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ABSTRACT
To summarise the scientific evidence from systematic reviews on the differences between fixed functional appliances (FFA) with 
and without skeletal anchorage for the treatment of Class II malocclusion in growing patients. A systematic search on six major 
databases was performed. Primary outcomes were changes in Co-Gn, SNB angle and the lower incisor inclination. ROBIS tool to 
assess risk of bias and GRADE instrument to assess evidence quality were used. Mean differences (MD) or risk ratios (RR) with 
their 95% confidence intervals were calculated from random-effects meta-analyses. A total of 10 systematic reviews were identi-
fied, six at high risk of bias, three at unclear risk of bias and one at low risk of bias. The meta-analysis with only RCTs studies indi-
cated that FFA with skeletal anchorage did not produce a statistically significant increase in Co-Gn (pooled MD = +1.37 mm, 95% 
CI from −0.88 to 3.62; p = 0.23, I2 = 96%, three studies, GRADE low). No statistically significant differences were identified for 
SNB angle between FFA with and without skeletal anchorage (pooled MD = +0.31 degrees, 95% CI from −0.03 to 0.66; p = 0.08, 
I2 = 51%, three studies, GRADE low). FFA with skeletal anchorage showed a statistically greater decrease for lower incisor incli-
nation (pooled MD = −5.03, 95% CI from −8.49 to −1.58; p = 0.004, I2 = 89%, four studies, GRADE low). Low evidence of findings 
from exclusively RCTs studies suggested that FFA with skeletal anchorage could reduce the lower incisor inclination with a 
greater percentage of complications. However, no significant differences were found for mandibular dimensions and mandibular 
protrusion between FFA with and without skeletal anchorage.

1   |   Introduction

Class II malocclusion constitutes a common skeletal dishar-
mony in orthodontics, with a global prevalence of about 23% 
in the mixed dentition [1]. Mandibular skeletal retrusion is the 
most commonly associated characteristic of this malocclusion 
[2, 3].

Functional appliances aim to correct Class II malocclusion by 
producing mandibular advancement, posturing the mandible 
forward and modifying craniofacial muscle activity [4].

Whether functional appliances can promote mandibular 
growth and lead to an increase in mandibular length has 
been a debated issue. Several studies have shown increases 
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in total mandibular length, particularly in pubertal patients 
[5–8], with effects persisting long-term [9]. Responsiveness to 
functional treatment can be more or less pronounced in the 
individual patient [10] and varies according to each patient's 
growth potential [11, 12].

Functional appliances can be either fixed or removable [13, 14]. 
Fixed functional appliances (FFAs) offer a compliance-free alter-
native to removable ones, especially during the pubertal growth 
peak, a period in which compliance is typically low [15]. However, 
they are associated with more breakages, additional chair time 
and dentoalveolar side effects, including lower incisor proclination 
due to anchorage loss [16–19]. This effect is due to posteriorly di-
rected forces on the upper arch and anteriorly directed forces on 
the lower arch, leading to distal tooth movement in the upper arch 
and mesial tooth movement in the lower arch [20]. Up to 85% of 
the Class II correction with FFAs takes place due to lower incisor 
proclination [19]. The resultant of these side effects is an overjet 
reduction and, consequently, a decrease in space for mandibular 
advancement [20, 21]. These dento-alveolar effects are associated 
with reduced efficacy on skeletal mandibular changes which are 
probably of minor clinical importance [22]. Attempts to limit these 
effects, such as negative torque or larger rectangular archwires, 
were found to be unsuccessful [23–25].

Skeletally anchored functional appliances have recently 
emerged to minimise dentoalveolar effects and enhance skeletal 
outcomes [25, 26]. Although numerous systematic reviews have 
compared skeletally anchored and tooth-anchored FFAs, their 
findings included conflicting results [27, 28]. Some authors have 
observed statistically greater increases in mandibular length 
and SNB angle, together with better control of lower incisor pro-
clination, when temporary anchorage devices (TADs) are com-
bined with FFAs, suggesting a potential enhancement of skeletal 
effects and anchorage control compared with tooth-anchored 
devices [27, 29]. Other reviews have failed to demonstrate supe-
rior skeletal outcomes and have concluded that the main benefit 
of skeletal anchorage lies in reducing lower incisor proclination, 
with only limited or clinically questionable additional skeletal 
effects [19, 30].

These discrepancies likely reflect substantial heterogene-
ity in appliance design, anchorage protocols (miniscrews vs. 
miniplates and maxillary vs. mandibular anchorage), patient 
age and growth stage, outcome variables, follow-up duration 
and the overall low-to-moderate quality of the primary studies 
[19, 27, 29]. Therefore, the present review of systematic reviews 
aims to synthesise the current evidence on the comparative ef-
fects of fixed functional appliances with and without skeletal 
anchorage in the treatment of Class II malocclusion.

2   |   Materials and Methods

This review of systematic reviews was registered on 
PROSPERO (CRD42024511961 available from: https://​www.​
crd.​york.​ac.​uk/​prosp​ero/​displ​ay_​record.​php?​ID=​CRD42​
02451​1961).

The conduct and reporting of this umbrella review followed the 
PRIOR (Preferred Reporting Items for Overviews of Reviews) 

statement [31], an extension of the PRISMA 2020 guidelines spe-
cifically developed for reviews of systematic reviews.

It adheres to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines for report-
ing systematic reviews evaluating health care interventions and 
follows prescribed methodologies for summarising systematic 
reviews [32, 33].

2.1   |   Eligibility Criteria

Systematic reviews were selected based on eligibility crite-
ria structured according to the PICOS framework (Table  S1). 
Eligible systematic reviews must compare two treatment groups 
using fixed functional appliances: one group utilising skeletal 
anchorage (e.g., temporary anchorage devices like miniscrews 
or miniplates) and another group without it (e.g., connected via 
a traditional bracket system or lingual arch).

2.2   |   Information Sources

A comprehensive electronic search was performed across six 
major databases (PubMed/MEDLINE, Cochrane Library, Scopus, 
Embase, Web of Science, OpenGrey) to identify relevant studies.

The final database access occurred on May 8th, 2025. 
Additionally, reference lists from selected articles were man-
ually reviewed for any potentially overlooked references from 
electronic searches. With regard to the screening of registers, the 
International Clinical Trials Registry Platform (ICTRP), Clini​
calTr​ials.​gov and the European Clinical Trials Register were in-
cluded in the Cochrane Library database.

2.3   |   Search Strategy

No restrictions on publication status, language, or year were 
imposed. The search strategy was written using the Medical 
Subject Headings (MeSH) and Health Sciences Descriptors 
(DeCS) terms available in English: adolescent, malocclusion, 
Angle Class II, functional orthodontic appliances, orthodon-
tic anchorage procedures and bone screw adjusted for each 
database specifications. The search strategy is illustrated in 
Table S2. Searching was carried out with two separate but com-
bined search strings to enhance retrieval of relevant results for 
this topic. Duplicate references were then removed automati-
cally using Endnote software (EndNote X9 Thomson Reuters, 
Philadelphia, PA). After removing duplicates (by software), re-
cords were scrutinised manually to confirm the absence of any 
remaining duplicates.

2.4   |   Selection Process

Two reviewers (VR and EV) conducted an independent initial 
screening based on titles and abstracts following established in-
clusion/exclusion criteria. Articles failing these criteria were dis-
carded. Following this initial evaluation stage, full-text versions 
were procured for studies meeting inclusion standards or lacking 
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clarity based solely on title/abstract data. Disagreements were set-
tled through discussion among authors. The inter-reviewer agree-
ment for study selection was assessed using Cohen's kappa (κ).

2.5   |   Data Collection Process and Data Items

Data extraction adhered strictly to predefined criteria estab-
lished prior by two reviewers (VR and EV), focusing on study 
characteristics (authors/year), population demographics (sam-
ple size/nation/setting), research attributes (search period/
languages/quality assessment tools/funding sources), clinical 
evaluations (appliance type/skeletal anchorage points/outcome 
measures), along with results summaries. The authors of the 
articles were contacted via e-mail if there was any absence of 
information and/or missing elements.

The degree of overlap among primary studies included in the 
selected systematic reviews was assessed using the Corrected 
Covered Area (CCA) method, as recommended by Pieper et al. [34] 
and the Joanna Briggs Institute Manual for Evidence Synthesis [32].

2.6   |   Risk of Bias Assessment

Two reviewers (MN and VR) independently evaluated risk 
of bias within included studies using the ROBIS tool [35]. 
Disagreements between the review authors over the risk of bias 
in specific studies were resolved by discussion, with the involve-
ment of a third review author where necessary.

Each systematic review was classified according to risk domains: 
eligibility criteria bias (domain 1); identification/selection bias 
(domain 2); data collection/study appraisal bias (domain 3); syn-
thesis/findings bias (domain 4); all categorised as low/high/un-
clear risk of bias.

2.7   |   Effect Measures and Synthesis Methods

A narrative synthesis described findings from included system-
atic reviews alongside evaluations of methodological, clinical 
and statistical heterogeneity.

Quantitative synthesis via meta-analysis was re-conducted 
specifically for every appliance indagated and for RCTs only if 
original meta-analyses exhibited inaccuracies or omissions. A 
review Manager software (RevMan, 5.4.1 version) enabled meta-
analysis execution employing a random-effect model where ap-
plicable. For the aggregation of continuous data, the mean of 
the differences (MD) between groups was applied. The outcome 
effect measure for binary outcomes was expressed as risk ratio 
(RR). The inverse of the variance method and a 95% confidence 
interval (95% CI) were utilised for data analysis. The heteroge-
neity of the data was assessed using both the Chi2 test (a P value 
< 0.1 indicated a statistically significant heterogeneity) and the 
inconsistency index (I2). Heterogeneity was considered substan-
tial when values exceeded 50%.

The result of the meta-analysis was reported with a forest plot. 
Subgroup analysis by age (children versus adolescents) was 

planned if possible. A further subgroup analysis was planned 
to include only studies with low risk of bias. If possible, a sub-
group analysis was planned by maturational stage of patients 
(prepubertal versus pubertal versus postpubertal stage) and by 
type of functional appliance. A possible subgroup analysis was 
performed by including only studies with low risk of bias.

2.8   |   Reporting Bias Assessment

The risk of bias in the included systematic reviews was described 
graphically using a tabular presentation for ROBIS results [35]. 
The investigation into the presence of publication bias was 
planned to be conducted using both a funnel plot and an Egger 
test. This was to be conducted if the meta-analysis includes a 
minimum of 10 studies.

2.9   |   Certainty Assessment

The Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) approach was utilised to assess the 
certainty of the evidence [36, 37]. The following factors were es-
timated by two reviewers (MN and VR): RoB [38], inconsistency 
(heterogeneity) [39], indirectness [40], imprecision [41] and 
publication bias [42]. The quality of the evidence was then clas-
sified into one of four levels: high, moderate, low, or very low. 
A ‘Summary of findings’ (SoF) Table was created regarding all 
outcomes included to give information concerning the quality of 
evidence from the selected systematic reviews.

3   |   Results

3.1   |   Study Selection

The PRISMA 2020 flowchart is presented in Supplementary 
Figure S1. The database search yielded 4426 records, of which 
2427 were duplicates. The title and abstract of the remain-
ing records were assessed, leading to the identification of 26 
potentially eligible full-text studies. Following a thorough  
review, 16 records were excluded, resulting in a final number 
of 10 systematic reviews. The inter-reviewer agreement for 
study selection showed substantial agreement (κ = 0.70), in-
dicating substantial consistency between reviewers. The ex-
cluded articles and the rationale for exclusion are detailed in 
Table S3.

3.2   |   General Characteristics of the Selected 
Systematic Reviews

Nine systematic reviews with meta-analysis [19, 27–30, 43–46] 
and one systematic review [47] were included (Table S4). Several 
characteristics were investigated such as the type of appliance 
used, skeletal anchorage points and main results of the meta-
analysis included.

Authors of some original articles included in systematic reviews 
[48, 49] were contacted to specify some information regarding 
the conduct of the study.
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All systematic reviews came from a public setting and from 
different geographic regions. One systematic review [27] re-
ported effects of the Herbst appliance, five systematic re-
views [19, 28, 43, 45, 47] assessed skeletal and dental effects 
in the Forsus appliance, and four systematic reviews included 
studies about the Forsus and Herbst appliances together 
[29, 30, 44, 46].

All systematic reviews, except one [46], included all languages 
for the research. A heterogeneous set of risk of bias assessment 
tools was used, particularly for non-randomised trials.

Three systematic reviews [27, 29, 46] concluded that skeletally-
anchored FFA can have greater skeletal effects than tooth-
anchored FFA, while four other systematic reviews concluded 
that skeletal anchorage did not improve skeletal mandibular 
outcomes [19, 28, 30, 44]. Two systematic reviews asserted that 
miniplate- instead of miniscrew-anchored FFA can increase 
skeletal outcomes [43, 47], while all systematic reviews con-
cluded that skeletal anchorage in the lower arch could control or 
reduce the lower incisor inclination of FFA.

3.3   |   Primary Study Overlap

The overlap analysis revealed a high overlap between the in-
cluded systematic reviews (CCA = 30%), suggesting great redun-
dancy of primary studies across reviews.

3.4   |   Risk of Bias Assessment

ROBIS tool was assessed for every systematic review included 
(Table 1). Overall, one systematic review was rated as ‘low’ risk 
of bias [29], three as ‘unclear’ risk of bias [30, 44, 45] and six were 
assessed as ‘high’ risk of bias [19, 27, 28, 43, 46, 47]. The graph-
ical summary of all domains of ROBIS (Table 1) indicated that 
most systematic reviews (six out of 10) had a high risk of bias in 
‘synthesis and findings’ domain.

3.5   |   Results of Individual Studies and Data 
Synthesis

A meta-analysis was performed for Herbst appliance with and 
without a skeletal anchorage based on the systematic review of 
Al-Dboush et al., 2022 [27] that included an incorrect number 
of patients for one included study (Figure 1). This meta-analysis 
showed that Herbst appliance with a skeletal anchorage resulted 
in a statistically significant increase of SNB angle compared to 
dentally anchored Herbst (pooled mean difference, MD = +1.80 
degrees favouring TADs group, 95% CI from −0.01 to 3.61; 
p = 0.05, one study, GRADE very low). Lower incisor inclina-
tion was significantly reduced in skeletally anchored Herbst 
(pooled MD = −4.85 degrees favouring TADs group, 95% CI 
from −6.97 to −2.73; p < 0.00001, I2 = 28%, five studies, GRADE 
low) (Figure 1).

A meta-analysis for Forsus appliance (Forsus Fatigue 
Resistant Device) with and without skeletal anchorage was 
performed based on the systematic review of Liu et al., 2021 

[45] as heterogeneity through I2 was not assessed (Figure 2). 
This meta-analysis reported that total mandibular length 
was significantly increased in Forsus with skeletal anchorage 
compared to the traditional tooth-anchored Forsus (pooled 
MD = +1.63 mm favouring TADs group, 95% CI from 0.46 to 
2.80; p = 0.006, I2 = 83%, five studies, GRADE very low). SNB 
angle showed an increase in TADs group compared to the 
Forsus group; however, this increase was non-statistically sig-
nificant (pooled MD = +0.58 degrees favouring TADs group, 
95% CI from −0.07 to 1.23; p = 0.08, I2 = 90%, six studies, 
GRADE very low). On the contrary, lower incisor inclination 
was found statistically significantly reduced in Forsus with 
a skeletal anchorage (pooled MD = −7.56 degrees favouring 
TADs group, 95% CI from −11.37 to −3.76; p < 0.0001, I2 = 91%, 
four studies, GRADE very low) (Figure 2).

A meta-analysis of RCTs studies only was performed from the 
systematic review of Huang et al., 2021 [29], as some informa-
tion was unreadable (e.g., the P values) (Figure 3). In this meta-
analysis, Co-Gn showed no statistically significant increase at 
the end of treatment in the skeletally anchored group (pooled 
MD = +1.37 mm, 95% CI from −0.88 to 3.62; p = 0.23, I2 = 96%, 
three studies, GRADE low). No statistically significant differ-
ences between the two groups were identified for SNB angle 
(pooled MD = +0.31 degrees, 95% CI from −0.03 to 0.66; p = 0.08, 
I2 = 51%, three studies, GRADE low). Lower incisor inclination 
was significantly reduced in the TADs group compared to the 
control group (pooled MD = −5.03 degrees, 95% CI from −8.49 
to −1.58; p = 0.004, I2 = 89%, four studies, GRADE low).

With regard to complications, the meta-analysis of all articles 
included in systematic reviews showed a higher rate of compli-
cations in the TADs group compared to the control group, with 
an almost 30% percentage in the TADs group compared to 3.9% 
in the control group (pooled risk ratio, RR = 4.28 favouring the 
TADs group, 95% CI from 2.01 to 9.13; p = 0.0002, I2 = 0%, nine 
studies, GRADE low) (Figure 4).

3.6   |   Certainty Level

The summary of Findings Table (SoF) for GRADE statement 
is presented in Table  2. The certainty of evidence for all the 
findings was low or very low. The evidence was downgraded 
mainly for the lack of randomised trials, high risk of bias or high 
heterogeneity.

4   |   Discussion

In this systematic review of systematic reviews, skeletal and den-
tal variables and complications were assessed to compare the 
effectiveness of fixed functional appliances with and without a 
skeletal anchorage in growing patients with Class II malocclusion.

Over the past two decades, the number of systematic reviews 
indexed in MEDLINE has increased by more than 3000%, rising 
from 264 in the year 2000 to 8425 in 2020 [50].

In recent years, a substantial number of systematic reviews have 
been published on the topic of skeletal anchorage. Indeed, the 
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majority of the systematic reviews that have been included in 
the present review have been published within the last 4 years 
[19, 27–30, 43, 45, 46].

In this study, meta-analyses were repeated separately rather 
than reporting the results of the meta-analysis reported in the 
original reviews, as published systematic reviews often pre-
sented inappropriate statistical models or lack some informa-
tion [51].

4.1   |   Summary of the Main Results

Some systematic reviews included both Forsus and Herbst ap-
pliances [29, 30, 44, 46]. In order to address the appliance het-
erogeneity in the existing studies, which influences the reported 
outcomes, we performed distinct meta-analyses for Forsus and 
Herbst appliances.

In this overview, the meta-analysis for Herbst appliance showed 
that there was very low evidence that skeletal anchorage may 
produce a greater mandibular protrusion assessed through SNB 
angle (mean difference +1.80 degrees). However, this finding 
was not clinically significant. Lower incisor inclination was sig-
nificantly reduced (by almost 5 degrees) in the group with skel-
etally anchored Herbst.

Herbst appliances can have different configurations, which 
may lead to different clinical results. In particular, the Herbst 
with total acrylic splint proved to be more effective in con-
trolling the inclination of the lower incisors than the reduced 
acrylic splint [52] and that acrylic splint Herbst can better con-
trol the flaring of the lower incisors [53]. The studies included 
in systematic reviews comprised both cast Herbst appliances 

and acrylic splint appliances. However, no review to date has 
specifically investigated the differences between the various 
types of Herbst appliances and skeletally anchored Herbst ap-
pliances. The biomechanical differences between Forsus and 
Herbst appliances (semi-rigid versus rigid construction) result 
in distinct skeletal and dentoalveolar responses. Pooling these 
appliances within the same analysis, as in most existing re-
views, likely contributes to outcome heterogeneity and limits 
interpretability. Future studies should assess these appliances 
separately, considering their mechanical behaviour and an-
chorage configuration.

The meta-analysis on the Forsus appliance demonstrated statis-
tically significant evidence of a greater increase in total mandib-
ular length when the appliance was used in combination with 
temporary anchorage devices (TADs). However, this increase 
was not clinically significant (+1.63 mm) and the certainty of 
evidence for this outcome was very low. Additionally, skeletally 
anchored Forsus did not show a significantly greater mandibu-
lar protrusion (mean difference +0.58 degrees). The indirect an-
chorage provided by the miniscrew-anchored Forsus appeared 
to be insufficient to stimulate mandibular growth, particularly 
due to the risk of bending the wire connecting the lower arch 
to the miniscrew. This deformation, caused either by functional 
activities or the force exerted by the appliance itself, may com-
promise anchorage [43]. On the contrary, a greater reduction in 
lower incisor inclination was found (−7.56 degrees). This is con-
sistent with all meta-analyses of included systematic reviews of 
Forsus appliance which reported a heterogeneous but still nega-
tive value (−1.8 to −7.6 degrees). The question therefore arises as 
to why a reduction in lower incisor inclination does not lead to 
enhanced results from a skeletal point of view. This effect might 
be attributed to the flexible mandibular positioning that semi-
rigid functional appliances provide [43].

FIGURE 1    |    Meta-analysis for Herbst appliance.
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In meta-analyses including only randomised controlled tri-
als, no statistically significant differences in Co-Gn length or 
SNB angle were found between the two treatment approaches. 
Conversely, a statistically significant reduction in lower inci-
sor inclination was observed (−5.03 degrees). The certainty of 
evidence for Co-Gn, SNB and lower incisor inclination values, 
however, was rated as low. A lack of mandibular increases could 
be due to the short-term observational period, as treatment 
with fixed functional appliances ranged from 4.8 to 6.5 months 
in RCTs studies. This period may not be enough to produce an 
effective stimulation of mandibular growth [28]. Although the 
biomechanical rationale for skeletal anchorage in FFAs is com-
pelling—by theoretically transferring forces directly to bone 
and minimising dentoalveolar side effects [28]—the clinical 
outcomes identified in this review remain modest. The limited 
skeletal improvements observed, despite consistent control of 
lower incisor proclination, indicate that anchorage reinforce-
ment alone may not substantially enhance mandibular growth. 
To provide a robust evaluation of these findings, it is important 

to consider the paucity of existing RCTs included and the low 
certainty of the evidence of these assertions.

Complications were evaluated in nine articles included in the 
systematic reviews, eight of which involved miniscrews as skel-
etal anchorage, while one study utilised miniplates. These com-
plications were statistically increased in the miniscrews and 
miniplates group compared to the control group. The complica-
tion rate in the TAD group (30%) was higher than that reported 
in the literature [52], possibly due to the inclusion of additional 
related issues, such as appliance breakage.

4.2   |   Miniscrews or Miniplates as Skeletal 
Anchorage

An important clinical consideration is whether the use of minis-
crews versus miniplates can influence the skeletal and dentoal-
veolar effects of FFAs.

FIGURE 2    |    Meta-analysis for Forsus appliance.
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The majority of the systematic reviews (80%) included in 
this study [20, 28, 39, 41–45] analysed studies that employed 
both miniscrews and miniplates as skeletal anchorage. Two 
additional reviews [27, 40] focused exclusively on studies 
using miniscrews. In the studies included in the reviews, the 
miniplates were placed bilaterally at the mandibular symphysis 
and utilised a direct anchorage system [44, 48, 54–56].

Most of the studies included in systematic reviews that assessed 
the effect of using skeletally anchored FFA used two mandib-
ular TADs to reinforce the anchorage in the lower arch. The 
miniscrews of FFA with skeletal anchorage were used as indi-
rect anchorage and positioned between the lower first and sec-
ond premolars, or between the lower canine and first premolar, 
or between the lower second premolar and the first molar.

Only one study incorporated four miniscrews, two miniscrews 
in the upper arch and two in the lower arch [49]. Findings from 
this pilot study suggested that the use of two miniscrews in 
the upper arch may help limit anchorage loss of the maxillary 

molars and was associated with a greater mandibular bone base 
length compared to studies using only two miniscrews in the 
lower arch [49]. However, further RCTs should be performed in 
order to provide a solid clinical indication and the selection of 
the most appropriate procedure.

In all studies included in the systematic reviews, miniscrews 
were used with an indirect anchorage system involving a metal-
lic ligature to the stainless-steel archwire. One study [55] com-
pared this approach with a system using an elastic chain. An 
acrylic splint Herbst appliance combined with miniscrews and 
elastic chain ligation was found to exert an active force that pro-
vided improved control of mandibular incisor inclination and 
resulted in a greater skeletal effect compared to the same appli-
ance anchored with TADs and metallic ligatures [57].

The stability of different skeletal anchorage systems should 
also be taken into consideration [45]. Miniplates have been 
shown to provide stable anchorage when assessed using bone 
markers in superimposition analyses [56], whereas miniscrews 

FIGURE 3    |    Meta-analysis for RCT studies.
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demonstrated slight forward movement and a degree of tip-
ping (2.6° ± 6.2°) under orthodontic loading [57]. Two system-
atic reviews reported that the use of miniplates offers greater 
potential for preventing lower incisor proclination compared to 
fixed functional appliances (FFAs) anchored with miniscrews 
[39, 42], and may even allow for retraction of the mandibular 
incisors [28]. One review [20] emphasised that direct anchorage 
with miniplates resulted in clinically more significant differ-
ences in incisor inclination compared to the indirect anchorage 
provided by miniscrews [19].

A systematic review by Xiang and colleagues [47] also concluded 
that miniplates appeared to be more efficacious in enhancing 
mandibular skeletal effects of FFA than miniscrews. However, 
no meta-analysis was performed in this review. Moreover, the 
existing systematic reviews consistently utilised the same orig-
inal studies.

Taken together, these systematic reviews suggest that the direct 
anchorage system provided by symphyseal miniplates may be 
more effective in controlling lower incisor position compared to 
miniscrews.

4.3   |   Quality of the Evidence, Advantages 
and Potential Biases in the Review Process

The presence of a considerable risk of bias is a significant con-
cern, particularly given that a substantial proportion of the 
systematic reviews included in this analysis exhibit a high risk 
of bias.

None of the systematic reviews included only randomised con-
trolled trials (RCTs) in their analysis.

We conducted a meta-analysis of RCTs only, that revealed a 
lack of statistical significance in relation to mandibular mea-
surements (mandibular total length increase and mandibular 
protrusion) between FFAs with and without skeletal anchorage. 
However, a non-significant increase in total mandibular length 
was observed in the group treated with FFAs with skeletal an-
chorage (average difference of 1.37 mm).

The inclusion of patients from different age groups in individ-
ual studies limits the generalizability of the results, as only a 
few studies employed a reliable method for assessing skeletal 
maturation. Therefore, the term ‘growing patient’, used in the 
inclusion criteria of the reviews, should be validated through an 
appropriate maturational assessment.

A very high degree of overlap was observed among the included 
systematic reviews (CCA = 30%), indicating that several pri-
mary studies were shared across multiple reviews. Such overlap 
may have led to partial duplication of evidence and could reduce 
the independence of the pooled data. This limitation, which is 
common in umbrella reviews of clinical orthodontic interven-
tions, highlights the need for cautious interpretation of aggre-
gated outcomes. Future systematic reviews should include more 
details on the search strategy used and the sources of funding 
for the studies, as well as studies free of publication bias.

The use of different skeletal anchorage sites represents an addi-
tional factor that may influence treatment outcomes. However, 
systematic reviews have not thoroughly analysed or distin-
guished between the anchorage sites.

This review of systematic reviews offers several advantages but 
also presents certain limitations, particularly the exclusion of 
features not examined in the included reviews. To address this, 

FIGURE 4    |    Meta-analysis for complications.
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we conducted an analysis of the original studies included to ob-
tain additional information on the number of complications as-
sociated with each treatment approach.

Several methodological limitations of the underlying randomised 
controlled trials (RCTs) likely contribute to the inconclusive 
findings. Most trials are small, short-term and heterogeneous in 
terms of appliance design, skeletal maturity and anchorage con-
figuration. Observation periods of approximately 5–6 months 
are insufficient to capture growth-related skeletal changes, par-
ticularly in late-pubertal or post-pubertal subjects. Moreover, 
many RCTs rely on two-dimensional cephalometric outcomes 
such as SNB and Co-Gn length, which lack sensitivity to detect 
subtle remodelling at the condyle or glenoid fossa. Few studies 
include three-dimensional assessments or standardised matu-
ration indicators, making cross-study comparisons unreliable.

Another major limitation is the variability and fragility of skel-
etal anchorage systems themselves. Miniscrews used as indi-
rect anchorage can bend or loosen under functional loading, 
partially dissipating the force vectors intended for mandibular 
advancement. Miniplates, while more stable, require surgical 
placement and are used in small, heterogeneous samples. The 
inconsistent reporting of anchorage site, insertion torque and 
healing time further limits the reproducibility of outcomes. 
Operator-dependent factors such as torque application, oral-
hygiene control and biomechanical setup may also confound 
results but are rarely standardised or blinded in clinical trials.

The overall low certainty of evidence observed across outcomes 
is therefore unsurprising. Many of the systematic reviews in-
cluded in this umbrella review suffer from overlapping primary 
studies, small sample sizes and unclear risk of bias, conditions 
that amplify uncertainty in pooled estimates.

4.4   |   Implication for Practice

From systematic reviews included, it emerged that both FFAs, 
with and without skeletal anchorage, were effective in correct-
ing Class II dental malocclusion.

Low evidence from RCTs studies showed that FFAs with skel-
etal anchorage can be useful to control the dento-alveolar side 
effects as the proclination of the lower incisors. Reduction of 
the lower incisor proclination is essential to benefit periodontal 
health, avoiding fenestration, dehiscence and gingival recession, 
particularly in patients with a thin gingival or alveolar pheno-
type [29, 58, 59]. Therefore, the ability of skeletal anchorage to 
better control incisor inclination could be clinically meaningful 
in protecting periodontal health, especially in patients who pres-
ent with pre-existing incisor proclination [28], reduced alveolar 
bone thickness, or a thin periodontal biotype. In such cases, mi-
nimising further proclination may prevent soft-tissue complica-
tions and preserve long-term gingival stability. However, these 
potential benefits must be weighed against the higher complica-
tion rate associated with skeletal anchorage, such as screw loos-
ening, soft-tissue inflammation, or the need for minor surgical 
procedures, which may limit its routine indication. Identifying 
patient subgroups who would most benefit from skeletal anchor-
age, and quantifying the periodontal advantages in long-term 

follow-up studies, should be key priorities for future clinical 
research.

Confounding factors, such as operator bias and preference, 
were included in non-RCTs when a fixed appliance was used 
with a FFA [19]. Furthermore, factors such as the type and 
position of skeletal anchorage, along with patient compliance 
(particularly with oral hygiene), can significantly influence 
the final treatment outcome. Additional limitations associ-
ated with skeletally anchored fixed functional appliances 
(FFAs) include the need for at least two surgical procedures 
for miniplate insertion and removal, and a higher risk of com-
plications, whether using miniscrews or miniplates, especially 
in patients with poor oral hygiene [39]. Finally, the increased 
cost of these procedures may further limit their clinical appli-
cability [39].

4.5   |   Implication for Research

Given the paucity of well-structured studies, there is a need for a 
greater number of randomised controlled trials to provide a more 
comprehensive evaluation of fixed functional appliances (FFAs) 
with and without skeletal anchorage. In particular, further studies 
comparing miniplate and miniscrew anchorage in the lower arch 
should be conducted to determine whether miniplates offer supe-
rior outcomes. These trials should also place greater emphasis on 
patient-related factors, especially discomfort and complications. 
Moreover, patient characteristics such as gender and skeletal mat-
uration stage should be better standardised to improve the compa-
rability and clinical relevance of future research.

Future high-quality randomised controlled trials with longer 
treatment durations are essential to better elucidate the true 
skeletal potential of FFAs with and without skeletal anchor-
age. Particular attention should be given to more rigid appli-
ance designs that prevent the condyles from sliding posteriorly 
into the glenoid fossae during mouth closure, as such devices 
may enhance mandibular remodelling and favour more stable 
skeletal advancement. Moreover, long-term follow-up studies 
are needed to evaluate the post-treatment stability of these 
effects, since most of the current evidence is based on short-
term outcomes. These studies could specify if an extended 
treatment time and more stable mandibular positioning could 
reveal more clinically relevant skeletal improvements than 
those observed in existing short-duration trials.

5   |   Conclusions

The published SRs on the effects of FFAs with and without skeletal 
anchorage generally exhibited poor methodological quality, with 
most showing high or unclear risk of bias. Only one SR demon-
strated better methodological rigour, reporting a low risk of bias. In 
terms of skeletal effects, the miniscrew-anchored Herbst appliance 
was associated with greater mandibular protrusion compared to 
the tooth-anchored Herbst appliance. Similarly, the skeletally-
anchored Forsus appliance showed a significantly greater increase 
in total mandibular length than the Forsus with dental anchorage. 
However, despite statistical significance, these differences were 
not clinically relevant. Additionally, a meta-analysis limited to 
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RCTs found no statistical superiority of skeletal anchorage com-
bined with FFAs in producing additional skeletal effects.

FFA with skeletal anchorage presented a statistically significant 
greater reduction of lower incisor inclination compared to tradi-
tional tooth-anchored FFA. This element is of particular signifi-
cance in the management of patients who exhibit a proclination 
of the lower incisors at the start of treatment.

A greater percentage of complications, such as mobility of the 
miniscrew, failure of the miniscrew and breakage of the appli-
ance, were registered for fixed functional appliances with skele-
tal anchorage (miniscrews or miniplates).

Given the overall low or very low certainty of the evidence sup-
porting these findings, further high-quality randomised con-
trolled trials are needed to strengthen the conclusions and guide 
clinical decision-making.
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