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ABSTRACT
Objectives: To compare the effects of Forsus appliances with and without temporary anchorage
devices (TADs) for patients with skeletal Class II malocclusion.
Materials and Methods: Through a predefined search strategy, electronic searching was
conducted in PubMed, Embase, Web of Science, CENTRAL, ProQuest Dissertations & Theses,
and SIGLE with no language restrictions. Eligible study selection, data extraction, and evaluation of
risk of bias (Cochrane Collaboration tool) were conducted by two authors independently and in
duplicate. Any disagreement was solved by discussion or judged by a third reviewer. Statistical
pooling, sensitivity analysis, subgroup analysis, and assessment of small-study effects were
conducted by using Comprehensive Meta-Analysis and Stata 12.0. Heterogeneity was analyzed for
different types of study designs, TADs, and radiographic examinations.
Results: Electronic search yielded a total of 256 studies after removing duplicates. Among them,
six studies were finally included. All articles were of high quality. The pooled mean differences were
–0.27 (95% confidence interval [CI]: –0.59, 0.05) for SNA, 0.58 (95% CI: –0.07, 1.23) for SNB,
–0.86 (95% CI: –1.74, –0.03) for ANB, 1.63 (95% CI: 0.46, 2.80) for Co-Po, 0.75 (95% CI: 0.28,
1.23) for SN-MP, –7.56 (95% CI: –11.37, –3.76) for L1-MP, 0.47 (95% CI: –0.98, 1.91) for overjet,
0.39 (95% CI: –0.57, 1.35) for overbite, –1.84 (95% CI:�5.15, 1.47) for SN-OP, and 4.97 (95% CI:
–1.22, 11.17) for nasolabial angle.
Conclusions: TADs (especially miniplates) were able to eliminate dental adverse effects of Forsus
appliances for correction of skeletal Class II malocclusion. (Angle Orthod. 2021;91:255–266.)

KEY WORDS: Class II malocclusion; Forsus; Temporary anchorage devices; Systematic review;
Meta-analysis

INTRODUCTION

Class II malocclusion is a constellation of several

types of malocclusion. Patients with Class II malocclu-

sion can exhibit maxillary protrusion, mandibular

retrusion, or their combinations, together with abnormal

dental relationship problems and facial esthetic disor-

ders.1 In particular, mandibular retrusion, rather than

maxillary protrusion, is the main etiologic factor for
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Class II malocclusion2 and the most common charac-
teristic of Class II malocclusion.3 Therefore, orthodontic
treatments promoting mandibular growth or advance-
ment are indicated for growing patients with mandib-
ular retrusion.

A variety of orthodontic appliances have been
designed for mandibular retrusion, including fixed
functional and removable functional appliances. They
achieve Class II correction by inducing mandibular
lengthening sagittally and vertically by stimulating
condylar growth.4 While the treatment effects of
removable functional appliances are limited by poor
patient cooperation, fixed functional appliances (FFAs)
are more advantageous and are able to achieve
clinically significant mandibular elongation.5 Among
various FFAs, Forsus Fatigue Resistant Device
(FFRD; 3M Unitek, Monrovia, Calif)6 is an example of
a hybrid FFA, which is used for treatment of mandibular
retrusion in growing patients. However, it has been
suggested that Forsus could induce mandibular
lengthening at the expense of dentoalveolar compen-
sations. Forsus exerts anteriorly directed force on the
mandibular dentition, and this may result in proclination
of the mandibular incisors, jeopardizing the long-term
stability of treatment outcomes.7

To minimize the adverse effects of Forsus, a
combination of Forsus and temporary anchorage
devices (TADs) has been claimed to preserve dental
anchorage and avoid adverse dental effects.8–12 How-
ever, controversy arose regarding whether Forsus with
and without skeletal anchorage produced similar
treatment results.9,13 These conflicting results are likely
attributed to different types of skeletal anchorage and
different study designs. To date, no conclusion has
been made whether Forsus with TADs are superior to
Forsus only. The aims of this study were to compare
the effects of Forsus with and without TADs for patients
with Class II mandibular retrusion.

MATERIALS AND METHODS

Protocol and Registration

The protocol for this systematic review was registered
in the International Prospective Register of Systematic
Reviews (PROSPERO; http://www.crd.york.ac.uk/
prospero; registration number CRD42020140721).

Inclusion Criteria

Growing patients diagnosed with skeletal Class II
base with mandibular retrusion were included. Inter-
ventions were Forsus and fixed appliances with or
without TADs (eg, miniscrews and miniplates) for
mandibular advancement. Both randomized controlled
trials (RCTs) and prospective controlled clinical trials
(CCTs) were eligible.

Exclusion Criteria

Patients with severe orofacial anomalies (eg, cleft
lip), dental pathology (eg, cyst), and medical conditions
(eg, osteoporosis) were excluded.

Information Sources, Search Strategy, and Study
Selection

The databases searched included those of PubMed,
Embase, Web of Science, Cochrane Central Register
of Controlled Trials (CENTRAL), ProQuest Disserta-
tions & Theses, and the gray literature database of
SIGLE. Specifically, the electronic search parameters
were articles from January 1980 to April 2020 with no
language restrictions. The specific search strategy of
PubMed is presented in Table 1. Titles and abstracts
were assessed according to the eligibility criteria. The
selected articles were evaluated after reading full texts,
and a final selection was determined. Searching and
assessment of studies was performed independently
and in duplicate by two reviewer authors (Miss Liu and
Miss Zhan), and disagreements were judged by a third
reviewer (Dr Long).

Data Extraction

Results regarding study design, demographic data
(age, sample size, grouping, and skeletal age),
detailed description (interventions, treatment duration,
and comparator), and outcomes (skeletal, dentoalveo-
lar, and soft-tissue measurements from anteroposteri-
or, and vertical direction) were all extracted.

Study Outcomes

Study outcomes were skeletal indices (SNA, SNB,
ANB, Co-Po, SN-MP), dental indices (L1-MP, overjet,
overbite, SN-OP), and soft-tissue indices (nasolabial

Table 1. Search Strategy for PubMed

Step PubMed Search Strategy

1 ‘‘Malocclusion, Angle Class II’’ [mesh] OR Angle Class II OR Class II, Angle OR Class II OR Distocclusion* OR Distal occlusion*

2 Forsus OR functional appliance OR orthopedic OR mandibular advancement

3 Dental implant OR Micro-implant OR Microimplant OR Micro implant OR Mini-implant OR Mini implant OR Mini-screw OR Miniscrew

OR Mini screw OR Mini-plate OR Miniplate OR Mini plate OR Skeletal anchorage OR Bone anchorage OR Bone screw

4 1 AND 2 AND 3
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angle). Primary outcomes were ANB, SN-MP, and L1-
MP, and secondary outcomes were SNA, SNB, Co-Po,
overjet, overbite, SN-OP, and nasolabial angle.

Risk of Bias and Quality Assessment

The evaluation of risk of bias for the included
studies was performed independently and in duplicate
by two review authors (Miss Liu and Miss Zhan)
according to the Cochrane tool for assessing risk of
bias in randomized trials (RoB 2.0 tool)14 and in
nonrandomized trials (ROBINS-I tool).15 For each bias
domain, a judgment score was given following the
recommendations of the Cochrane Handbook for
Systematic Reviews of Interventions 5.1.0 Any dis-
agreement was solved by discussion or judged by a
third reviewer (Dr Long). Additionally, the Grading of
Recommendation Assessment, Development and
Evaluation (GRADE) system of rating quality of
evidence was used to appraise the quality of each
outcome in this review.16–21

Meta-analysis

Original outcome data were subject to statistical
pooling through random effect models. The criteria of
data pooling were determined a priori on the basis of
the comparability of study design, patient type,
treatments, outcomes, and risk of bias. Mean differ-
ence (MD) was used for statistical pooling for
continuous data. Heterogeneity across studies was
assessed through the I2 statistic, and an I2 statistic
greater than 50% was considered as substantial
heterogeneity.

If substantial heterogeneity existed, a subgroup
analysis on different study designs, types of TADs,
and radiographic modalities was executed to explore
the potential heterogeneity. In addition, sensitivity
analysis for studies with small sample sizes was
conducted to evaluate the robustness of the pooled
results in the meta-analysis. Cumulative meta-analysis
was performed to determine the chronological changes
of the pooled results. The Egger test and Begg test
were used to assess publication bias or small study
effect.

All the meta-analyses were performed in Compre-
hensive Meta-Analysis (version 2.2.064, Biostat, Eng-
lewood, NJ) and Stata 12.0 (Stata Corp, College
Station, Tex).

RESULTS

Description of Studies

Initially, 256 articles from the database were
identified and 248 were excluded as irrelevant. The
remaining eight articles were further assessed for

eligibility, and six studies (three RCTs and three

prospective CCTs) were finally included in this sys-

tematic review.8–13 The procedures of electronic

searching and selection are shown in Figure 1. Sample

sizes ranged from 8 to 16 in different groups, with ages

between 12 and 14 years old. The active Forsus

treatment durations ranged from 4.86 months to 10.45

months. The details of each study are presented in

Table 2. All six articles8–13 were high quality. Risk of

bias is presented in Table 3.

Description of Interventions

Forsus appliances and fixed appliances were used

in all the included studies. Two types of TADs were

used among the included studies: miniscrew and

miniplate. Among the included studies, three stud-

ies8,9,13 used miniscrews and the other three studies10–12

used miniplates. A total of 169 participants were

included in this systematic review: 84 received

ForsusþTADs and 85 received Forsus only. Among

the 84 participants receiving ForsusþTADs, miniscrews

were used in 46 participants, and the remaining 38

received miniplates.

Description of Outcomes

Among the proposed study outcomes, 10 outcomes

were investigated in the included studies: skeletal

outcomes (SNA, SNB, ANB, Co-Po, and SN-MP),

dental outcomes (L1-MP, overjet, overbite, and SN-

OP), and soft-tissue outcome (nasolabial angle).

Outcomes at the active treatment effect period

(changes from before Forsus treatment to after Forsus

treatment) were studied in this meta-analysis. The

GRADE assessment for quality of evidence for each

outcome is shown in Table 4. Unfortunately, the quality

of evidence of the outcomes in this meta-analysis was

determined to be very low.

Figure 1. PRISMA flow diagram for studies retrieved through the

search and selection processes.
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Meta-analysis

For skeletal outcomes (Figure 2), six studies8–13

investigated SNA, SNB, and ANB angle, which had

pooled MDs of �0.278 (95% confidence interval [CI]:

�0.59, 0.05), 0.588 (95% CI: �0.07, 1.23), and –0.868

(95% CI:�1.74, –0.03), respectively. Five studies8,10–13

investigated Co-Po, which had a pooled MD of 1.63

mm (95% CI: 0.46, 2.80). Six studies8–13 investigated

SN-MP, which had a pooled MD of 0.758 (95% CI: 0.28,

1.23).

For dental outcomes (Figure 3), four studies8,10–12

investigated L1-MP, which had a pooled MD of –7.568

(95% CI:�11.37,�3.76). Four studies8,11–13 investigated

overjet and overbite, which had pooled MDs of 0.47

mm (95% CI: �0.98, 1.91) and 0.39 mm (95% CI:

�0.57, 1.35), respectively. Two studies8,12 investigated

SN-OP, which had a pooled MD of �1.848 (95% CI:

�5.15, 1.47).

For soft-tissue outcome (Figure 4), one study13

investigated nasolabial angle, which was 4.978 (95%

CI: –1.22, 11.17).

Sensitivity Analysis and Subgroup Analysis

Due to the small sample size in Gandedkar et al.,11

sensitivity analysis was performed by excluding this

study from the meta-analysis. Stable results were

found except for Co-Po (MD ¼ 1.34; 95% CI:

–0.36 ~ 3.04).

Subgroup analysis was performed since different

study designs, TADs, and radiographic modalities

could influence the results of the meta-analysis (Table

5).

Table 3. Risk of Bias of the Included Studies

Study Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Quality

ROB 2.0a

Elkordy et al. 20169 Low Low Low Low Low Low High

Eissa et al. 201713 Low Low Unclear Low Low Unclear High

Elkordy et al. 201910 Low Low Unclear Low Low Unclear High

ROBINS-Ib

Aslan et al. 20148 Unclear Low Low Low Low Unclear Low High

Turkkahraman et al. 201612 Unclear Low Low Low Low Unclear Low High

Gandedkar et al. 201911 Unclear Low Low Low Low Unclear Low High

a ROB 2.0: item 1, bias arising from the randomization process; item 2, bias due to deviations from intended interventions; item 3, bias due to
missing outcome data; item 4, bias in measurement of the outcome; item 5, bias in selection of the reported result; and item 6, overall bias.
Scoring rules: low indicates a score of 2; unclear, a score of 1; and high, a score of 0. Quality was categorized as low (score 1–4), medium (score
5–8), or high (score 9–12).

b ROBINS-I: item 1, bias due to confounding; item 2, bias in selection of participants into the study; item 3, bias in classification of interventions;
item 4, bias due to deviations from intended interventions; item 5, bias due to missing data; item 6, bias in measurement of outcomes; and item 7,
bias in selection of the reported result. Scoring rules: low indicates a score of 2; unclear, a score of 1; and high, a score of 0. Quality was
categorized as low (score 1–5), medium (score 6–10), or high (score 11–14).

Table 4. GRADE Assessment for Quality of Evidence

Index Study Design

Downgrade

Upgrade

Overall

QualityLimitations Inconsistency Indirectness Imprecision Publication Bias

SNA 3 RCTs

3 prospective CCTs

Serious Serious None Serious None None Very low

SNB 3 RCTs

3 prospective CCTs

Serious Very serious None Very serious None None Very low

ANB 3 RCTs

3 prospective CCTs

Serious Very serious None Very serious Likely None Very low

Co-Po 2 RCTs

3 prospective CCTs

Serious Very serious None Very serious Likely None Very low

SN-MP 3 RCTs

3 prospective CCTs

Serious Serious None Serious None None Very low

L1-MP 1 RCT

3 prospective CCTs

Serious Serious None Very serious None None Very low

Overjet 1RCT

3 prospective CCTs

Serious Very serious None Very serious None None Very low

Overbite 1 RCT

3 prospective CCTs

Serious Very serious None Serious None None Very low

SN-OP 2 prospective CCTs Serious Serious None Very serious None None Very low

Nasolabial angle 1 RCT None None None Very serious None None Very low

a CCT controlled clinical trial; RCT, randomized controlled trial.
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Figure 2. Forest plots of pooled MD of skeletal outcomes (SNA, SNB, ANB, Co-Po, and SN-MP) for the TAD-FFAs group versus control group.
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Figure 3. Forest plots of pooled MD of dental outcomes (L1-MP, overjet, overbite, and SN-OP) for the TAD-FFAs group versus control group.
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In terms of study designs, included studies were
divided into two subgroups: CCTs8,11,12 and RCTs.9,10,13

Significant changes from original estimates were
detected for ANB, Co-Po, and SN-MP.

For different types of TADs, two subgroups were
analyzed: miniscrew8,9,13 and miniplate.10–12 The sub-
group analysis revealed that ANB and Co-Po differed
from original results for the subgroup of miniscrew, and
ANB and SN-OP were different from original results for
the miniplate subgroup.

For different modalities of radiography, the subgroup
of lateral cephalometric8,12,13 and the subgroup of cone-
beam computed tomography (CBCT)9–11 were avail-
able. ANB, Co-Po in the subgroup of lateral cepha-
lometry, and SNA, ANB in the subgroup of CBCT were
different from original results.

Cumulative Meta-analysis

Some of the important results of cumulative analysis
are displayed in Figure 5. The results of SNA, SNB, L1-
MP, overjet, SN-OP, and nasolabial angle were stable,
while unstable results were found for ANB, Co-Po, SN-
MP, and overbite.

Assessment of Publication Bias

The assessment of publication bias is shown in
Table 6. Because of the limited number of studies that
analyzed SN-OP and nasolabial angle, assessment of
publication bias was not performed for these indices.
For other indices, the Egger test and Begg test
revealed no evidence of publication bias except for
Co-Po.

DISCUSSION

In this systematic review, skeletal, dental, and soft-
tissue outcomes were examined to compare the
effectiveness of mandibular advancement with and
without TADs. Despite heterogeneity among the
studies included, subgroup analysis was performed to

explore heterogeneity. Neither the Begg test nor the
Egger test detected any evidence of publication bias

except for Co-Po. In addition, although sensitivity and

subgroup analyses revealed significant changes from

original estimates, these significant changes could be
explained. Thus, the results in this meta-analysis were

robust.

As shown in Figure 2, the skeletal outcomes

included SNA, SNB, ANB, Co-Po, and SN-MP. These
skeletal outcomes could be subdivided into sagittal

outcomes (SNA, SNB, ANB, and Co-Po) and vertical

outcomes (SN-MP). The pooled SNA was�0.278 (95%
CI: �0.59, 0.05), and sensitivity analysis revealed

robust pooled results regarding SNA, indicating that

the use of TADs failed to achieve additional maxillary

restriction. However, the subgroup analysis on different
radiographic modalities revealed that TADs could

reduce SNA for the CBCT subgroup but not for the

lateral cephalometric radiography subgroup (Table 5).
This could be explained by the improved visualization

of CBCT over lateral cephalometrics.22 Despite this, the

reduction of SNA with the use of TADs for the CBCT
subgroup (MD: –0.49; 95% CI: –0.90 ~ –0.07) was of

no clinical significance. Therefore, it is suggested that

the additional use of TADs had no benefits in maxillary
restriction compared with Forsus alone.

With regard to ANB, the meta-analysis revealed a
significant difference between TADs and no TADs.

Cumulative meta-analysis revealed no significant

difference between TADs and no TADs before 2019,
but the pooled ANB became significantly different

afterward. This might be attributed to the use of

miniplates. However, subgroup analysis showed no
significantly different results in different types of study

designs, TADs, or radiography, which indicated that

the pooled result was unstable. This was in agreement
with previous studies.8,9,12,13 Therefore, due to the

unstable results for ANB, it cannot be determined

whether Forsus þ TADs could bring about more

skeletal correction over Forsus only.

Figure 4. Forest plots of pooled MD of soft-tissue outcome (nasolabial angle) for the TAD-FFAs group versus control group.
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Figure 5. Cumulative meta-analysis of ANB, Co-Po, SN-MP, and L1-MP for the TAD-FFAs group versus control group.
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The pooled results regarding mandibular position

were conflicting: the pooled SNB was indicative of no

difference between TADs and no TADs, while the

pooled Co-Po revealed a significant difference. For

SNB, both sensitivity and subgroup analyses were

indicative of the robustness of the pooled results (Table

5). However, sensitivity analysis on Co-Po revealed an

unstable pooled result (MD: 1.34; 95% CI: �0.36 ~
3.04) after excluding Gandedkar et al.11 Then, sub-

group analysis revealed that the results in different

types of study design, TAD, and radiography were also

unstable. This conflicting finding could be attributed to

the instability of B point, which is not only a skeletal

reference but also a dentoalveolar reference. Specif-

ically, it has been shown that lower incisor proclination

could cause an advancement of B point.23 Additionally,

Forsus alone could lead to lower incisor proclination

compared with the combined use of Forsus and

TADs.8,10–12 It is suggested that the superiority of

mandibular advancement by the combined use of

Forsus and TADs could be offset by more advance-

ment of B point (incisor proclination) by Forsus alone.

Thus, due to the unstable pooled result, current

evidence is unable to verify the clinical effect of TADs

for mandibular advancement.

For vertical changes, a significant difference was

found for SN-MP, indicating that Forsus with TADs

could increase the mandibular plane angle compared

with Forsus without TADs, which was in agreement

with previous studies.9,10,12 The results of sensitivity

analysis and subgroup analysis were mostly stable.

From a biomechanical standpoint, Forsus alone

caused lower incisor proclination, while Forsus with

TADs avoided this side effect. As a result, the lower

incisors were more upright in Forsus þ TADs than in

Forsus alone, which resulted in anterior occlusal

interference and subsequent clockwise rotation of the

mandibular plane in ForsusþTADs group. Therefore, it

can be verified that Forsus with TADs can increase the

mandibular angle compared with Forsus alone.

Table 6. Assessment of Publication Bias

Index Begg Test Egger Test

SNA 0.25966 0.57216

SNB 0.25966 0.44270

ANB 0.06029 0.28487

Co-Po 0.08641 0.00250

SN-MP 0.70711 0.55672

L1-MP 0.73410 0.13565

Overjet 0.30818 0.65692

Overbite 0.73410 0.43573

SN-OP – –

Nasolabial angle – –

a Bold values indicate significant difference from the original
estimates (P , 0.05).
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The dental outcomes including L1-MP, Overjet,
Overbite and SN-OP are presented in Figure 3. There
were significant results for L1-MP (MD ¼ –7.568, 95%
CI: �11.37 ~ �3.76), while there were no significant
results for overjet, overbite and SN-OP.

Conventional Forsus exerts anterior forces on the
mandibular dentition and the side effect is embodied in
proclination of the lower incisors.7 The meta-analysis of
L1-MP showed significant reduction of lower incisor
proclination with the combination of TADs, which was
consistent with previous studies.8,10–12 Both sensitivity
and subgroup analyses were robust regarding the
pooled results. In addition, cumulative meta-analysis
showed that the pooled result was consistent with the
original estimate. In particular, it is noteworthy that
more reduction in incisor proclination was achieved by
miniplates than miniscrews (Table 5). This could be
explained by the direct (miniplate) vs indirect (mini-
screw) anchorage preservation between the two
modalities. Thus, it is suggested that TADs (both
miniplates and miniscrews) with Forsus are able to
prevent mandibular incisors from proclining compared
with Forsus alone, with miniplates being more effec-
tive.

No significant results were detected for overjet and
overbite, which can be explained by the requirements
of study design: edge-to-edge relationship should be
achieved at finish. Sensitivity and subgroup analyses
were indicative of the robustness of the pooled results,
so it is suggested that the additional use of TADs had
no effect on overjet and overbite.

SN-OP was similar between TADs and no TADs
(MD ¼ 1.84; 95% CI: –5.15 ~ 1.47). Interestingly, the
subgroup analysis on miniplates detected a significant
decrease of occlusal plane angle (MD¼–3.50; 95% CI:
–5.58 ~ –1.42), while that on miniscrews did not (MD¼
–0.12; 95% CI: –2.36 ~ 2.12). It was well documented
that Forsus could exert intrusive forces on mandibular
incisors and produce clockwise rotations of occlusal
planes.24 The adjunctive use of miniplates could negate
the intrusive forces of Forsus on the mandibular
incisors and prevent the occlusal planes from under-
going clockwise rotation, which could produce an
anticlockwise rotation of occlusal planes. This is
beneficial for patients with Class II malocclusion
(especially for hyperdivergent cases) needing mandib-
ular advancement since occlusal planes are the sliding
planes for mandibular advancement, and a flatter
occlusal plane offers a more horizontal sliding plane
for mandibular advancement. In contrast, the adjunc-
tive use of miniscrews did not mitigate the intrusive
forces on the lower incisors by Forsus and, thus, had
no effect on the occlusal plane.

For soft-tissue outcomes (Figure 4), only nasolabial
angle was examined among the studies included. The

results revealed that the nasolabial angle was not
significantly different between Forsus with and without
TAD treatment. However, due to insufficient evidence,
this finding should be interpreted with caution.

Limitations

In this meta-analysis, most of the studies included
had a moderate sample size, but Gandedkar et al.11

had a small sample size (eight participants per group).
The small sample size could cause strongly positive
results and affect the pooled results. In addition, the
sample sizes for quality assessment of the outcomes
were small for most of the indices, and imprecision of
the outcomes could be serious.

Different study designs might have had a confound-
ing influence on the results of the outcomes. Thus,
future RCTs with uniform study designs are warranted.

The included studies only examined short-term
effects on mandibular advancement and dental side
effects. Therefore, results of this meta-analysis cannot
support conclusions on the long-term effects of Forsus
with or without TADs.

CONCLUSIONS

On the basis of this review, we drew the following
conclusions. However, due to the low quality of study
outcomes, conclusions should be interpreted with
caution:

� Current evidence did not verify the additional sagittal
skeletal effects of TADs in conjunction with Forsus
appliances.

� Forsus with TADs resulted in mandibular clockwise
(opening) rotation compared with those without
TADs.

� Forsus with TADs could avoid lower incisor procli-
nation; miniplates were more effective than minis-
crews.

� Miniplates could, while miniscrews could not, prevent
the occlusal plane from being steepened.

� The effects of TADs in conjunction with Forsus could
not be determined for soft tissues.
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