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Abstract

The objective of the study was to determine the difference in skeletal and dental effects of bone-borne
(BB) versus tooth-borne (TB) surgically assisted rapid palatal expansion (SARPE) in subjects with maxillary
transverse deficiency (MITD).

The present review included randomized controlled trials (RCTs), non-RCTs and cohort studies. A systematic
search was conducted in online databases (i.e., PubMed®, Dentistry & Oral Sciences Source, CINAHL Plus,
and Cochrane Central Register of Controlled Trials (CENTRAL)) for articles published up to January 2023.
The outcome was estimated using the weighted average difference and 95% confidence intervals (C/s).
The heterogeneity of the studies was assessed using Cochran’s heterogeneity test (/ test). The meta-
analysis was conducted using the RevMan software, v. 5.3.5.22.

The qualitative and quantitative synthesis incorporated 7 articles that satisfied the inclusion criteria. The
skeletal and dental expansion was assessed pre- and post-expansion in 249 patients who underwent
SARPE with BB and TB appliances. Five studies were included in the meta-analysis to measure skeletal
expansion in the first premolar and first molar regions. The analysis revealed no statistically significant
differences between the study groups (mean difference: —0.16; 95% (I: —0.34, 0.67). To measure dental
expansion, 7 studies were included in the meta-analysis, and no significant differences were observed
between them (mean difference: —0.29; 95% (/: —0.77,0.19).

This systematic review and meta-analysis revealed no differences in skeletal and dental expansion in
patients who underwent SARPE with BB and TB appliances.
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Highlights
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* The study quantifies skeletal and dental expansion to support appliance selection in surgically assisted rapid palatal
expansion (SARPE) treatment planning by oral surgeons and orthodontists.

* The analysis included 7 studies that met predefined inclusion criteria for qualitative and quantitative assessment.

» There was no statistically significant difference in skeletal and dental expansion between bone-borne and tooth-

borne appliances.

Introduction

In orthodontic clinics, maxillary transverse deficiency
(MTD) is a frequently observed condition.!~? Proffit and
White stated that 30% of adult orthodontic patients had
MTD.* The reported prevalence of MTD is 8-18% in
children and 10% in adults.>”” In Argentina, the preva-
lence of MTD in primary dentition was found to be 0.3%.8
Gungor et al. reported a prevalence of 15.6% in the Turkish
population,” while Nainani and Relan documented
a prevalence of 5.5% in the Indian population.'® Addition-
ally, a study conducted by van Wyk and Drummond
revealed a prevalence of 10.4% within a South African
population.!’ Dacosta and Utomi further substantiated
that a higher incidence of MTD was evident among women
compared to men.!?

Maxillary transverse deficiency, with its resulting
sequelae, can present with decreased intercanine and inter-
molar widths, and unilateral or bilateral crossbites with
deep and narrow palatal vaults.'** It can further lead to
crowding, excessive buccal corridors, non-carious cervi-
cal wear of teeth, periodontitis, and imbalances in facial
musculature.’®!7 To avoid these unfavorable manifesta-
tions and achieve a stable occlusion, it is essential to pro-
vide patients with a normal transverse skeletal relation-
ship.'8

In adolescents, rapid maxillary expansion (RME) has
proven to be the most successful orthodontic approach
for addressing transverse maxillary discrepancies.!®2
This therapeutic method involves opening the midpalatal
suture and widening the maxillary arch.! However, with
increasing age, the fusion of the midpalatal suture and
adjacent articulations leads to resistance to the forces
of expansion appliances.?? The utilization of these appliances
in adults can result in a greater impact on dental than
skeletal effects. Furthermore, these appliances can cause
several side effects, including dental crown tipping,
dehiscence, periodontal damage, root resorption, and
instability of the achieved results.?*?* In non-growing
individuals, surgically assisted rapid palatal expansion
(SARPE) is indicated to overcome the hindrance from the
ossified sutures and resulting side effects.?’

Surgically assisted rapid palatal expansion is a reliable
technique for the treatment of MTD in skeletally mature
patients.?” In this procedure, an osteotomy is performed,

and the sutures restricting the expansion are released.
Subsequently, an expander is placed and activated until
the achievement of the desired outcomes.?® The expand-
ers used after SARPE to perform activation depend on
the preference of the practitioner. These appliances can
be broadly categorized into bone-borne (BB) and tooth-
borne (TB) expanders.?”

After the SARPE procedure, TB appliances are banded
to the teeth without requiring additional invasive pro-
cedures. They provide satisfactory results.”® However,
studies have demonstrated that when these conventional
TB expanders are used, the expansion forces are applied
through the teeth, thereby complicating the control of the
relapse of the expanded segments during the consolida-
tion period.??3% Moreover, they can often result in dental
tipping, alveolar bone dehiscence and periodontal dam-
age.” Mommaerts introduced the BB SARPE technique
to avoid these undesired side effects.?! The BB expanders
directly transmit the expansion forces to the palatal
region, causing more skeletal and less dental effects.3
Additionally, they can prevent the relapse of the expanded
bony segments in the consolidation period.*

During the literature search, we identified several sys-
tematic reviews that evaluated skeletal and dental effects
following SARPE.?3* Upon conducting an in-depth
review of these studies, it became evident that the available
research lacked comprehensive data to assess expansion
in the anterior region. Moreover, the studies that were
included in previous reviews did not have a comparative
design. Consequently, we conducted this systematic
review while taking into account the limitations
of previous studies to thoroughly evaluate the qualitative
and quantitative aspects of studies within the scope of our
review. Few randomized controlled trials (RCTs) that
have evaluated skeletal and dental changes after BB versus
TB SARPE have contradictory or unclear results.?®3? Hence,
this systematic review and meta-analysis was performed to
generate strong evidence.

Objectives

The current review aimed to collect data and develop
high-quality evidence. The review question was as fol-
lows: Is there a difference in skeletal and dental effects
of BB compared to TB SARPE in subjects with MTD?
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Material and methods

Eligibility criteria

The review question was developed in accordance
with the PICOS (Population, Intervention, Comparison,
Outcomes and Study design) criteria. The population
comprised orthodontic patients who underwent SARPE,
while BB expanders served as the intervention group
and TB expanders were designated as the comparison
group. The outcomes assessed included skeletal and
dental changes.

The present review encompassed RCTs, non-RCTs and
cohort studies. Case reports, case series, reviews, case—
control, single-arm longitudinal, and animal studies were
excluded from the analysis.

Search strategy

Major health databases (i.e, PubMed®, CINAHL
Plus, Cochrane Central Register of Controlled Trials
(CENTRAL), Dentistry & Oral Sciences Source) were
extensively searched for articles published up to January
2023. Additionally, unpublished and grey literature,
along with Google Scholar, were searched manually. The
following Medical Subject Headings (MeSH) were used:
(“Orthodontics”[MeSH] orthodontic*OR dental OR
dentistry OR) AND (Skeletal OR soft tissue OR airway
OR suture opening comparison) AND (Surgically assisted
rapid maxillary expansion OR mini-screw assisted rapid
palatal expansion OR SARPE OR SARME OR surgically
assisted rapid palatal expansion OR MARPE OR bone-
anchored rapid palatal expansion).

Study selection and data extraction
procedure

The systematic review included RCTs, non-RCTs and
cohort studies that evaluated primary outcomes of skel-
etal and dental changes. The obtained results were trans-
ferred after the literature search to EndNote™ X 9.2
software (Clarivate, Philadelphia, USA) for citation man-
agement. Two independent authors (LK and HQ) per-
formed a two-phase selection process to scrutinize the
results. In the 1% phase, titles and abstracts of the articles
were reviewed. The full texts of studies that remained after
the initial screening were then evaluated in the 2" phase.
In the event of a discrepancy between the 2 authors, the
3'4 author (WI) was consulted. The 3¢ author repeated
the selection process. The results revealed a high degree
of agreement across all examinations (intraclass correla-
tion coefficient (ICC) = 0.88). The data was entered into
a standardized proforma. The veracity of the data was
assessed, and any inconsistencies were resolved by the
reassessment of the original studies (Fig. 1).%
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Identification of studies via databases and registers

Records identified from:
® PubMed® (n=172)
c Records removed
o | |® CINAHL Plus (n=1) e
% | |® Cochrane CENTRAL ||  Peforescreening:
© (n=1) ® Duplicate records
£ | |® Dentistry & Oral (n=56)
g Sciences Source (n = 62)
3 [ |® Manual search (n=8)
¢ Records removed on
Records screened the basis of language
(n=188) —> (n=2)
Records removed on
¢ the basis of title (n = 152)
g Reports sought
= for retrieval > Reports no_t retrieved
[ i (n=2)
[ (n=34)
S
o
(2]
¢ Reports excluded:
° .
Reports assessed I(r’;'e=le1\{]a)nt objective
for eligibility —>>| . Study design (n = 6)
(n=32) ® Case reports (n=2)
T ® Reviews (n=2)
® Animal studies (n = 4)
E Studies included
= in the review
T (n=17)
c
= Reports
of the included studies
(n=7)

Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses)35 flowchart of the study

CENTRAL - Central Register of Controlled Trials.

Effect measures and synthesis of results

The data analysis encompassed a systematic assessment
of skeletal and dental changes, with a focus on the canine,
first premolar and first molar regions. The outcomes were
based on the assessments conducted in individual studies.
Theresults of these studies were then meticulously analyzed
with regard to the aforementioned regions. For quantitative
data, a meta-analysis was performed using Review Manager
(RevMan), v. 5.4 (Cochrane Collaboration, London, UK).
The P statistic was used to determine the heterogeneity
between the studies. Random- and fixed-effects models were
utilized for the analysis of the summary effect.

Assessment of the risk of bias in individual
studies

The Cochrane’s risk of bias (RoB 2.0) assessment
tool®® was used for the assessment of RCTs. The RoB
2.0 tool comprises multiple domains that allow for the
classification of RCTs into low, unclear and high risk
of bias categories. The Newcastle-Ottawa scale?” was
utilized to determine the quality of a non-RCTs and
cohort studies.
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Assessment of certainty

The GRADE (Grading of Recommendations
Assessment, Development and Evaluation) approach3®
was utilized to ascertain the overall strength of evidence
of the systematic review after assessing the individual
included studies.

The GRADE tool evaluates the included studies based
on their research design, risk of bias, inconsistencies, and
any imprecision or indirectness for each outcome. The
tool categorizes the outcomes into extremely low, low,
moderate, or high-quality evidence (Table 1).

Results

Selection process and characteristics
of the included studies

The initial search yielded 244 citations. After the elimi-
nation of duplicates, the number of citations was reduced
to 188. Further scrutiny was conducted on the basis of
titles, abstracts and language, which further reduced the
number of articles to 34. Following a thorough examina-
tion of the full texts of the papers, 7 articles were deemed
suitable for inclusion in the systematic review and meta-
analysis. The selection process is outlined in Fig. 1. Of the
7 articles selected for inclusion, there were 4 RCTs, 1 non-
RCT and 2 cohort studies. All the included studies com-
pared the dental and skeletal changes after SARPE with
BB and TB expanders. A comprehensive summary of the
individual studies is presented in Table 2.

Assessment of the risk of bias within
and across studies

The risk of bias was assessed for the RCTs using the
5 domains of the RoB 2.0 tool. All RCTs exhibited a low
risk of bias in the 3" and 5% domains. For the 1% and 4%
domains of the RoB tool, studies by Koudstaal et al.* and
Kayalar et al.® exhibited a low risk. However, studies by
Landes et al.*? and Zandi et al.2® had a high risk of bias in
these domains. Overall, 50% of the studies®*° had some
concerns, while the remaining papers demonstrated
a high risk of bias (Fig. 2).2832

L. Kanwal et al. Skeletal and dental changes after SARPE

The Newcastle-Ottawa scale was used to assess the
quality of evidence in 3 studies.*~*3 The analysis revealed
that all studies had a good quality of evidence (Table 3).

Results of individual studies

In their study, Landes et al. assessed the effects of skel-
etal and dental expansion in the first and second molar and
premolar regions after SARPE with BB or TB expanders.®?
The authors measured pre- and post-expansion on
cone-beam computed tomography (CBCT). Addition-
ally, the researchers assessed buccal and lingual vestibu-
lar bone resorption in the first premolar and first molar
regions. The BB group comprised 24 participants, while
the TB group contained 26 subjects. A comparison
revealed a statistically significant difference in the skeletal
expansion and buccal vestibular bone resorption in the
first premolar region between the BB and TB groups.
The BB group demonstrated a higher degree of skeletal
expansion. However, the TB group exhibited greater
vestibular bone resorption.3?

Three of the included studies conducted their analyses
on 3D cast models.?*443 These studies assessed dental
expansion in the canine, first premolar and first molar
regions. Koudstaal et al. found a statistically significant
difference in skeletal expansion in the first molar region,
exhibiting increased expansion in the BB group.*
Barone et al. observed a statistically significant difference
in dental expansion in the first molar region, showing
greater expansion in the TB group.®® All 3 studies exhib-
ited insignificant differences for dental expansion in the
canine region.

Kayalar et al. performed their studies on CBCT, divid-
ing 20 subjects equally into BB and TB groups.*’ Along
with the skeletal and dental expansion, they also evaluated
periodontal changes in the first premolar and first molar
regions in subjects who underwent SARPE with BB or TB
appliances. Furthermore, the post-expansion root length
changes were assessed in conjunction with the intermolar
and interpremolar angulations. The measurements were
taken at 3 different time intervals: at baseline; after the
expansion; and 6 months after the retention phase of expan-
sion. A comparison of post-expansion changes between
the BB and TB groups revealed significant differences in
anterior dental expansion, first molar dental angulation,
buccal and lingual alveolar bone thickness, and tooth

Table 1. Assessment of the quality of the evidence using the GRADE (Grading of Recommendations Assessment, Development and Evaluation) approach

Studies, Study
n design

Risk of bi | : Indi | - Other : :
isk of bias | Inconsistency | Indirectness | Imprecision considerations patients, n . certainty
relative effect .
of evdence

Summary of findings

) ) ) ) 86/170 84/170 ) DDDD

‘ 5 RCT/non-RCT  notserious  notserious  notserious  not serious none (50.6%) (49.4%) not estimable high ‘
. . } ) ) 35/79 44/79 . [Cle)e]

‘ 2 cohort studies not serious  not serious  not serious  not serious none (44.3%) (55.7%) not estimable low ‘

RCT - randomized control trial; BB — bone-borne; TB - tooth-borne; C/ — confidence interval.
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Table 2. Characteristics of studies included in the review

Study Sample Surgical Expander : Secondary Outcome
Study : : : Primary outcome
design size procedure appliance outcome assessment

total: 50 b|part|tle mgdlan BB:TPDand MWD skeletal and dental expansioninthe  dental tipping,
Landes et al. i or tripartite ) :
20097 RCT BB: 24 paramedian first and second premolar regions,and  vestibular bone CBCT
TB: 26 TB: HE in the first and second molar regions resorption
osteotomy
total: 46 Le Fort | BB:TPD and BAD  skeletal and dental expansion in the
Koudstaal et al. ) ) o ) - 3D scanned
2009% RCT BB: 25 with midline first premolar and first molar regions,  dental tipping cast models
TB: 21 osteotomy TB: HE dental expansion in the canine region
Laudemann et al. cohort tcg;l:]? vvilt-ﬁ rFr:)iEjtli‘ne BB:TPD and MWD dental expansion in the canine, first ~ dental tipping, 3D scanned
41 : X .
2010 study T8 16 osteotomy T8: HE premolar and first molar regions  attachment loss  cast models
total: 45 Le Fort | BB: TPD skeletal and dental expansion in the
Nada et al. cohort . ) o TH : .
20127 Slidy BB: 17 with midline first premolar and first molar regions, none CBCT
TB: 28 osteotomy TB: HE dental expansion in the canine region
Zandi et al total: 30 Le Fort | BB: TPD skeletal and dental expansion in
20142 ' RCT BB: 15 with midline the first premolar and first molar none CBCT
TB: 15 osteotomy TB: HE regions, nasal floor width
) ) : dental tipping,
Kayalar et al. total: 20 'Le qut .l BB: hybrid RME skeletal and dental expansion in the  root resorption,
0 RCT BB: 10 with midline : : } : CBCT
2016 first premolar and first molar regions  vestibular bone
TB: 10 osteotomy TB: HE .
resorption
Barone et al. toté\: 24 'Le qut .‘ BB:BAD dental expansion in the canine, first 3D scanned
2020% non-RCT B8:12 with midiine premolar and first molar regions none cast models
TB: 12 osteotomy TB: HE

TPD - transpalatal distractor; MWD — maxillary widening device; HE — Hyrax expander; BAD — bone-anchored device; RME — rapid maxillary expander;

CBCT - cone-beam computed tomography.

Study Experimental Comparator Outcome

Weight| D1 I D2

D5 | Overall

Landesetal. |BB B

1

etal.

BB B

1

B

Zandi et al. BB ™

1

Kayalar et al. BB ™

1

D1 Randomization process
D2 Deviatil
D3 Missing outcome data

D4 Measurement of the outcome

from the il inter

D5 Selection of the reported resuilt

BB - bone-borne; TB - tooth-borne.

. low risk

] some concerns

. high risk

Fig. 2. Assessment of the risk of bias using the Cochrane’s risk of bias (RoB 2.0)
assessment tool for randomized controlled trials

Table 3. Assessment of the risk of bias using the Newcastle-Ottawa scale
for non-randomized controlled trials and cohort studies

Study Sample size | Selection | Comparability | Outcome
Laudemann et al*! 34 * % * * * %k ‘
‘Nada et al* 45 * Kk k * * Kk ‘
‘Barone etal® 24 * Kk Kk * * * ‘

good quality - 3 or 4 stars in selection domain AND 1 or 2 stars in comparability
domain AND 2 or 3 stars in outcome/exposure domain; fair quality - 2 stars in
selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in
outcome/exposure domain; poor quality — 0 or 1 star in selection domain OR

0 stars in comparability domain OR 0 or 1 stars in outcome/exposure domain.

length of the first premolars. A statistically significant
difference in dental expansion within the first premolar
region was identified, demonstrating greater expansion in
the TB group. However, posterior dental expansion in the
first molar region was comparable in both groups.

Zandi et al.?® and Nada et al.*?> measured the dental
and skeletal expansion in the first premolar and first
molar regions in 30 and 45 participants, respectively. All
participants underwent SARPE with BB or TB expanders.
The latter also evaluated dental expansion in the canine
region and found a statistically significant difference in
this parameter between the 2 groups. Dental and skeletal
expansion in other regions were comparable in both
groups.

Meta-analysis

Five studies?®323%4042 were included in the meta-analysis

to measure the extent of skeletal expansion in the first
premolar and first molar regions of the BB and TB groups
who underwent SARPE. Due to significant heterogeneity,
the random-effects model was used for the synthesis
of data from the first premolar region. No significant dif-
ferences were observed (mean difference: 0.25; 95% con-
fidence interval (CI): —0.27, 0.76) (Fig. 3). For the analysis
of data in the first molar region, a fixed-effects model was
employed. However, no statistically significant differences
were observed between the groups (mean difference: 0.16;
95% CI: -0.34, 0.67) (Fig. 4).

The meta-analysis was conducted on a total of 7 stud-
ies, with the objective of measuring dental expansion
in the first premolar and first molar regions in the BB
and TB groups. Given the presence of significant hetero-
geneity among the studies, the random-effects model
was used for the synthesis of data from the first premolar
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Four studies®>394243

region. The analysis revealed an absence of statistically
significant differences (mean difference: —0.67; 95% CI:
-1.45, 0.11) (Fig. 5). A fixed-effects model was used
for the analysis of data from the first molar region.
No statistically significant differences were observed
between the 2 groups (mean difference: —-0.29; 95% CI:

-0.77,0.19) (Fig. 6).

were included in the meta-analysis
to measure dental expansion in the canine region in the
BB and TB groups. Due to significant heterogeneity in the
data, the synthesis was performed using a random-effects
model. The analysis revealed no statistically significant
differences between the groups (mean difference: 0.05;
95% CI: -0.50, 0.60) (Fig. 7).

SARPE BB SARPE TB Std. mean difference Std. mean difference
Study or subgroup mean SD total mean SD total weight IV, random, 95% C/ vyear IV, random, 95% C/
Landes et al. 651 319 18 324 169 16 192% 1.23(0.49,197) 2009 —
Koudstaal et al. 29 22 25 26 29 21 226% 0.12 (—0.46, 0.70) 2009 —
Nada et al. 52 32 17 46 23 28 221% 0.22(-0.38,0.83) 2012 ——
Zandi et al. 44 168 15 538 2.01 15 195% -0.51(-1.24,021) 2014 — =
Kayalar et al. 353 134 10 32 171 10 16.6% 0.21(-0.67,1.09) 2016 —t
Total (95% CI) 85 90 100.0% 0.25(-0.27,0.76) ?
Heterogeneity: 72=0.22; y?>=11.13,df =4 (p = 0.03); /°=64% f } ; } }
Test for overall effect: Z=0.93 (p = 0.35) —4 -2 0 2 4

More expansion in TB

More expansion in BB

Fig. 3. Forest plot depicting the mean difference in skeletal expansion in the first premolar region between bone-borne (BB) and tooth-borne (TB) expanders
after surgically assisted rapid palatal expansion (SARPE)

SD - standard deviation; C/ - confidence interval; df — degrees of freedom.

SARPE BB SARPE TB Std. mean difference Std. mean difference
Study or subgroup mean SD total mean SD total weight 1V, fixed, 95% C/  year IV, fixed, 95% C/
Koudstaal et al. 26 25 18 25 21 16 10.7% 0.10(-1.45,1.65) 2009 —_—
Landes et al. 319 1.87 25 387 404 21 7.3% —0.68 (—2.56, 1.20) 2009 —
Nada et al. 46 3 10 458 29 10 3.8% 0.02(-257,261) 2012 —_—t
Zandi et al. 45 183 15 481 209 15 13.0% -0.31(-1.72,1.10) 2014 —
Kayalar et al. 1.99 1.1 17 162 094 28 651% 0.37(-0.26,1.00) 2016
Total (95% CI) 85 90 100.0% 0.16 (-0.34, 0.67) :
Heterogeneity: y2=1.64, df=4 (p =0.80); /2= 0% t t t t
Test for overall effect: Z=0.63 (p = 0.53) -10 0 5 10

More expansion with TB

More expansion with BB

Fig. 4. Forest plot depicting the mean difference in skeletal expansion in the first molar region between BB and TB expanders after SARPE

SARPE BB SARPE TB Std. mean difference Std. mean difference
Study or subgroup mean SD total mean SD total weight IV, random, 95% C/ year IV, random, 95% C/
Koudstaal et al. 7 35 17 82 41 28 9.0% -1.20(-3.45,1.05) 2009 —
Landes et al. 7.51 33 18 552 244 16 11.2% 1.99(0.05, 3.93) 2009 ——
Laudemann et al. -0.06 127 18 0.85 125 16 257% -0.91(-1.76,-0.06) 2010 -
Nada et al. 69532 25 7.03 35 21 11.1% -0.08(-2.03,1.87) 2012 —
Zandi et al. 6.32 215 10 723 277 10 9.5% -0.91(-3.08,1.26) 2014 — T
Kayalar et al. 474 079 15 6.13 147 15 257% -1.39(-2.23,-0.55) 2016 -
Barone et al. 489 305 12 6.13 317 12 7.7% -1.24(-3.73,1.25) 2020 -1
Total (95% CI) 115 118 100.0% -0.67 (-1.45,0.11) . ‘ ¢ ‘ .
Heterogeneity: 72=0.43; 2=10.63, df=6 (p = 0.10); /2= 44% ' i ' '
Test for overall effect: Z=1.68 (p = 0.09) -10 -5 0 5 10

More expansion with BB More expansion with TB

Fig. 5. Forest plot depicting the mean difference in dental expansion in the first premolar region between BB and TB expanders after SARPE

SARPE BB SARPE TB Std. mean difference Std. mean difference
Study or subgroup mean SD total mean SD total weight IV, fixed, 95% C/  year IV, fixed, 95% C/
Koudstaal et al. 46 31 25 63 34 21 6.4% -1.70 (-3.60, 0.20) 2009 j—
Landes et al. 712 229 10 587 236 10 55% 1.25(-0.79,3.29) 2009 d—
Laudemann et al. 022 1.01 18 026 085 16 58.3% -0.04(-0.67,0.59) 2010 [}
Nada et al. 6.77 355 15 564 29 15 42% 1.13(-1.19,345) 2012 il —
Zandi et al. 6.53 267 12 712 287 12 46% -059(-2.81,163) 2014 —
Kayalar et al. 6.13 162 18 712 175 16 17.6% -0.99(-2.13,0.15) 2016 —
Barone et al. 322 356 17 534 534 28 3.5% -212(-4.72,0.48) 2020 —
Total (95% CI) 115 118 100.0% -0.29 (-0.77,0.19) 4
Heterogeneity: y2=9.79, df =6 (p = 0.13); /2= 39% ' ' ' '
Test for overall effect: Z=1.18 (p = 0.24) -20 -10 0 10 20

More expansion with TB  More expansion with BB

Fig. 6. Forest plot depicting the mean difference in dental expansion in the first molar region between BB and TB expanders after SARPE
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SARPE BB SARPE TB Std. mean difference Std. mean difference
Study or subgroup mean SD total mean SD total weight [V, random, 95% C/ Year IV, random, 95% C/
Landes et al. -0.21 095 24 0.19 1.01 26 27.2% -0.40(-0.96,0.16) 2009 —a
Koudstaal et al. 47 32 25 37 3 21 26.5% (-=0.27, 0.90) 2009 —
Nada et al. 5.75 3.1 17 409 18 28 256% (0.07,1.31) 2012 —_
Barone et al. 218 1.3 12 3.09 215 12 20.7% -0.49(-1.31,0.32) 2020 — -
Total (95% CI) 78 87 100.0% 0.05 (-0.50, 0.60) ?
Heterogeneity: 72=0.21; y2=9.05, df = 3 (p = 0.03); /2= 67% - - - - -
Test for overall effect: Z=0.17 (p = 0.86) —4 -2 0 2 4

More expansion in TB More expansion in BB

Fig. 7. Forest plot depicting the mean difference in dental expansion in the canine region between BB and TB expanders after SARPE

Assessment of the certainty of the evidence

The GRADE tool was employed to assess the findings
from the included studies. The results demonstrated no
differences in the expansion between the 2 techniques.
The evaluation of the certainty of the evidence revealed
that the clinical trials were of high quality, while the cohort
studies were of low quality. Therefore, the significance of the
findings of this review should be interpreted with caution
(Table 1).

Discussion

This systematic review and meta-analysis compared
skeletal and dental changes after BB and TB SARPE in
subjects with MTD. The results showed that the dental
and skeletal parameters in the transverse dimension were
comparable between the 2 treatment modalities. The
results hold strong evidence as only studies employing
CBCT were considered. The clinical significance
of the evidence obtained from this systematic review is
highlighted by the GRADE scoring of all the clinical
trials as high-quality strong evidence, while cohort studies
provided low-quality evidence. To create strong evidence
for skeletal expansion in the premolar and molar regions,
we quantitatively analyzed the findings of 5 clinical trials
by meta-analysis.?832394042 The Newcastle—Ottawa scale
revealed that a non-RCT and cohort studies included in
this systematic review and meta-analysis had good quality
evidence.

In the adolescent patient population, maxillary expan-
sion can be achieved through the use of TB appliances,
either by slow or rapid expansion. In these patients,
sutures are not yet fully fused, and the zygomaticomaxillary
complex is in the process of development.** However, in
adults, the fusion of intermaxillary and circummaxillary
sutures is complete. Tooth-borne maxillary expansion
after the maturation of these sutures mainly results in
dentoalveolar effects rather than orthopedic effects. Thus,
in adults, stable maxillary expansion can only be achieved
through surgical interventions, such as maxillary oste-
otomy or SARPE. Both techniques involve a horizontal
osteotomy of the lateral wall of the maxilla, with the sepa-
ration of the lateral nasal wall, disarticulation of the nasal

septum, and a palatal osteotomy. However, the maxilla is
downfractured in a multiple-piece maxillary osteotomy,
whereas SARPE does not involve this downward repo-
sitioning. Surgically-assisted rapid palatal expansion is a less
complex and more physiological approach, and it provides
a greater range of expansion due to tissue regeneration.?”
Although maxillofacial surgeons perform the surgery, the
range of expansion is guided by an orthodontist with the
help of surgical guides. Novel methods have been intro-
duced to enhance the accuracy of these surgical guides,
such as the use of 3D-printed resins like BioMed Amber.*

In order to create strong evidence for skeletal expansion
in the premolar and molar regions, a quantitative analysis
was performed on the findings of 5 clinical trials through
meta-analysis.?8323%4042 Among all the included studies,
only Landes et al. claimed that skeletal expansion is more
pronounced in interpremolar width with BB transpalatal
expander and maxillary widening device as compared
to the TB Hyrax expander.®? In this study, the surgical
technique could be the primary factor contributing to
significant skeletal expansion. The osteotomy technique
employed in this study was either a bipartite median
approach between the central incisor and bilaterally along
the nasal septum or a tripartite paramedian approach
between the lateral incisors and canines.? In the remaining
4 clinical trials, which demonstrated insignificant skeletal
improvement in inter-premolar width, SARPE was per-
formed as three-piece Le Fort I with midsagittal suture
osteotomy. In all the studies, the appliance used for TB
expansion was the Hyrax expander.

It has been well-documented that not only the mid-
palatal suture but also multiple sutures of the maxilla can
contribute to arch constriction.®”?> Interestingly, a sig-
nificant skeletal intermolar expansion was observed in
the findings of Nada et al., who reported greater skeletal
expansion with transpalatal distractor as compared to
the Hyrax appliance.*? The analysis of dental expansion
after SARPE involved assessing the tipping of the molars
and premolars in all the included studies. All 7 stud-
ies included in this systematic review assessed dental
expansion in the first premolar and first molar regions.
The study by Kayalar et al. demonstrated that the TB
Hyrax expander resulted in greater premoral tipping com-
pared to the hybrid maxillary expander.*’ Surprisingly,
increased molar tipping after SARPE was found in the
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study by Barone et al.*® These findings can be explained
by the use of tooth-anchored appliances in these studies.
Additionally, the buccal equilibrium resisted the skeletal
suture opening of the maxilla, which requires heavy forces.
Hence, it was concluded that an appliance attached to
a tooth resulted in buccal tipping of molars before the
skeletal opening of the suture.

Limitations

Among the included studies, Nada et al. assessed
long-term treatment effects, with an analysis conducted
6 months after expander removal.*> However, Landes et al.
measured short-term postoperative effects and expansion
after the treatment with TB and BB appliances.?? The dif-
ference in follow-up duration could have influenced the
findings. However, a meta-analysis was performed to
eliminate these confounding factors. The majority of lit-
erature on the comparison of BB and TB expansion after
SARPE are cross-sectional studies or literature book
reviews. A comprehensive literature search yielded 5 clini-
cal trials and 2 cohort studies that assessed these changes
in longitudinal form. However, these studies had small
sample sizes, which is the major limitation of this system-
atic review. The strength of this study lies in its exclusive
inclusion of studies that employed CBCT as the assess-
ment criterion, which is regarded as the gold standard.

To establish whether there is a difference between BB
and TB SARPE, randomized clinical trials with larger
sample sizes and longer follow-up periods should be con-
ducted.

Conclusions

Within the limitations of insufficient evidence, this sys-
tematic review and meta-analysis concluded that there was
no difference in skeletal and dental expansion in SARPE
with BB and TB appliances. Due to the scarcity of available
data, further studies are required to definitively ascertain
clinical benefits of one treatment over another.

Trial registration

The current systematic review protocol has been regis-
tered with PROSPERO (CRD42022371097).
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rent study are available from the corresponding author on
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