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Summary

Objective: To assess the treatment effects of removable functional appliances (RFAs) in treated 
versus untreated patients with Class II malocclusion by means of lateral cephalometric radiographs.
Search methods: Unrestricted electronic search of 18 databases and manual searches up to 
October 2013.
Selection criteria: Prospective randomized and non-randomized controlled trials reporting on 
cephalometric angular measurements of Class  II patients treated with RFAs and their matched 
controls.
Data collection and analysis: Skeletal, dental, and soft tissue changes were annualized and stratified 
to short- and long-term effects. Methodological limitations were evaluated with the Cochrane Risk 
of Bias tool and the Downs and Black checklist. Mean differences (MDs) with their 95% confidence 
intervals (CIs) were calculated from random-effects meta-analyses. Patient- or appliance-related 
subgroup analyses and sensitivity analyses were performed with mixed-effects models.
Results: Seventeen studies were included (1031 patients; mean age: 10.6  years), with most of 
them originating from university clinics and reporting short-term effects (directly after the 
removal of RFAs). Treatment was associated with minimal reduction of SNA angle (11 studies, 
MD = −0.28 degree/year, 95% CI: −0.44 to −0.12 degree/year), minimal increase of SNB angle (11 
studies, MD = 0.62 degree/year, 95% CI: 0.36–0.88 degree/year), and small decrease of ANB angle 
(10 studies, MD = −1.14 degree/year, 95% CI: −1.52 to −0.77 degree/year) compared to untreated 
Class II patients. RFAs caused significant dentoalveolar changes (predominantly retroclination of 
the upper incisors) and significant soft tissue changes. Skeletal changes were more pronounced 
with the Twin Block appliance. Various patient- or appliance-related factors influenced the results of 
the subgroup analyses, while the sensitivity analyses indicated robustness. Existing evidence was 
inadequate to assess the long-term effectiveness of RFAs.
Conclusions: The short-term evidence indicates that RFAs are effective in improving Class  II 
malocclusion, although their effects are mainly dentoalveolar, rather than skeletal.
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Introduction

Rationale
Class II malocclusion appears with high frequency and constitutes 
a significant proportion of patients seeking orthodontic treatment 
(1–3). Various factors can contribute to the development of Class II 
malocclusion and their differential diagnosis can help in the selection 
of the most appropriate treatment approach. Among these factors, 
mandibular retrognathism shows a prevailing frequency (4, 5). In 
these cases, the use of functional appliances for mandibular growth 
stimulation has been an appealing perspective in growing patients.

Although early animal studies demonstrated that a true stimu-
lation of mandibular growth is feasible with the use of functional 
appliances (6–9), subsequent human research did not fully con-
firm this. While some researchers reported favourable treatment 
effects on mandibular growth, either as an increase in the length 
of the mandible (10–12) or as an effective growth of the condyle 
(13–16), others reported that the effect of functional treatment on 
the mandible was not significant (17–19). Similarly, for the maxilla, 
some researchers found a restriction effect on the maxilla caused by 
functional appliances (20–22), while others disputed this (23, 24). 
Moreover, dentoalveolar components of functional treatment might 
account equally or even more than the skeletal effects to the success-
ful treatment outcome (25, 26).

Functional treatment can be carried out either with remov-
able functional appliances (RFAs) or with fixed functional appli-
ances (FFAs). An essential difference between them is the factor of 
patient compliance, which can strongly influence the effectiveness 
of functional treatment (27). Therefore, there is need to differenti-
ate between RFAs and FFAs in order to evaluate their effectiveness, 
as well as to identify the factors that could influence the respective 
treatment outcomes. Previous reviews have assessed various types 
of functional appliances (19, 28–36), but most of them focused on 
a single appliance or were associated with serious methodological 
flaws.

Objectives
Aim of this study was to summarize current evidence exclusively 
from randomized controlled trials (RCTs) and prospective controlled 
clinical trials (pCCTs) evaluating the effectiveness of RFAs in the 
treatment of Class II malocclusion by means of lateral cephalometric 
radiographs in comparison with untreated individuals and to iden-
tify any parameters influencing the treatment outcome.

Materials and methods

Protocol and registration
The protocol for this systematic review was made a priori based on 
Cochrane Handbook for Systematic Reviews of Interventions 5.1.0 
(37) and is available upon request (no registration was made). This 
systematic review is reported according to the PRISMA statement 
(38) and its extension for abstracts (39).

Information sources and search
Electronic databases were systematically searched up to November 
2011 and updated in October 2013. In order to avoid omission of 
relevant studies, a broad search strategy was undertaken that cov-
ered the whole spectrum of functional appliances and was then 
carefully restricted on RFAs. MESH terms and relative keywords 
were used accordingly for each database (Supplementary Table 1). 
No limitations were applied regarding publication year, status or 

language. The reference lists of included articles and relevant reviews 
were checked. Grey literature was searched through appropriate 
databases and registers. Authors were contacted when necessary for 
additional data or clarifications. The search was conducted by two 
review authors independently (VK and VFZ).

Eligibility criteria and study selection
Inclusion and exclusion criteria were determined a priori (Table 1). 
A study was judged as eligible when at least one treatment arm with 
an RFA was included, while none of the exclusion and all of the 
inclusion criteria were fulfilled. After removal of duplicates, articles 
were screened on the basis of title, abstract, and full text. When the 
decision on the basis of title and abstract was inconclusive, the full-
text article was acquired. Additional reports of the same trial were 
grouped together. When an identical study was published in more 
than one language, the English publication was considered.

Data collection process and data items
Data extraction was performed independently by the same two 
review authors in a predetermined and piloted collection form. 
Any disagreement was resolved by discussion with the last author 
(MAP). In order to evaluate effectiveness of Class II treatment with 
RFAs, angular measurements from lateral cephalometric analyses 
were considered as valid outcomes, as radiographic magnification 
does not affect their precision (40, 41). Linear measurements were 
excluded because of their susceptibility to magnification bias (40, 
41). As in many instances, various terms of the same cephalomet-
ric variables were reported by authors, all equivalent names of the 
same variable were grouped together, and only one term was used 
throughout the article (Supplementary Table 2).

If two or more included studies reported the same cephalomet-
ric variable, data were extracted and classified into skeletal (sagittal 
and vertical), dental, and soft tissue variables. Reported outcomes 
were stratified according to the time of evaluation in effects: 
1. after the removal of RFAs, 2. after the completion of the subse-
quent fixed-appliance treatment (when applicable), and 3. after the 
retention phase.

The factors for the subgroup analyses were selected a priori to 
examine their possible influence on the RFAs, if five or more eligi-
ble studies could contribute to the analysis of this factor. These fac-
tors were classified as patient-related (i.e. specific characteristics of 
the patients) and appliance-related (i.e. specific characteristics of the 
design of the appliance or the treatment plan). The patient-related 
factors included 1.  patients’ gender (males or females), 2.  skeletal 
growth stage (pre-peak, peak, or post-peak), and 3. patients’ growth 
pattern (horizontal, vertical, or average). The discrimination among 
various maturation stages was based on the cervical vertebral matu-
ration index or on hand-wrist radiographs, which are considered reli-
able methods of assessing skeletal maturity (42, 43). Due to the fact 
that the chronological or the dental age are not valid methods for 
identifying skeletal age (44, 45), studies reporting only on them were 
not included in the assessment of skeletal maturity. If the growth pat-
tern was used as a prerequisite in the inclusion criteria of the original 
study, it was classified accordingly. In cases where no statement with 
regard to growth pattern existed, this was classified by taking into 
account the mean values of either the FH-ML or SN-ML angles, as 
provided by the baseline characteristics in the original studies.

Appliance-related factors included 1. appliance used (i.e. exact 
type and design of RFA used), 2. mode of action (bite-jumping or 
periosteal pull), 3. number of appliance components (one- or two-
piece), and 4. construction bite (single step or stepwise mandibular 
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advancement). After the data extraction, no included study was 
found to report treatment effects separately for boys and girls, 
except for one (46). Therefore, contrary to the review protocol, the 
patient gender ratio (male patients/female patients) was used to give 
an insight into the influence of gender distribution on the outcome 
but is not analysed in detail.

Risk of bias in individual studies
The risk of bias of included RCTs was assessed with the Cochrane 
Collaboration’s risk of bias tool (37). The following domains were 
considered: 1. random sequence generation, 2. allocation sequence 
concealment, 3. blinding of outcome assessment, 4. incomplete out-
come data, 5. selective outcome reporting, and 6. other sources of 
bias. For all included trials, the risk of bias for each domain was 
judged as ‘low risk’, ‘high risk’, or ‘unclear risk’. Each RCT was 
assigned an overall risk of bias in terms of ‘low risk’ (low for all key 
domains), ‘high risk’ (high for ≥1 key domain), and ‘unclear risk’ 
(unclear for ≥1 key domain).

The risk of bias of the included pCCTs was assessed with a modi-
fied Downs and Black (47) checklist. In general, the criteria were 
grouped in five main domains: 1.  reporting, 2.  external validity, 
3.  internal validity—bias, 4.  internal validity—confounding, and 
5. power. All items were given one point when the respective crite-
rion was fulfilled, except for the ‘power’ domain, where up to five 
points could be given, summing up to a maximum of 30 points per 
article. Serious methodological limitations were judged to exist when 

a pCCT collected less than 17 points on the checklist (48). Study 
selection and risk of bias assessment were made without blinding of 
the assessors (49).

Risk of bias across studies
If a sufficient number of trials were identified (n > 10), analyses were 
planned to identify reporting biases (‘small-study effects’ and/or 
publication bias), through the inspection of a contour-enhanced fun-
nel plot (50), Begg’s rank correlation test (51), and Egger’s weighted 
regression test (52). When the tests hinted towards the existence of 
publication bias, the Duval and Tweedie’s trim and fill procedure 
(53) was performed.

The overall quality of evidence (confidence in effect estimates) 
for each of the main outcomes was rated by using the Grades of 
Recommendation, Assessment, Development, and Evaluation 
(GRADE) approach (54), based on the following interpretations—
‘high quality’: further research is very unlikely to change our confi-
dence in the estimate of effect, ‘moderate quality’: further research is 
likely to have an important impact on our confidence in the estimate 
of effect and may change the estimate, ‘low quality’: further research 
is very likely to have an important impact on our confidence in the 
estimate of effect and is likely to change the estimate, and ‘very low 
quality’: very uncertain about the estimate.

The minimal clinical important effect was conventionally defined 
(55) as half a standard deviation (SD) of the Caucasian cephalo-
metric norm plus 1 degree to allow for the methodological error (as 

Table 1. Eligibility criteria used for the study selection.

Category Inclusion criteria Exclusion criteria

Participant characteristics Studies on human patients with Class II malocclusion of 
any age or gender

Patients with craniofacial syndromes and/or cleft 
lip palate
Patients with temporomandibular joint disorders
Animal studies

Intervention Orthodontic treatment with removable functional ap-
pliances

Patients with Class II malocclusion treated with 
extractions, Class II elastics, orthognathic surgery, 
or fixed functional appliances

Comparison Untreated patients with Class II malocclusion matched 
for age and gender

Studies without an untreated Class II control 
group

Outcome Skeletal, dentoalveolar, and soft tissue variables on 
lateral cephalometric radiographs

Any other outcome reported

Principal outcome measures Studies providing angular skeletal, dentoalveolar, and 
soft tissue cephalometric measurements

Studies providing only linear cephalometric 
measurements
Electromyographic evaluation
Evaluation employing 3D imaging techniques
Cost–benefit analysis

Study design Randomized controlled clinical trials
Prospective controlled clinical trials

Unsupported opinion of expert
Editor’ s choices
Replies to the author/editor
Interviews
Commentaries
Books’/conferences’ abstracts
Summaries
Cross-sectional surveys
Case series without a control
Case reports or reports of cases
Case–control observational studies
Cohort studies
Retrospective clinical trials
Narrative reviews*
Systematic reviews*
Meta-analyses*

*After checking the reference lists for relevant articles.
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reported on average by the identified studies). Likewise, large effects 
were defined as 1 SD of the norm plus 1 degree and very large effects 
as 2 SDs of the norm plus 1 degree. The optimal information size 
(i.e. required meta-analysis sample size) was calculated for each out-
come independently in order to be able to identify a minimal clinical 
important effect with an average variance (based on this review’s 
study sample), α at 5 per cent and β at 80 per cent.

The risk of bias within studies was assessed independently by 
two review authors (VK and VFZ) and across studies by a third 
author (SNP). Any disagreement was resolved by discussion with 
the last author (MAP). Inter-reviewer agreement for all three stages 
(study selection, data extraction, and risk of bias assessment) was 
evaluated with the un-weighted Cohen’s kappa (56).

Summary measures and synthesis of results
Data were summarized and considered suitable for pooling if similar 
control groups of untreated Class II patients were used and the same 
cephalometric angular outcomes were reported. In cases of inadequate 
reporting, the missing data were calculated or requested from the authors. 
In order to account for the different follow-up periods of the included 
studies, the treatment (or observation) changes were annualized.

Mean differences (MDs) and their corresponding 95% confi-
dence intervals (CIs) were used. A random-effects model as proposed 
by DerSimonian and Laird (57) was chosen a priori as the primary 
method to estimate all pooled estimates, since the observed treatment 
effect was expected to differ across studies due to differences in the 
sample (i.e. patient’s skeletal maturity, growth pattern, gender) and 
implementation (i.e. various operators and settings, appliances uti-
lized). This model takes into account existing heterogeneity and can 
be considered more conservative than the fixed-effect model in the 
presence of heterogeneity. The extent and impact of between-study 
heterogeneity was assessed by inspecting the forest plots and by cal-
culating the τ2 and the I2 statistic, respectively. The 95% CIs around 
I2 were calculated according to the non-central χ2 approximation of 
Q. In case of great-unexplained heterogeneity (I2 > 75 per cent), indi-
vidual trials were omitted to achieve homogeneity. If homogeneity 
could not be achieved by excluding one or two trials and heteroge-
neity remained great, data were not pooled. For meta-analyses with 
≥3 trials, 95% prediction intervals (PIs) (58, 59) were calculated to 
predict treatment effects in a future setting.

Additional analyses
Possible sources of heterogeneity were sought through pre-specified 
mixed-effects subgroup analyses and random-effects meta-regres-
sion with the Knapp–Hartung adjustment (60). In order to minimize 
the risk of excessive significance testing, the aforementioned analyses 
were performed only for meta-analyses with ≥5 trials.

Robustness of the results was a priori to be checked with sensitivity 
analyses for meta-analyses with ≥10 trials according to 1. the method 
error of the cephalometric analysis (if reported), 2. design of each study, 
and 3. the improvement of the GRADE classification by omitting trials.

All analyses were performed in Stata version 10 (StataCorp LP, 
College Station, Texas, USA) with the macros metan, metabias, het-
erogi, and confunnel. All P values were two sided with a level of 
significance at α  =  0.05, except for the test of between-studies or 
between-subgroups heterogeneity (α = 0.10) (61).

Results

Study selection
From the initially identified 8175 records, 5633 records remained 
after exclusion of duplicates, to which 6 additional manually 

identified articles were added (Figure  1). A  total of 5403 records 
were excluded on the basis of screening. The full texts of 236 arti-
cles were obtained and assessed for eligibility and 201 articles 
were excluded for various reasons, leaving 35 articles for further 
evaluation, from which 8 studies were again excluded, as they did 
not report cephalometric angular measurements. Finally, from the 
remaining 27 articles, 8 articles evaluated the effectiveness of FFAs 
and were excluded (Table 2). Consequently, 19 studies (46, 62–79) 
remained for final evaluation. In two instances, two studies pertain-
ing to the same trial were grouped together (68 and 69; 46 and 72). 
Two studies (67, 71) were excluded due to missing appropriate data, 
which could not be obtained after communication, thus leaving 15 
data-sets for inclusion in the meta-analysis.

In total, 39 authors were contacted, some of them more than 
once, with various questions regarding 44 articles and 13 of them 
responded by sending the requested data. Four of the authors 
answered, but could not send the requested data, while 22 of them 
did not reply. Finally, two e-mails could not be delivered (details 
available upon request). The kappa scores before reconciliation for 
the selection, data extraction, and risk of bias assessment proce-
dures were 0.836, 0.883, and 0.904, respectively (with asymptotic 
standard errors 0.051, 0.093, and 0.045), indicating almost perfect 
agreement.

Study characteristics and risk of bias within studies
The characteristics of the 17 included studies are summarized in 
Table 3. Fifteen of them took place at a university setting and two 
at a hospital setting, including a total of 1031 patients with a mean 
age of 10.6 years. Most patients were treated with the original design 
of the respective RFA, while in seven studies, the appliances were 
modified and/or incorporated screw/spring elements for maxillary 
expansion. Almost all studies provided skeletal and dentoalveolar 
cephalometric outcomes and five (29 per cent) provided additionally 
soft tissue cephalometric outcomes.

Out of the seven included RCTs (65, 66, 70, 73, 76, 78, 79), 
five (65, 70, 73, 78, 79) were judged as being in high risk of bias, 
while two were considered as being in unclear (66) and low (76) 
risk of bias (Supplementary Table 3a). Nevertheless, the 10 pCCTs 
(46, 62–64, 67–69, 71, 72, 74, 75, 77) scored an average of 21.8 
points on the modified Downs and Black tool, with one of them (62) 
demonstrating serious methodological limitations (i.e. less than 17 
points) (Supplementary Table 3b).

Results of individual studies, synthesis of results, 
and risk of bias across studies

Effectiveness of treatment after removal of RFAs
Meta-analyses were performed regarding the short-term effective-
ness of RFAs compared to natural growth (from untreated patients) 
for 28 cephalometric variables, including 15 skeletal (6 sagittal and 
9 vertical), 8 dental, and 5 soft tissue variables (Table 4). The treat-
ment effects of RFAs (without using data from untreated patients) 
and the effects of untreated patients alone are given separately as 
overview in Table 4 but are not discussed in detail. In general, RFA 
treatment was shown to have a statistically significant effect on skel-
etal, dental, and soft tissue relationships.

As far as skeletal changes in the sagittal plane are concerned, 
Class II malocclusion of treated patients was moderately improved 
(MD = −1.14 degree/year, P < 0.001, and MD = −3.16 degree/year, 
P < 0.001, for ANB and NAPg angles, respectively) compared to the 
untreated group (Figure 2). The skeletal component of the mandible 
was only minimally affected, with the SNB angle being on average 
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Records identified through 
database searching (n = 8175) 

Additional records identified 
through other sources (n = 6) 

Records after duplicates removed (n = 5639) 

Records screened on the basis of title and abstract (n = 5639) 

Records excluded (n = 5403) 

Full-text articles assessed for eligibility (n = 236) 

Articles excluded with reasons (n = 217) 
Animal studies (n = 1) 
Patients treated with Class II elastics, orthognathic surgery or 
extractions (n = 8) 
Studies without or inappropriate control group (n = 71) 
Studies irrelevant to the subject of this study (n = 36) 
Studies employing 3D imaging techniques (n = 5) 
Retrospective clinical trials (n = 78) 
Ongoing studies (n = 2) 
No angular measurements included (n = 8) 
Studies reporting on fixed functional appliances (n = 8) 

Studies included in the qualitative synthesis (n = 19) 

Articles excluded 
No appropriate data included (n = 2) 

Studies included in the meta-analysis (n = 17; datasets = 15) 
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Figure 1. PRISMA flow diagram for the selection of studies.

Table 2. Number of excluded studies with reasons.

Reason for exclusion Excluded articles on the basis of title and abstract Excluded articles on the basis of full text

Animal studies 1 1
Patients treated with extractions, Class II elastics, 
or orthognathic surgery

73 8

Studies without or with inappropriate compari-
son group

129 71

Investigation not relevant to the subject of this 
study

4992 36

Evaluation employing 3D imaging techniques 5 5
Books’/conferences’ abstracts 65 —
Cross-sectional surveys 2 —
Case reports or reports of cases 51 —
Retrospective clinical trials 59 78
Narrative reviews 7 —
Systematic reviews 17 —
Meta-analyses 2 —
Ongoing studies — 2
No angular cephalometric measurements — 8
Fixed functional appliances — 8
No appropriate data provided — 2
Sum 5403 219
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0.62 degree/year greater than the untreated group. RFA treatment 
also resulted in a similar minimal restriction effect of −0.28 degree/
year on the maxillary growth. Finally, in the vertical plane, most of 
the measurements were statistically insignificant, except for SN-ML 
and ArGoMe angles (MD = 0.66 and 0.94 degree/year, respectively).

As far as dentoalveolar changes are concerned, treatment effects 
were more pronounced on the upper dentition, where the upper cen-
tral incisors were significantly retroclined (1s-SN angle: MD = −3.29 
degree/year; 1s-NL angle: MD  =  −6.33 degree/year; 1s-NA angle: 
MD = −5.21 degree/year). The 95% PI of −14.38 to 1.71 degree/year 
for 1s-NL indicated that the effect could be expected to be considerably 
large in almost every future clinical use of RFAs. Moreover, significant 
proclination of the lower incisors was observed via the 1i-ML angle 
(MD = 1.37 degree/year) and 1i-NB angle (MD = 1.81 degree/year).

Finally, the influence of RFA treatment on the soft tissues was evi-
dent, as indicated by the significant changes of all cephalometric vari-
ables and, especially, the mentolabial angle (MD = 22.60 degree/year).

The results of the included studies varied considerably and various 
patient- and appliance-related factors influenced the treatment results 
of RFAs (Table 5). Subgroup analyses with respect to the patients’ 
growth pattern were not feasible because of the limited reporting 
in the original studies. Additionally, comparisons with regard to the 
patients’ skeletal growth stage were feasible only between the pre-
peak and peak stages. The skeletal sagittal effects of RFAs varied sig-
nificantly according to both patient-related characteristics (patients’ 
gender ratio) and appliance-related characteristics (appliance utilized, 
mode of action, number of RFA’s pieces, and construction bite).

Among the RFAs studied, the Twin Block appliance induced sig-
nificantly greater skeletal changes (through the SNA, SNB, and ANB 
angles) and greater dental effects (through the 1s-NL angle) than the 
other RFAs.

Effectiveness of treatment after removal of fixed appliances and 
after retention
Due to insufficient number of identified studies, no meta-analyses 
could be performed for the effects of RFAs after the period of fixed 
appliances (that followed functional treatment) or after the period 
of retention.

Risk of bias across studies and additional analyses
Regarding the risk of publication bias, evidence of funnel plot asym-
metry was found through the Egger and the Begg test only for the 
ANB angle (Table 6 and Figure 3). However, no missing studies were 
found by the ‘fill and trim’ procedure and no conflict of interest 
could explain the asymmetry. Therefore, it was concluded that the 
funnel plot asymmetry indicated a small-study effect, i.e. that small 
studies tend to overestimate the decrease of ANB due to imprecision. 
A sensitivity analysis was conducted by including only the 5 most 
precise studies from the 10 included (Supplementary Table 4) and 
found that the decrease in ANB angle was minimized compared to 
the original one but was still statistically significant.

The sensitivity analysis on the basis of the design of the included 
studies is presented in Supplementary Table  4. No significant dif-
ference could be found between RCTs and pCCTs for any of the 
variables assessed.

The GRADE assessments for the main outcomes after removal 
of the RFAs ranged from ‘very low’ to ‘high’ (Table 7). The qual-
ity of clinical recommendations was upgraded due to the magnitude 
of treatment effects for the sagittal position of the maxilla (via the 
SNA angle) and the retroclination of the maxillary incisors (via the 
1s-NL angle). Further sensitivity analyses on the basis of the GRADE A
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Table 4. Details of the performed meta-analyses with tests on heterogeneity. CI, confidence interval; Ctr, control group; MD, mean differ-
ence; NA, non-applicable; NT, not tested; PI, prediction interval; RFA, removable functional appliance.

No. Variable Studies
Post–pre in 
RFA*

Post–pre in 
Ctr*

Effect size Heterogeneity

95% PIMD 95% CI P value P value τ2 I2 (%)

01 SNA 11** ↓(−0.10) ↑(0.19) −0.28 −0.44, −0.12 0.001 0.334 0.009 12 (0,57) −0.56, 0.00
02 SNB 11** ↑(0.96) ↑(0.29) 0.62 0.36, 0.88 <0.001 0.001 0.109 67 (26,81) −0.19, 1.42
03 SNPg 1** ↑(0.77) −(0.00) 0.73 −0.31, 1.77 0.168 NA NA NA NA
04 ANB*** 10** ↓(−1.30) ↓(−0.14) −1.14 −1.52, −0.77 <0.001 <0.001 0.283 85 (72,90) −2.45, 0.16
05 NAPg 2 ↓(−2.40) ↓(−0.39) −3.16 −4.32, −2.00 <0.001 0.211 0.274 36 (NA) NA
06 NSBa 3** ↑(0.25) ↓(−0.11) 0.49 0.03, 0.94 0.037 0.037 0.000 0 (0,73) −2.47, 3.45
07 SN-ML 8** ↑(0.20) ↓(−0.49) 0.66 0.19, 1.12 0.006 0.006 0.264 65 (0,82) −0.73, 2.04
08 FH-ML**** 4 ↑(0.16) ↓(−0.46) 0.14 −0.25, 0.54 0.478 0.077 0.085 56 (0,83) −1.39, 1.68
09 SN-SGn 2 ↓(−0.17) ↓(−0.09) 0.20 −0.55, 0.94 0.608 0.203 0.136 38 (NA) NA
10 NL-ML 3** ↓(−0.56) ↓(−0.42) 0.30 −0.94, 1.53 0.638 0.083 0.713 60 (0,87) −13.10, 13.69
11 SN-NL 6** ↑(0.26) ↑(0.22) −0.09 −0.43, 0.24 0.583 0.043 0.093 56 (0,80) −1.06, 0.88
12 FH-NL 2 ↓(−0.02) ↑(0.10) −0.12 −0.31, 0.07 0.213 0.610 0.000 0 (NA) NA
13 SN-OP 2 ↓(−0.20) ↓(−0.84) 0.65 −0.09, 1.39 0.083 0.560 0.000 0 (NA) NA
14 ML-OP 1** ↓(−0.23) ↓(−0.67) 0.58 −1.95, 3.11 0.654 NA NA NA NA
15 ArGoMe 4** ↑(0.58) ↓(−0.46) 0.94 0.49, 1.40 0.001 0.309 0.048 15 (0,77) −0.06, 1.95
16 1s-SN 4** ↓(−3.32) ↑(0.35) −3.29 −4.69, −1.89 <0.001 0.018 1.304 70 (0,87) −9.09, 2.50
17 1s-NL*** 5** ↓(−6.51) ↑(0.35) −6.33 −8.53, −4.14 <0.001 <0.001 5.125 87 (69,93) −14.38, 1.71
18 1i-ML*** 12** ↓(−0.10) ↑(0.19) 1.37 0.64, 2.10 <0.001 <0.001 1.159 81 (66,88) −1.16, 3.91
19 1s-1i*** 4** ↑(4.07) ↑(1.26) 2.55 −0.70, 5.80 0.125 <0.001 8.603 83 (40,92) −11.95, 17.04
20 1s-NA*** 5 ↓(−4.63) ↑(0.65) −5.21 −7.46, −2.96 <0.001 <0.001 5.420 85 (62,92) −13.47, 3.05
21 1i-NB 5 ↑(2.40) ↑(0.38) 1.81 0.82, 2.81 <0.001 0.084 0.640 51 (0,80) −1.20, 4.83
22 6s-NL***** 3** ↑(0.14) ↓(−0.62) 0.44 −0.77, 1.65 0.477 0.016 0.812 76 (0,91) −13.43, 14.31
23 6i-ML 2 ↓(−0.40) ↓(−0.25) −0.14 −0.69, 0.40 0.603 0.771 0.000 0 (NA) NA
24 N′PnPg′ 2** ↑(1.37) ↓(−1.58) 1.96 0.80, 3.13 0.001 0.389 0.000 0 (NA) NA
25 Nasolabial angle 5** ↑(2.87) ↑(0.16) 2.78 1.02, 4.55 0.002 0.263 0.981 24 (0,72) −1.48, 7.04
26 Mentolabial angle 3** ↑(18.12) ↑(0.19) 22.60 18.31, 26.90 <0.001 0.474 0.000 0 (0,73) −5.23, 50.44
27 H angle 3** ↓(−2.70) ↑(0.17) −2.76 −4.28, −1.23 <0.001 0.085 1.076 59 (0,87) −19.24, 13.73
28 Z angle****** 2** ↑(6.02) ↑(0.02) 5.24 0.70, 9.78 0.024 0.004 9.461 88 (NA) NA

Values in bold are significant at the 5% level.
*Results from random-effects meta-analysis of the post–pre differences in each group to provide an overview of the effect’s direction.
**Multiple functional appliance trial arms identified from one or more included studies. Trial arms were pooled prior to the meta-analysis to avoid double-

counting patients.
***High inconsistency between studies, which was accounted for in subgroup analyses.
****Initial analysis included five studies (MD = 0.73; 95% CI = −0.15 to 1.61; P = 0.104; τ2 = 0.870; I2 = 93%), but the study Andreoli (63) (Fränkel) was 

omitted to achieve homogeneity.
*****Inconsistency just above the 75% margin, but our confidence in the I2 is very low (judged from the 95% uncertainty interval) and therefore no study 

was omitted.
******High inconsistency, which however affects only the magnitude of the effect, but not the direction (both studies on the same side of the forest plot). 

Effect might not be accurately estimated.

quality of recommendations were not feasible, as the only reason for 
downgrading was reporting bias for the ANB angle.

Discussion

Summary of evidence
This review included data from 1031 patients and 17 RCTs and 
pCCTs, which assessed cephalometric changes induced by Class  II 
treatment with RFAs. As far as the ANB angle is concerned, results 
of the random-effects meta-analyses indicated that RFAs were sta-
tistically significantly successful in improving Class II skeletal rela-
tionships (as indicated by the 1.14 degree/year decrease in the ANB 
angle of the treated patients in comparison to untreated individuals). 
The contribution of mandibular advancement was approximately 
twice the amount of maxillary growth restriction. However, this 
‘growth stimulation’ or ‘orthopaedic effect’ on the mandible could 

be considered clinically negligible (0.62 degree/year). The skeletal 
vertical effects of RFAs were similarly minimal.

It seems that the effects of RFAs are more pronounced on the 
dentition, with a considerable amount of maxillary incisor retrocli-
nation and small mandibular incisor proclination. The inclination of 
the upper and lower molars on the other hand was not significantly 
affected by RFA treatment. Finally, the soft tissues were also favour-
ably affected from the use of RFAs.

Various factors seem to influence the outcome of RFA treatment. The 
influence of patient’s gender on the effects of RFA treatment could not 
be formally assessed in this study due to the incomplete reporting of 
separate data for boys and girls. Current results indicate that treatment 
effects of RFAs on the SNB, ANB, and 1s-NA angles might differ accord-
ing to patient’s gender, but additional studies are needed to confirm or 
refute this. The amount of mandibular growth has been reported to be 
related to patient’s gender (80), while different treatment responses to 
RFAs by boys and girls have also been documented (81, 82).
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An analysis regarding the treatment effects of RFAs according to the 
patient’s growth pattern (i.e. average, vertical, and horizontal) was origi-
nally planned but was not possible. However, the retrospective studies 
of Greco et al. (83) and Hönn et al. (84) report that RFA treatment 
produces more evident results on patients with a horizontal growth pat-
tern compared to patients with average and vertical growth patterns.

The timing of functional treatment is a subject of controversy 
among investigators (85–88). The present results, including a den-
tal variable (1i-ML) and a soft tissue variable (nasolabial angle), did 
not indicate that the patient’s skeletal growth stage (pre-peak versus 
peak) at the start of RFA treatment had a significant effect on any 
of the variables included. Due to insufficient data, the present study 
could not provide results concerning the influence of the growth 
stage on the skeletal component. However, a recent report (89) indi-
cated that patients at their pubertal peak treated with Activator and 
Bionator presented significantly greater increases in total mandibular 
length and ramus height associated with a significant advancement of 
the bony chin compared with treatment before their pubertal peak. 
Moreover, treatment with Twin Block during or slightly after the 
onset of the pubertal peak produced more favourable effects than 
before growth peak (86). It must be noted that the analysis for these 
two subgroups included only a limited number of studies.

A plethora of RFAs was used in the included studies including 
Activator, Bionator, the Fränkel appliance, the Sander appliance, 
and Twin Block. Twin Block as a bite-jumping appliance consist-
ing of two bite blocks induced the greatest changes in skeletal sag-
ittal relationships and maxillary incisor retroclination, followed 
by Bionator. Moreover, Toth and McNamara (11) reported that 
Twin Block, as compared to Fränkel appliance, produced greater 
changes in regard to SNB and ANB angles and posterior tipping of 
the upper incisors. Furthermore, in comparison to Bionator, Twin 
Block was more effective in the treatment of Class II malocclusion 
(90). The supremacy of Twin Block over other RFAs might derive 
from additionally utilizing the mastication forces to treat Class  II 
malocclusion since Twin Blocks are more stably attached on the 
dentition and designed for full-time wear (91). If so, the factor of 
full-time wear, which is strongly related to patients’ cooperation, 
is once more highlighted. However, despite its’ importance, patient 
compliance to RFA is under-reported in clinical trials (92). The 
supremacy of Twin Block over the other RFAs is also depicted in 
Supplementary Figures 1–5, which represent meta-analyses of 
annual changes of three skeletal (Supplementary Figures 1–3) and 
two dentoalveolar (Supplementary Figures 4 and 5) caused by the 
various RFAs assessed in the present study.

Figure 2. Forest plot of the mean difference of the SNA, SNB, and ANB angles (in °/year) between RFAs and control groups based on the random-effects model 
together with the 95% confidence interval and the 95% prediction interval. Studies on the right indicate that removable functional treatment results in decreased 
SNA angle/increased SNB angle/decreased ANB angle compared to the normal growth, while studies on the right indicate increased SNA angle/decreased SNB 
angle/increased ANB angle compared to the normal growth.
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The mode of action of the RFAs (bite-jumping or periosteal pull) 
seems to influence their treatment effects. Bite-jumping appliances 
were the most effective in advancing the mandible in a forward 
position and improving Class II skeletal relationship. However, they 
were at the same time the most inclined to dentoalveolar compensa-
tion since they presented the highest upper incisor retroclination and 
lower incisor proclination. A previous study comparing Twin Block 
and Fränkel appliances is in accordance with the present findings 
(11). However, this comparison might be confounded by the fact that 
the periosteal pull subgroup included only the Fränkel appliance.

Finally, the construction bite or the activation of the RFA (single 
step versus stepwise) played a role on RFA treatment only with respect 
to SNB and ANB angles, with mandibular advancement in a single step 
demonstrating more pronounced results than stepwise advancement. 
A study conducted with Fränkel appliances reported more favourable 
response with regard to sagittal jaw discrepancy, with incremental 
mandibular advancement than single step advancement (93). However, 
an RCT conducted with Twin Blocks did not detect differences between 
maximum and incremental mandibular advancement (94).

Strengths and limitations
The strengths of the present systematic review include the pre-defined 
protocol, the extensive literature search, and the strict methodology 
implemented during every stage of it, according to existing guide-
lines (37–39, 54). In addition, the 17 included studies provided data 
to perform adequately powered meta-analyses of many important 
treatment outcomes. Since a random-effects model was used for data 
synthesis, our results provide the average effects of RFAs across stud-
ies. Heterogeneity was explained in most cases by the pre-defined 
subgroup analyses, while publication bias diagnostics and sensitivity 

analyses indicated that the results were fairly robust. Data from a min-
imum of five studies was considered as adequate to perform subgroup 
analyses, in order to minimize as much as possible multiple testing. 
Although the majority of studies were conducted in university clinics, 
the results could be probably generalized to the average patient, due to 
the generic patient inclusion criteria and the various countries of ori-
gin of the original studies. Finally, many pCCTs were included, which 
represent more pragmatic settings (comparable to every day clinical 
practice) than RCTs, adding further to the results’ applicability.

Nevertheless, although no serious methodological limitations 
were found in the included original studies, their quality was mod-
erate. For example, the patients’ compliance, which is a crucial 
parameter for successful treatment (95), was reported as adequate 
in only five of the pCCTs (Supplementary Table 3b). In addition, 
the number of operators and their experience, which are potential 
sources for introducing bias, were not reported in many studies. 
Moreover, a possible limitation of the present study could be pool-
ing RCTs and pCCTs together (37) although, according to the sen-
sitivity analyses (Supplementary Table 4), no statistically significant 
differences were found regarding the different study designs for 
any of the examined variables. Finally, only a limited number of 
studies was found assessing any outcomes in the long term (i.e. 
post-retention), which precluded extensive assessment about the 
stability of RFA treatment.

Conclusions

According to existing evidence on treatment effects of RFAs in the 
short term, i.e. directly after their removal, the following conclusions 
can be drawn:

Table 6. Assessment of reporting biases in the performed meta-analyses. NA, non-applicable; NT, not tested.

No. Variable Studies Egger’s P value Begg’s P value Duval’s imputed studies Adjusted estimate

01 SNA 11 0.377 0.583 NT NT
02 SNB 11 0.136 0.200 NT NT
03 SNPg 1 NT NT NT NT
04 ANB 10 0.007 0.043 0 NA
05 NAPg 2 NT NT NT NT
06 NSBa 3 NT NT NT NT
07 SN-ML 8 NT NT NT NT
08 FH-ML 4 NT NT NT NT
09 SN-SGn 2 NT NT NT NT
10 NL-ML 3 NT NT NT NT
11 SN-NL 6 NT NT NT NT
12 FH-NL 2 NT NT NT NT
13 SN-OP 2 NT NT NT NT
14 ML-OP 1 NT NT NT NT
15 ArGoMe 4 NT NT NT NT
16 1s-SN 4 NT NT NT NT
17 1s-NL 5 NT NT NT NT
18 1i-ML 12 0.911 0.276 NT NT
19 1s-1i 4 NT NT NT NT
20 1s-NA 5 NT NT NT NT
21 1i-NB 5 NT NT NT NT
22 6s-NL 3 NT NT NT NT
23 6i-ML 2 NT NT NT NT
24 N΄PnPg΄ 2 NT NT NT NT
25 Nasolabial angle 5 NT NT NT NT
26 Mentolabial angle 3 NT NT NT NT
27 H angle 3 NT NT NT NT
28 Z angle 2 NT NT NT NT

Values in bold are significant at the 5% level.
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Table 7. GRADE summary of findings table for the main outcomes of the systematic review directly after treatment with removable func-
tional appliances. CI, confidence interval; Ctr, untreated control group; mo, month; RFA, removable functional appliance.

Patients: receiving orthodontic treatment to improve Class II malocclusion
Settings: university clinics (Brazil, Italy, New Zealand, Turkey, UK, USA) and hospitals (UK)
Intervention: RFAs (Activator, Bionator, Fränkel appliance, Sander appliance, Twin Block)
Comparison: untreated patients from follow-up or historical controls

Outcomes Illustrative comparative risks (95% CI) No. of patients 
(trials)

Quality of  
evidence 
(GRADE)

Comments
Assumed risk Corresponding risk
Untreated (Ctr) patients RFA patients

Annualized SNA change 
from baseline (follow- 
up: 9.0–28.0 months)*

The SNA increased on 
average by 0.19° per 
year in the Ctr groups 
(range −0.33° to 1.16°)

The mean SNA decreased in the RFA 
groups by 0.28° per year (95% CI: 
0.12°–0.44° decrease) compared to 
the Ctr groups

570 (11) ⊕⊕⊕⊖
Moderate**

Effect magnitude af-
fected by (i) appliance 
and (ii) number of appli-
ance components (one 
or two)

Annualized SNB change 
from baseline (follow- 
up: 9.0–28.01 months)*

The SNB increased on 
average by 0.29° per 
year in the Ctr groups 
(range −0.27° to 1.15°)

The mean SNB additionally increased 
in the RFA groups by 0.62° per year 
(95% CI: 0.36°–0.88° increase) com-
pared to the Ctr groups

570 (11) ⊕⊕⊖⊖
Low

Effect magnitude affect-
ed by (i) patient’s gender, 
(ii) appliance, (iii) mode 
of action (bite-jumping 
or periosteal pull), (iv) 
number of appliance 
components (one or 
two), and (v) construc-
tion bite (single step or 
stepwise)

Annualized ANB change 
from baseline (follow- 
up: 9.0–28.0 months)*

The ANB decreased on 
average by 0.14° per 
year in the Ctr groups 
(range −0.30° to 0.53°)

The mean ANB additionally decreased 
in the RFA groups by 1.14° per year 
(95% CI: 0.77°–1.52° decrease) com-
pared to the Ctr groups

528 (10) ⊕⊖⊖⊖
Very low***

Effect magnitude affect-
ed by (i) patient’s gender, 
(ii) appliance, (iii) mode 
of action (bite-jumping 
or periosteal pull), (iv) 
number of appliance 
components (one or 
two), and (v) construc-
tion bite (single step or 
stepwise)

Annualized SN-ML 
change from baseline 
(follow-up: 10.8– 
28.0 months)*

The SN-ML decreased 
on average by 0.49° per 
year in the Ctr groups 
(range −0.79° to −0.24°)

The mean SN-ML increased in the 
RFA groups by 0.67° per year (95% 
CI: 0.17°–1.18° increase) compared 
to the Ctr groups

376 (8) ⊕⊕⊖⊖
Low

—

Annualized 1s-NL 
change from baseline 
(follow-up: 9.0– 
28.0 months)*

The 1s-NL increased 
on average by 0.35° per 
year in the Ctr groups 
(range −2.53° to 1.16°)

The mean 1s-NL decreased in the 
RFA groups by 6.33° per year (95% 
CI: 4.14°–8.53° decrease) compared 
to the Ctr groups

246 (5) ⊕⊕⊕⊕
High****

Effect magnitude af-
fected by (i) appliance, 
(ii) mode of action (bite- 
jumping or periosteal 
pull), and (iii) number of 
appliance components 
(one or two)

Annualized 1i-ML 
change from baseline 
(follow-up: 8.0– 
28.0 months)*

The 1i-ML increased 
on average by 0.19° per 
year in the Ctr groups 
(range −2.27° to 0.67°)

The mean 1i-ML increased in the RFA 
groups by 1.37° per year (95% CI: 
0.64°–2.10° increase) compared to 
the Ctr groups

539 (12) ⊕⊕⊖⊖
Low

Effect magnitude af-
fected by (i) mode of 
action (bite-jumping or 
periosteal pull)

Annualized nasola-
bial angle change from 
baseline (follow-up: 
8.0–18.0 months)*

The nasolabial angle 
increased on average by 
0.16° per year in the Ctr 
groups (range: −2.09° 
to 1.81°)

The mean nasolabial angle addition-
ally increased in the RFA groups by 
2.78° per year (95% CI: 1.02°–4.55° 
increase) compared to the Ctr groups

253 (5) ⊕⊕⊖⊖
Low

—

All judgements start from ‘low’, due to the vast inclusion of non-randomized studies.
*From cephalometric analysis.
**Upgraded by one for (absence of) residual confounding; even though the studies were heterogeneous, our confidence in the effect direction is considerable: 

the 95% prediction interval (−0.56° to −0.001°) includes only favourable values.
***Downgraded by one for reporting bias; both the Egger and the Begg test confirm asymmetry of the funnel plot. Even though no sign of publication bias 

can be found, there is clear evidence of effect overestimation by small studies (small-study effects).
****Upgraded by two for effect magnitude; very large effect (cephalometric norm + 2 SDs + 1° for method error), which was included in the mean effect, the 

confidence interval and the prediction interval, while no serious limitations were found.
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•	 The skeletal effects of RFAs are minimal and, probably, of neg-
ligible clinical importance, when the natural growth is taken 
into account, i.e. when these were compared with untreated 
individuals.

•	 The treatment of Class II malocclusion with RFAs is associated 
with a minimal stimulation of mandibular growth, a minimal 
restriction of maxillary growth, and, to a much larger extent, 
with dentoalveolar and soft tissue changes.

•	 Patient- and appliance-related factors might influence the out-
comes of RFA treatment.

•	 No assessment of the long-term effects of RFAs is possible at the 
present time.

As far as the clinical recommendations with the GRADE framework 
for the use of RFAs are concerned, only the changes in SNA and 
1s-NL angles after the completion of RFA treatment can be ade-
quately substantiated (high GRADE assessments):

•	 Clinicians might expect an average improvement of −0.28 degree 
per year in the SNA angle compared to untreated patients with 
the use of RFAs.

•	 Clinicians should expect a retroclination of the maxillary incisors 
of −6.33 degree per year through the 1s-NL angle with the use of 
RFAs compared to untreated patients.

Recommendations about the effects of RFAs on the skeletal growth 
of the mandible and the inclination of the mandibular incisors 
and the nasolabial angle are weaker and further research might 
influence them.

It seems that RFAs are not as effective as believed in correcting 
Class  II malocclusion skeletally. More studies are needed to assess 
the skeletal, dental, and soft tissue outcomes in long-term, both after 
the period of fixed appliances that usually follows RFAs and the 
retention period. Ideally, these studies should report complete data 
of patient-related characteristics (gender, skeletal growth stage, and 
growth pattern of the patients), appliance-related characteristics 
(details of the appliance design, patient wear of the RFA), and details 
of the retention scheme. Finally, in order to minimize the magnifica-
tion bias and be able to also use linear cephalometric measurements, 
authors should always report the magnification factor of the lateral 
cephalometric radiographs.

Supplementary material

Supplementary material is available at European Journal of 
Orthodontics online.
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