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Abstract

Background

Maxillary protraction with or without expansion is a widely known orthopedic treatment

modality in growing skeletal Class III patients. However, limited data are available regarding

the outcomes of long-term changes in the maxilla. Aim of this meta-analysis was to assess

the effectiveness of the long-term maxillary anteroposterior changes following a facemask

therapy with or without rapid maxillary expansion in growing skeletal Class III patients.

Methods

A comprehensive literature search was conducted using the databases of PubMed, Science

Direct, Web of Science, and Embase. Randomized controlled trials and cohort studies, pub-

lished up to Sep. 2020, with maxillary protraction and/or expansion as keywords were

included in this meta-analysis. Risk of bias within and across studies were assessed using

the Cochrane tools (RoB2.0 and ROBINS-I) and GRADE approach. Overall and subgroup

comparisons with the random-effect model were performed in this meta-analysis. Meta-

regression models were designed to determine potential heterogeneity.

Results

There was a statistically significant increase (Mean difference, 2.29˚; 95% confidence inter-

val, 1.86–2.73; and p < 0.001 after facemask (FM) protraction. Mean difference, 1.73˚; 95%

confidence interval, 1.36–2.11; and p < 0.001 after rapid maxillary expansion(RME) and

facemask protraction) in the Sella-Nasion-A point (SNA) angle in the treatment groups as

compared with the control groups, when measured during the less than 3-year follow-up
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period. However, no statistically significant changes (Mean difference, 0.28˚; 95% confi-

dence interval, -0.57–1.13; and p = 0.52 after facemask protraction. Mean difference, 0.34˚;

95% confidence interval, -0.64–1.33; and p = 0.50 after rapid maxillary expansion and face-

mask protraction) were observed in the SNA angle in the groups, when measured after 3

years of follow-up. Meta-regression analysis also showed that with increased follow-up

duration, the effectiveness of maxillary protraction decreased.

Conclusion

This meta-analysis revealed that maxillary protraction therapy could be effective for a short-

term in correcting maxillary hypoplasia and the treatment result was not affected by mean

age and sex. However, with increased follow-up duration, the sagittal maxillary changes

gradually decreased. Limitations on this review were only the SNA angle was used and clini-

cal heterogeneity was not discussed. The quality of evidence was moderate. Further long-

term observational studies are necessary for a comprehensive evaluation of the effects on

maxillary skeletal changes.

Introduction

The prevalence of skeletal class III malocclusion varies in different populations. Based on some

studies, the prevalence of Class III malocclusion is approximately 1% to 5% in white popula-

tions and around 9% to 19% in Asian populations [1, 2]. In skeletal Class III malocclusion, the

etiology is multifactorial including genetic inheritance, ethnic, environmental and habitual

components [3] and genetic is the main etiology of skeletal Class III malocclusion [4]. Accord-

ing to surveys, 75% of skeletal Class III malocclusions are associated with maxillary retrognath-

ism or a combination of maxillary retrognathism and mandibular prognathism [5]. In

addition, nearly 30 to 40% of patients display some degree of maxillary deficiency [6]. Several

studies also claimed that maxillary retrognathism is the most common contributing compo-

nent of Class III characteristics [3, 7]. Thus, using maxillary protraction devices to enhance

maxillary growth become more important [3, 7]. Furthermore, early treatment of growing

patients with skeletal CIII malocclusion could provide them higher quality of life and make

them more confident throughout the years they are most vulnerable by how they look like [8,

9]. Growing patients with skeletal Class III midfacial hypoplasia have been treated satisfactorily

by orthopedic treatment of maxillary protraction with or without maxillary expansion [10–

15]. In the past few years, facemask (FM) and rapid maxillary expansion (RME) were com-

bined as a treatment modality for improving the maxillary transverse and midface deficiency.

Another treatment option introduced was alternate rapid maxillary expansion and constric-

tion, to open the circummaxillary sutures before maxillary protraction [16]. Furthermore,

bone-anchored maxillary protraction is another recently developed method to enhance the

therapeutic influence on midface deficiency [13, 17–20]. The correction of skeletal Class III

malocclusion is challenging in orthodontics due to the unpredictable growth potential of the

maxilla and potentially unfavorable mandibular growth.

Application of the FM protraction therapy in growing children with skeletal CIass III mal-

occlusion is considered as a feasible treatment option for maxillary advancement [14, 15, 21].

The FM treatment has also been advised during the early orthopedic treatment of Class III

malocclusion with maxillary deficiency [10, 22]. However, in the long-term observational
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studies, the results were inconsistent [23, 24] and the skeletal effect on the reinforcement of

maxillary growth over time from the traditional methods has been debated, and remains con-

troversial. Statistically significant maxillary changes were observed after FM with or without

RME treatment in some studies [13, 17, 21, 25, 26]. In contrast, limited or no significant evi-

dence was observed in others [12, 14, 22, 27]. The major limitations among these studies were

the lack of long-term follow-up [11, 13, 17, 23, 25, 28], absence of untreated control groups

[29–31], and differences in the follow-up durations or treatment timing among studies [23,

32–34].

Even though several studies evaluating maxillary anteroposterior effects following maxillary

protraction have been reported, most are conflicting results and still uncertain. Therefore, we

systematically searched and analyzed the available literature for the advancement of scientific

knowledge and clinical decision making. The purpose of this study was to evaluate the long-

term maxillary anteroposterior changes following FM treatment with or without RME in

growing skeletal Class III patients when compared to that in the untreated control group

through meta-analysis and meta-regression.

Materials and methods

Preferred Reporting Items for Systematic Reviews and Meta Analyses (PRISMA) [35] guide-

lines was adhered to perform systematic reviews and meta-analyses. This review protocol was

also registered with the Open Science Framework platform (protocol available at osf.io/39kfs).

Search strategy

Studies that described growing patients with skeletal Class III midfacial hypoplasia who

received orthopedic treatment of maxillary protraction with or without expansion were

included. Further, the skeletal changes after orthopedic treatment with FM or FM+RME were

assessed and compared to that of the untreated control groups.

This meta-analysis aimed to determine whether any maxillary anteroposterior changes

exist in those who need maxillary protraction with or without expansion. Four electronic data-

bases, namely PubMed, Science Direct, Embase, and Web of Science, were searched to identify

studies. This search included “maxilla constriction” or “midfacial deficiency” or “maxillary ret-

rognathism” or “Class III malocclusion” AND “maxillary protraction” or “FM” or “facemask”

or “reverse headgear” or “rapid maxillary expansion” or “maxillary expansion” or “RME”

or”early treatment” or “orthopedic” AND “children/adolescence” or “growing” or “growth”

AND "randomized controlled trial" or "randomized" or “randomly” or "RCT" or "cohort

study" or "cohort" or "prospective" or "retrospective" or “controlled clinical trial”. A detailed

description of the search strategy applied to PubMed is provided in Table 1. In the extracted

studies, references were evaluated to meet the following inclusion and exclusion criteria. Addi-

tionally, a manual search was carried out through the reference lists of the finally included arti-

cles, and the relevant systematic reviews and orthodontic journals not indexed in database.

Table 1. Search strategy in Pubmed.

#1 “maxilla constriction” or “midfacial deficiency” or “maxillary retrognathism” or “Class III malocclusion”

#2 “maxillary protraction” or “FM” or “facemask” or “reverse headgear” or “rapid maxillary expansion” or

“maxillary expansion” or “RME” or”early treatment” or “orthopedic”

#3 “children/adolescence” or “growing” or “growth”

#4 "randomized controlled trial" or "randomized" or “randomly” or "RCT" or "cohort study" or "cohort" or

"prospective" or "retrospective" or “controlled clinical trial”

#5 #1 AND #2 AND #3 AND #4

https://doi.org/10.1371/journal.pone.0247027.t001
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Inclusion and exclusion criteria

The PRISMA checklist is described in the S1 Table. The included studies were cohort studies

and randomized controlled trials (RCTs) with at least 6 months of follow-up that were pub-

lished until September 2020 without language restrictions. Other inclusion criteria were fol-

lowing the PICOS principle. Type of participant (P), the patients selected were those with

skeletal Class III malocclusion with maxillary hypoplasia or transverse maxillary deficiency,

from the early mixed dentition to early permanent dentition (age ranged from 6 to 16 years).

Type of interventions (I), the intervention was the selection of different treatment of FM and

FM/RME. We performed two different types of comparisons (C) separately: 1) FM vs. control,

2) FM/RME vs. control in the long-term follow up. The outcome (O) of maxillary changes in

sagittal dimensions, defined as Sella-Nasion-A point (SNA), was obtained by cephalometric

radiography. Studies that satisfied the inclusion criteria were retrieved and screened using the

following exclusion criteria: (1) patients with craniofacial anomalies, (2) No CIII malocclusion

and (3) less than 6 months of follow-up.

Data extraction

Among the included studies, we extracted and collected the following variables in a standard-

ized form: authors, publication years, study design, patient classification, number of partici-

pants, mean age, sex, follow-up period, measurement method, and the clinical outcome. Three

reviewers (WCL, YFL, and CHL) individually verified the data in the included studies. Subse-

quently, we overcame disagreements by means of discussion with the help of a fourth reviewer

(CSH) to make the final decision.

Risk of bias in individual studies

Four authors (WCL, YFL, CHL, and CSH) evaluated each RCT or controlled clinical trial’s

quality according to revised Cochrane risk of bias (RoB 2.0) [36] or risk of bias in non-ran-

domized studies of interventions (ROBINS-I) [37], respectively. The quality assessments in the

RoB 2.0 included the bias in the randomization process, deviations from the intended inter-

ventions, missing outcome data, measurement of the outcome, selection of the reported result,

and overall bias. The quality assessments in the ROBINS-I included the bias in the pre-inter-

vention, at intervention, post-intervention, and overall bias. In addition, the quality of the

resultant evidence was assessed by the Grading of Recommendations Assessment, Develop-

ment and Evaluation (GRADE) [38].

Statistical analysis

We used the OpenMetaAnalyst software to obtain the mean difference (MD) and 95% confi-

dence interval (CI). We used MD for continuous data in statistical pooling. We also used the I2

statistical test to evaluate the heterogeneity of the included studies. An I2 value ranged from 0

to 100%. An I2 value = 0% meant there was no heterogeneity and I2 value� 50% proposed

considerable heterogeneity [39]. We explored the source of heterogeneity by meta-regression

using an average summary value. Possible moderators (age, sex, publication year, follow up

period and study design) were tested to explore heterogeneity. And then we conducted a sub-

group analysis from the meta-regression result. We used the OpenMetaAnalyst and Compre-

hensive Meta-Analysis software version 3 to perform meta-regression analysis, and subgroup

analysis. Funnel plots were used to explore potential small study bias via visual inspection and

Egger’s test.
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Results

Search results and description

Characteristics of the included studies. The PRISMA flow diagram is presented in Fig 1.

Three hundred and twenty-nine articles were identified from the databases and other sources.

Fifty-eight full-text articles were evaluated for eligibility and after 41 exclusions, 17 articles

were included in this meta-analysis. The studies included were published between 1996 and

2016. Of the 17 included studies, four studies were RCTs and 13 studies were cohort studies.

10 studies [17, 22, 25–27, 40–44] were categorized into the FM group; whereas, eight studies

[11–15, 21, 26, 28] were allotted to the FM+RME group. In the FM versus control group com-

parison, patients’ ages ranged from 6.36 to 11.54 years and the follow-up period ranged

between 6 months and 6 years. In the FM+RME versus control group comparison, patients’

ages ranged between 6.4 and 10.91 years and the follow-up period ranged between 6.78

months and 9 years. The characteristics of the included studies are presented in Table 2.

Assessment of risk of bias

Four of the included studies were RCTs and we evaluated the risk of bias using the RoB 2.0

tool. Four RCTs were found to have a low risk of bias. For observational studies, we used the

ROBINS-I tool to classify the risk of bias among the studies into one of the four levels (low,

moderate, serious, and critical). The overall result of the assessment showed that eight studies

presented a low risk of bias, while the other five were at moderate risk of bias (Table 3). The

most difficult domains involved were selection bias. The FM group included three RCTs and

seven cohort studies that presented a moderate risk of bias in three cohort studies, while the

others presented a low risk of bias. The FM+RME group included two RCTs and six cohort

studies that presented a moderate risk of bias in three cohort studies, while the others pre-

sented a low risk of bias.

Fig 1. PRISMA flow diagram of the search results from the databases.

https://doi.org/10.1371/journal.pone.0247027.g001
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Table 2. Characteristics of included studies (n = 17).

Author,

year

Design Type of malocclusion Appliance (type of

intervention)

Number Mean age in

years

Mean follow-

up period

Outcomes

Chong, 1996 CS (TG

prospective) (CG

retrospective)

Skeletal CIass III (negative OJ and/ or mesial

step in postlactal plane.)

A = FM n = 16 6.80 ± 1.13 3.57 years Skeletal

changes:

SNA
B = untreated

control

n = 13 6.36 ± 0.54

Kilicoglu,

1998

CS (prospective) Skeletal Class III, Angle Class III (ANB < -1˚) A = FM n = 16

(M = 0,

F = 16)

8.6 ± 1.4 12 months Skeletal

changes:

SNA

B = untreated

control

n = 10

(M = 0,

F = 10)

9.2 ± 1.4

Ucem, 2004 CS (prospective) Skeletal Class III (maxillary retrusion or a

combination of maxillary retrusion and

mandibular protrusion)

A = FM n = 14

(M = 7,

F = 7)

10.4 9 months Skeletal

changes:

SNA

B = untreated

control

n = 14

(M = 8,

F = 6)

9.67 11 months

Vaughn.

2005

RCT Skeletal Class III, Angle Class III (ANB�< 0�;

Nperp-A<2; Wits < -3;)

A = FM n = 15

(M = 7,

F = 8)

7.3 1.16 year Skeletal

changes:

SNA

B = FM/RME n = 14

(M = 7,

F = 7)

8.1 1.15 year

C = untreated

control

n = 17

(M = 10,

F = 7)

6.6 1 year

Cozza, 2010 CS (TG

prospective) (CG

retrospective)

Skeletal Class III (Wits < -2, anterior crossbite

or edge to edge, and CIII molar relationship)

A = FM n = 22 8.9 2.1 years Skeletal

changes:

SNA
B = untreated

control

n = 12 7.6

Mandall,

2012

RCT Skeletal Class III (SNA, SNB, ANB) A = FM n = 35 8.7 3 years Skeletal

changes:

SNA
B = untreated

control

n = 38 8.7

Chen, 2012 CS (prospective) Skeletal Class III (ANB < 1 degree) A = FM n = 22

(M = 12,

F = 10)

11.38 ± 0.69 3 year Skeletal

changes:

SNA

B = untreated

control

n = 17

(M = 7,

F = 10)

11.54 ± 1.07 1.75±0.83

year

Akin, 2015 CS (retrospective) Skeletal Class III (ANB < 0˚, concave facial

profile, anterior crossbite or edge to edge, CIII

molar relationship

A = FM n = 25

(M = 10,

F = 15)

10.3±1.5 6 months Skeletal

changes:

SNA

B = untreated

control

n = 17

(M = 8,

F = 9)

10.1±1.3 6 months

Baloş, 2015 CS (retrospective) Skeletal Class III A = FM n = 17

(M = 9,

F = 8)

11.3±1.0 1 year Skeletal

changes:

SNA

skeletal (ANB < 0˚, SNA < 82˚) B = untreated

control

n = 11

(M = 8,

F = 3)

10.6±1.2 1 year

Mandall,

2016

RCT Skeletal Class II (SNA, SNB, ANB) A = FM n = 35 8.7 ± 0.9 6 years Skeletal

changes:

SNA
B = untreated

control

n = 32 9 ± 0.8 6 years

Yuksel, 2001 CS (prospective) Skeletal and dental Class III malocclusion

(reverse overjet and other cephalometric

findings)

A = FM/RME n = 17

(M = 11,

F = 6)

9.67 7 months Skeletal

changes:

SNA

B = untreated

control

n = 17

(M = 11,

F = 6)

9.42 9 months

(Continued)
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Quantitative data synthesis

Primary outcome on the SNA. Primary outcomes on the SNA are shown in Fig 2. There

were total 715 participants of the 17 studies included in the quantitative data synthesis as fol-

lows: 223 in the FM group, 182 in the FM+RME group, and 310 in the untreated control

group. The results of the performed meta-analyses are given in Table 4. In the FM versus con-

trol group comparison, the pooled data demonstrated that the FM therapy had better treat-

ment effect on the SNA (mean difference, 1.79˚; 95% CI, 1.20–2.39; and I2 = 54.96%).

However, significant heterogeneity was seen among the included studies. Similarly, in the FM

Table 2. (Continued)

Author,

year

Design Type of malocclusion Appliance (type of

intervention)

Number Mean age in

years

Mean follow-

up period

Outcomes

Xu, 2001 RCT Skeletal Class III (anterior crossbite and other

cephalometric findings)

A = FM/RME n = 20 9.3 11.3 months Skeletal

changes:

SNA
B = untreated

control

n = 17 9.3 11.3 months

Westwood,

2003

CS (retrospective) Skeletal Class III (Wits < -1.5, anterior crossbite

or edge to edge)

A = FM/RME n = 34

(M = 14,

F = 20)

8.25 ± 1.83 6.33 ± 2.25

years

Skeletal

changes:

SNA

B = untreated

control

n = 22

(M = 9,

F = 13)

8.08 ± 2.16 6.42 ± 2.17

years

Kajiyama,

2004

CS (retrospective) Skeletal Class III (concave profiles, retrusive

maxilla with or without mandibular protrusion,

negative overjet, and other cephalometric

findings indicating a Class III skeletal pattern)

A = FM/RME n = 29

(M = 11,

F = 18)

8.58 ± 1.42 10.2± 4.5

months

Skeletal

changes:

SNA

B = untreated

control

n = 25

(M = 10,

F = 15)

8.83 ± 1.33 8.4 ± 2.3

months

Masucci,

2011

CS (prospective) Skeletal Class III (Wits < -2, no CO CR

discrepancy)

A = FM/RME n = 22

(M = 9,

F = 13)

9.2±1.6 9.4±2.5 years Skeletal

changes:

SNA

B = untreated

control

n = 13

(M = 8,

F = 5)

8.4±0.9 9.5±1.8 years

Sar, 2011 CS (prospective) Skeletal Class III (ANB�< 0�; Nperp-A<1;Wits

< -2;)

A = MP+FM n = 15

(M = 10,

F = 5)

10.91± 1.22 6.78 months Skeletal

changes:

SNA

B = FM/RME n = 15

(M = 8,

F = 7)

10.31± 1.52 9.45 months

C = untreated

control

n = 15

(M = 7,

F = 8)

10.05± 1.14 7.59 months

Masucci,

2014

CS (prospective) Skeletal Class III (Wits < -2, no CO CR

discrepancy, anterior crossbite or edge-to-edge,

mesial step relationships of the primary second

molars or Class III relationships of the

permanent first molars)

A = FM/Alt-

RAMEC

n = 31

(M = 17,

F = 14)

6.4 ± 0.8 1.7 ± 0.4 years Skeletal

changes:

SNA

B = FM/RME n = 31

(M = 16,

F = 15)

6.9 ± 1.1 1.6 ± 0.6 years

C = untreated

control

n = 21

(M = 9,

F = 12)

6.5 ± 1.0 1.5 ± 0.4 years

RCT, randomized controlled trial; CS, cohort study; FM, facemask; RME, rapid maxillary expansion; Alt-RAMEC, alternate rapid maxillary expansion and constriction;

SNA, Sella-Nasion-A point; TG, treated group; CG, untreated control group.

https://doi.org/10.1371/journal.pone.0247027.t002

PLOS ONE Maxillary anteroposterior changes in growing skeletal Class III patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0247027 February 22, 2021 7 / 18

https://doi.org/10.1371/journal.pone.0247027.t002
https://doi.org/10.1371/journal.pone.0247027


+RME versus control group comparison, the pooled data also demonstrated that the FM

+RME therapy had better treatment effect on the SNA (mean difference, 1.54˚; 95% CI, 1.06–

2.02; and I2 = 41.59%). Significant heterogeneity was also seen among included studies.

Meta-regression results

Table 5 shows the results of a meta-regression that investigated the origin of significant associa-

tion (p< 0.1). All potential factors including mean age, sex, publication years, and study design

did not present significant associations in this meta-analysis with the exception of follow-up

period. Meta-regression model was developed to assess the amount of heterogeneity based on the

study characteristics with respect to the SNA angle between treatment groups and untreated con-

trol groups. Regarding the difference between the SNA angle, a significant relationship was noted

during the follow-up period in the FM or FM+RME groups in contrast to the untreated control

group (Fig 3). Based on this meta-regression result, we conducted a subgroup analysis involving

Table 3. Methodological quality assessment of included studies.

Randomized controlled trials evaluated using the revised Cochrane risk of bias (RoB 2.0) tool.

Author,

year

Bias arising from the

randomization process

Bias due to deviations

from the intended

interventions

Bias due to missing outcome data Bias in the

measurement of the

outcome

Bias in the

selection of the

reported result

Low

Overall

bias

Vaughn,

2005

Low Low Low Low Low Low

Mandall,

2012

Low Low Low Low Low Low

Mandall,

2016

Low Low Low Low Low Low

Xu, 2001 Low Low Low Low Low Low

Non-randomized controlled trial studies evaluated using the risk of bias in non-randomized studies of interventions (ROBINS-I) tool.

Pre-intervention At intervention Post-intervention Overall

bias

Author, year Bias due to

confounding

Selection

bias

Bias in the classification

of interventions

Deviation from the

intended

interventions

Bias due to

missing

data

Bias in the

measurement of

outcomes

Bias in the selection

of reported results

Chong, 1996 Low Low Low Low Low Low Low Low

Kilicoglu,

1998

Low Low Low Low Low Low Low Low

Ucem, 2004 Low Low Low Low Low Low Low Low

Cozza, 2010 Low Low Low Low Low Low Low Low

Chen, 2012 Low Low Low Low Low Moderate Low Moderate

Akin, 2015 Low Moderate Low Low Low Low Low Moderate

Baloş, 2015 Low Moderate Low Low Low Low Low Moderate

Yuksel, 2001 Low Low Low Low Low Low Low Low

Westwood,

2003

Low Moderate Low Low Low Low Low Moderate

Kajiyama,

2004

Low Moderate Low Low Low Low Low Moderate

Masucci,

2011

Low Low Low Low Low Low Low Low

Sar, 2011 Low Low Low Low Low Low Low Low

Masucci,

2014

Low Low Low Low Low Low Low Low

https://doi.org/10.1371/journal.pone.0247027.t003
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groups of participants with follow-up period less than 3 years and more than 3 years. This sub-

group analysis demonstrated a significantly lower heterogeneity in each group.

From the meta-regression plot correction, we determined that follow-up period less than 3

years correlated with higher efficacy. However, the efficacy gradually reduced in the long-term

follow-up period. The point of determination for difference in efficacy was approximately 3

years of follow-up.

Subgroup analysis in the SNA

SNA changes from subgroup analysis of follow-up periods of less than and more than 3 years

(Fig 4) were recorded and discussed. The results of the performed meta-analyses are given in

Table 4.

The FM treated group versus untreated control group. The overall mean difference in the FM

treated group versus the untreated control group regarding SNA angle was 1.79˚ (95% CI,

1.20–2.39 and p< 0.001 for the FM treated group). The subgroup analysis showed a

Fig 2. Forest plots to evaluate maxillary anteroposterior changes in the SNA following maxillary protraction with

or without expansion. Fig 2(A). The FM treated group versus control group. Fig 2(B). The FM+RME treated group

versus control group.

https://doi.org/10.1371/journal.pone.0247027.g002

Table 4. Summary results from primary and subgroup analyses.

Analysis N MD 95% CI p value I2

Primary outcome on SNA changes

FM versus untreated controls (follow up: range 6 months to 6 years) 10 1.79 1.20 to 2.39 p<0.001 54.96%

FM+RME versus untreated controls (follow up: range 6 months to 9 years) 8 1.54 1.06 to 2.02 p<0.001 41.59%

Subgroup analysis on SNA changes

FM versus untreated controls (follow up: < 3 years) 7 2.29 1.86 to 2.73 p<0.001 0%

FM versus untreated controls (follow up:� 3 years) 3 0.28 -0.57 to 1.13 p = 0.52 0%

FM+RME versus untreated controls (follow up: < 3 years) 6 1.73 1.36 to 2.11 p<0.001 6.26%

FM+RME versus untreated controls (follow up:� 3 years) 2 0.34 -0.64 to 1.33 p = 0.50 0%

https://doi.org/10.1371/journal.pone.0247027.t004
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significantly increased SNA angle with FM treatment than that in the untreated control group

with a follow-up period of less than 3 years (Mean difference, 2.29˚; 95% confidence interval,

1.86–2.73; and p< 0.001 after facemask protraction), but not in the groups with more than 3

years of follow-up (Mean difference, 0.28˚; 95% confidence interval, -0.57–1.13; and p = 0.52

after facemask protraction). Regarding SNA angle heterogeneity, the I2 was 54.96% in the

overall included studies, less than 0.01% in the group with follow-up periods of less than 3

years, and less than 0.01% in the group with follow-up periods of more than 3 years.

The FM+RME treated group versus untreated control group. The overall mean difference in

the FM+RME treated group versus the untreated control group regarding SNA angle was

1.54˚ (95% CI, 1.06–2.02 and p< 0.001 for the FM+RME treated group). The subgroup analy-

sis showed a significantly increased SNA angle in the FM+RME treated group than in the

untreated control group with follow-up period of less than 3 years (Mean difference, 1.73˚;

95% confidence interval, 1.36–2.11; and p< 0.001 after rapid maxillary expansion and face-

mask protraction), but not in the groups with follow-up period of more than 3 years (Mean

difference, 0.34˚; 95% confidence interval, -0.64–1.33; and p = 0.5 after rapid maxillary expan-

sion and facemask protraction). Regarding SNA heterogeneity, the I2 was 41.59% in the overall

included studies, 6.26% in the group with follow-up period of less than 3 years, and less than

0.01% in the group with follow-up period of more than 3 years.

Publication bias. Reporting biases are best performed only when we have a sufficient

number in this study. And insufficient number of studies was included in this meta-analysis.

Therefore, funnel plots were not performed in this meta-analysis.

GRADE. GRADE was used to assess overall evidence of both RCTs and observational

studies in maxillary anteroposterior changes. Low quality of evidence shows that maxillary

protraction may have benefit when compared to untreated control in SNA degree. The level of

evidence for SNA changes was downgraded due to statistical heterogeneity and low number of

included studies in outcome assessment. Summary of findings table according to GRADE

approach was shown in Table 6.

Discussion

Summary of evidence

This meta-analysis assessed the long-term anteroposterior changes on the maxilla, defined as

SNA, following maxillary protraction with or without expansion via different devices

Table 5. Meta-regression analysis results.

Moderators Variables Study Number p-value

SNA changes via FM versus untreated group Mean age 11 0.245

Sex 7 0.164

Publication year 11 0.360

Follow-up period 11 0.001

Study design 11 0.185

SNA changes via FM+RME versus untreated group Mean age 8 0.358

Sex 7 0.302

Publication year 8 0.404

Follow-up period 8 0.020

Study design 9 0.962

SNA, Sella-Nasion-A point; FM, facemask; RME, rapid maxillary expansion.

https://doi.org/10.1371/journal.pone.0247027.t005
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including FM and FM+RME. This topic is not novel since many systematic reviews have been

published in the past on similar topics [23, 45–49]. In the comparison between the FM treated

group versus the untreated control group, 10 studies were included to investigate the orthope-

dic effects on the SNA. There was a significant increase in the SNA angle after FM treatment

Fig 3. Meta-regression plots of SNA changes and follow-up period. Fig 3(A). The FM treated group versus control

group. Fig 3(B). The FM+RME treated group versus control group.

https://doi.org/10.1371/journal.pone.0247027.g003
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and it had similar effects on the SNA angle in the FM+RME treated group as compared with

the untreated control group, which was consistent with the previous concept [5, 13, 17, 21].

Further, in the subgroup analysis of the FM treated group versus untreated control group,

seven studies were included related to follow-up periods less than 3 years and three studies

with follow-up periods more than 3 years. Patients undergoing FM treatment presented with a

greater orthopedic effect on the SNA angle in the group with a follow-up period of less than 3

years when compared with the untreated control group. However, the effect was not signifi-

cant in the group with more than 3 years follow-up period. Similarly, there was a greater ortho-

pedic effect on the SNA angle after FM+RME treatment in the group with less than 3 years

follow-up period. However, the effect was not significant in the group with more than 3 years

follow-up period.

In this analysis, we included 17 studies (Table 2). Nevertheless, there was significant hetero-

geneity in the overall included studies in the FM or the FM+RME treatment group. The reason

for this heterogeneity could be that the periods between the initial and final records were dif-

ferent among the included studies. Different follow-up durations of maxillary protraction may

exist among studies, and this cannot be ignored when considering the potential origins of het-

erogeneity. Therefore, meta-regression models of the SNA angle differences were established

with age, sex, follow-up period, and publication years as covariates (Table 5). In long-term fol-

low-up periods, the effect on maxillary sagittal changes gradually decreased and became nearly

equal to that in the control group with time [14, 22, 27]. Furthermore, other potential factors

including mean age, sex, publication years, and study design could not significantly clarify het-

erogeneity in this meta-analysis.

Orthopedic maxillary protraction with or without expansion has been widely used for the

treatment of the skeletal Class III growing patients with maxillary deficiency [10–15], and

there have been several systematic reviews and meta-analyses [5, 23, 24, 45, 46, 49–51]

Fig 4. SNA changes from subgroup analysis of follow-up periods of less and more than 3 years. Fig 4(A). The FM

treated group versus control group. Fig 4(B). The FM+RME treated group versus control group.

https://doi.org/10.1371/journal.pone.0247027.g004
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investigating this treatment. A few studies [13, 17, 21, 25, 26] with orthopedic maxillary pro-

traction reported a significant increase in the SNA angle. Other studies [24, 45–47, 50] found

that protraction FM therapy in growing Class III patients is short-term effective. However,

there was a lack of evidence on the long-term benefits, which remains controversial. Further-

more, conclusive evidence about the relationships between such changes and other potential

factors, such as mean age, sex, publication years, and study design were lacking. In this analy-

sis, our results showed that the patients who underwent maxillary protraction therapy (FM or

FM+RME) with follow-up period of less than 3 years were likely to have an increased SNA

angle than in the untreated control group. However, this benefit was not significant and maxil-

lary anteroposterior changes gradually relapsed in the long-term follow-up period. In addition,

the treatment timing was not affected by the early or late orthopedic treatment, which was sim-

ilar to that reported in a previous study [5]. The treatment effect on maxillary anteroposterior

changes was not affected by sex.

Limitations and strengths

This study has several limitations. Firstly, only the SNA angle was used in this study as it was

the most common denominator to represent the anteroposterior dimension of maxilla in vari-

ous studies even though many other measurements were used [12, 14, 27]. Second, although

we discussed the heterogeneity from the statistical point of view, we did not discuss clinical

heterogeneity including the different treatment methods employed by different clinicians or

the medical quality in the early periods, etc. The strength of this meta-analysis was that the

studies we included were RCTs and observational studies instead of only RCTs. Admittedly, if

the RCTs are blinded, they can supply the highest and reliable epidemiologic evidence for cau-

sality [52]. Observational studies were enrolled in this study, these studies may have strong

probability of confounding and bias, are likely to have incomplete and poor quality of data,

and less likely to have verifiable outcomes [53, 54]. Nevertheless, in particular conditions,

observational studies may be of certain advantages. For example, they can provide us long-

term investigation on orthopedic treatment of Class III malocclusion. Furthermore, in ethical

issues, with patients that are seeking the treatment due to their orthopedic problems, observa-

tional studies may be more appropriate than RCTs in real-world circumstances as a result of

the possibility of larger sample sizes, extensive participants included, and longer follow-up [52,

55]. However, in this analysis, few RCTs base were available. Instead, the included studies

went through quality assessment (Table 3), meta-regression (Table 5 and Fig 3), and subgroup

analyses (Fig 4) to evaluate the quality of evidence and heterogeneity.

This study investigated the relationship between maxillary anteroposterior changes follow-

ing FM with or without RME. Certainly, some studies reported that maxillary protraction is

significantly associated with the changes in the maxillary anteroposterior dimension, while

other studies reported otherwise. This inconsistency was due to the different follow-up period

in different included studies, and untreated control groups were not included in most studies.

Furthermore, only the difference between initial and final records was compared between

identically treated groups. Nevertheless, the maxillary changes were also associated with the

effect of growth in children, and we included the untreated control group to decide the real

effect of orthopedic maxillary protraction. Hence, we excluded case series studies resulting in

reduced final sample size. Moreover, most studies evaluated the short-term effect, and did not

include information regarding the population under study, age, sex, follow-up period, among

others to investigate how these factors affected the treatment. Hence, we included studies from

short-term to long-term follow-up period and conducted meta-regression analyses to evaluate

heterogeneity in the included studies.
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Conclusion

Maxillary protraction treatments could be effective for a short-term in correcting maxillary

hypoplasia in young patients and the treatment result was not affected by mean age and sex.

Nevertheless, the skeletal effects gradually decreased with time in the long-term follow-up of

maxillary sagittal changes. Hence, more high-quality long-term RCTs and observational stud-

ies are required to further evaluate the effects on maxillary skeletal changes.
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