. Am J Or
2011;139:669–78.

[19] Cheng SJ, Tseng IY,
prospective study of
ciated with failure of
orthodontic anchorag
Implants 2004;19:100

[20] Suzuki EY, Suzuki B
miniscrew anchorage
ance. J Clin Orthod 20

[21] Grec RM, Janson G, 

PG, Patel MP, Castanh
distalizers effects with
letal anchorage: a me
Dentofac Orthop 201

[22] Antoszewska-Smith J
Konopka T, Kawala B.
dontic miniscrew imp
forcement during e
systematic review an
Orthod Dentofac Orth
slightly longer for TAD-supported distalization. So that, mini
screw supported mechanics can be used in cases with critical
anchorage demands.
Due to the lack of high-level evidence regarding this topic, more
randomized clinical trials with proper design are required to
draw a definite conclusion.

Disclosure of interest
The authors declare that they have no competing interest.
lization in class II mal-
atic review. Acta Odon-
4–401.
 DK. A reassessment of
thodontics. Am J Orthod

dy J. Orthodontics. Part
nd distal movement. Br
63.
N, Yildizhan F, Diedrich
letonized distal jet appli-
iniscrew anchorage for
lary molar distalization.
rthop 2009;136:578–86.
AA, Bednar J, Mura P,
stem: new protocol for
on treatment without
hod 2007;8(1):130–43.
, Bozzo I, Maino G,
lary molar distalization
n class II malocclusion.
01–8.
Placement and removal
orthodontic miniscrew
thod Dentofac Orthop

 Lee JJ, Kok SH. A
 the risk factors asso-

 mini-implants used for
e. Int J Oral Maxillofac
–6.
. The indirect palatal

 and distalization appli-
16;50:80–96.
Branco NC, Moura-Grec
a Henriques JF. Intraoral

 conventional and ske-
ta-analysis. Am J Orthod
3;143:602–15.
, Sarul M, Łyczek J,

 Effectiveness of ortho-
lants in anchorage rein-
n-masse retraction: a
d meta-analysis. Am J
op 2017;151:440–55.

[23] Mohamed RN, Basha S, Al-Thomali Y. Maxillary
molar distalization with miniscrew-supported
appliances in Class II malocclusion: a systematic
review. Angle Orthod 2018;88:494–502.

[24] Downs SH, Black N. The feasibility of creating
a checklist for the assessment of the meth-
odological quality both of randomised and
non-randomised studies of health care inter-
ventions. J Epidemiol Community Health
1998;52:377–84.

[25] Velentgas P, Dreyer NA, Nourjah P, Smith SR,
Torchia MM, editors. Developing a protocol for
observational comparative effectiveness
research: a user's guide. Rockville (MD): Agency
for Healthcare Research and Quality (US); 2013.

[26] Antonarakis GS, Kiliaridis S. Maxillary molar
distalization with noncompliance intramaxillary
appliances in Class II malocclusion. A systematic
review. Angle Orthod 2008;78:1133–40.

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

[28] Hilgers JJ. The pendulum appliance for class II
noncompliance therapy. J Clin Orthod
1992;26:706–14.

[29] Kinzinger G, Gulden N, Yildizhan F, Her-
manns-Sachwah B, Diedrich P. Anchorage
efficacy of palatally-inserted miniscrews in
molar distalization with a periodontally/min-
iscrew-anchored distal jet. J Orofac Orthop
2008;69:110–20.

[30] Liou EJ, Pai BC, Lin JC. Do miniscrews remain
stationary under orthodontic forces? Am J
Orthod Dentofac Orthop 2004;126:42–7.

[31] Cozzani M, Fontana M, Maino G, Maino G,
Palpacelli L, Caprioglo A. Comparison
between direct vs. indirect anchorage in
two miniscrew-supported distalizing devices.
Angle Orthod 2016;86:399–406.

[32] Cozzani M, Pasini M, Zallio F, et al. Compar-
ison of maxillary molar distalization with an
implant-supported distal jet and a traditional
tooth-supported distal jet appliance. Int J Dent
2014;2014:937059.

tome 17 > n83 > September 2019

http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0165
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0165
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0165
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0165
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0165
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0170
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0170
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0170
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0170
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0175
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0175
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0175
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0180
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0180
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0185
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0185
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0185
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0185
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0190
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0190
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0190
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0190
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0195
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0195
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0195
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0195
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0200
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0200
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0200
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0200
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0200
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0205
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0205
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0205
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0205
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0210
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0210
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0210
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0210
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0210
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0215
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0215
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0215
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0220
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0220
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0220
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0220
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0220
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0225
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0225
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0225
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0230
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0230
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0230
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0235
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0235
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0235
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0235
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0235
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0240
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0240
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0240
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0240
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0245
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0245
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0245
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0245
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0250
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0250
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0250
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0250
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0255
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0255
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0255
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0255
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0255
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0260
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0260
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0260
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0265
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0265
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0265
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0265
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0265
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0270
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0270
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0270
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0270
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0270
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0270
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0275
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0275
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0275
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0275
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0280
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0280
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0280
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0280
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0280
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0280
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0285
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0285
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0285
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0285
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0285
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0290
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0290
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0290
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0290
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0295
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0295
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0295
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0295
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0300
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0300
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0300
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0305
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0305
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0305
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0305
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0305
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0305
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0310
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0310
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0310
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0315
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0315
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0315
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0315
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0315
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0320
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0320
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0320
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0320
http://refhub.elsevier.com/S1761-7227(19)30077-4/sbref0320

	Maxillary molar distalization using conventional versus skeletal anchorage devices: A systematic review and �meta-analysis
	Introduction
	Materials and methods
	Search strategy
	Eligibility criteria for study selection
	Types of studies
	Participants
	Types of intervention

	Outcome measures
	Primary outcome measure
	Secondary outcome measures

	Study selection and data extraction
	Assessment of risk of bias
	Data synthesis and analysis

	Results
	Measurement of treatment effect
	Qualitative analysis
	Quantitative analysis
	Molar distalization
	Molar tipping
	Anchorage loss in premolar area
	Treatment time

	Risk of bias in included studies
	Heterogeneity

	Discussion
	Dental changes
	Anchorage loss in premolar area
	Treatment time
	Risk of bias
	Heterogeneity

	Conclusion
	Disclosure of interest
	References


