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Background: This systematic review aimed to evaluate and compare the treatment effects of activator appliances 
on untreated class II skeletal malocclusion patients in terms of skeletal, dental, and soft tissue changes. 
Methods: We searched 11 databases from January 1966 to May 2021 for randomized and clinical controlled 
trials that compared the treatment effects of activator appliances on untreated Class II skeletal malocclusion 
patients. All data were analyzed using RevMan 5.3 software. 
Results: According to the inclusion/exclusion criteria, 16 articles qualified for the final analysis. Thirteen 
outcome indicators of teeth, bone tissue, and soft tissue were compared and analyzed: SNA°, SNB°, 
ANB°, SN-MP°, ANS-Me, Co-Gn, Go-Me, overjet, overbite, U1-SN°, L1-MP°, UL-E, and LL-E. Five 
randomized controlled trials (RCTs) evaluations were of medium quality, and 11 controlled clinical trials 
(CCTs) evaluations were of B grade. Bone tissue changes: compared with the untreated group, the SNA and 
ANB decreased, and the SNB, SN-MP, ANS-Me, Co-Gn, and Go-Me increased after activator appliance 
treatment, and the differences were statistically significant (P<0.001). Dental changes: compared with the 
untreated group, the overjet, overbite and U1-SN in the treated group decreased significantly, while the L1-
MP increased significantly (P<0.0001). Soft tissue changes: compared with untreated patients, the UL-E 
of patients treated with an activator appliance decreased significantly (P<0.0001); however, there was no 
significant difference in the LL-E between the two groups (P=0.09).
Discussion: Since the imprecision and high level of heterogeneity of the articles, further large-sample and 
high-quality clinical trials are necessary to evaluate effects of orthodontic treatment with activator appliance 
on patients with skeletal Class II malocclusion. In addition, this study failed to explore the long-term stability 
of activator treatment, so long-term studies are needed to assess the stability of its effect on the skeletal, 
dental, and soft tissue changes

Keywords: Systematic review; activator appliance; skeletal Class II malocclusion

Submitted Sep 30, 2021. Accepted for publication Dec 06, 2021.

doi: 10.21037/apm-21-3205

View this article at: https://dx.doi.org/10.21037/apm-21-3205

 
^ ORCID: 0000-0002-6805-1299. 

12334

https://crossmark.crossref.org/dialog/?doi=10.21037/apm-21-3205


12320 Xie et al. Activator appliance on patients with Class II malocclusion

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(12):12319-12334 | https://dx.doi.org/10.21037/apm-21-3205

Introduction

Skeletal Class II malocclusion is one of the most common 
malocclusions. In skeletal Class II malocclusion, mandibular 
retrusion is one of the main contributing factors in 
approximately one-third of the population (1). The main 
target in treating skeletal Class II malocclusion is to correct 
the skeletal discrepancy, eliminate oral dysfunction, and 
achieve an optimal facial profile (2,3). For this purpose, 
different removable functional appliances, such as an 
activator, bionator, Twin-Block, and Herbst appliances, 
have been widely used for more than a century. Activators 
are widely used to treat skeletal Class II malocclusion (4).

Numerous studies have shown that the activator affects 
the dentoalveolar region (2,4,5). However, there are some 
arguments over the orthopedic effects of the activators. 
Some authors claim that the activators can promote the 
growth of the mandible (6) and inhibit the growth of the 
maxilla (7). Others believe that activators have no significant 
effect on the growth of the mandible (8,9). The correction 
of class II malocclusion is mainly the result of tooth 
compensation and skeleton position change (10).

Therefore, whether an activator appliance can stimulate 
an underlying mandibular growth pattern or leads only 
to dentoalveolar changes remains controversial. Previous 
studies, which include systematic reviews, mainly compared 
the activator and other appliances. Thus, it is impossible 
to clarify the effects of activator appliances on the patient’s 
skeletal, dental, and soft tissue after activator appliance 
treatment. The objective of the current study was to evaluate 
the skeletal, dental, and soft tissue changes that occur 
during treatment with activator appliances and evaluate 
the treatment effects of activators by comparison with an 
untreated Class II skeletal malocclusion control group. 

We present the following article in accordance with the 
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-3205).

Methods 

Search strategy

An electronic literature search was carried out using the 
PubMed, OVID, Cochrane Library, Science Direct, 
Wiley Online Library, EMBASE, Web of Science, China 
Biology Medicine Disc (CBM), China National Knowledge 
Infrastructure (CNKI), Science and Technology Journal 
Database (CSTJ), and Wanfang databases. Terms used in 
the search included: “Class II”, “Angle Class II”, “Class II 

malocclusion”, “Class II skeletal malocclusion”, “Andresen 
activator”, “Activator”, “Activator appliances”, and 
“removable functional appliances”. Manually, the reference 
lists of the selected studies were also searched for additional 
related publications that were missed in the database searches. 

Inclusion criteria

Studies were selected if they satisfied all the following 
inclusion criteria: (I) Publication date from January 1966 
to May 2021; (II) randomized controlled trials (RCTs) or 
clinical controlled trials (CCTs) as well as prospective and 
retrospective controlled studies; (III) original studies based 
on humans; (IV) studies conducted on growing patients 
with Class II skeletal malocclusion and mandibular skeletal 
retrusion; (V) the activator was used in the experimental 
group to correct malocclusion, and the control group was 
untreated; and (VI) lateral cephalogram measurement 
analysis assessed skeletal, dental, and soft tissue movements.

Exclusion criteria

The exclusion criteria were as follows: (I) clinical trials that 
evaluated the effects between activators and other removable 
functional appliances, such as Twin Block; (II) study subjects 
treated by extraction, orthognathic surgery, or activator 
combined with bracket or fixed functional appliances; 
(III) studies involving data analyzed by electromyography 
and three-dimensional imaging technology; (IV) animal 
experiments, materials research, model research, or related 
basic research; and (V) case reports, reviews, or letters.

Data extraction and quality analysis

Data from the selected studies were extracted and recorded 
independently by two authors (J Xie and C Huang) and in 
duplicate using a customized data collection form on the 
following items: author and year of published articles, study 
design, numbers, sex, age, whole treatment time, and daily 
wearing time.

Quality assessment of the RCTs was performed according 
to the standards described in the Cochrane Handbook for 
Systematic Reviews of Interventions (version 5.1.0) (11). 
The quality scores were calculated by a modified version of 
the method described by Jadad (12). The quality evaluation 
of the CCTs was performed according to the standards 
described in the Cochrane Handbook for Systematic 
Reviews Interventions. Each article’s methods and results 

https://dx.doi.org/10.21037/apm-21-3205
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sections were independently read and scored by two authors 
(J Xie and C Huang). Next, the authors discussed their 
extracted data, and disagreements were resolved by further 
re-reading and discussion. 

Statistical analyses

In this systematic review, evaluation of the activator effects 
mainly included the following thirteen aspects: (I) the angle 
between the SN plane and the NA plane (SNA°); (II) the 
angle between the SN plane and the NB plane (SNB°); (III) 
SNA-SNB (ANB°); (IV) the inclination of the mandibular 
plane to the cranial base (SN-MP°); (V) the anterior nasal 
spine to the menton points (ANS-Me, mm); (VI) Condilion-
Gnation (Co-Gn, mm); (VII) Condilion-Menton (Go-Me, 
mm); (VIII) overjet; (IX) overbite; (X) the axial inclination of 
the maxillary central incisor to the SN plane (U1-SN°); (XI) 
the axial inclination of the mandibular central incisor to the 
MP plane (L1-MP); (XII) the upper lip to the E plane (UL-E, 
mm); and (XIII) the lower lip to the E plane (UL-E, mm).

The results of multiple studies were statistically 
aggregated (if possible) with Review Manager 5.3 software 
using the weighted mean differences (WMD) and 95% 
confidence intervals (CIs). Cochrane’s test (I2 test) assessed 
statistical heterogeneity within or between groups on the 
level of α=0.10. The results were assessed by a fixed or 
random-effects model. The level of significance for the 
heterogeneity was set at P<0.05. In the case of no substantial 
heterogeneity, the calculation of the overall comprehensive 
effect was based on the effect model. The outcomes were 
pooled with the random-effects model if there was evidence 
of heterogeneity.

Furthermore, sensitivity analyses were performed to deal 
with potential sources of heterogeneity. A meta-analysis 
was performed when possible; otherwise, a descriptive 
assessment was performed. Funnel plots were planned to 
assess publication bias if there were more than 10 studies 
for meta-analysis.

Results

Description of the studies 

Finally, we included 16 studies (13-28), including five RCTs 
(15,17,18,23,28) and eleven CCTs (13,14,16,19-22,24-27). 
The characteristics of the studies, including author, year, 
study design, number of patients, age in years, treatment 
time, appliance wear, and outcome, are shown in Table 1. 

The study selection process is demonstrated in a PRISMA 
flow chart (Figure 1). 

Methodological quality of the included studies

Of the 16 included studies, five RCTs (15,17,18,23,28) 

were high quality, and eleven CCTs (13,14,16,19-22,24-27) 

were B grade. The methodological quality of the RCTs and 
CCTs are presented in Tables 2,3, respectively.

Effects of interventions

The results of the meta-analysis of cephalometric variables 
investigated in this review are shown in Table 4.

Skeletal effects

SNA°
Thirteen articles (13-17,19,20,22,24-27) reported the 
SNA°. A forest plot is displayed in Figure 2A. Due to 
existing heterogeneity (I2=64%), a random-effects model 
was adopted. There was a significant difference between the 
activator appliance group and the untreated control group 
(P<0.0001), and the WMD (95% CI) was −0.52° (−0.78°, 
−0.27°). The sensitivity analysis was performed, and the 
results showed that the removal of Dalci et al. (17) had only 
minor effects on the overall effect size and had no effect on 
significance, as indicated in Figure 2B. 

SNB°
Thirteen studies (13,14,16,17,19,20,22-27) investigated 
this outcome. The forest plot is shown in Figure 3A. Due 
to existing heterogeneity (I2=77%), a random-effects model 
was adopted. As presented in Figure 3A, the WMD (95% 
CI) between the two groups was 0.80° (0.47°, 1.14°), and the 
difference between the groups was significant (P<0.00001). 
As indicated in Figure 3B, the sensitivity analysis suggested 
that the removal of each study had only minor effects on 
the overall effect size and had no effect on significance. The 
result indicated that the synthesis outcome was essentially 
unchanged upon the systematic removal of data. 

ANB°
Eleven articles (13,14,16,17,19,20,22,24-27) reported this 
outcome. A meta-analysis was performed (Figure 4); as 
shown in the forest plot, the WMD (95% CI) was −1.44° 
(−1.77, −1.10), the conclusions of all the studies were 
consistent, and ANB° were significantly reduced in the 
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Table 1 Characteristics of the included studies

Author (year)
Study 
design

No. of patients (M/F)
Age in years (mean ± SD)

Treatment 
time (m)

Appliance 
wear (h)

Outcomes
Activator Controls

Basciftci, 2003 
(13)

CCT 50 (26/24) 20 (10/10) A: 12.55±1.08 A:16 18 Skeletal

C: 12.63±0.98 C:14 Dental

Bilgiç, 2015 (14) CCT 20 (11/9) 20 (11/9) A: 12.7±1.5 A:6 24 Skeletal

C: 13.8±1.4 C:6 Dental

Courtney, 1996 
(15)

RCT 12 (7/5) 17 (11/6) A: 11.6 A:18 – Soft tissue

C: 11.6 C:18 Skeletal

Cozza, 2004 (16) CCT 40 (20/20) 30 (15/15) A: 10 A:18~24 14 Skeletal

C: 10 C:21 Dental and soft tissue

Dalci, 2014 (17) RCT 10 (7/3) 10 (6/4) A: 13.04 A:16 24 Skeletal

C: 13.66 C:13 Dental

Erdem, 2009 (18) RCT 15 (6/9) 10 (6/4) A: 11.3±1.1 A:12 16 Soft tissue

C: 11.0±1.3 C:12

Forsberg, 1981 
(19)

CCT 47 (25/22) 31 (16/15) A: 10.8±1.4 A:23 – Skeletal

C: 10.4±1.0 C:25 Dental and soft tissue

Jakobsson,  
1990 (20)

CCT 53 (22/31) 60 (28/32) A: 10.9±1.53 (F), 11.6±1.48 (M) A:30 – Skeletal

C: 10.4±1.59 (F), 10.5±1.20 (M) C:25 Dental

Lall, 2011 (21) CCT 15 15 A: 10.5; C: 10.5 – – Dental

Looi, 1986 (22) CCT 30 (15/15) 22 (14/8) A: 11.5±1.1 A:48 – Skeletal

C: 11.7±1.4 C:60 Dental and soft tissue

Nelson, 1993 (23) RCT 12 (7/5) 17 (11/6) A: 11.6 A:18 14 Skeletal

C: 11.6 C:18 Dental

Oztürk, 1994 (24) CCT 17 (8/9) 19 (9/10) A: 9.86±0.89 A:18 – Skeletal

C: 10.12±0.48 C:12 Dental

Tümer, 1999 (25) CCT 13 13 A: 11.9±1.23 A:10 16 Skeletal

C: 12.7±1.09 C:14 Dental

Türkkahraman, 
2006 (26)

CCT 33 (20/13) 20 (11/9) A: 12.52±1.42 A:12 16 Skeletal

C: 12.57±1.11 C:8 Dental and soft tissue

Uzuner, 2014 (27) CCT 13 (6/6) 8 (4/4) A: 11.6 A:11.5 16 Skeletal

C: 10.6 C:11 Dental and soft tissue

Varlik, 2008 (28) RCT 25 (13/12) 25 (13/12) A: 11.9±0.16 A:9 12 Dental

C: 10.11±0.91 C:8 Soft tissue

RCT, randomized controlled trial; CCT, clinical controlled trial; A, activator group; C, untreated control group; M, male; F, female; m, month; 
h, hour.

https://www-ncbi-nlm-nih-gov.cmich.idm.oclc.org/pubmed/?term=Basciftci FA%5bAuthor%5d&cauthor=true&cauthor_uid=12608728
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Table 2 Methodological quality of the selected RCTs*

Study
Random sequence 

generation
Allocation 

concealment
Blinding

Incomplete 
outcome data

Selective 
reporting

Other 
bias

Jadad 
score

Quality

Courtney, 1996 (15) Unclear Unclear Unclear Yes Yes Yes 4 High

Dalci, 2014 (17) Unclear Unclear Unclear Yes Yes Yes 4 High

Erdem, 2009 (18) Unclear Unclear Unclear Yes Yes Yes 4 High

Nelson, 1993 (23) Unclear Unclear Unclear Yes Yes Yes 4 High

Varlik, 2008 (28) Yes Unclear Unclear Yes Yes Yes 5 High

*, quality was categorized as low quality (1–3 Jadad scores) and high quality (4–7 Jadad scores). RCT, randomized controlled trial.

Table 3 Methodological quality of the selected CCTs*

Study Diagnostic criteria
Grouping 
method

Blinding
Baseline 

consistency
Confounder 

control
Lost to 

treatment
Score Grade

Basciftci, 2003 (13) Clinical diagnosis NR NR Good Better No lost 7 B

Bilgiç, 2015 (14) Clinical diagnosis NR NR Good Better No lost 7 B

Cozza, 2004 (16) Clinical diagnosis NR NR Good Better No lost 7 B

Forsberg, 1981 (19) Clinical diagnosis NR NR Good Good No lost 6 B

Jakobsson, 1990 (20) Clinical diagnosis NR NR Better Better No lost 8 B

Lall, 2011 (21) Clinical diagnosis NR NR Good Good No lost 6 B

Looi, 1986 (22) Clinical diagnosis NR NR Better Better No lost 8 B

Oztürk, 1994 (24) Clinical diagnosis NR NR Good Good No lost 6 B

Tümer, 1999 (25) Clinical diagnosis NR Reported Better Good No lost 8 B

Türkkahraman, 2006 (26) Clinical diagnosis NR NR Better Good No lost 7 B

Uzuner, 2014 (27) Clinical diagnosis NR NR Good Good No lost 6 B

*, quality was categorized as A grade (10–12 scores), B grade (6–9 scores), and C grade (0–5 scores). CCT, clinical controlled trial; NR, not 
reported.

activator appliance group compared with untreated patients.

SN-MP°
Six articles (13,14,17,25-27) reported this outcome. A meta-
analysis was performed (Figure 5). The WMD (95% CI) 
between the activator appliance group and the untreated 
control group was 0.98° (0.63°, 1.33°), and there was a 
significant difference between the two groups (P<0.00001).

ANS-Me (mm)

Seven articles (14-17,24,25,27) reported the ANS-Me 
(mm). A forest plot is shown in Figure 6A. The meta-
analysis results showed significant heterogeneity among 
these seven trials (P<0.0001, I2=81%), so a random-effects 

model was adopted. As shown in Figure 6A, the WMD (95% 
CI) was 1.50 mm (0.53, 2.47), and there was a significant 
difference between the two groups (P=0.002). The 
sensitivity analysis was performed, and results showed that 
the removal of Cozza et al. (16) and Oztürk et al. (24) had 
only minor effects on overall effect size and had no effect on 
significance, as indicated in Figure 6B. 

Co-Gn (mm)
Seven articles (13,14,16,17,23,25,27) investigated the Co-
Gn (mm). The forest plot is shown in Figure 7A. A random-
effects model was adopted due to existing heterogeneity 
(I2=77%). The figure showed that there was a significant 
difference between the activator appliance group and the 
untreated control group (P<0.00001), and the WMD 

https://www-ncbi-nlm-nih-gov.cmich.idm.oclc.org/pubmed/?term=Basciftci FA%5bAuthor%5d&cauthor=true&cauthor_uid=12608728
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Table 4 Meta-analysis results*

Outcomes Study quantity Sample size
Effects Heterogeneity

MD 95% CI P I2 (%) P

SNA 13 608 −0.52 −0.78, −0.27 <0.0001* 64 0.0007

SNB 13 608 0.8 0.47, 1.14 <0.00001* 77 <0.00001

ANB 12 579 −1.44 −1.77, −1.10 <0.00001* 81 <0.00001

SN-MP 6 230 0.98 0.63, 1.33 <0.00001* 0 0.46

ANS-Me 7 242 1.50 0.53, 2.47 0.002* 81 <0.0001

Co-Gn 7 276 3.02 1.89, 4.15 <0.00001* 71 0.0003

Go-Me 6 251 1.10 0.43, 1.77 0.001* 73 0.002

Overjet 10 468 −5.46 −6.05, −4.88 <0.00001* 77 <0.00001

Overbite 10 468 −2.01 −2.80, −1.23 <0.00001* 92 <0.00001

U1-SN 5 216 −6.22 −9.05, 3.40 <0.0001* 87 <0.00001

L1-MP 9 456 1.73 0.85, 2.61 0.0001* 70 0.0008

UL-E 3 153 −1.50 −1.98, −1.02 <0.00001* 0 0.79

LL-E 5 276 −0.64 −1.38, 0.11 0.09 61 0.04

*, P<0.01. 

Figure 2 The meta-analysis and sensitivity analysis of the SNA°. (A) The meta-analysis of the SNA°; (B) the sensitivity analysis of the SNA°.

A

B
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Figure 3 The meta-analysis and sensitivity analysis of the SNB°. (A) The meta-analysis of the SNB°; (B) the sensitivity analysis of the SNB°.

A

B

Figure 4 The meta-analysis of the ANB°. 

Figure 5 The meta-analysis of the SN-MP°.
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A

B

A

B

Figure 6 The meta-analysis and sensitivity analysis of the ANS-Me (mm). (A) The meta-analysis of the ANS-Me (mm); (B) the sensitivity 
analysis of the ANS-Me (mm).

Figure 7 The meta-analysis and sensitivity analysis of the Co-Gn (mm). (A) The meta-analysis of the Co-Gn (mm); (B) the sensitivity 
analysis of the Co-Gn (mm).

(95% CI) was 3.02 mm (1.89, 4.15 mm). As indicated in  
Figure 7B, the sensitivity analysis suggested that the removal 
of each study had only minor effects on overall effect size 
and had no effect on significance.

Go-Me (mm)
Six articles (13,16,17,23-25) reported the Go-Me (mm). A 
meta-analysis was performed (Figure 8A). Since there was 
significant heterogeneity among these studies, a random-
effects model was adopted. The WMD (95% CI) between 
the two groups was 1.10 mm (0.43, 1.77), and the difference 

was statistically significant (P=0.001). Sensitivity analysis 
was performed, and the result showed that the removal 
of Basciftci et al. (13) and Dalci et al. (17) had only minor 
effects on the overall effect size and had no effect on 
significance, as indicated in Figure 8B.

Dental effects

Overjet (mm)
Ten articles (13-17,19,21,22,25,26) reported the overjet 
(mm). A forest plot is demonstrated in Figure 9, which 

https://www-ncbi-nlm-nih-gov.cmich.idm.oclc.org/pubmed/?term=Basciftci FA%5bAuthor%5d&cauthor=true&cauthor_uid=12608728
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A

B

Figure 8 The meta-analysis and sensitivity analysis of the Go-Me (mm). (A) The meta-analysis of the Go-Me (mm); (B) the sensitivity 
analysis of the Go-Me (mm).

Figure 9 The meta-analysis of the overjet (mm).

showed that there was a significant difference between the 
activator appliance group and the untreated control group 
(P<0.00001), and the WMD (95% CI) was −5.46 mm 
(−6.05, −4.88 mm). The conclusions of all the studies were 
consistent, and the overjet was significantly reduced in the 
activator appliance group compared with untreated patients.

Overbite (mm)
Ten articles (13-17,19,21,22,25,26) reported the overbite 
(mm). A meta-analysis was performed, and the forest plot 
is shown in Figure 10A. Due to existing heterogeneity 
(I2=92%), a random-effects model was adopted. There was 
a significant difference between the activator appliance 
group and the untreated control group (P<0.00001), and 
the WMD (95% CI) was −2.01 mm (−2.80, −1.23 mm). 
The sensitivity analysis suggested that the removal of four 
heterogeneous studies had no effect on significance, as 
indicated in Figure 10B.

U1-SN°
Five studies (13,14,21,25,28) investigated this outcome. 
The results of the meta-analysis showed that the WMD  
(95% CI) was −6.22° (−9.05°, −3.40°). The results showed 
that there was a significant difference between these 
two groups (P<0.0001), as shown in Figure 11, and the 
conclusions of all the studies were consistent. Moreover, the 
U1-SN° were markedly reduced in the activator appliance 
group compared with untreated patients.

L1-MP°
Nine articles (13,14,16,20,21,24,25,27,28) were categorized 
into this study. The forest plot is shown in Figure 12A. Due 
to existing heterogeneity (I2=70%), a random-effects model 
was adopted. The figure shows that there was a significant 
difference between the activator appliance group and 
the untreated control group (P=0.0001), and the WMD  
(95% CI) was 1.73° (0.85°, 2.61°). As indicated in  
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Figure 11 The meta-analysis of the U1-SN°.

A

B

Figure 10 The meta-analysis and sensitivity analysis of the overbite (mm). (A) The meta-analysis of the overbite (mm); (B) the sensitivity 
analysis of the overbite (mm).

Figure 12B, the sensitivity analysis result showed there was 
no effect on significance.

Soft tissue effects

UL-E (mm)
Three articles (18,19,28) investigated this outcome. A 
meta-analysis was performed, and the forest plot is shown 
in Figure 13. The WMD (95% CI) between the activator 
appliance group and the untreated control group was  
−1.50 mm (−1.98, −1.02 mm), and the difference between 
the groups was significant (P<0.00001).

LL-E (mm)
Five articles (16,18,19,26,28) reported the LL-E (mm). 
The forest plot is shown in Figure 14A. The meta-analysis 
showed significant heterogeneity among these five trials 

(P=0.04, I2=61%), so a random-effects model was adopted. 
The WMD (95% CI) between the two groups was  
−0.64 mm (−1.38, 0.11 mm), and no statistical significance 
was observed (P=0.09). The sensitivity analysis was 
performed, and the result showed that the WMD (95% CI) 
between the two groups was −0.93 mm (−1.43, −0.44 mm), 
and the difference between the two groups was notable 
(P=0.002), as indicated in Figure 14B.

Reporting biases

Reporting biases could be assessed only for the meta-
analyses of outcomes that included at least 10 studies. 
Therefore, SNA°, SNB°, ANB°, overjet, and overbite 
could be assessed. The funnel plots (Figure 15) were 
symmetrical, indicating that there was no obvious 
publication bias.
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A

B

Figure 14 The meta-analysis and sensitivity analysis of the LL-E (mm). (A) The meta-analysis of the LL-E (mm); (B) the sensitivity analysis 
of the LL-E (mm).

A

B

Figure 12 The meta-analysis and sensitivity analysis of the L1-MP°. (A) The meta-analysis of the L1-MP°; (B) the sensitivity analysis of the 
L1-MP°.

Figure 13 The meta-analysis of the UL-E (mm).
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Figure 15 The funnel plots of SNA°, SNB°, ANB°, overjet, and overbite. MD, mean deviation.

Discussion

Quality of the included studies 

RCTs have rarely been used in orthodontic studies, and 
the ethical issue of leaving a group of patients untreated 
is sensitive. Therefore, CCTs were included in this 
review. Five of these 16 included studies were RCTs, 
and the evaluation of quality indicated that all the RCTs 
(15,17,18,23,28) were high quality (Table 2). However, these 
studies had some methodological limitations. None of the 
five RCTs had sufficient information to determine whether 

allocation concealment or blinding was used in measuring 
the cephalometric parameters. Furthermore, only Varlik 
et al. (28) described the random assignment method. The 
remaining RCTs only mentioned the random assignment 
but did not describe the specific method. All eleven CCTs 
(13,14,16,19-22,24-27) had clear diagnostic criteria and 
a consistent baseline. In addition, there were no obvious 
confounding factors or loss to follow-up. However, a 
grouping method or blinding related to the measurements 
was not mentioned in any of the CCTs. The results showed 
that all eleven CCTs were B grade (Table 3).



12332 Xie et al. Activator appliance on patients with Class II malocclusion

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(12):12319-12334 | https://dx.doi.org/10.21037/apm-21-3205

Effects of interventions

Skeletal effects
The results showed that the maxilla exhibited normal 
growth in the untreated group. However, the activator 
group showed decreases in the SNA angle, relatively 
backward movement of Point A, and reduced maxillary 
growth. Moreover, the meta-analysis showed that there was 
a significant difference. Therefore, activator appliances limit 
the growth of the maxillary bone.

The activator group was compared with the untreated 
group, the SNB angle increased by 0.8°, the ANB angle 
decreased by 1.44°, the SN-MP increased by 0.98°, the 
ANS-Me increased by 1.50 mm, and the mandibular length 
increased (Co-Gn: 3.02 mm; Go-Me: 1.1 mm), and the 
differences were statistically significant (P<0.01). These 
changes were due to the result of a simulation of condylar 
growth. Basciftci et al. (13) found that there is thickened 
new bone around the surface of the condyle after activator 
appliance treatment, which may be the reason for the 
increase in the height of the mandibular ramus and the 
comprehensive length of the mandible. This means that the 
activator appliance can provide clinically significant growth 
in the length of the total mandible and the mandible plane, 
which is beneficial to improving the positional relationship 
between the mandible and maxilla, and can effectively 
improve facial appearance.

Dental effects
The results showed that the overbite, overjet, and U1-SN 
angle decreased markedly in the activator group compared 
with the untreated group, but the L1-MP increased. The 
meta-analysis revealed significant differences in these 
outcomes (P<0.01).

After treatment with the activator, the overjet and 
overbite in growing patients with Class II skeletal 
malocclusion decreased significantly, resulting from the 
movement of mandibular protrusion, maxillary incisor 
retraction, and mandibular incisor lip inclination. The 
correction of teeth by the activator and the effect of 
bone reconstruction can significantly improve the profile 
appearance of patients, correct abnormal occlusion, and 
effectively reduce the adverse effects of Class II skeletal 
malocclusion. In addition, Batista et al. (29) showed that 
after activator appliance treatment, the protrusion of 
maxillary anterior teeth decreased notably, thus reducing 
the incidence of maxillary anterior teeth trauma.

Soft tissue effects
Improving the profile appearance is one of the most 
essential demands of patients with Class II skeletal 
malocclusion. In this study, two soft tissue outcomes, UL-E 
and LL-E, were involved. 

Only three studies were included for UL-E, and the 
meta-analysis showed statistically significant differences 
between the two groups (P<0.01). Compared with untreated 
patients, the UL-E of the patients treated with the activator 
decreased, the upper lip retracted, and the protrusion 
decreased, which may be related to the apparent adduction 
of the maxillary incisors and the growth of the mandible (3). 

Five studies (16,18,19,26,28) included the LL-E. Of 
these, four studies suggested that patients treated with 
the activator had significantly decreased LL-E compared 
with the untreated group subjects. In contrast, Varlik 
et al. (28) reported the opposite conclusion. The results 
showed that the difference was statistically significant. 
Therefore, we cannot determine the effectiveness of the 
activator appliances for the LL-E with regard to unreliable 
methodology and results.

The number of studies on soft tissue changes is small, 
and the results are controversial. More high-quality RCTs 
are needed to obtain valuable evidence of the changes 
in soft tissue in growing patients with Class II skeletal 
malocclusion. 

The main strength of this systematic review was the 
inclusion of studies evaluating skeletal, dental, and soft 
tissue changes, which compared activator appliance 
treatment with an untreated group. Despite extensive and 
accurate searches, this systematic review only included 
16 eligible studies. A few studies were included for some 
outcome indicators, and the sample size was small. The 
quality evaluation results showed that the five included 
RCTs were of medium quality, and the 11 included CCTs 
were grade B, with a moderate risk of bias. In addition, 
some of the outcome indicators included in this systematic 
review had mostly a high level of heterogeneity.

Further large-sample and high-quality clinical trials 
are necessary. An additional limitation of this review was 
that the literature on the long-term efficacy of functional 
appliances is limited, and thus, this study failed to explore 
the long-term stability of activator treatment. Also, long-
term studies are needed to assess the stability of its effect on 
the skeletal, dental, and soft tissue changes. In terms of soft 
tissue effects, since the quantity and quality of the articles 
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included are limited, more qualified RCTs are required to 
provide reliable evidence regarding this issue.

Conclusions

Compared with untreated control subjects, the results 
showed that activator appliance therapy restrained sagittal 
maxillary growth, increased mandibular length (Co-Gn 
and/or Go-Me), rotated the mandible backward, and 
increased the lower facial height. Subsequently, the position 
of the relationship between the mandible and maxilla was 
improved. Growing skeletal Class II malocclusion patients 
exhibited significant reductions in the overjet and overbite 
after activator treatment. In addition, the upper incisors 
demonstrated a great degree of retrusion, the inclination of 
upper incisor teeth (U1-SN) decreased, and lower incisors 
showed some proclamation (L1-MP). The UL-E of patients 
decreased after treatment with the activator appliance; 
however, studies of the LL-E reported contradictory results. 
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