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ABSTRACT

Management of class ITI malocclusion in patients with cleft is geared toward improving the maxillary position with maxillary
protraction therapy with or without bone anchorage. This study aims at evaluating the effects of bone-anchored maxillary pro-
traction (BAMP) and tooth-anchored maxillary protraction (TAMP) appliances in patients with cleft lip and palate (CLP). A
search of PubMed MEDLINE, Embase, Cochrane Central Register of Controlled Trials, Web of Science, ProQuest Dissertations
and Theses Global, and ClinicalTrials.gov registry was performed. Prospective studies that evaluated the effect of BAMP and/
or TAMP therapy in patients with CLP were screened. A meta-analysis was performed for the cephalometric parameters eval-
uating sagittal (SNA, SNB, ANB and Wits appraisal), vertical (mandibular plane angle), and dentoalveolar (Ul to PP, IMPA,
overjet and overbite) effects following the BAMP or TAMP. Database research, elimination of duplicate studies, data extraction
and risk of bias (RoB) assessment were performed by authors independently and in duplication. A random-effect meta-analysis
was performed to evaluate the sagittal, vertical and dentoalveolar effects. BAMP increased SNA angle by 1.76 degrees (95% CI:
1.03 to 2.49), ANB angle by 2.08 (95% CI: 0.99 to 3.18), Wits appraisal by 2.17mm (95% CI: 1.05 to 3.28), and overjet reduction by
2.03mm (95% CI: 0.98 to 3.08). TAMP increased SNA by 2.56° (95% CI: 1.58 to 3.54), ANB angle by 4.40° (95% CI: 3.61 to 5.18),
Wits appraisal by 5.53 mm (95% CI: 4.27 to 6.79). However, TAMP decreased SNB by 2.00° (95% CI: —2.61 to —1.39) and increased
mandibular plane angle by 2.75 (95% CI: 1.73, 3.76). Sagittal correction is expected with BAMP and TAMP therapy in children
with CLP. However, pronounced vertical or dentoalveolar side effects are expected with TAMP compared to BAMP therapy.
Trial Registration: This systematic review was based on the Cochrane Handbook for Systematic Reviews of Interventions
5.1.0, was registered at the PROSPERO database (CRD42021247529), and reported according to the PRISMA statement.

1 | Introduction skeletal pattern are common clinical presentations of children

with CLP. The maxilla may also be deficient in transverse and

Cleft lip/Palate (CLP) is the second most common congenital
defect in the United States, trailing only Down syndrome [1].
Prevalence of CLP is between 1:1600 and 1:2800, and 1:1700 of
newborns in the United States [2]. Most patients with a complete
CLP exhibit an unfavourable growth pattern of the craniofacial
complex. A concave profile, midface deficiency and a Class III

vertical planes, contributing to posterior skeletal crossbite and
reduced midface height [3].

Reverse pull facemask (FM) therapy or tooth anchored maxillary
protraction therapy (TAMP) with or without maxillary expan-
sion was the treatment of choice to correct maxillary deficiency
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in growing patients. In children with CLP, TAMP showed posi-
tive results in the correction of midface deficiency. FM (TAMP)
therapy showed favourable results in improving sagittal skeletal
relationships in patients with unilateral cleft lip and palate (UCLP)
by increasing the SNA and ANB angles [4]. However, lack of com-
pliance and discomfort are a few drawbacks associated with con-
ventional FM (TAMP) therapy. Also, a minimum of 14h per day is
recommended to achieve maximum orthopaedic correction [5, 6].
Due to aesthetic concerns, it is challenging to convince school-
going children to comply with the suggested protocol. In addition,
FM (TAMP) therapy increases the vertical dimension by counter-
clockwise rotation of the maxilla and clockwise rotation of mandi-
ble [7, 8]. All these side effects compromise the predictability of the
outcome with conventional FM (TAMP) therapy.

Alternatively, skeletal anchorage was proposed to correct the
underlying skeletal discrepancy in patients with CLP. Bone-
anchored maxillary protraction (BAMP) relies on intraoral in-
termaxillary elastics as opposed to the conventional FM therapy,
where patients need to wear an extraoral appliance for force
application; thus, BAMP stands out better in terms of aesthetics
and ultimately compliance over FM therapy. BAMP therapy has
the added advantage of transferring the force directly to the zygo-
maticomaxillary complex, leading to maximum orthopaedic cor-
rection with minimal or no dentoalveolar effects [9]. Additional
advantages of BAMP over FM are the continuous light forces
used rather than heavy intermittent forces [10].

2 | Objectives

The objective is to evaluate the skeletal and dentoalveolar effects
of bone-anchored and tooth-anchored maxillary protraction ap-
pliances in patients with CLP.

3 | Materials and Methods
3.1 | Protocol and Registration

Institutional review board submission and approval were not
required for this study. This systematic review protocol was reg-
istered with PROSPERO (CRD42021247529). The present sys-
tematic review is conducted according to the guidelines of the
Cochrane Handbook for Systematic Reviews of Interventions
version 5.1.0 [11] and it is reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [12].

3.2 | Eligibility Criteria

The criteria for considering studies for this review (PICOS) were
the following: (1) Participants: patients with unilateral or bi-
lateral cleft lip and palate undergoing orthodontic therapy; (2)
Intervention: bone-anchored or tooth-anchored maxillary protrac-
tion appliance; (3) Comparison: untreated cleft lip and palate or
noncleft lip and palate patients; (4) Outcome: skeletal and dental
cephalometric parameters; (5) Study design: randomised or non-
randomised clinical trials (RCTs), prospective cohort studies.

3.3 | Exclusion Criteria

Exclusion criteria were meta-analysis or systematic reviews;
retrospective studies; animal studies; review articles; abstracts;
letters from the editor; opinion articles; case reports; case series;
and studies with syndromic patients who had CLP.

3.4 | Information Sources and Search Strategy

The health sciences librarian (GG) used sentinel articles to har-
vest and test search terms; the following search strategy was
developed for PubMed/MEDLINE, Embase and Web of Science
to retrieve all records using natural language and controlled
vocabulary (when available) relating to the concepts of maxil-
lary protraction therapy in CLP patients. We seek in-progress
and unpublished studies on the Cochrane Central Register of
Controlled Trials (CENTRAL) and ClinicalTrials.gov, as well as
dissertations from ProQuest Dissertations and Theses Global.
Additionally, we investigated the references of included studies.
There were no language or publication date restrictions. The
searches were updated before final analysis, and any additional
identified studies were retrieved for inclusion. The search strat-
egy was as follows:

(‘Cleft Lip/surgery’[Mesh] OR ‘Cleft Lip/therapy’[Mesh] OR
‘Cleft Palate/surgery’[Mesh] OR ‘Cleft Palate/therapy’[Mesh] OR
‘Malocclusion, Angle Class III/therapy’[Mesh] OR ‘cleft lip” OR
‘cleft palate’) AND (‘Orthodontic Anchorage Procedures’[Mesh]
OR ‘Alveolar Bone Grafting’[Mesh] OR ‘Palatal Expansion
Technique’[Mesh| OR bone-anchored OR ‘bone-anchored max-
illary protraction’ OR ‘maxillary protraction’ OR ‘maxillary pro-
traction therapy’ OR ‘maxillofacial protraction’ OR ‘orthodontic
anchorage procedures’ OR ‘skeletal anchorage procedures’ OR
‘orthodontic anchorage techniques’ OR ‘alveolar bone grafting’
OR ‘palatal expansion technique’) AND (‘dentoskeletal effects’
OR ‘maxillary protraction’ OR ‘maxillofacial protraction” OR
‘skeletal effects’ OR ‘skeletal movement’).

This strategy was translated and adapted for other databases.
The following databases were searched from the date of incep-
tion through July 31, 2024: PubMed MEDLINE (including Pre-
MEDLINE and non-MEDLINE; 1945-July 2024), Scopus (Elsevier;
1966-July 2024), Cochrane Central Register of Controlled Trials
(Wiley; through July 2024), Web of Science (BIOSIS, MEDLINE,
Zoological Record; Clarivate Analytics; 1900-July 2024), and
Dissertations & Theses Global (ProQuest; 1637-July 2024). The
ClinicalTrials.gov registry was searched on July 31, 2024, as well.
No filters were used for language, publication date, or methodol-
ogy. Additional records were found by references of all full-text re-
cords that were selected for study inclusion. EndNote 20 was used
to de-duplicate and manage all citations.

3.5 | Study Selection

The titles and the abstracts of all records were reviewed and
assessed for inclusion by two authors (VG/AF) independently.
They were not blinded to the identity of the authors, their insti-
tution, or the research results.
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Subsequently, they obtained and assessed, again inde-
pendently, the full report of records considered by either re-
viewer to meet the inclusion criteria. Disagreements were
resolved by discussion or consultation with another author
(NJ). Inclusion criteria were randomised or non-randomised
clinical trials and prospective cohort studies only. We in-
cluded studies investigating the effects of bone-anchored or
tooth-anchored maxillary protraction therapy on cleft lip and
palate patients.

3.6 | Data Items and Collection Form

A customised data collection form was created and used to
gather information from the selected studies. This informa-
tion included authors, year of publication, type of studies,
details of the interventions, characteristics of participants,
duration of treatment and outcome measures. The data ex-
traction was performed by authors (VG/AF) independently
and in duplication. An attempt to contact the authors was
made for any missing information. In case of disagreement, a
third reviewer (NJ) was contacted to provide an independent
decision on the conflict.

3.7 | Risk of Bias and Quality Assessment
of Individual Studies

After imposing exclusion and inclusion criteria, no randomised
controlled trial addressing our PICO question was found. To
ascertain the validity of eligible non-randomised studies and
prospective cohort studies, pairs of reviewers (VG/AF) worked
independently and with adequate reliability to assess the risk
of bias using the Risk of Bias In Non-randomised Studies of
Interventions (ROBINS-I) tool [13]. The consensus was reached
by the two reviewers (VG/AF) when there was a difference in
opinion on an item. If no consensus was reached, the indepen-
dent opinion of a third reviewer was decisive (NJ).

3.8 | Summary Measures, Approach to Synthesis
and Planned Methods of Analysis

The skeletal and dentoalveolar changes in patients with CLP
following BAMP or TAMP therapy were the primary outcome
measures. The data were grouped according to the type of in-
tervention into two broad categories: BAMP or TAMP group
against untreated cleft lip and palate control group. Most of
the studies evaluated cephalometric parameters such as SNA,
SNB, ANB, Wits, mandibular plane angle, Ul to PP, IMPA,
overjet and overbite, and were selected for meta-analysis.
First, pre-treatment and post-treatment changes in cephalo-
metric measurements were considered, assessing the mean
difference and standard deviation (SD) within the group.
Thereafter, the mean difference between treated patients and
untreated controls for each measurement was used for the
meta-analysis.

I? and Q statistics evaluated the heterogeneity among studies in
each subgroup. The between-group comparison was conducted
in a mixed-effects meta-regression model assuming a random

study effect of intervention type (Bone-anchored maxillary
protraction group and untreated control group) and (Tooth-
anchored maxillary protraction group and untreated control
group). We used RevMan 5.4 to conduct meta-analysis and gen-
erate forest plots. A p-value less than 0.05 was deemed to be sta-
tistically significant.

Furthermore, the combined effect size of BAMP and TAMP
was calculated for each cephalometric parameter using the ef-
fect size and standard error (random effect model). Comparison
between BAMP and TAMP was conducted for each individual
parameter using the combined effect size.

4 | Results
4.1 | Study Selection

The results of the literature search, identification, inclusion
and exclusion of the articles are presented in the flow diagram
according to the PRISMA statement (Figure S1). Four studies
used conventional facemask therapy, two studies were about fi-
nite element analysis, three studies had a retrospective design,
two were case reports, one study was regarding the secondary
bone graft acceptance without maxillary protraction, and one
non-randomised prospective study protocol only was removed
from the systematic review after full-text review (Figure S1).
Seven BAMP studies [10, 14-19] were identified for inclusion in
the systematic review, and three studies were included in the
meta-analysis (Table S1). Nine TAMP studies [20-28] were iden-
tified for inclusion in the systematic review, and four of them
[20, 22, 25, 28] were included in the meta-analysis (Table S2).

4.2 | Study Characteristics

To maintain the quality of this systematic review, we targeted
prospective studies only. Study characteristics are detailed in
(Table S1) for BAMP studies and in (Table S2) for TAMP stud-
ies. A summary of the variables and cephalometric parame-
ters of the studies included in the meta-analysis is provided in
(Tables S3 and S4). The risk of bias assessment was done using
the ROBINS-I index [13] (Table S5). Five [14, 16-19] of the six-
teen studies received a moderate score, whereas two studies
[10, 15] reported as serious in terms of risk of bias assessment.
The most common missing aspect in the studies was the miss-
ing information about the unbiased assessment of the outcome
measurement. The details about the risk of bias assessment are
described in (Table S5).

In the BAMP studies, six [10, 15-19] of the seven studies used
infrazygomatic plates in the maxilla and mandibular anterior
plates to run intermaxillary elastics. One study [14] evaluated
the difference between bone-anchored conventional face-
mask and bone-anchored intermaxillary elastics, four studies
[10, 15-17] compared BAMP with the control group, one study
[18] evaluated the effect of maxillary expansion on BAMP, and
one study [19] assessed the acceptance of the secondary alveolar
bone graft (SABG) with and without BAMP therapy. Three stud-
ies [10, 16, 17] had a non-treated CLP group, and one study [15]
had a non-cleft group as a control group, whereas three studies
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[14, 18, 19] conducted a comparison of two different interven-
tion groups. In addition, three studies [14, 16, 17] assessed the
outcome using 2-dimensional cephalometric analysis, three
[15, 18, 19] used 3-dimensional superimposition/analysis, and
one study [10] conducted 2D cephalometric measurement and
3D superimposition (Table S1).

In the TAMP, an expander type (hyrax or quad helix) was used
along with a Delaire type face mask. Four studies used a CLP
control group [20, 22, 25, 26]. Three studies used a non-cleft con-
trol group [23, 24, 27]. Dogan et al. [21, 28] compared two inter-
ventions (Table S2).

4.3 | BAMP Therapy: Treated CLCP Group vs.
Untreated CLCP Control Group

Three prospective studies [10, 16, 17] evaluated skeletal and
dentoalveolar effects of BAMP therapy in patients with CLP
and compared them with untreated controls. Faco et al. [16]
mentioned performing maxillary expansion before initiating
the maxillary protraction phase. They also mentioned hav-
ing a secondary alveolar bone grafting procedure 6 months
before the maxillary protraction therapy. Ren and Steegman
et al. [10, 17] did not provide any information regarding max-
illary expansion or secondary alveolar bone grafting. The ob-
servation period was 18 months [16, 17]. Steegman et al. [10]
provided data for both 18 months and 3.5years observation
periods for the CLCP group, but due to ethical reasons, they
provided data of only the 3.5years period for the untreated
CLP group. All three of the studies provided the necessary in-
formation regarding the cephalometric measurements to con-
duct a meta-analysis (Table S3).

4.4 | TAMP Therapy: Treated CLCP Group vs.
Untreated CLCP Control Group

Zhang and Tindlund et al. [27, 28] included patients who had
secondary alveolar bone grafts done 5-6 months before FM ther-
apy. Singla and Fu et al. [22, 25] did not provide information
about bone grafting. Tindlund et al. [27] used a relatively low
FM force of 150-250g on each side. All studies reported similar
treatment times of 15-18 months, except Singla et al. reported
11.71 months, and Chen et al. used 7.8 months of treatment time
(Table S4).

4.5 | Other Comparisons of BAMP

Jahanbin et al. [14] conducted a comparative study between
BAMP + conventional facemask and BAMP+intermaxillary
elastics. They did not find any significant difference between
both techniques of BAMP. Yatabe et al. [15] compared BAMP
with intermaxillary elastics to that of non-cleft class III patients
utilising the 3D superimposition method and did not find any
significant difference in the maxillary protraction. Elabbassy
et al. [18] evaluated the effect of maxillary expansion on the
BAMP therapy. They also did not find any significant benefit
of maxillary expansion and recommended using it only if there
is a posterior crossbite. Finally, Stangherlin et al. [19] evaluated

the effect of BAMP on the acceptance of the SABG (rhBMP2)
and concluded that BAMP does not affect the performance of
the SABG in UCLP patients (Table S3).

4.6 | Other Comparisons of TAMP

Zhang et al. [28] studied the influence of bone graft on the ef-
fect of FM therapy and showed that with bone graft there is
more SNA increase and less increase in vertical dimension com-
pared to non-grafted cleft patients. Dogan and Seckin et al. [21]
showed that more skeletal effects of FM therapy are produced
after repeated expansion and constriction of the Alt RAMEC
protocol (Table S4).

4.7 | Meta-Analysis

Results of the BAMP random effect models is found in
(Figures 1-5). A significant difference was found for SNA, ANB,
Wits appraisal and overjet when BAMP and TAMP were com-
pared to untreated controls. BAMP was found to increase the
SNA angle by 1.76° (95% CI: 1.03 to 2.49), ANB angle by 2.08°
(95% CI: 0.99 to 3.18), Wits appraisal by 2.17mm (95% CI: 1.05
to 3.28), and overjet reduction by 2.03mm (95% CI: 0.98 to 3.08).
BAMP therapy did not significantly influence SNB, Mandibular
plane angle, Ul to PP, IMPA and Overbite. TAMP was found
to increase SNA by 2.56° (95% CI: 1.58 to 3.54), ANB angle by
4.40° (95% CI: 3.61 to 5.18), Wits appraisal by 5.53mm (95% CI:
4.27 to0 6.79), U1 to PP by 2.84° (95% CI: —0.41 to 6.10). TAMP
significantly reduced SNB by 2.00° (95% CI: —2.61 to —1.39)
(Figures 1-5). The mean difference between the experiment and
control groups is reported in Tables S3 and S4 for reference.

4.8 | BAMP vs. TAMP (Combined Data)

Comparison of combined BAMP and TAMP data showed a sta-
tistically significant difference in SNB (-1.65°, 95% CI: —2.23 to
-1.07, p<0.0001), ANB (1.18°, 95% CI: 0.53 to 1.83, p=0.0006),
Wits appraisal (2.1 mm, 95% CI: 0.76 to 3.44, p=0.0027), Ul to
PP (1.92° 95% CI: 0.1 to 3.74, p=0.039), SN/GoGn (1.85° 95%
CI: 1.04 to 2.66, p<0.0001), overjet (2.42mm, 95% CI: 1.73 to
3.11, p<0.0001), and overbite (—1.34mm, 95% CI: —2.2 to —0.47,
p=0.0027). However, SNA and L1 to GoGn are the only two pa-
rameters that did not show significant results on BAMP versus
TAMP comparison (Table S6; Figure 6).

4.9 | Risk of Bias Within Studies

Table S5 presents the risk of bias within individual studies utilis-
ing the ROBINS-I tool [13]. The overall risk of bias within stud-
ies was low to moderate, except for two that exhibited a serious
risk of bias. Thus, the risk of bias of the individual studies should
be considered while extrapolating the results obtained from this
meta-analysis.

The heterogeneity analysis results were quite sensitive to the
sample size, i.e., the number of studies. A Q value > 25 or I> > 75%
implies considerable heterogeneity by the rule of thumb. The
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Bone Anchored Protraction

Untreated Controls

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Rand 95% CI

Faco 2019 1.68 1.64 23 0.16 1.63 23 59.3% 1.52[0.58, 2.46] 2019 —i—

Ren 2019 1.6 1.5 18 -0.6 2 11 28.2% 2.20[0.83, 3.57] 2019 I —
Steegman 2021 1.6 2.7 19 -0.3 3:5 17 12.5% 1.90 [-0.16, 3.96] 2021 T

Total (95% CI) 60 51 100.0% 1.76 [1.03, 2.49] <l
Heterogeneity: Tau? = 0.00; Chi’> = 0.66, df = 2 (P = 0.72); I> = 0% _14 -=2 ) 2 4

Test for overall effect: Z = 4.74 (P < 0.00001)

Tooth Anchored Protraction

Untreated Control

Favours [Control] Favours [Experiment]

Mean Difference Mean Difference

SNA

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, d 95% Cl Year IV, Random, 95% CI

Chen 1996 1.85 0.45 10 0.4 0.28 10 24.6% 1.45[1.12, 1.78] 1996 -

Singla 2014 1.53 0.92 19 -0.5 1.46 5 17.2% 2.03[0.69, 3.37] 2014 e —

Fu 2016 1.75 1.83 18 -1.21 0.91 14 20.3% 2.96 [1.99, 3.93] 2016 e

Zhang (ungrafted) 2018 1.92 1.05 18 -0.65 1.77 18 20.5% 2.57[1.62, 3.52] 2018 —_—

Zhang (grafted) 2018 3.51 2.21 18 -0.65 1.77 18 17.5% 4.16 [2.85, 5.47] 2018 e —
Total (95% CI) 83 65 100.0% 2.56 [1.58, 3.54] -
Heterogeneity: Tau? = 0.99; Chi? = 24.95, df = 4 (P < 0.0001); I* = 84% _=4 t ) é j‘

Test for overall effect: Z = 5.11 (P < 0.00001)

Bone Anchored Protraction

Untreated Controls

Favours [Control] Favours [Experimental]

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI

Faco 2019 -0.3 1.79 23 04 171 23 64.9% -0.70([-1.71,0.31] 2019 ——

Ren 2019 0.5 21 18 0.3 2.7 11  19.1% 0.20[-1.67,2.07] 2019 e

Steegman 2021 0.5 2.1 19 1.9 3.8 17 16.0% -1.40 [-3.44,0.64] 2021

Total (95% CI) 60 51 100.0% -0.64[-1.46,0.17] i

Heterogeneity: Tau? = 0.00; Chi? = 1.32, df = 2 (P = 0.52); I? = 0% _52 _51 3 i é
Z Test for overall effect: Z = 1.54 (P = 0.12) Favours [Control] Favours [Experiment]

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI

Chen 1996 -1.9 0.55 10 0.45 0.38 10 34.9% -2.35[-2.76,-1.94] 1996 .

Singla 2014 -1.76 1.49 19 0.4 1.14 5 15.8% -2.16 [-3.36,-0.96] 2014 L

Fu 2016 -1.81 1.43 18 0.92 257 14 11.8% -2.73[-4.23,-1.23] 2016 —_—

Zhang (ungrafted) 2018 -0.38 1.77 18 032 1.62 18 17.4% -0.70[-1.81, 0.41] 2018 —

Zhang (grafted) 2018 -1.65 1.34 18 0.32 1.62 18 20.2% -1.97[-2.94,-1.00] 2018 . —

Total (95% CI) 83 65 100.0% -2.00 [-2.61, -1.39] il

Heterogeneity: Tau? = 0.23; Chi? = 8.17, df = 4 (P = 0.09); I = 51% _=4 :2 t +

Test for overall effect: Z = 6.46 (P < 0.00001)

FIGURE1 |

- 0 2
Favours [Control] Favours [Experimental]

Forest plots compare bone-anchored protraction therapy versus untreated controls and Tooth-anchored protraction versus untreated

controls for the sagittal skeletal parameters SNA and SNB in cleft lip and palate patients.

heterogeneity among studies was modelled by a random study
effect in the mixed-effects meta-regression model (Figures 1-5).

5 | Discussion

Many studies, including a systematic review, evaluated the
effect of conventional FM therapy on patients with CLP or
untreated CLP. However, to the best of our knowledge, no sys-
tematic review is available that assessed the effect of BAMP
therapy in patients with CLP. Thus, the aim of this review was
to evaluate the skeletal and dentoalveolar effects of BAMP (ei-
ther bone-anchored FM or bone-anchored intermaxillary elas-
tics) as well as TAMP (tooth anchored FM) in patients with CLP.
To be comprehensive, multiple databases were used. To generate
maximum results and minimise bias, no filters were used for
language or publication date. The risk of bias assessment of the
studies involved in the meta-analysis was done according to the
ROBINS-I index for judging the quality of the studies [13]. The
meta-analysis comprised studies with the cephalometric evalua-
tion of skeletal and dentoalveolar parameters.

All studies included in the meta-analysis consistently indicated
that BAMP appliance in patients with CLP leads to improve-
ment in the sagittal skeletal parameters. SNA showed improve-
ment by 1.96° (95% CI: 1.03 to 2.49), ANB corrected by 2.08°
(95% CI: 0.99 to 3.18), and Wits appraisal improved by 2.17mm

(95% CI: 1.05 to 3.28), leading to overjet reduction by 2.03mm
(95% CI: 0.98 to 3.08). However, BAMP did not show a signifi-
cant change in mandibular plane angle or overbite correction.
In addition, dental parameters such as Ul to palatal plane and
IMPA did not show significant differences either. Thus, it can be
expected that the BAMP therapy in patients with CLP leads to
sagittal skeletal correction with minimal dentoalveolar or verti-
cal changes. On the other hand, TAMP showed improvement in
SNA 2.56° (95% CI: 1.58 to 3.54), SNB —2.00° (95% CI: —2.61 to
—1.39), ANB 4.40° (95% CI: 3.61 to 5.18), Wits appraisal 5.53 mm
(95% CI: 4.27 to 6.79), U1 to palatal plane increase of 2.84° (95%
CI: —0.41 to 6.10), mandibular plane angle increase of 2.75° (95%
CI: 1.73 to 3.76).

Face-mask therapy is often supplemented with maxillary ex-
pansion. The theory is that maxillary expansion disrupts the
circum-maxillary sutural system and consequently facilitates
the orthopaedic effect [29-31]. In this meta-analysis, only one
study [16] among the BAMP reported on maxillary expansion
phase before starting the facemask therapy. Furthermore, sev-
eral investigators have reported different results showing no sig-
nificant differences between the expansion and non-expansion
patients in facemask maxillary protraction [32-34]. However,
one study among the TAMP [21] showed a better skeletal effect
of FM therapy after the Alt RAMEC protocol. Thus, a protocol
of utilising active expansion before facemask therapy still war-
rants future investigation.
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FIGURE2 | Forest plots compare bone-anchored protraction therapy versus untreated controls and Tooth-anchored protraction versus untreated
controls for the sagittal skeletal parameters ANB and Wits appraisal in cleft lip and palate patients.

Another variable in this meta-analysis was the secondary alveo-
lar bone graft. One BAMP study [16], and one TAMP study [28]
provided information on the effect of bone graft on maxillary
protraction. One study [28] found better results with FM ther-
apy after bone graft. Another study [35] investigated the effect
of secondary alveolar bone grafting on maxillary growth and
observed no significant difference in maxillary growth for both
sagittal and vertical directions. One study [36] reported that the
secondary alveolar bone grafting during the mixed dentition
does not interfere with the maxillary growth in patients with
CLP. Doucet [37] observed a similar outcome and reported that
early secondary alveolar bone grafting does not restrict maxil-
lary growth. Therefore, even though the two studies did not pro-
vide information about secondary alveolar bone grafts, it would
not compromise the quality of this meta-analysis based on the
current literature.

More skeletal improvement at the level of SNA and ANB was
noted with TAMP, which is counterintuitive even though
the treatment time was still longer in the BAMP studies. It
is worth noting that the force level in the BAMP was con-
siderably less than the force level used in the TAMP studies
(150-250g and 450-500 g respectively); this might be the rea-
son for the different skeletal effects observed. Moreover, more
mandibular backward rotation was noted (SNB decrease of
—2.00°) in the TAMP studies. This might be explained by the
20°-30° downward force vector used in the included TAMP
studies. This downwards and forward force vector could lead

to an extrusive effect on the anchor unit (maxillary molars)
and consequently lead to mandible downward and backward
rotation. Since there is no dental anchor unit for the BAMP,
clockwise rotation of the mandible is not as profound as it is
with TAMP. One way to counteract this effect could be to use
lower essix with a posterior bite block or to use bonded RME
with occlusal bite blocks and hooks for the facemask. Upper
incisors proclination observed in the TAMP studies is also an-
other intuitive effect on the dentition using a conventional FM
therapy.

6 | Limitations of This Study

To uphold the quality of this review, we restricted inclusion to
prospective randomised or non-randomised studies, aiming to
strengthen methodological rigour and reduce biases commonly
associated with retrospective designs, thereby ensuring a higher
level of evidence and internal validity in our synthesis. Therefore,
alimited number of studies fulfilled our inclusion criteria. In the
future, more prospective studies are required to strengthen our
findings. Furthermore, no data was available with the long-term
follow-up to evaluate the stability of either BAMP or TAMP. We
did not conduct the subgroup analysis based on age, expansion
status, secondary bone graft or duration of the facemask therapy
because of a limited number of studies. However, those variables
can provide valuable information and should be considered in
the future.
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| Forest plots compare bone-anchored protraction therapy versus untreated controls and Tooth-anchored protraction versus untreated

controls for the dentoalveolar parameters U1 to PP and IMPA in cleft lip and palate patients.
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FIGURE4 | Forest plots compare bone-anchored protraction therapy versus untreated controls and Tooth-anchored protraction versus untreated

controls for the vertical skeletal parameter called mandibular plane angle in cleft lip and palate patients.

7 | Conclusion

Despite several limitations, this study concluded that a signifi-
cant sagittal correction could be expected with both bone-borne
and tooth-borne maxillary protraction therapy in children with

CLP. A significant difference was observed in terms of the sag-
ittal correction between BAMP and TAMP comparison. In ad-

dition, minimal or non-significant vertical effects (mandibular
plane angle), as well as negligible dental effects (U1 to PP, IMPA,
Overbite), were observed with BAMP therapy in patients with
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controls for the dentoalveolar parameters overjet and overbite in cleft lip and palate patients.
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FIGURE 6 | Comparison of the combined data of bone-anchored protraction therapy versus Tooth-anchored protraction for the skeletal and den-

toalveolar parameters in cleft lip and palate patients.

Orthodontics & Craniofacial Research, 2025

85UB017 SUOLUWOD SAIRR.1D) 3|qedtdde au Aq pausenob afe sapp1le YO ‘8sN JO s3I o} Akelq1auljuO 431/ UO (SUOIIPUOI-pUe-SLLB) WO AB 1" Aeiq 1pul|uO//SdNy) SUORIPUOD pue SWS 1 84} 89S *[5202/60/60] U0 ARlqiTaulju A8|IM ‘9200L 00/TTTT OT/I0p/W0d" A3 1M Aeid 1 puljuoy//Sdny Wo.y papeojumod ‘0 ‘SrE9T09T



CLP; however, those side effects were much more pronounced
with the TAMP therapy.
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