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Abstract

Background: Molar movement control is a fundamental aspect of orthodontic treatment, particularly in managing anchorage and
achieving desired occlusal outcomes. The transpalatal arch (TPA) is a commonly used passive or active appliance designed to provide
anchorage reinforcement and facilitate specific molar movements. Despite its widespread application, there is limited consensus
regarding its quantitative effectiveness. This systematic review and meta-analysis assesses the effectiveness of the TPA in molar
movement during orthodontic treatment.

Methods: An extensive search of major electronic databases was conducted up to the year 2023 to identify studies evaluating the
application of the TPA in molar movement. Data regarding study design, participant characteristics, types of TPA used, and numerical
outcomes related to molar displacement were systematically extracted. For each outcome, point estimates and corresponding 95%
confidence intervals were computed to assess pre- and post-treatment changes.

Results: Fourteen studies underwent detailed qualitative synthesis, with 2 classified as low risk, 7 with some concerns, and 5 as high
risk of bias. Nine studies were included in the meta-analysis. The pooled change in mesial movement U6-PTV (mm) for the TPA group
was 2.73 (95% CI: 1.90-3.50), vertical movement U6-PP (mm) was 1.24 (95% CI: 0.96-1.52), vertical movement U6-FH (mm) was 1.34
(95% CI: 0.36-2.32), and mesial tipping U6-FH (°) was 2.94 (95% CI: 1.51-4.37).

Conclusion: This review underscores the TPA's versatility and effectiveness as an anchorage device. Evaluating TPA's full range of
applications, beyond comparisons with skeletal devices, is crucial. Future research should incorporate three-dimensional digital models
and consider pubertal growth stages for more accurate assessments.
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Introduction
Orthodontic treatment requires precise management of  transpalatal arch (TPA) has been widely utilized for its abil-
tooth movement while maintaining stable anchorage. The ity to control molar movement and provide anchorage dur-
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The transpalatal arch (TPA) is a well-established orthodontic
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— What this article adds:

This systematic review and meta-analysis assesses the TPA's
effectiveness in various orthodontic treatment phases,
revealing its versatility compared to other anchorage devices.
It emphasizes the need for further research using three-
dimensional digital models and consideration of pubertal
growth stages for more accurate evaluations of TPA’s role in
orthodontic practice.
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ing various stages of orthodontic treatment (1, 2). Com-
pared to other anchorage methods, such as headgear or
miniscrews, TPAs offer a noninvasive, patient-friendly ap-
proach with minimal reliance on compliance (3). Their ca-
pability to provide three-dimensional control over molar
position, including transverse stability and rotational con-
trol, makes them a preferred choice in many clinical sce-
narios (4, 5).

The role of TPAs in preventing mesial molar movement,
particularly during space closure after premolar extraction,
remains an area that requires further study. Although TPAs
are traditionally employed to stabilize the maxillary arch
and manage anchorage during initial alignment, their func-
tion in later phases, such as space closure, is equally critical
(6).

While the influence of TPAs on molar stabilization has
been investigated, much of the existing research focuses on
their effects during initial alignment or canine retraction,
with limited attention to mesial molar movement during
space closure. Some studies have assessed stress distribu-
tion and anchorage loss with and without TPAs, but primar-
ily emphasize overall molar displacement rather than mesi-
alization during space closure (7, 8). The absence of direct
assessments on this aspect highlights a gap in the literature.

The ability of TPAs to control molar rotations is well
documented, yet their effectiveness in preventing mesial
movement during anterior space closure has received less
attention (9). Studies have described their role in maintain-
ing transverse stability, but their impact on mesial move-
ment during space closure is not well quantified (10). Com-
parisons with skeletal anchorage devices, such as minis-
crews, have consistently demonstrated superior anchorage
control with miniscrews (11). However, direct evaluations
of TPAs in mitigating mesial molar movement remain in-
sufficient.

Despite the advantages of skeletal anchorage, TPAs re-
main a viable option for clinicians seeking a nonsurgical,
cost-effective, and reliable method for anchorage manage-
ment, especially in cases where skeletal anchorage is not
feasible or preferred (12).

This systematic review aims to consolidate evidence
from randomized clinical trials and retrospective studies to
assess the role of TPAs in various orthodontic stages, par-
ticularly during space closure following premolar extrac-
tion. By evaluating mesial molar movement, different TPA
designs, patient cooperation, and operator expertise, this re-
view seeks to clarify the effectiveness of TPAs in control-
ling molar movement. Addressing these gaps will provide
clinically relevant insights that may improve treatment
strategies and optimize orthodontic outcomes.

Methods

Protocol Registration

The present systematic review followed the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines to ensure transparent and stand-
ardized reporting. The protocol was prospectively regis-
tered in PROSPERO (International Prospective Register of
Systematic Reviews) with the ID No. CRD420251001743.
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Search Strategy

A structured literature search was performed in the Pub-
Med, Embase, Scopus, Web of Science, and the Cochrane
Library databases, using a strategy collaboratively devel-
oped with input from dental specialists and clinical epide-
miologists. Search terms, including both MeSH and free-
text keywords, were organized according to a tailored pop-
ulation, intervention, comparison, outcome (PICO) frame-
work to improve precision and relevance.

Population (P): Patients undergoing orthodontic treat-
ment requiring maxillary molar anchorage control, includ-
ing children, adolescents, and young adults (ages 8-33
years). Included patients exhibited Class I or Class II mal-
occlusions and were in different treatment phases, such as
leveling and aligning, space closure, or en-masse retraction.

Intervention (I): Use of a transpalatal arch (TPA) for an-
chorage reinforcement, including both conventional and
modified TPAs with or without additional activation proto-
cols (e.g., soldered extensions, loops, or omega designs).

Comparison (C): Alternative anchorage strategies, in-
cluding Nance appliances, headgear, interarch elastics,
miniscrews, temporary anchorage devices (TADs), or no
additional anchorage reinforcement. Studies that included
a TPA in the control group were analyzed separately.

Outcome (0): Changes in maxillary first molar position,
including mesial and distal movement, vertical displace-
ment, buccal-lingual tipping, and rotational changes. Meas-
urements were assessed using cephalometric analysis, dig-
ital models, or clinical evaluations, with time points rang-
ing from initial placement to completion of the anchorage-
requiring treatment phase.

These criteria were applied to each database to ensure
consistency and comprehensiveness in the literature search.
Additionally, the Cochrane Highly Sensitive Search Strat-
egy was used to identify relevant studies.

Inclusion Criteria

The following were the study's inclusion criteria: studies
comparing TPA with no treatment or other anchorage de-
vices (Nance appliance, headgear, interarch elastics, mini-
screws, TADs, etc.); peer-reviewed publications published
between 1990 and 2023; full-text articles available in Eng-
lish; studies reporting specific orthodontic treatment phases
and measurable outcomes.

Exclusion Criteria

The exclusion criteria were as follows: animal studies, in
vitro research, case reports, case series, abstract-only pub-
lications, studies with incomplete data or unclear method-
ology, and articles written in languages other than English.

Study Selection and Data Extraction Process

The literature search and study selection were conducted
in August 2023 by two independent reviewers (M.G. and
A.J.). Title and abstract screening were performed initially,
followed by full-text assessment. Any disagreements were
resolved through discussion with a third reviewer (Y.A.).
Before final submission, an independent investigator
(Y.A.) double-checked each entry to ensure consistency.
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Quality Assessment of Included Studies

The methodological quality and risk of bias of included
studies were evaluated using established tools:

The Newcastle-Ottawa Quality Assessment Scale (NOS)
for cohort and case-control studies. Scores of 7 to 9 were
considered low risk, 4 to 6 moderate risk, and 0 to 3 high
risk of bias.

The Risk of Bias 2 (RoB2) tool for randomized con-
trolled trials (RCTs), assessing five domains: randomiza-
tion, deviations from the intended intervention, missing
data, outcome measurement, and selective reporting. RCTs
were categorized as low risk, some concerns, or high risk
of bias.

Sensitivity analyses were conducted to determine the im-
pact of high-risk studies on pooled outcomes.

Synthesis of Results and Meta-analysis
Pooled means (point estimation) with a 95% confidence
interval were calculated for each of the measurement
changes. According to the results of the I test for hetero-
geneity, the random effects model was used for I> >50%,
and the fixed-effects model was used for I2 <50%. A fun-
nel plot was used to investigate publication bias. Sensitiv-
ity analysis was performed with a leave-one-out approach.
The Metan package was used for meta-analysis in Stata 17
(Stata Corp).

Results

Study Selection

Figure 1 illustrates the process of searching for and se-
lecting studies. Initially, 3764 records were identified
through electronic database searches. Duplicates were
manually removed using a reference management program,
resulting in 1230 unique records. Following a review of ti-
tles and abstracts, 1186 records were excluded. A total of
44 full-text articles were assessed for eligibility, and 30 ar-
ticles were excluded with documented reasons. The re-
maining 14 publications underwent full-text screening and
were deemed eligible for qualitative synthesis.

Tables 1 to 3 present the risk of bias assessment for all 14
included studies.

In this systematic review, we assessed the risk of bias us-
ing appropriate tools based on study design. For cohort and
case-control studies, we applied the Newcastle-Ottawa
Scale (NOS), which evaluates studies across three domains:
selection of participants, comparability of groups, and as-
sessment of outcomes or exposures. Studies scoring 7 to 9
points were categorized as having a low risk of bias, those
scoring 4 to 6 points as having a moderate risk of bias, and
those scoring 0 to 3 points as having a high risk of bias.

For RCTs, we used the Risk of Bias 2 (RoB 2) tool, which
assesses five domains: randomization process, deviations
from intended interventions, missing outcome data, meas-
urement of the outcome, and selection of the reported re-
sult. Based on the overall judgment from RoB 2, RCTs

Figure 1. PRISMA Flow Diagram
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Table 1. Risk of Bias Assessment for Case-Control Studies

Study Selection Comparability Outcome Assessment Overall NOS Overall Quality
Domain Domain Domain Score
Kecik et al. (2016) HoAAK - *k 6/9 Moderate risk of bias
Table 2. Risk of Bias Assessment for Cohort Studies
Study Selection Comparability Do- Outcome Assessment Overall NOS Overall Quality
Domain main Domain Score
EYUBOGLU et al. (2004) ** *k *x 6/9 Moderate risk of bias
Zablocki et al. (2006) o ** ** 7/9 Low risk of bias
Liu et al. (2009) FAE Hok * 6/9 Moderate risk of bias
Sharma et al. (2012) ** * ** 5/9 Moderate risk of bias
Alhadlag et al. (2015) ok * *x 8/9 Low risk of bias
Table 3. Risk of Bias Assessment for Randomized Controlled Trials
Study Randomization Deviations from  Missing Out- Measurement Selection of the Overall
Process Intended Inter- come Data of the Outcome  Reported Result Risk of
ventions Bias
Feldmann et al. (2008) LR SC SC HR SC HR
Stivaros et al. (2009) LR SC SC LR LR SC
Basha et al. (2010) HR SC SC HR SC HR
Borsos et al. (2011) SC SC SC SC SC SC
Borsos et al. (2012) HR SC SC LR SC HR
Al-Sibaie et al. (2014) LR SC SC LR SC SC
Nor et al. (2019) HR SC SC LR SC HR
Wilmes et al. (2009) HR SC LR LR SC HR

LR, low risk; HR, high risk; SC, some concern.

were categorized as having a low risk of bias, some con-
cerns, or a high risk of bias.

In summary, our analysis identified two studies with a
low risk of bias, seven with a moderate risk of bias, and five
with a high risk of bias. Most of the high-risk studies were
RCTs (4 out of 5), primarily due to concerns related to out-
come measurement and deviations from intended interven-
tions. These high-risk studies could have influenced the
pooled results, particularly in areas where heterogeneity
was observed. Sensitivity analyses were conducted to as-
sess the impact of high-risk studies on the overall findings,
and results remained consistent after excluding these stud-
ies.

Heterogeneity and Potential Sources of Variation

Statistical heterogeneity was assessed using the I? statis-
tic, and a high level of heterogeneity (I* > 50%) was ob-
served in some analyses. Several factors likely contributed
to this variability:

Differences in Study Design: The included studies varied
in methodology, with some being RCTs, while others were
cohort or case-control studies. The level of control over
confounding variables differed between these study de-
signs, potentially influencing the pooled effect size.

Variation in TPA Types: Some studies examined conven-
tional TPAs, while others included modified TPAs or TPAs
combined with other anchorage devices. These variations
in appliance design and function may have contributed to
inconsistencies in anchorage outcomes.

Differences in Measurement Methods: The assessment of
molar movement and anchorage loss varied between stud-
ies. Some used cephalometric analysis, while others relied
on digital model measurements or clinical observations,
leading to differences in reported outcomes.

Sample Characteristics: Variability in patient de-
mographics, initial malocclusion type, and treatment proto-
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cols across studies may have contributed to observed heter-
ogeneity.

Follow-up Duration: Studies differed in the length of fol-
low-up periods, which could affect the extent of reported
anchorage loss and the interpretation of TPA effectiveness
over time.

To address these sources of variation, we conducted sub-
group analyses based on study design and TPA type, which
partially reduced heterogeneity. Additionally, a random-ef-
fects model was used in meta-analyses to account for vari-
ability between studies.

Study Characteristics

The study included patients <33 years. The intervention
involved the use of a TPA device compared to no treatment,
other auxiliary appliances like Nance, Headgear, Utility
arch, fixed orthodontics, interarch elastics, miniscrews,
TADs, or any other group that included a TPA. The out-
comes are presented in Tables 4, 5, and 6.

Studies Using Cephalometric Analysis to Evaluate Mo-
lar Displacement

Zablocki et al examined the effect of the TPA during ex-
traction treatment and found no significant differences in
maxillary first molar displacement between the TPA and
no-TPA groups. Specifically, the net difference in mesial
and vertical displacement was minimal (0.4 mm), with the
no-TPA group showing slightly more forward and down-
ward movement. The study concluded that the TPA does
not significantly impact molar positioning during extrac-
tion (6).

Feldmann et al compared the anchorage capacities of var-
ious systems during leveling/aligning and space closure
phases post-premolar extractions. They found that while
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Table 4. Studies Comparing Anchorage TPA with Other Devices (Lateral Cephalometric Analysis)

Author Age-range Study type Sam- Tooth movement Mean (SD) P value
(year) ple
size
()
Zablocki 12-14 Cohort 60 Mesial move- U6-PTV (mm) TPA: 4.1 (1.5) NS
2008 study ment no-TPA: 4.5 (2.0)
Italy Vertical U6-PP (mm) TPA: 1.4 (1.7) NS
movement no-TPA: 1.8 (1.1)
Mesial tip- U6-FH (°) TPA:3.2(2.9) NS
ping no-TPA: 2.4 (3.6)
Feldmann  mean age=14.3 Random- 113 Mesial Ms-OLp minus A. Onplant: 0.1 (0.42) A/D:
2008 ized clinical movement A-Olp (mm) B. Orthosystem: -0.1 (0.42) .004
Sweden trial Alignment C.HG: -0.4 (1.57)
(TO-T1) D. TPA: 1.0 (1.08) B,C/D:
.001
Mesial tip- inclination: A. Onplant: 0.7 (1.69) A,B,C/D:
ping Ms/NL (°) B. Orthosystem: 0.5 (1.65) <.001
Alignment C. HG: 1.0 (4.05)
(TO-T1) D. TPA: 4.1 (3.51)
Mesial Ms-OLp minus A. Onplant: 0.0 (0.42) A/D:
movement A-Olp (mm) B. Orthosystem: 0.1 (0.74) .005
Space-Clo- C. HG (mm): 1.6 (1.59)
sure (T1-T2) D. TPA (mm): 1.0 (0.96) B/D:
.007
Mesial tip- inclination: A. Onplant: -0.2 (1.36) NS
ping Ms/NL (°) B. Orthosystem: 0.7 (1.55)
Space-Clo- C. HG (°): 0.8 (2.38)
sure (T1-T2) D. TPA (°): 0.7 (3.34)
Mesial move- A. Onplant: 0.1 (0.42) A,B: NS
ment B. Orthosystem: -0.1 (0.82)
Total observe C. HG (mm) 1.2 (196) C,D
period (TO- .001
) D. TPA (mm): 2.0 (1.39)
Liu 18-33 Cohort 34 Mesial move- U6-PTV (mm) mini-screw implants: P=0.001
2009 study ment -0.06 (1.40) {& P=0.905}
China TPA: 1.47 (1.15) {& P<0.001}
Vertical U6-FH (mm) mini-screw implants: P=0.000
movement -1.42 (2.55) {& P<0.05}
TPA: 1.91 (1.75)
Basha TPA: 16.00 Random- 14 Mesial Distance ptery- TPA = 1.73 mm 0.4 ?
2010 +1.41 ized clinical Movement goid vertical to Mini-Implant = 0.0 mm
India Mini-Implant: trial (Anchor maxillary molars
17.36 £3.5 Loss)
Borsos mean age: Random- 18 Mesial U6-PTV (mm) TBA [TPA] (mm): 1.51 (1.88) P=0.241
2011 14.0 ized c'linical Movement BBA [Implant] (mm): 0.68 (0.59) (NS)
Hungary (12.6-17.5) trial
Borsos 14.22 £1.37 Random- 30 Mesial (T1-T2) Canine TPA+ utility arch= 1.48 (1.56) NS
2012 ized c.lmlcal Movement retraction Orthosystem = 1.57 (1.06)
Hungary trial U6-PTV(12.13) Incisor TPA only = 1.26 (0.93) P=0.039
(mm) retraction Orthosystem= 0.59 (0.74)
(T3-T4) Finish- TPA only = 0.89 (0.77) NS
mg Orthosystem= 1.52 (1.69)
(TO-T4) Overall  TPA (+ utility arch) = 4.28 (1.50) NS
Orthosystem= 4.19 (2.70)
Sharama mean age=17.4 Cohort 30 Mesial move- U6-PTV (mm) TPA:2.49 (0.71) {P<0.001} P<0.001
2012 study ment Mini-screw
India implants: -0.001 (0.021) {P=0.90}

*NS, not significant.

molars remained stable in the Onplant, Orthosystem im-
plant, and headgear groups, the TPA group experienced a
significant anchorage loss (1 mm) and greater mesial tip-
ping (mean, 4.1°) during the leveling/aligning phase. Dur-
ing space closure, Onplant and Orthosystem implants
showed better stability compared to headgear and TPA,
which had losses of 1.6 mm and 1 mm, respectively (13).
Liu et al compared cephalometric changes with minis-

crew implants versus TPA in adults with bialveolar protru-
sion. They found that molars in the TPA group were mesi-
alized (1.47 mm), while miniscrew implants caused mini-
mal distalization (—0.06 mm). The study concluded that
miniscrew implants provided superior anchorage in both
vertical and sagittal directions (14).

Basha et al compared en-masse retraction using mini-im-
plants versus molar anchorage, finding significant anchor-
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Table 4. Studies Comparing Anchorage TPA with Other Devices (Lateral Cephalometric Analysis)

Author Age-range Study type Sample Tooth movement Mean (SD) P value
(year) size (n)
Al-Sibaie 22.34 +4.56 Randomized 56 Mesial T1-T2 (Post- TPA=0.26 (0.06)  0.053
2014 clinical trial Movement levelling {P=0.120}
Syrla DUM-H changes) Mlm-lmplz 0.14 (061)
(mm) (P=0.615}
T2-T3 (Re- TPA=1.50(1.25) <0.001
traction {P=0.001}
changes only) Mini-Impl= -0.89 (0.59)
{P<0.001}
T1-T3 (Over- TPA=1.76 (1.01)  <0.001
all changes) {P<0.001}
Mini-Impl=-0.75 (0.63)
{P=0.001}
Vertical T1-T2 (Post- TPA=0.32(0.80) 0.414
Movement levelling {P=0.052}
DUM-V changes) Mini-Impl= 0.27 (0.73)
(mm) {P=0.131}
T2-T3 (Ré- TPA=0.06 (0.68) 0.231
traction {P=0.825}
changes only) Mini-Impl= -0.25 (0.83)
{P=0.191}
T1-T3 (Ove- TPA=0.38 (0.74) 0.044
rall changes) {P=0.009}
Mini-Impl= 0.02 (0.93)
{P=0.984}
Alhadlaq not men- Cohort study 20 Mesial U6-PTV TPA+ segmented arch me- P=0.01
2015 tioned movement (mm) chanics: 0.7 (1.4)
Canada
TPA+ continuous arch me-  P=0.01
chanics: 4.5 (3.0)
Kecik 14-22 Case-control 50 Mesial U6-PTV TPA:2.4(1.8) P<0.01
2019 study movement (mm) TAD: 0.0 (0.0)
Turkey Vertical U6-FH (mm) TPA: 0.9 (1.1) NS*
movement TAD: 0.0 (0.0)
U6-PP (mm) TPA: 1.2 (0.8) NS
TAD: 0.0 (0.0)
Mesial tip- U6-FH (°) TPA: 1.8 (1.6) P<0.05
ping TAD: 0.0 (0.0)
U6-PP (°) TPA:2.3 (1.4) P<0.01
TAD: 0.0 (0.0)

*NS, not significant.

age loss in the TPA group (1.73 mm) compared to the im-
plant group (0.0 mm). They concluded that mini-implants
offered better anchorage for significant anterior retraction,
though mean retraction times were similar between groups
(15).

Borsos et al investigated osseointegrated palatal implants
versus conventional tissue-borne anchorage. They found no
significant difference in mesial molar displacement (1.51
mm for TPA vs. 0.68 mm for implants) during canine re-
traction (16).

Borsos et al evaluated osseointegrated palatal implants
versus conventional dental anchorage in adolescents. They
noted significant differences in mesial molar movement
during incisor retraction, with the implant group exhibiting
less movement compared to the dental anchorage group.
Overall differences were statistically insignificant (17).

Sharma et al conducted an RCT comparing miniscrew
implants versus TPA for canine retraction. The TPA group
experienced a significant mesial movement of 2.49 mm,
while the miniscrew group showed negligible change. The
study highlighted mini-screw implants' superior anchorage
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but noted potential bias from cephalometric magnification,
suggesting future use of three-dimensional models (18).

Al-Sibaei et al compared en-masse retraction with mini-
implants versus TPA. They found significant differences in
molar movement, with TPA showing forward displacement
(1.50 mm) and mini-implants showing minimal movement
(-0.89 mm). The mini-implant group had better outcomes
in speed, anchorage loss, and aesthetics (19).

Kecik compared conventional anchorage systems with
TADs. TPA showed a mean mesial movement of 2.4 mm,
while TADs showed no change. TADs provided better con-
trol for achieving absolute anchorage (20).

Studies Using Study Models to Evaluate Molar Dis-
placement

Wilmes et al compared traditional TPA to skeletal an-
chorage using mini-implants. Their three-dimensional
scans showed greater anchorage loss with TPA (4.21 mm)
compared to mini-implants (2.05 mm). The study indicated
that TPA was less effective, particularly in cases with
heavy retraction loads (21).
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Table 5. Studies Comparing Anchorage TPA with Other Devices (Study Model Analysis)

M. Gharavi, et al.

Author Age-range Study type Sam- Type of Tooth movement Mean (SD) P value
(year) ple evaluation
size (n)
Wilmes Mean age: 20.9 Randomi- 20 3D digital Mesial migration 3D superimposi- TPA : 421 (1.17) 0.013
2009 zed clinical Cast mea- of maxillary mo- tions (mm) mm
Ger- trial surement lars Implants : 2.05
many (1.39) mm
Intermolar dis- Mini-implant TPA= 0.4 mm
tance (Transverse  coupled with (a) (0.91)
displacement) simple horseshoe Implant (a): 1.73 0.002
arch or (b) addi- (0.39)
tion of reinforce- Implant (b): 0.36
ment arch wire (0.11)
Stivaros 10-17 Randomi- 49 Model Mesial movement (mm) TPA: 0.98 (1.02) 0.50
2010 zed clinical Nance: 0.72 (1.33)
England trial Mesial tipping (°) TPA: 2.09 (4.29) 0.72
Nance: 2.75 (6.04)
Distal (disto-palatal) rotation (°) TPA: 4.43 (3.74) 0.02
Nance: 2.11 (2.68)
Mat Nor TPA =24.8 Randomi- 36 Study Cast Mesial Move- Right side 1* A -TPA=2.19 A/B,
2019 (3.0) zed clinical Photo- ment (TO—T1) Molar (0.53) A/C=
Malay- TPA & Nance trial graphed & B —Nance=1.23 <0.001
sia =23.0 (2.5) measured (0.22)
Mini-implant using C — Mini-Imp=
=22.8(2.8) Viewbox 0.33 (0.23)
Mesial Move- Left side 1% Mo- A -TPA=2.25 A/B,
ment (TO —T1) lar (0.56) A/IC=
B — Nance=1.25 <0.001
(0.21)
C — Mini-Imp=
0.11 (0.17)
Table 6. Studies Using Active TPA
Author Age-range  Study type Sample Type of Tooth movement Mean (SD) P value
(year) size (n) evaluation
Eytiboglu 10.8-12.1 Cohort 15 Cephalome-  Mesial movement ~ *AnM-PtV (mm)  0.37 (0.44) <0.01
2004 trie Distal movement ~ **DiM-PtV (mm)  2.07 (0.70)  <0.001
Turkey
Vertical move- AnM-FH (mm) 0.27 (0.42) <0.05
ment DiM-FH (mm) 0.53 (0.58) <0.01
(extrusion)
Mesial tipping AnM/FH (°) 0.40 (0.60) <0.05
Distal tipping DiM/FH (°) 3.73 (0.96) <0.001
Model Buccal movement *pAn-ML 0.20 (0.41) NS
(mm)
IpDi-ML (mm) 0.47 (0.64) <0.05
Mesio-buccal ro-  *+MB-DPAn/ML  9.40 (2.75) <0.001
tation @)
MB-DPDi/ML (°)  4.80 (1.94) <0.001

*AnM, anchorage molar; **DiM, distallized molar.

+*Rotation of the first molars was found by measuring the angle between the midline (ML) and the diagonal line passing through the mesiobuccal (MB) and distopalatinal

(DP) cusptips.

*AThe changes in the intermolar distance were found by measuring the perpendicular distances from IPAn to ML and from IPDi to ML

Stivaros et al compared Goshgarian TPA and Nance
arches over 6 months. Both groups had similar mesial
movements (0.98 mm for TPA, 0.72 mm for Nance) and
tipping (2°-3°), but TPA caused significantly more disto-
palatal rotation (4.5°) compared to Nance (2°) (22).

Mat Nor et al evaluated TPA, TPA-Nance, and mini-im-
plants in treating malocclusion. Mini-implants showed the
least anchorage loss (0.33 mm) compared to TPA (2.19
mm) and TPA-Nance (1.23 mm). Mini-implants provided
superior anchorage reinforcement (23).

Studies on Asymmetrical Molar Displacements

Eyiiboglu et al assessed the effects of a Goshgarian TPA
on unilateral maxillary first molar distalization. They found
significant distalization of the first molars (2.07 mm) and a
slight mesial movement of the anchorage molar (0.37 mm).
The study indicated successful asymmetric distalization
with TPA (24).

Overall, the evidence suggests that while TPA can be ef-
fective, it often results in greater anchorage loss compared
to modern alternatives like mini-implants. Future studies
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should use three-dimensional models and consider treat-
ment phases for a comprehensive evaluation of anchorage
efficacy.

Meta-analysis

According to the extracted results, pooled means were
calculable for four outcomes—including mesial movement
U6-PTV (mm) in the TPA group, vertical movement U6-
PP (mm) in the TPA group, vertical movement U6-FH
(mm) in the TPA group, and mesial tipping U6-FH (°) in
the TPA group. There were eight studies for mesial move-
ment U6-PTV (mm), three studies for mesial tipping U6-
FH (°), and two studies for each of the other outcomes.

Mesial movement U6-PTV (mm)
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According to the forest plots, the pooled change in mesial
movement U6-PTV (mm) in the TPA group was 2.73 (95%
CI: 1.90-3.50, random effects), the pooled change in verti-
cal movement U6-PP (mm) in the TPA group was 1.24
(95% CI: 0.96-1.52, common effect), the pooled change in
vertical movement U6-FH (mm) in the TPA group was 1.34
(95% CI: 0.36-2.32, random effects), and the pooled
change in mesial tipping U6-FH (deg) in the TPA group
was 2.94 (95% CI: 1.51- 4.37, random effects) (Figure 2).

The possibility of publication bias was assessed for me-
sial movement U6-PTV (mm) using; accordingly, the dis-
tribution of the effect sizes was approximately symmetric
(Figure 3). The results of leave-one-out sensitivity analysis
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Figure 2. Forest plots for the pooled changes of some measurements (before and after TPA).
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Figure 3. Funnel plot for the pooled mean of Mesial movement U6-PTV (mm).
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Figure 4. Sensitivity analysis for the pooled mean of Mesial movement U6-PTV (mm).

are also shown for mesial movement U6-PTV (mm) (Fig-
ure 4).

Discussion

The TPA is a versatile orthodontic device, renowned for
its multiple applications despite its relatively simple design
(1, 25). Beyond its well-researched role as an anchorage
tool, the TPA has demonstrated efficacy in various clinical
scenarios. These include maintaining spaces during denti-
tion transition, correcting molar rotation and mesiodistal in-
clination, expanding or contracting posterior segments,
controlling molar torque, and intruding one or both molars
(6, 13, 23). Due to its straightforward design, ease of fabri-
cation, and simplicity in application, the TPA has been
widely utilized as an anchorage device. Its compatibility
with other treatment systems further underscores its versa-
tility (25, 26).

While comparisons between the TPA and devices de-
signed for singular tasks are common, they often fail to ac-
count for the multifaceted utility of the TPA. These com-
parisons, typically focusing on a single characteristic, do
not diminish the value of the TPA but rather highlight the
need for comprehensive evaluations that consider all its ca-
pabilities.

In contrast to skeletal anchorage devices like miniscrews,
which provide absolute anchorage by engaging the bone di-
rectly, the TPA offers a noninvasive alternative that relies
on dental support. Miniscrews have been shown to achieve
superior anchorage control, particularly in cases requiring
extensive distalization or intrusion (9, 27). However, their
placement involves surgical intervention, potential risks of
root proximity, and a success rate influenced by patient-
specific factors such as bone density (28). The TPA, while
less rigid in anchorage, provides sufficient control in many
clinical scenarios without the need for surgical placement,

making it a preferable option in cases where moderate an-
chorage is sufficient or where patient preference limits in-
vasive procedures.

Compared to the Nance appliance, the TPA offers similar
anchorage benefits but with key differences. The Nance ap-
pliance utilizes an acrylic button resting on the palatal mu-
cosa, which enhances anchorage but can lead to soft tissue
irritation and hygiene challenges (29). The TPA, on the
other hand, provides effective anchorage without direct pal-
atal contact, reducing the risk of mucosal irritation and
plaque accumulation. While the Nance appliance is often
preferred for greater anchorage reinforcement, particularly
in cases involving premolar extractions, the TPA remains
advantageous for patients who require a more hygienic and
less bulky alternative (30).

When compared to headgear, which relies on extraoral
forces for anchorage reinforcement, the TPA offers a more
compliance-independent solution. Headgear is highly ef-
fective in distalizing maxillary molars and controlling ver-
tical dimension, but requires patient cooperation for opti-
mal results (31). The TPA, being fixed intraorally, elimi-
nates the reliance on compliance while still providing ef-
fective molar stabilization, albeit with less distalization po-
tential (32). For patients with poor adherence to extraoral
appliance use, the TPA serves as a practical alternative, par-
ticularly when combined with other intraoral mechanics to
enhance anchorage control.

In recent years, skeletal anchorage devices, such as mi-
croimplants, miniscrews, and TADs, have increasingly re-
placed the TPA in the maxilla (6). These bone anchors have
been extensively researched for their effectiveness, often in
comparison with traditional devices like the TPA. Such
comparisons, however, may be problematic due to the es-
sential distinctions between skeletal anchoring devices and
TPAs.

Many aspects of the TPA are incomparable to those of
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skeletal anchorage devices and are therefore often over-
looked.

This review addresses this gap by evaluating the TPA's
role as an auxiliary anchorage device across different stages
of orthodontic treatment. Studies on the TPA generally fall
into 2 primary categories based on the type of evidence
used: lateral cephalometry studies, which primarily offer a

two-dimensional evaluation of molar position and angu-
lation, and studies using dental casts, which are further di-
vided into those employing three-dimensional assessments
and those utilizing two-dimensional evaluations from cast
images (21, 23). Most cephalometric studies averaged right
and left images, with only 1 study reporting them separately
(23). Linear cephalometric magnification, although re-
ported in only a few studies, can subtly impact treatment
outcomes.

For instance, Feldmann et al and Sharma et al mentioned
a 10% linear enlargement, although only the latter made the
necessary corrections. Another study by Zalbocki et al re-
ported an 8% magnification without correction (2,13,18).
Given the inconsistent reporting of radiographic magnifica-
tion effects, this review disregarded its potential influence.
Future research should consider using three-dimensional
digital study models to eliminate magnification bias.

The versatility of the TPA allows it to be used in various
orthodontic treatment phases. This review compared the ef-
fectiveness of the TPA as an anchorage device during dif-
ferent treatment phases, including the leveling/alignment
phase, canine retraction phase, incisor/anterior retraction
phase, and the overall treatment duration (16,20). Addition-
ally, the TPA's impact on molar transverse and rotational
displacements was evaluated, providing a comprehensive
assessment of its role throughout treatment.

However, several limitations must be acknowledged.
One of the primary concerns is the small sample size in
many studies, which may affect the generalizability of find-
ings. Many investigations included limited patient cohorts,
making it difficult to draw definitive conclusions regarding
the long-term effectiveness of the TPA. Additionally, study
designs varied considerably, with differences in methodol-
ogy, patient selection criteria, and treatment protocols, fur-
ther complicating direct comparisons.

Another critical limitation is the lack of long-term fol-
low-up data in many studies. Most evaluations focus on
short- to medium-term outcomes, providing little insight
into the stability of TPA-assisted anchorage over extended
periods. Given that anchorage loss and molar movement
may continue beyond active treatment, future research
should include longer follow-up durations to assess post-
treatment stability.

Study durations varied due to concerns over repeated X-
ray exposures. Many studies relied on pre- and post-treat-
ment radiographs, while a few took radiographs at specific
treatment phases (2, 20). In contrast, study casts allowed
for well-defined measurement periods and independent as-
sessment of molar mesial migration in each quadrant, free
from the limitations of two-dimensional cephalograms (21,
23). To minimize growth-related variability, studies often
selected female patients who had completed growth (ages
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13-16), as determined by cervical maturity indicators in lat-
eral cephalograms (2, 13, 16, 17). Although forward growth
of the maxilla was anticipated in headgear groups, similar
growth patterns were observed across all groups, likely due
to normal growth processes (13).

Few studies accounted for posterior maxillary growth
when calculating displacement from reference planes such
as PTV, although such calculations are crucial in evaluating
anchorage loss and treatment efficacy. Some studies sug-
gested that the design of the TPA, such as whether it was
square or round, could influence anchorage efficacy (16).
However, these differences were considered negligible in
the context of the present study.

The review also compared the TPA to various other de-
vices, including Nance appliances, headgear, utility arches,
inter-arch elastics, miniscrews, and TADs, across different
conditions to comprehensively evaluate its anchorage prop-
erties.

Conclusion

This review highlights the versatility and effectiveness of
the TPA as an anchorage device across various orthodontic
treatment phases. While comparisons with skeletal anchor-
age devices often overlook the TPA's multifaceted applica-
tions, this review underscores the importance of evaluating
the TPA within the context of its full range of capabilities.
As orthodontic research progresses, the incorporation of
three-dimensional digital study models and consideration
of pubertal growth stages will be essential in providing
more accurate and comprehensive evaluations of the TPA's
role in orthodontic treatment.
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