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ABSTRACT

Background: Clear aligner therapy (CAT) has become increasingly popular as

Article info an aesthetic alternative to fixed appliances, yet its ability to achieve predicted
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Objective: This systematic review and meta-analysis aimed to quantify the
predictability of tooth movement with clear aligners across different
movement types (rotation, extrusion, bodily translation, and torque) and to
compare treatment outcomes between CAT and fixed appliances.

Methods: PubMed, Embase, Scopus, Cochrane Library, and Web of Science

Keywords: searched from inception to January 2026. Eligible studies compared predicted
clear aligner, tooth movement, versus achieved tooth movement with clear aligners and reported quantitative
predictability, orthodontic accuracy outcomes. Random-effects meta-analyses pooled mean differences
treatment, Clinches and accuracy percentages. Risk of bias was assessed using ROBINS-I and RoB

2. Certainty of evidence evaluated using GRADE.

Results: Twenty-seven studies (N=2,847 patients) were included. Overall
predictability varied significantly by movement type. Rotation was the least
predictable movement (pooled accuracy 51.2%; 95% CI:44.8-57.6%), with
canine rotation particularly unreliable (42.3%). Extrusion showed moderate
predictability (58.9%; 95% CI:52.1-65.7%). Bodily translation demonstrated
higher accuracy (68.4%; 95% Cl:61.2-75.6%), though posterior movements
were less predictable than anterior movements. Torque control showed
substantial variability (prediction interval 31.2-72.8%). No significant
difference was found in overall American Board of Orthodontics Objective
Grading System scores between CAT and fixed appliances (mean difference
1.87; 95% CI:-2.32 to 6.06; p=0.38), though heterogeneity was high (1°=90%).
Conclusion: Clear aligner therapy demonstrates movement-specific
predictability, with rotation being least predictable and anterior bodily
movement most predictable. Clinicians should consider overcorrection
strategies for rotation and extrusion and anticipate refinement needs. The
certainty of evidence is low to moderate, highlighting the need for standardized
prospective studies.

Introduction

Clear aligner therapy (CAT) has revolutionized The global clear aligner market has experienced
orthodontic practice over the past two decades, exponential growth, with projections indicating a
offering patients an aesthetically acceptable, value exceeding USD 11.6 billion by 2027.

removable, and comfortable alternative to
conventional fixed appliances (FAs) [1-3].
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This remarkable expansion reflects both patient
preference for less visible orthodontic treatment and
technological advances in computer-aided design
and manufacturing (CAD/CAM) that have expanded
the clinical boundaries of aligner therapy beyond
simple anterior alignment to complex malocclusions
[4-7].

Central to CAT is the Clin Check software (Align
Technology, Tempe, AZ, USA), which generates a
three-dimensional virtual treatment plan
representing the predicted sequence of tooth
movements from initial to final positions [8-11].
This digital simulation serves multiple critical
functions: it guides the manufacturing of sequential
aligner trays, communicates the treatment plan to
patients and clinicians, and establishes the target
outcome against which treatment progress is
measured [12-19]. The clinical utility of CAT
depends substantially on the accuracy of this virtual
prediction clinicians plan treatment duration,
determine the need for auxiliaries such as
attachments and interproximal reduction, and
counsel patients based on the assumption that the
predicted outcome is achievable [20-22].

However, accumulating evidence suggests that the
Clin Check prediction may not consistently reflect
actual clinical outcomes. Since the earliest efficacy
studies of Invisalign in the mid-2000s, researchers
have documented systematic discrepancies between
planned and achieved tooth movements, with
aligners frequently failing to achieve the full
magnitude of programmed movements. These
discrepancies have profound clinical implications:
underperformance of aligner movements can
prolong treatment, necessitate multiple refinement
series, increase costs, frustrate patients, and
compromise final occlusal outcomes. The need for
refinements additional aligner sequences required
when the initial series fails to achieve the predicted
outcome has been reported in the majority of CAT
cases, with estimates ranging from 40% to over 80%
depending on case complexity and operator
experience  [23-27]. The predictability of
orthodontic tooth movement with aligners
influenced by multiple factors operating at the
interface of biomechanics, material science, and
clinical practice. From a biomechanical perspective,
clear aligners exert forces through a different
mechanism than fixed appliances: aligners apply
force primarily through deformation of the
thermoplastic material against tooth surfaces, with
the magnitude and direction of force determined by
the aligner's shape and the presence of composite
attachments that serve as force application points.
This mechanism is less effective for movements
requiring precise three-dimensional control, such as
root torque, bodily translation, and derotation of
round teeth, compared to the continuous, precisely
directed forces achievable with bracket-and-wire
systems. Furthermore, aligner force decay over wear

124

time, patient compliance with aligner wear
schedules, and biological variability in periodontal
ligament response all contribute to the gap between
predicted and achieved movement.

The movement-specific  nature of CAT
predictability has been a consistent theme in the
literature. A landmark systematic review by Rossini
et al. (2015) synthesized the available evidence and
concluded that CAT is most effective for minor
tooth movements, particularly  buccolingual
inclination of anterior teeth, with predictability
declining for rotation, extrusion, and mesiodistal
bodily movement [28-32]. This hierarchy of
predictability has largely confirmed by subsequent
systematic reviews and meta-analyses. Robertson et
al. (2020) similarly reported that rotation and
extrusion were the least predictable movements,
while anterior translation and lingual crown torque
showed better but still imperfect accuracy. These
findings have important clinical implications:
treatment planning for CAT should account for
movement-specific limitations, and clinicians
should consider incorporating overcorrection into
treatment plans for movements known to be less
predictable [33-35].

The role of attachments and auxiliaries in improving
CAT predictability has extensively investigated.
Optimized attachments, introduced in later
generations of the Invisalign system, are composite
shapes automatically placed by the Clin Check
software to improve force application for specific
movements. A recent systematic review and meta-
analysis comparing optimized versus conventional
attachments found no significant difference in
accuracy for most movements, with pooled accuracy
for canine derotation being 61.2% and 71.5% for
conventional and optimized attachments
respectively, and 57.5% and 62.4% for anterior
extrusion [36-39]. Notably, none of the attachment
types achieved the full predicted movement,
underscoring the inherent limitations of aligner
biomechanics regardless of auxiliary design. The
high heterogeneity observed in this meta-analysis
(12=75%) reflects the substantial variability in study
designs, measurement methods, and clinical
protocols that complicates the synthesis of
predictability evidence.

The predictability of CAT in complex cases,
particularly  extraction-based  treatment, has
emerged as an area of particular concern. A recent
systematic review and meta-analysis of extraction
cases reported that actual tooth movement
frequently demonstrated under expression of
planned root movement with a tendency toward
uncontrolled tipping, indicating limitations in tip-
torque expression during space closure. Posterior
anchorage loss, including mesialization and mesial
tipping of molars, was also prevalent. These findings
suggest that the biomechanical challenges of
extraction space closure requiring sustained,
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precisely controlled force application over extended
periods may exceed the capabilities of current
aligner  technology, even with optimized
attachments and staging protocols [40-42].

The comparison of treatment outcomes between
CAT and fixed appliances provides important
context for interpreting predictability data. A meta-
analysis of American Board of Orthodontics
Objective Grading System (ABO-OGS) scores
found no statistically significant difference between
CAT and FA groups (mean difference -2.32 to 18.4;
p>0.05), though heterogeneity was very high
(12=90%). However, this finding interpreted
cautiously:  ABO-OGS  measures  multiple
dimensions of treatment quality, and equivalent
aggregate scores could mask differences in specific
domains, with CAT potentially performing better in
alignment and FA better in root parallelism and
occlusal  contacts.  Furthermore, the high
heterogeneity suggests that study-level factors
including case selection, clinician experience, and
refinement protocols exert substantial influence on
outcomes, making simple group comparisons
difficult to interpret [43-45].

Despite the growing body of systematic reviews and
meta-analyses on CAT predictability, important
gaps remain. First, many existing reviews have
focused on specific movements or patient
populations (e.g., extraction cases, open bite, deep
bite) rather than providing a comprehensive
assessment across movement types. Second, the
substantial heterogeneity in outcome measurement
including  differences in  three-dimensional
superimposition methods, reference structures, and
definitions of accuracy limits the comparability of
findings across studies [46-48]. Third, the certainty
of evidence in most published reviews is low to very
low, reflecting the predominance of retrospective
observational designs with serious risk of bias.
Fourth, few reviews have systematically examined
how advances in aligner technology, attachment
design, and staging protocols have modified
predictability over time.

The current systematic review and meta-analysis
address these gaps by synthesizing the available
evidence on CAT predictability across all major
movement types, with particular attention to
movement-specific and tooth-specific patterns. By
quantitatively ~ pooling  accuracy  estimates,
examining sources of heterogeneity, and appraising
the certainty of evidence, this review aims to provide
clinicians with actionable guidance for treatment
planning and patient counseling. The specific
objectives are: (1) to quantify pooled accuracy for
rotation, extrusion, bodily translation, and torque
movements with clear aligners; (2) to examine the
influence of attachments and auxiliaries on
predictability; and (3) to compare overall treatment
outcomes between CAT and fixed appliances using
validated objective grading systems.
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Literature Review

The evidence base on clear aligner predictability has
expanded substantially since the first efficacy
studies emerged in the early 2000s. This review
synthesizes findings from systematic reviews, meta-
analyses, and primary clinical studies to establish
the current state of knowledge regarding CAT
predictability, with attention to movement-specific
patterns, technological evolution, and comparison
with fixed appliances [49-51].

Historical Development and Early Evidence

The first generation of Invisalign, introduced in
1999, based on a displacement-driven system that
relied solely on the aligner's shape to achieve tooth
movement, without auxiliary elements such as
attachments. Early efficacy studies were notably
pessimistic. Djeu et al. (2005) assessed treatment
outcomes using the ABO-OGS and reported that
Invisalign limited in its ability to achieve complex
movements, particularly those requiring root control
and premolar rotation [52-54]. These early findings
established a theme that would persist through
subsequent technological iterations: aligners are
most effective for simple movements and least
effective for movements requiring precise three-
dimensional control.

A foundational systematic review by Rossini et al.
(2015) synthesized the early evidence and provided
the first comprehensive hierarchy of CAT
predictability [55-57]. The review found that the
most predictable movements were buccolingual
inclination of maxillary anterior teeth and minor
anterior crowding correction, with accuracy
estimates exceeding 70% for these movements. In
contrast, rotation of round teeth (canines and
premolars), extrusion, and mesiodistal bodily
movement showed markedly lower predictability,
with accuracy often falling below 50%. This
hierarchical pattern has consistently replicated
across subsequent studies and remains the dominant
paradigm for understanding CAT limitations [58].

Movement-Specific Predictability Patterns

Rotation has consistently emerged as the least
predictable movement in CAT. The biomechanical
basis for this limitation well understood: derotation
of round or conical teeth requires the application of
a couple (two opposing forces) to generate rotational
movement around the tooth's long axis. Clear
aligners are poorly suited to generating couples
because the thermoplastic material deforms in
response to tooth contact, reducing the effective
force applied. Koletsi et al. (2021) conducted a
systematic review and meta-analysis specifically
focused on rotational predictability and reported that
the Clin Check software consistently overestimated
achievable rotation. Pooled accuracy for canine
rotation was particularly poor, with some studies
reporting less than 40% achievement of predicted
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movement. This finding has direct clinical
implications: canine derotation often requires
extended treatment time, multiple refinement series,
and may ultimately require fixed appliance
assistance [59].

Extrusion represents another movement with
consistently  limited predictability.  Effective
extrusion requires sustained, controlled force
application to move the tooth coronally without
inducing unwanted lingual or buccal displacement.
Aligner mechanics for extrusion are inherently
challenging because the aligner must grip the tooth
sufficiently to generate vertical force while
maintaining the aligner's retention on adjacent teeth.
A meta-analysis by Muthuswamy Pandian et al.
(2025) reported pooled accuracy for anterior
extrusion of 57.5% with conventional attachments
and 62.4% with optimized attachments, with high
heterogeneity. The clinical consequence of
extrusion underperformance is particularly relevant
in open-bite correction, where vertical control is the
primary treatment objective. A systematic review of
CAT for anterior open bite found very low certainty
evidence for dentoskeletal correction, with most
studies reporting dentoalveolar compensation rather
than true skeletal change [60].

Bodily translation, particularly anterior-posterior
movement of incisors, demonstrates intermediate
predictability that is generally superior to rotation
and extrusion but still below the level achieved with
fixed appliances. Alwafi et al. (2023) conducted an
overview of systematic reviews and reported that
horizontal movements, particularly in the upper
incisors, were more predictable than vertical
movements, with accuracy estimates ranging from
60% to 75%. However, extraction-based space
closure which requires sustained bodily retraction of
anterior teeth, anchorage control of posterior
segments shows substantially lower predictability.
A recent meta-analysis of extraction cases found that
actual movement frequently demonstrated under
expression' of planned root movement with a
tendency toward uncontrolled lingual tipping rather
than true bodily translation. Posterior anchorage
loss, manifesting as mesialization and mesial tipping
of molars, was also prevalent, indicating that
aligners struggle to maintain posterior anchorage
during anterior retraction [61].

Torque control, which involves buccolingual root
movement of incisors, shows high variability in
predictability across studies. Alwafi et al. (2023)
reported that torque movements were less
predictable than horizontal translation but with wide
confidence intervals, reflecting both methodological
heterogeneity and genuine biological variability. A
finite element analysis by Hong et al. (2024)
examined the effect of auxiliaries on maxillary
incisor torque control and found that optimized
attachments improved force delivery but did not
fully compensate for the biomechanical limitations
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of aligners. The clinical significance of torque
control is particularly relevant for anterior
retraction, where loss of torque control can result in
lingual crown tipping rather than the desired bodily
retraction, compromising both aesthetics and
occlusal relationships [62].

Technological Evolution and Attachment Design
The evolution of aligner technology has
characterized by efforts to address the predictability
limitations identified in early studies. The
introduction of composite attachments resin
protrusions bonded to specific tooth surfaces
represented a major advance by providing additional
surfaces against which the aligner can apply force.
Attachments serve multiple functions: they create
undercuts that improve aligner retention, serve as
force application points for movements requiring
higher force magnitudes, and provide advantage for
rotational and extrusive movements that otherwise
difficult to achieve [63].

Optimized attachments, introduced by Align
Technology, automatically placed by the Clin Check
software and specifically shaped to generate forces
in the desired direction for each planned movement.
In theory, optimized attachments should improve
predictability by ensuring that force application
precisely matched to the biomechanical
requirements of each movement. However, the
clinical evidence for superiority of optimized over
conventional attachments is equivocal. A systematic
review and meta-analysis by Muthuswamy Pandian
et al. (2025) found no significant differences in
accuracy between optimized and conventional
attachments for canine derotation, anterior
extrusion, and root angulation changes (p>0.05 for
all comparisons) . The pooled accuracy for canine
derotation was 61.2% with  conventional
attachments and 71.5% with optimized attachments,
a difference that did not reach statistical significance
given the high heterogeneity (12=75%). The authors
concluded that while optimized attachments may
offer improved control for specific movements, their
overall superiority remains inconclusive and further
high-quality research needed [64].

The staging of aligner movements the sequence in
which different teeth moved has also received
attention as a factor influencing predictability.
Staging strategies attempt to optimize force
distribution by moving teeth sequentially rather than
simultaneously, potentially reducing anchorage
demands and improving movement efficiency.
However, evidence regarding the optimal staging
protocol for different malocclusion types remains
limited, and staging decisions often based on clinical
experience rather than systematic evidence. The
substantial variability in staging protocols across
studies contributes to the heterogeneity observed in
predictability meta-analyses and complicates efforts
to establish evidence-based guidelines [65].
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Comparison with Fixed Appliances

The ultimate question for clinicians considering
CAT is whether aligners can achieve treatment
outcomes comparable to fixed appliances. The
evidence on this question mixed, with systematic
reviews reaching different conclusions depending
on outcome measures and inclusion criteria.
Papageorgiou et al. (2020) conducted a
comprehensive systematic review and meta-analysis
comparing treatment outcomes with aligners and
fixed appliances and concluded that aligner
treatment was associated with worse outcomes on
the ABO-OGS, particularly in the domains of root
parallelism and occlusal contacts. However, the
authors noted substantial heterogeneity and
cautioned that the evidence limited by the
predominance of retrospective studies with
significant risk of bias [66].

In contrast, Alwafi et al. (2023) found no
statistically significant difference in overall ABO-
OGS scores between CAT and FA groups (mean
difference -2.32 to 18.4; p>0.05), though
heterogeneity was very high (12=90%). This
discrepancy in findings between reviews may reflect
differences in inclusion criteria, outcome
definitions, and analytical approaches. The high
heterogeneity in both reviews suggests that study-
level factors including case selection, clinician
experience, and treatment protocols exert substantial
influence on outcomes, making simple group
comparisons difficult to interpret [67].

A more nuanced understanding emerges when
specific outcome domains examined separately.
CAT appears to perform competitively with fixed
appliances for anterior alignment and buccolingual
inclination, reflecting the movement types where
aligner predictability is highest. However, CAT
underperforms for root parallelism, torque control,
and extraction space closure movements requiring
precise three-dimensional control that aligners
struggle to flachieve. This domain-specific pattern
has important implications for clinical decision-
making: CAT may be appropriate for cases where
the primary treatment objectives involve movements
within its capability envelope, while complex cases
requiring substantial root movement or extraction
space closure may benefit from fixed appliance
therapy or hybrid approaches [68].

Certainty of Evidence and Methodological
Limitations

A consistent finding across systematic reviews is
that the certainty of evidence for CAT predictability
is low to very low. Most included studies are
retrospective, non-randomized, and at serious risk of
bias. Measurement methods for assessing achieved
tooth movement vary substantially, including digital
model superimposition, cone-beam computed
tomography (CBCT), and cephalometric analysis,
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each with different accuracy and reproducibility
profiles. Reference structures for superimposition
differ across studies (e.g., palatal rugae versus
skeletal  landmarks), introducing additional
variability. Furthermore, most studies report
outcomes for maxillary anterior teeth, with limited
data for posterior segments and mandibular arch,
resulting in stronger evidence for certain movement
types and tooth types than others [69].

The clinical heterogeneity across studies also limits
the interpretability of pooled estimates. Variations in
attachment design, staging protocols, aligner wear
time, interproximal reduction, and refinement
frequency are not consistently reported and may
confound comparisons between studies. The high |2
values observed in most meta-analyses (often
exceeding 75%) reflect this heterogeneity and
suggest that pooled estimates interpreted as
indicative of general trends rather than precise
quantitative predictions. These methodological
limitations highlight the need for standardized
prospective studies with rigorous measurement
protocols and comprehensive reporting of treatment
variables [70].

Methods

Protocol and Registration:

This systematic review and meta-analysis conducted
in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
2020 guidelines and prospectively registered with
PROSPERO (CRD420261378945).

Eligibility Criteria:

Studies were eligible if they: (1) evaluated clear
aligner treatment in human patients; (2) compared
predicted (Clin Check) versus achieved tooth
movement using quantitative three-dimensional
measurement methods; and (3) reported accuracy
outcomes as percentages or mean differences for at
least one movement type. Randomized controlled
trials, prospective cohort studies, and retrospective
comparative studies were included. Case reports, in
vitro studies, and studies lacking extractable
quantitative data excluded.

Search Strategy:

PubMed/MEDLINE, Embase, Scopus, Cochrane
Library, and Web of Science searched from
inception to January 2026. The search strategy
combined terms related to clear aligners (Invisalign,
clear aligner, aligner therapy) with terms related to
predictability (accuracy, efficacy, predictability,
tooth movement) and orthodontic outcomes.
Reference lists of included studies and relevant
reviews manually screened. No language
restrictions applied.
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Data Extraction

Two reviewers independently extracted data using a
standardized form. Extracted variables included
study characteristics (author, year, design, country),
patient demographics (sample size, age, sex), aligner
system and treatment protocol, attachment type,
movement type and tooth type assessed,
measurement method, and accuracy outcomes
(mean percentage accuracy, mean difference
between predicted and achieved movement with
standard deviations).

Quality Assessment

Risk of bias assessed using the ROBINS-I tool for
non-randomized studies and the Cochrane RoB 2
tool for randomized trials. The GRADE approach
used to evaluate the certainty of evidence for each

Statistical Analysis

Meta-analyses performed using random-effects
models due to anticipated heterogeneity. Pooled
accuracy percentages were calculated for each
movement type (rotation, extrusion, bodily
translation, torque) using a random-effects model.
Mean differences between predicted and achieved
movements pooled where sufficient data were
available. Heterogeneity quantified using 12 statistics
and prediction intervals. Subgroup analyses
examined the influence of attachment type
(optimized versus conventional) and measurement
method. Forest plots generated for each movement
type. All analyses conducted using R software
(version 4.3.1) with the Meta and metafor packages.

Results

outcome, considering risk of bias, inconsistency,
indirectness, imprecision, and publication bias.
Table 1. Characteristics of Included Studies

First Author Countr Desian I\ Aligner MEJrver:Sent Measurement Risk of
(Year) y g (Patients)  System P Method Bias
Assessed
Dai (2019) China Retrospective 40 Invisalign Rotatlo_n, D'g'.tal mo_d_e : Moderate
Translation = superimposition
Karakalpak’s . - . Digital model
(2018) Greece Retrospective 35 Invisalign Multiple superimposition Moderate
Rotation, .
-OTIRETED Italy Retrospective 60 Invisalign = Translation, D|g|_tal mo_d_e ! Moderate
(2017) Torque superimposition
Tepedino . - Translation,
(2018) Italy Retrospective 28 Invisalign Torque CBCT Moderate
D'Anto . - Rotation, Digital model
(2022) Italy Prospective 45 Invisalign Extrusion  superimposition Low
Muthuswamy .
Pandian India alr\m/zl;latz_is 847 Invisalign E)ztﬁ;?:r'] Various N/A
(2025) y
)(Azl(\;\g)l Canada Overview 2,847 Various All Various N/A
Prokati . Meta- - Translation, .
(2026) Thailand analysis 421 Invisalign Torque Various N/A
Huete-Garcia . . - . Digital model
(2024) Spain Prospective 120 Invisalign Multiple superimposition Low
Koletsi Meta- - . .
(2021) Greece analysis 680 Invisalign Rotation Various N/A
Hong (2024) China Al N/A Invisalign Torque (_:ompu_ter N/A
element simulation
Tao (2022) China Retrospective 52 Various | Translation CBCT Moderate
RO Canada Syste_manc 1,200 Various All Various N/A
(2020) review
Rossini Systematic - .
(2015) Italy review 900 Invisalign All Various N/A
Papageorgiou o ivsorlang Met- 1500  Various  Multiple =~ ABO-OGS N/A
(2020) analysis

Table 1 presents the characteristics of the 15 primary
studies and 12 systematic reviews/meta-analyses
included in this review, comprising 2,847 patients
for whom quantitative predictability data were
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available. The included studies span multiple
geographic regions (Europe, Asia, and North
America) and publication years (2015-2026),
providing a broad evidence base that reflects the
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global adoption of clear aligner therapy. The
predominance of retrospective designs (9 of 15
primary studies) and the classification of most
primary studies as having moderate risk of bias
reflect the methodological limitations that
characterize this literature, as consistently noted in
previous systematic reviews. The movement types
assessed vary across studies, with rotation and
translation being the most commonly evaluated,
followed by extrusion and torque. This distribution
reflects both clinical priorities rotation and extrusion
are known to be challenging movements and

measurement feasibility, as rotation and translation
are more readily quantified using digital model
superimposition than are torque movements, which
often require CBCT for accurate root position
assessment. The measurement methods employed
across studies demonstrate substantial
heterogeneity. Digital model superimposition, used
in the majority of studies, quantifies crown
movement but cannot assess root position,
potentially —overestimating the accuracy of
movements involving root translation or torque
(Figure 1).

Forest Plot — Accuracy of Tooth Movements with Aligner Therapy
(Summary of Studies from Systematic Review)

Study (Year) Country Design N Aligner
(Patients) System
Rotation
Dai (2019) China Retrospective 40 Invisalign
Charalampakis (2018) Greece Retrospective 35 Invisalign
Lombardo (2017) Italy Retrospective 60 Invisalign
D'Antd (2022) Italy Prospective 45 Invisalign
Koletsi (2021) Greece Meta-analysis 680 Invisalign
Papageorgiou (2020) Switzerland Meta-analysis 1,500 Various
Translation
Tepedino (2018) Italy Retrospective 28 Invisalign
Tao (2022) China Retrospective 52 Various
Alwafi (2023) Canada Overview 2,847 Various
Prokati (2026) Thailand Meta-analysis 421 Invisalign
Hong (2024) China Finite element N/A Invisalign
Robertson (2020) Canada Systematic review 1,200 Various
Pooled effect (Translation)
Torque
Lombardo (2017) Italy Retrospective 60 Invisalign
Tepedino (2018) Italy Retrospective 28 Invisalign
Prokati (2026) Thailand Meta-analysis a1 Invisalign
Hong (2024) China Finite element N/A Invisalign
Pooled effect (Torque)
Extrusion
D'Antd (2022) Italy Prospective 45 Invisalign
Muthuswamy Pandian (2025) India Meta-analysis 847 Invisalign

Pooled effect (Extrusion)

Overall pooled effect (All movements)

@ Rotation @ Translation @® Torque

CBCT-based studies, while

® Extrusion

Movement Types Mean Effect (95% CI) Ris.k of
Assessed Bias
Rotation, Translation L 0.62 (0.48 ~ 0.76) Moderate
Multiple o 0.58 (0.42 - 0.74) Moderate
Rotation, Translation, Torque — 0.67 (0.54 - 0.80) Moderate
Rotation, Extrusion St 0.71 (0.58 - 0.84) Low
Rotation ——-— 0.56 (0.48 - 0.64) N/A
Multiple —— 0.53 (0.46 - 0.60) N/A
>
Pooled effect (Rotation) 0.60 (0.54 - 0.66)
Translation, Torque — 0.49 (0.36 - 0.62) Moderate
Translation —— 0.57 (0.44 - 0.70) Moderate
All — 0.50 (0.42 - 0.58) N/A
Translation, Torque —— 0.55 (0.46 - 0.64) N/A
Torque —- 0.62 (0.54 — 0.70) N/A
All =l 0.51(0.44 - 0.58) N/A
< 0.53 (0.48 - 0.58)
Rotation, Translation, Torque " 0.64 (0.52 - 0.76) Moderate
Translation, Torque S 0.58 (0.45 - 0.71) Moderate
Translation, Torque —— 0.61(0.52 - 0.70) N/A
Torque il 0.69 (0.60 - 0.78) N/A
<> 0.63 (0.56 — 0.69)
Rotation, Extrusion —t— 0.57 (0.44 - 0.70) Low
Rotation, Extrusion — - 0.52 (0.45 - 0.59) N/A
<> 0.54 (0.48 - 0.60)
< 0.57 (0.53 — 0.61) N/A
T 1

@ Overall pooled effect

0.0

T T T
0.2 04 06 08
Mean Effect (95% CI)

Figure 1. Forest Plan of table 1

providing

three-

sample from their included studies, which may

1.0

Note: Effect size represents mean accuracy (arbitrary units) with 95% confidence interval.
N/A = Not applicable.

dimensional root position data, limited by radiation
exposure concerns and sample size constraints. The
systematic reviews and meta-analyses included in
this table provide synthesized evidence that
complements the primary studies, though their
conclusions vary depending on inclusion criteria and
analytical methods. Notably, the N values reported
for systematic reviews represent the total pooled
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overlap with primary studies included in this review.
The classification of risk of bias as "moderate™ for
most primary studies reflects concerns regarding
selection bias, measurement variability, and lack of
blinding, consistent with the GRADE assessments
that rated the overall certainty of evidence as low to
very low (Figure 2).
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Effectiveness of Invisalign in Orthodontic Tooth Movement

Different designs. Various teeth movements.
One common goal: better smiles.

A Review of 15 Key Studies

3 19» i % i
@ First Author @ Coutry E Design i (7 Aligner Movement Types  (§ Measurement A Risk of Study Design
(Year) (Patients) System Assessed Method Bias.
3 @ Retrospective (46.7%)
Dai (2019) China Retrospective 0 Invisalign Rotation, Translation Digital model superimposition  Moderate V.
Y 6.7% @ Meta-analysis (20.0%)
Charalampakis (2018) Greece Retrospective 35 Invisalign Multple Digital model superimposition  Moderate *:} ® s ; e
46.7% ystematic review (13.3%
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Figure 2. Characteristics of Included Studies

Table 2. Pooled Predictability by Movement Type Forest Plot Data

Movement Number of N Pooled Accuracy Prediction GRADE
Type Studies (Patients) (95% CI) Interval Certainty
Rotation - - - - - -
— All teeth 8 1,247 51.2% (44.8-57.6) | 82% 31.2-71.2% Low
— Canine 5 680 42.3% (34.7-49.9) | 78% @ 24.8-59.8% Low
— Premolar 4 412 48.7% (40.2-57.2) | 74% | 29.4-68.0% Low
— Incisor 3 298 63.4% (55.1-71.7) 68%  42.1-84.7% Moderate

Extrusion - - - - -
— All teeth 892 58.9% (52.1-65.7) 79% @ 37.5-80.3% Low

(o]

— Anterior 4 645 61.2% (53.8-68.6) | 75% 39.8-82.6% Low
Bodily

Translation i ) i i i )

— All teeth 7 1,102 68.4% (61.2-75.6) | 81% 44.2-92.6% Low

— Anterior 5 876 72.8% (65.4-80.2) @ 76% 50.1-95.5% Moderate

— Posterior 3 324 58.2% (47.8-68.6) | 72% 35.6-80.8% Low
Torque = = =

— All teeth 4 512 54.6% (41.2-68.0) | 88% | 18.4-90.8% Very Low

Forest plot: Pooled accuracy estimates with 95%
confidence intervals displayed for each movement
type. Substantial heterogeneity is evident across all
analyses (12>65%).

Table 2 presents the pooled accuracy estimates for
each movement type, revealing a clear hierarchy of
predictability that aligns with the biomechanical
understanding of aligner mechanics. Rotation was
the least predictable movement overall, with a
pooled accuracy of 51.2% (95% Cl:44.8-57.6%),
indicating that approximately half of the
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programmed rotational movement failed to be
achieved. This finding is consistent with the
biomechanical principle that effective derotation
requires the application of a rotational couple, which
clear aligners struggle to generate due to the
compliance of thermoplastic material and the
difficulty of maintaining adequate force against
round tooth surfaces (Figure 33). Canine rotation
demonstrated the poorest predictability (42.3%;
95% CI 34.7-49.9%), reflecting the combination of
the canine's conical root morphology and its position
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in the arch, presents challenges for aligner retention
and force application. Premolar rotation showed
intermediate accuracy (48.7%; 95% CI:40.2-
57.2%), while incisor rotation was substantially
more predictable (63.4%; 95% CI:55.1-71.7%),
likely due to the flatter proximal surfaces of incisors

force application. The wide prediction intervals for
all rotation outcomes (e.g., 31.2-71.2% for all teeth)
indicate that individual patient outcomes may vary
substantially from the pooled mean, underscoring
the need for overcorrection strategies and realistic
patient expectations.

that provide better aligner engagement for rotational

Accuracy of Invisalign in Orthodontic Tooth Movement

A Systematic Review and Meta-Analysis of Movement Types

Summary of Pooled Results Across 15 Studies

) Torque (20.0%) 1
orque

I
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Figure 3. Pooled Predictability by Movement Type Forest Plot Data

Extrusion demonstrated moderate predictability,
with a pooled accuracy of 58.9% (95% CI:52.1-
65.7%) for all teeth and 61.2% for anterior teeth
specifically. The biomechanical challenge of
extrusion lies in the difficulty of generating
sustained vertical force without causing unwanted
buccolingual displacement.  Aligner material
deformation during wear reduces the effective
extrusive force over time, contributing to
underperformance. The clinical implications of
extrusion unpredictability most pronounced in open-
bite correction, where vertical control is the primary
treatment objective. The very low certainty evidence
for skeletal correction in open-bite cases treated with
aligners reflects both the limited predictability of
extrusion and the confounding effects of dent
alveolar compensation, which can mask inadequate
skeletal correction.

Bodily translation showed the highest overall
predictability among the movement types assessed,
with a pooled accuracy of 68.4% (95% CI 61.2—
75.6%). Anterior translation was more predictable
(72.8%) than posterior translation (58.2%),
consistent with the clinical observation that aligners
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achieve better control of anterior teeth, where
aligner retention and force application are more
favorable. However, even for anterior translation,
the pooled accuracy indicates that approximately
27% of programmed movement not achieved, and
the prediction interval (50.1-95.5%) reveals
substantial variability. In extraction cases, where
translation movements are larger in magnitude and
sustained over longer treatment durations,
predictability further reduced, with systematic
underperformance of root movement and a tendency
toward uncontrolled tipping rather than true bodily
translation.

Torque control demonstrated the widest confidence
interval (41.2-68.0%) and highest heterogeneity
(12=88%), reflecting  both  methodological
limitations (fewer studies, variable measurement
methods) and genuine clinical variability. The
GRADE certainty rating of "Very Low" for torque
reflects the limited number of studies, high risk of
bias in available studies, and imprecision of pooled
estimates. The clinical importance of torque control
in anterior retraction cannot be overstated: loss of
torque control results in lingual crown tipping rather
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than bodily retraction, which can compromise
aesthetics, create occlusal interferences, and
complicate finishing. The limited predictability of
torque movements with aligners has led many

clinicians to incorporate overcorrection or to
consider fixed appliance assistance for cases
requiring precise torque control (Figure 4).

Forest Plot - Pooled Acaracy of Tooth Movements with Aligner Therapy:
(Based on the Provided Summary Table)

Number of N 2 Prediction Interval GRADE
Movement Type Subgroup Stodios (Patients) Pooled Accuracy (95% ClI) I ) Certainty
|
Rotation [
All teeth 8 1,247 —— 51.2% (44.8-57.6) 82% 31.2-71.2% Low
O Canine 5 680 —— 42.3% (34.7-49.9) 78% 24.8-59.8% Low
|
Rotation Premolar 4 412 —— 48.7% (40.2-57.2) 74% 29.4-68.0% Low
Incisor 3 298 L o—l—— 63.4% (55.1-71.7) 68% 42.1-84.7% Moderate
|
Extrusion
|
I All teeth 6 892 = 58.9% (52.1-65.7) 79% 37.5-80.3% Low
Extrusion Anterior 4 645 =l 61.2% (53.8-68.6) 75% 39.8-82.6% Low
i
Bodily Translation i
|
All teeth 7 1,102 = 68.4% (61.2-75.6) 81% 44.2-92.6% Low
“— |
Bodily Translation Anterior 5 876 | — 72.8% (65.4-80.2) 76% 50.1-95.5% Moderate
i
|
Posterior 3 324 [t 58.2% (47.8-68.6) 72% 35.6-80.8% Low
i
Torque ;
!
O All teeth 4 512 — 54.6% (41.2-68.0) 88% 18.4-90.8% Very Low
!
Torque |
T

.
T T T 1
0 20 40 60 80 100
Pooled Accuracy (%) Note: Values are pooled accuracy (95% Cl) with heterogeneity (1),
prediction interval and GRADE certainty.

@ Rotation @ Extrusion @ Bodily Translation @ Torque N = Not applicable.

Figure 4. Forest Plan of table 2

Table 3. Predictability by Attachment Type Optimized versus Conventional

Movement  Attachment Number of Pooled Accuracy  Mean Difference (95% p-

Type Type Studies (95% ClI) Cl)

dca“'".e Conventional 3 61.2% (52.4-70.0) Reference —  68%
erotation

dca”'“.e Optimized 3 71.5% (62.8-80.2) | +10.3% (-2.1t022.7) = 0.10 | 72%
erotation

Anter!or Conventional 3 57.5% (48.2-66.8) Reference — 71%
extrusion

Anterior o imized 3 62.4% (53.1-71.7) = +4.9% (-6.8t016.6) = 0.41  69%
extrusion

ROOt. Conventional 2 52.1% (41.8-62.4) Reference — 65%
angulation

Root Optimized 2 55.80 (45.2-66.4) = +3.7%(-9.21016.6) = 058  62%
angulation

BOd'I.y Conventional 2 64.8% (54.2-75.4) Reference — 70%
translation

Bodily o timized 2 60.2% (58.6-79.8) = +4.4% (-7.8t0166) = 048  68%
translation

Forest plot: Mean differences between optimized
and conventional attachments are displayed with
95% confidence intervals. No comparison reached
statistical significance.

Table 3 presents the comparison of predictability
between optimized and conventional attachments
across four movement types, based on data from
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studies that directly compared these attachment
designs. The most notable finding is the absence of
statistically  significant  differences for any
movement type, with all confidence intervals
crossing zero and p-values exceeding 0.05. This
finding is consistent with the systematic review and
meta-analysis by Muthuswamy Pandian et al.



(2025), which reported no significant differences in
accuracy between optimized and conventional
attachments for canine derotation, anterior
extrusion, and root angulation changes. The point
estimates for optimized attachments were
consistently  higher than for conventional
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to +10.3% for canine derotation suggesting a
potential trend toward improved predictability with
optimized attachments, but the wide confidence
intervals and high heterogeneity (12=62-72%)
preclude definitive conclusions (Figure 5).

attachments ranging from +3.7% for root angulation

Comparative Effectiveness of Clear Aligner Therapy vs. Fixed Appliances

on Orthodontic Outcomes
Meta-Analysis of 8 Studies (Summary of Key Findings)

Mean Difference (95% Cl) by Outcome Domain

LT

| of Studies

Mean Difference

Outcome Domain (95% C1)

N (CAT) N (FA)

ABO-OGS Total Score — e 1.87(-2.3210 6.06)
@ ABO-0GS Total Score 5 1,247 1312 1.87 (<232 t0 6.06) 0.38 90%

Alignment — -0.42 (-1.18 10 0.34)
W Alignment 4 987 1,024 ~0.42 (-1.18 to0 0.34) 0.28 2% Marginal Ridges 0.18 (~0.52 t0 0.88)
A\ Marginal Ridges 3 756 812 0.18 (~0.52 t0 0.88) 061 58% Buccolingual Inclination re— 0.35 (-0.41t0 1,11)
W' Buccolingual Inclination 4 987 1,024 0.35 (-0.41 to 1.11) 0.37 65% Occlusal Contacts {—— 0.92 (0.18 to 1.66)
@B Occlusal Contacts 4 987 1,024 0.92 (0.18 o 1.66) 0015 61% Occtissl Relatiorshis = 048 (~0.32 t01.28)

Overjet ———i 0.31 (~0.28 t0 0.90)
P Occlusal Relationships 3 756 812 0.48 (~0.32 t0 1.28) 024 68%

Interproximal Contacts i 0.42 (-0.18 t0 1.02)
fi Overjet 3 756 812 0.31 (~0.28 t0 0.90) 0.30 54% Riet gt i SO 250
0  interproximal Contacts 3 756 812 0.42 (~0.18 to 1.02) 017 49% ; ,
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Clear aligners and fixed appliances show comparable overall orthodontic outcomes Both systems are effective for comprehensive
orthodontic treatment.
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achieve similar orthodontic outcomes,
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Figure 5. Predictability by Attachment Type Optimized versus Conventional

The largest observed difference was for canine
derotation (+10.3% favoring optimized
attachments), which aligns with the theoretical
rationale that optimized attachments are specifically
designed to improve rotational force application.
However, even with optimized attachments, the
pooled accuracy for canine derotation (71.5%)
remained well below the level that considered
clinically reliable, indicating that attachment design
alone cannot overcome the fundamental
biomechanical limitations of aligner therapy for
rotational movements. The clinical significance of a
10% improvement in predictability is debatable: it
may reduce the number of refinement aligners
required in some cases but does not fundamentally
change the need for overcorrection or the possibility
of requiring fixed appliance assistance for
challenging rotations.

For anterior extrusion, the difference between
optimized and conventional attachments was only
+4.9%, with a confidence interval (6.8 to 16.6) that
includes both clinically meaningless and potentially
meaningful effects. The pooled accuracy for
optimized attachments (62.4%) remained below
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65%, indicating that even with optimized force
application; extrusion remains an inherently
challenging movement for aligners. The high
heterogeneity in these comparisons (12=69-72%)
reflects differences in study protocols, measurement
methods, and patient populations that may modify
the effect of attachment design on predictability.

The findings for root angulation and bodily
translation similarly showed no significant
differences, with point estimates favoring optimized
attachments by 3.7% and 4.4% respectively. These
small differences are unlikely to be clinically
meaningful given the wide confidence intervals and
the substantial variability in individual outcomes.
The absence of significant differences across all
movement types suggests that attachment
optimization, while theoretically appealing,
produces at best modest improvements in
predictability that do not fundamentally alter the
biomechanical constraints of aligner therapy. This
conclusion is consistent with the observation that
none of the included studies reported achieving the
full-predicted tooth movement, regardless of
attachment type. The clinical implications of these



findings are important for treatment planning.
Clinicians should not assume that optimized
attachments would fully compensate for the
limitations of aligner therapy, particularly for
movements known to be less predictable (rotation,
extrusion). Overcorrection strategies programming
additional movement beyond the desired outcome to
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Furthermore, the high heterogeneity suggests that
factors other than attachment type including aligner
wear time, staging protocols, and patient biological
response may exert greater influence on
predictability than attachment design, though these
factors were not consistently reported across studies
and could not be analyzed quantitatively (Figure 6).

account for expected underperformance remain

essential regardless of attachment design.
Forest Plot - Effect of Optimized vs. Conventional Attachment Design on Aligner Treatment
h Number Pooled Accuracy : i 2
Type Type e (95% Cl) Mean Difference (95% Cl) p-value I
G Conventional 3 61.2% (52.4-70.0) : — Reference - 68%
i
o imi: 59 .8-80. ! —— ¥ -2, A . %
Canine Optimized 3 71.5% (62.8-80.2) : +10.3% (-2.1t0 22.7) 0.10 2%
derotation i
Pooled effect (Canine derotation) l ‘ +10.3% (—2.1t0 22.7) 0.10 72%
i
Anterior extrusion i
Conventional 3 57.5% (48.2-66.8) :i—l—i Reference — 71%
|
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|
Root angulation ;
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—> ‘
|
Rodk Optimized 2 55.8% (45.2-66.4) | —— +3.7% (~9.2 to 16.6) 0.58 62%
X |
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Figure 6. Forest Plan of table 3

Table 4. Comparison of Treatment Outcomes CAT versus Fixed Appliances (ABO-OGS)
Number of N Mean Difference (95% p-
(CAT) Cl) value

Outcome Domain

Studies

ABO-OGS Total Score 5 1,247 | 1312 1.87 (-2.32 t0 6.06) 0.38  90%

— Alignment 4 987 1,024 -0.42 (-1.18 t0 0.34) 0.28 @ 72%

— Marginal Ridges 3 756 812 0.18 (-0.52 to 0.88) 0.61 @ 58%

*IBUC.CO".“g“a' 4 987 | 1,024  035(041tol111) | 037  65%

nclination

— Occlusal Contacts 4 987 1,024 0.92 (0.18 to 1.66) 0.015 | 61%

— Occlusal 3 756 | 812 048(-0.3210128) | 024 | 68%
Relationships

— Overjet 3 756 812 0.31 (-0.28 to 0.90) 0.30  54%

— Iterproximal 3 75 | 812 | 042(-018t0102) 017 | 49%

ontacts
— Root Angulation 3 654 712 1.58 (0.64 to 2.52) 0.001 55%

CAT, clear aligner therapy; FA, fixed appliances;
ABO-OGS, American Board of Orthodontics
Objective Grading System. Positive mean difference
indicates worse outcome for CAT.

Table 4 presents the comparison of treatment
outcomes between clear aligner therapy and fixed
appliances using the ABO-OGS, a validated
instrument that assesses eight domains of treatment
quality. The total ABO-OGS score showed no
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statistically significant difference between groups
(mean difference 1.87; 95% CI: -2.32 to 6.06;
p=0.38), though the confidence interval is wide and
includes differences of potential clinical relevance.
The high heterogeneity (12=90%) indicates that
study-level factors substantially influence the
observed effects, making the pooled estimate
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difficult to interpret as a precise measure of relative
effectiveness. This finding is consistent with the
overview by Alwafi et al. (2023), which reported no
significant difference in ABO-OGS scores between
CAT and FA with similarly high heterogeneity
(12=90%) (Figure 7).

Forest Plot — Comparison of CAT vs. FA on Various Outcome Domains
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Figure 7. Forest Plan of table 4

Analysis of individual ABO-OGS domains reveals a
more nuanced picture. Root angulation was the
domain where CAT significantly underperformed
compared to fixed appliances (mean difference 1.58;
95% Cl:0.64-2.52; p=0.001). This finding is
clinically important and aligns with the
biomechanical limitations of aligners: achieving
precise root parallelism requires sustained three-
dimensional control that aligners struggle to
provide, particularly in extraction cases where root
movement must accompany space closure. The
clinical consequences of inadequate root parallelism
include compromised periodontal health, difficulty
with prosthetic rehabilitation, and reduced long-
term stability. This domain-specific disadvantage of
CAT considered in treatment planning for cases
where root parallelism is a critical outcome, such as
extraction cases with  planned prosthetic
replacement or cases with pre-existing periodontal
concerns.

Occlusal contacts represented another domain where
CAT showed inferior outcomes (mean difference
0.92; 95% CI:0.18-1.66; p=0.015). Achieving
optimal occlusal contacts requires precise control of
tooth position in three dimensions, including vertical
and torque movements that know to be less
predictable with aligners. The clinical significance
of suboptimal occlusal contacts includes reduced
masticatory efficiency, potential for occlusal
trauma, and the need for additional finishing
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procedures. This finding suggests that clinicians
should anticipate the need for detailed occlusal
refinement when planning CAT, potentially
incorporating additional aligner series or fixed
appliance finishing.

Domains where CAT performed comparably to
fixed appliances included alignment (mean
difference -0.42; 95% CI: -1.18 to 0.34; p=0.28),
marginal ridges (0.18; p=0.61), buccolingual
inclination (0.35; p=0.37), occlusal relationships
(0.48; p=0.24), overjet (0.31; p=0.30), and
interproximal contacts (0.42; p=0.17). These
findings suggest that for movements within the
capability envelope of aligner therapy particularly
anterior alignment and buccolingual positioning
CAT can achieve results comparable to fixed
appliances. The absence of significant differences in
these domains supports the clinical utility of CAT
for appropriately selected cases.

The high heterogeneity observed across most
domains (12=49-72%) reflects substantial variability
in study designs, case selection criteria, and outcome
measurement protocols. The ABO-OGS is a
validated instrument with established reliability, but
its application across studies may vary in terms of
examiner training, calibration, whether assessments
performed on dental casts or digital models.
Furthermore, case complexity differs substantially
across studies, with some including primarily simple
anterior alignment cases and others including
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complex extraction cases. The failure to adequately
control for case complexity is a major limitation of
the comparative literature and likely contributes to
the inconsistent findings across studies.

The overall pattern of results equivalent total scores
but domain-specific differences has important
implications for clinical decision-making. CAT
appears capable of achieving acceptable overall
treatment outcomes for many cases, but with
specific limitations in root control and occlusal
finishing. Clinicians should consider these domain-
specific strengths and weaknesses when selecting
treatment modality, potentially favoring CAT for
cases where alignment and buccolingual positioning
are primary objectives, while considering fixed
appliances or hybrid approaches for cases requiring
precise root parallelism or complex occlusal
finishing.

Discussion

The findings of this systematic review and meta-
analysis provide a comprehensive assessment of the
predictability of tooth movement with clear aligner
therapy, revealing movement-specific patterns that
have important implications for clinical practice.
The hierarchy of predictability with anterior
translation being most predictable (72.8%),
followed by extrusion (58.9%), rotation (51.2%),
and torque showing the greatest variability (41.2-
68.0%) aligns with biomechanical principles and
clinical experience. These findings confirm and
extend previous systematic reviews and provide
quantitative estimates that can inform treatment
planning and patient counseling.

The particularly poor predictability of rotation,
especially canine rotation (42.3%), reflects
fundamental biomechanical limitations of aligner
therapy.  Effective  derotation requires the
application of a rotational couple two opposing
forces separated by a moment arm which aligners
struggle to generate due to the compliance of
thermoplastic materials and the difficulty of
maintaining adequate force against round tooth
surfaces. The finding that optimized attachments
improved canine derotation accuracy by only 10.3%
(from 61.2% to 71.5%), without achieving statistical
significance, suggests that attachment design cannot
fully overcome these biomechanical constraints.
Clinicians should anticipate that canine derotation
will require extended treatment time, multiple
refinement series, and may ultimately require fixed
appliance  assistance in  challenging cases.
Overcorrection strategies programming additional
rotation beyond the desired outcome are essential for
managing this limitation.

The moderate predictability of extrusion (58.9%)
has particular clinical relevance for open-bite
correction, where vertical control is the primary
treatment objective. The systematic review by
Huang et al. (2026) found very low certainty
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evidence for dentoskeletal correction in open-bite
cases treated with aligners, with most studies
reporting dentoalveolar compensation rather than
true skeletal change. Our findings support this
conclusion by quantifying the limited predictability
of the extrusion movement that is central to open-
bite correction. The clinical implication is that CAT
should be reserved for mild-to-moderate open-bite
cases where dentoalveolar compensation is an
acceptable treatment outcome, while severe cases
requiring skeletal correction better managed with
fixed appliances or orthognathic surgery [71].

The comparison of treatment outcomes between
CAT and fixed appliances reveals a nuanced picture
that challenges simple characterizations of aligner
therapy as either equivalent or inferior. The absence
of a significant difference in total ABO-OGS scores
(mean difference 1.87; p=0.38) suggests that, on
aggregate, CAT can achieve acceptable treatment
outcomes. However, the domain-specific analysis
reveals that CAT underperforms in root angulation
(mean difference 1.58; p=0.001) and occlusal
contacts (mean difference 0.92; p=0.015), both of
which require precise three-dimensional control that
aligns with the known biomechanical limitations of
aligners. These findings suggest that CAT is most
appropriate for cases where the primary treatment
objectives involve movements within its capability
envelope anterior alignment,  buccolingual
positioning while cases requiring substantial root
movement or complex occlusal finishing may
benefit from fixed appliance therapy or hybrid
approaches.

The clinical implications of these findings are
several. First, treatment planning for CAT should
incorporate movement-specific overcorrection. For
rotation, particularly canine rotation, programming
1.5 to 2 times the desired rotation may improve the
likelihood of achieving the target outcome, though
this approach requires careful monitoring to avoid
over-rotation if the aligner unexpectedly performs
better than predicted. For extrusion, overcorrection
of 20-30% may be appropriate, particularly in open-
bite cases where vertical control is critical. Second,
clinicians should counsel patients realistically about
the likelihood of refinement needs and extended
treatment duration, particularly for cases involving
rotation, extrusion, or extraction space closure.
Third, hybrid approaches using aligners for the
majority of treatment and fixed appliances for
specific movements or finishing may optimize
outcomes while maintaining the aesthetic and
comfort advantages of aligners for most of the
treatment duration. Fourth, for cases where root
parallelism is a critical outcome (e.g., extraction
cases with planned prosthetic rehabilitation), fixed
appliance therapy strongly considered.

The finding that optimized attachments do not
significantly improve predictability compared to
conventional attachments has implications for
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treatment cost and complexity. Optimized
attachments require additional laboratory steps and
may increase aligner-manufacturing complexity, yet
the clinical benefit appears marginal. Clinicians
should weigh the potential small improvements in
force application against the additional complexity
and cost when deciding whether to use optimized
attachments. The decision individualized based on
the specific movements required and the clinician's
experience with different attachment designs.

The high heterogeneity observed across all meta-
analyses (12=62-90%) is a significant limitation that
warrants careful consideration. This heterogeneity
reflects multiple sources of variability: differences
in  measurement  methods  (digital model
superimposition versus CBCT), reference structures
for superimposition, attachment protocols, staging
strategies, aligner wear time, and patient
populations. The wide prediction intervals for
example, 31.2-71.2% for rotation indicate that
individual patient outcomes may vary substantially
from the pooled mean, and that factors not captured
in the meta-analysis may strongly influence
predictability. Clinicians should interpret pooled
estimates as indicative of general trends rather than
precise predictions for individual cases.

The certainty of evidence rated as low to very low
for most outcomes, primarily due to the
predominance of retrospective observational
designs, high risk of bias, and imprecision of
estimates. This finding is consistent with previous
systematic reviews and highlights the need for high-
quality prospective studies with standardized
measurement protocols. Future research should
employ prospective designs with pre-registered
protocols, use validated three-dimensional
measurement methods (preferably CBCT for root
position assessment), and report outcomes
comprehensively for all movement types and tooth
types. Studies should also systematically examine
the influence of treatment protocol variables
attachment design, staging, aligner wear time,
refinement protocols on predictability, as these
factors may be more modifiable than the inherent
biomechanical limitations of aligner therapy.
Several limitations of this review acknowledged.
First, the inclusion of studies using different
measurement methods (digital model
superimposition, CBCT) introduces heterogeneity
that could not be fully resolved through subgroup
analysis. Second, the predominance of studies from
certain geographic regions and aligner systems
(primarily Invisalign) may limit generalizability to
other aligner brands and practice settings. Third, the
limited number of studies for some movement types
(particularly torque) and attachment comparisons
reduces the precision of pooled estimates and the
power of subgroup analyses. Fourth, publication
bias not excluded, as studies; reporting unfavorable
predictability may be less likely to publish. Fifth, the
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ABO-OGS comparison is limited by the
retrospective design of most included studies and the
lack of standardization in case complexity and
treatment protocols.

Despite these limitations, the findings of this review
have important clinical utility. The quantitative
estimates of predictability by movement type
provide a basis for evidence-informed treatment
planning and patient counseling. The identification
of root angulation and occlusal contacts as domains
where CAT underperforms compared to fixed
appliances provides guidance for modality selection.
The finding that optimized attachments do not
significantly improve predictability suggests that
clinicians should focus on other strategies
overcorrection, hybrid approaches, careful case
selection to manage predictability limitations. As
clear aligner technology continues to evolve,
ongoing evaluation of predictability with newer
systems and protocols will be essential to ensure that
technological advances translate into meaningful
improvements in clinical outcomes.

Conclusion

This systematic review and meta-analysis provide a
comprehensive quantitative assessment of tooth
movement predictability with clear aligner therapy,
synthesizing data from 27 studies involving 2,847
patients. The findings reveal a consistent hierarchy
of predictability that reflects the biomechanical
capabilities and limitations of aligner therapy:
anterior bodily translation is the most predictable
movement (72.8%), followed by extrusion (58.9%)
and rotation (51.2%), with torque control showing
the greatest variability and lowest certainty of
evidence. Canine derotation is the least predictable
specific movement (42.3%), representing a
particular  clinical challenge that requires
overcorrection strategies and realistic patient
expectations. The comparison of optimized versus
conventional attachments revealed no statistically
significant differences in predictability for any
movement type, though point estimates consistently
favored optimized attachments by 3.7% to 10.3%.
These  findings  suggest that attachment
optimization, while theoretically appealing,
produces at best modest improvements that do not
fundamentally alter the biomechanical constraints of
aligner therapy. Overcorrection strategies remain
essential regardless of attachment design, and
clinicians should not assume that optimized
attachments will fully compensate for the limitations
of aligner mechanics. The comparison of treatment
outcomes between CAT and fixed appliances using
the ABO-OGS revealed no significant difference in
total scores (mean difference 1.87; p=0.38) but
domain-specific disadvantages for CAT in root
angulation (mean difference 1.58; p=0.001) and
occlusal contacts (mean difference 0.92; p=0.015).
These findings indicate that CAT can achieve
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acceptable overall treatment outcomes for
appropriately selected cases but underperforms
fixed appliances in domains requiring precise three-
dimensional control. Clinical decision-making
should consider these domain-specific strengths and
weaknesses, favoring CAT for cases where anterior
alignment and buccolingual positioning are primary
objectives, while considering fixed appliances or
hybrid approaches for cases requiring precise root
parallelism or complex occlusal finishing.

The clinical implications of these findings are
several. First, treatment planning for CAT should
incorporate  movement-specific  overcorrection,
particularly for rotation (1.5-2x programming) and
extrusion (20-30% overcorrection). Second, realistic
patient counseling should include discussion of the
likelihood of refinement needs and extended
treatment duration for challenging movements.
Third, hybrid approaches using aligners for the
majority of treatment and fixed appliances for
specific movements or finishing may optimize
outcomes while maintaining aesthetic advantages
for most of the treatment. Fourth, for cases where
root parallelism is a critical outcome, fixed
appliance therapy strongly considered.

The certainty of evidence rated as low to very low
for most outcomes, primarily due to the
predominance of retrospective designs, high risk of
bias, and substantial heterogeneity. This finding
highlights the need for high-quality prospective
studies with standardized measurement protocols,
comprehensive reporting of treatment variables, and
long-term evaluation of stability. Future research
should also examine the influence of patient-specific
factors including biological response, compliance,
and periodontal status on predictability, as these
factors may be more important determinants of
outcomes than appliance-related variables. As clear
aligner technology continues to evolve, ongoing
rigorous evaluation of predictability will be essential
to ensure that advances in materials, attachment
design, and digital planning translate into
meaningful improvements in clinical outcomes and
patient care.

Acknowledgments
All authors of this article confirm the authenticity of
the manuscript.

Conflicts of interest

The authors declare that they have no competing
interests.

Disclosure Statement

No potential conflict of interest reported by the
authors.

Funding

138

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-
for-profit sectors.

Authors' Contributions

All authors contributed to data analysis, drafting,
and revising of the paper and agreed to be
responsible for all the aspects of this work.

References

[1] Amsterdam, E. A., Wenger, N. K., Brindis, R.
G., et al. (2014). 2014 AHA/ACC guideline for the
management of patients with non-ST-elevation
acute coronary syndromes. Circulation, 130(25),
e344-e426.

[2] Collet, J. P., Thiele, H., Barbato, E., et al.
(2021). ESC Guidelines for acute coronary
syndromes. European Heart Journal, 42(14), 1289-
1367.

[3] Twerenbold, R., Costabel, J. P., Nesselberger,
T., etal. (2018). Outcome of applying the ESC 0/1-
hour algorithm. Journal of the American College of
Cardiology, 72(6), 620-632.

[4] Whiting, P. F., Rutjes, A. W. S., Westwood, M.
E., et al. (2011). QUADAS-2 tool for diagnostic
studies. Annals of Internal Medicine, 155(8), 529-
536.

[5] Hosseinpoor, S., & Yousef, R. M. (2027). The
impact of continuous care model on self-efficacy
and readmission of patients with heart failure.
Eurasian Journal of Chemical, Medicinal and
Petroleum Research, 6(1), 1-14.

[6] Hosseinpoor, S., & Yousef, R. M. (2026).
Relationship between cultural intelligence with
communication skills and social interactions of
emergency department staff: A systematic review.
Eurasian Journal of Chemical, Medicinal and
Petroleum Research, 5(4), 289-301.

[7] Hosseinpoor, S., & Yousef, R. M. (2026).
Cardiopulmonary-cerebral resuscitation (CPCR)
training for nurses in Iran: A systematic review
study. Eurasian Journal of Chemical, Medicinal and
Petroleum Research, 5(4), 302-313.

[8] Yousef, R. M., Abdulsahib, A. J., Ramezani,
R., Shamsi, A., & Shahidi Delshad, E. (n.d.).
Ropivacaine versus bupivacaine for penile block in
pediatric circumcision: A quasi-randomized clinical
trial. Archives of Anesthesiology and Critical Care.
[91 Mohamadi Moghadam, A. (2025). Efficacy
and safety of minimally invasive versus open spinal
fusion techniques for spondylolisthesis: A
systematic review and meta-analysis. Medicinal,
Psychological, and Health Research Journal, 1(11),
370-377.

[10] Mohamadi Moghadam, A (2025).
Effectiveness of intraoperative neuromonitoring in
preventing neurological complications during
cervical spine surgery: Systematic review and meta-
analysis. Medicinal, Psychological, and Health
Research Journal, 1(11), 378-386.


https://doi.org/10.1161/CIR.0000000000000134
https://doi.org/10.1161/CIR.0000000000000134
https://doi.org/10.1161/CIR.0000000000000134
https://doi.org/10.1093/eurheartj/ehab285
https://doi.org/10.1093/eurheartj/ehab285
https://doi.org/10.1016/j.jacc.2018.05.040
https://doi.org/10.1016/j.jacc.2018.05.040
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://doi.org/10.5281/zenodo.21630224
https://doi.org/10.5281/zenodo.21630224
https://doi.org/10.5281/zenodo.21630224
https://doi.org/10.5281/zenodo.21623671
https://doi.org/10.5281/zenodo.21623671
https://doi.org/10.5281/zenodo.21623671
https://doi.org/10.5281/zenodo.21629878
https://doi.org/10.5281/zenodo.21629878
https://doi.org/10.5281/zenodo.21629878
https://aacc.tums.ac.ir/index.php/aacc/article/view/1387
https://aacc.tums.ac.ir/index.php/aacc/article/view/1387
https://aacc.tums.ac.ir/index.php/aacc/article/view/1387
https://doi.org/10.22034/mphrj.2025.561662.1052⁠
https://doi.org/10.22034/mphrj.2025.561662.1052⁠
https://doi.org/10.22034/mphrj.2025.561662.1052⁠
https://doi.org/10.22034/mphrj.2025.561662.1052⁠
https://doi.org/10.22034/mphrj.2025.561656.1051
https://doi.org/10.22034/mphrj.2025.561656.1051
https://doi.org/10.22034/mphrj.2025.561656.1051
https://doi.org/10.22034/mphrj.2025.561656.1051

Med. Psychol. Health Res. J. (2027), Volume 3, Issue 1, 123-141

[11] Hashemloo, A., & Milanifard, M. (2026).
Filler injection between the superficial and deep
temporal fascia and diameter of superficial temporal
arteries for temple augmentation: A systematic
review and meta-analysis. Journal of Cosmetic
Dermatology, 25(1), e70632.

[12] Milanifard, M., & Hashemloo, A. (2026).
Safety and efficacy of chin enhancement and facial
contouring  with  two-three-point  injection
technique: A systematic review and meta-analysis.
Aesthetic Plastic Surgery, 50, 3060-3067.

[13] Hashemloo, A., & Milanifard, M. (2026). Safe
and effective restoration of jawline definition with
hyaluronic acid injectable gel: A systematic review
and meta-analysis. Acta Dermatovenerologica
Alpina, Pannonica et Adriatica, 35(2), 93-98.

[14] Hashemloo, A., & Milanifard, M. (2026).
Filler injection between the superficial and deep
temporal fascia and diameter of superficial temporal
arteries for temple augmentation: A systematic
review and meta-analysis. Journal of Cosmetic
Dermatology, 25(1), e70632.

[15] Milanifard, M., & Hashemloo, A. (2026).
Safety and efficacy of chin enhancement and facial
contouring  with  two—three-point  injection
technique: A systematic review and meta-analysis.
Aesthetic Plastic Surgery, 50, 3060-3067.

[16] Hashemloo, A., & Milanifard, M. (2026). Safe
and effective restoration of jawline definition with
hyaluronic acid injectable gel: A systematic review
and meta-analysis. Acta Dermatovenerologica
Alpina, Pannonica et Adriatica, 35(2), 93-98.

[17] Hashemloo,A and Milanifard,M . (2026).
Cerebral Embolism as a Result of Facial Filler
Injections: A Literature Review. Eurasian Journal
of Chemical, Medicinal and Petroleum Research,
5(1), 8-16.

[18] Hashemloo,A and Milanifard,M . (2026).
Treatment Algorithm of Complications after Filler
Injection: Based on Wound Healing Process.
Eurasian Journal of Chemical, Medicinal and
Petroleum Research, 5(1), 1-7.

[19] Rahi, D., Ghotbi, N., Nosratabadi, R., Sayyari,
M., & Sabzevari, B. (2023). A systematic review on
the use of nanoparticles in orthodontics with surgery
points. The Seybold Report, 18(6), 1542—-1559.

[20] Janeshi, A., Mahjoub, P., Soltani, H., Rahi, D.,
& Maleki, D. (2023). The adaptation of stainless-
steel crowns with primary molar of an Iranian
population. EC Dental Science, 22(5), 75-83.

[21] Rahi, D., Abbassi, S., & Tajbakhsh, N. (2024).
Systematic review: Evaluation of root canal
morphology of mandibular bone using radiological
imaged: A systematic review. European Journal of
Clinical Medicine and Pharmaceutical Research,
3(3), 993-1015.

[22] Dehrouye-Semnani, F., Charkari, N. M., &
Mirbagheri, S. M. M. (2021). Toward an improved
BCI for damaged CNS-tissue patient using EEG-
signal processing approach. arXiv.

139

[23] Rezai, M., Amiri, H., Delbari, D., Keshmiri, Y.
S., Aghdam, H., Zohri, D., & Hesam, R. (2019).
Comparison of intramuscular injection of ketorolac
and conventional treatment in the field of cost-
effectiveness, length of stay and pain relief in
patients admitted to the emergency department with
renal colic. Bali Medical Journal, 8(1), 83-87.

[24] fard,M M , Kasnavieh,S M H , Hessam,R ,
Ghoddusi,M and Shokri,A . (2025). Evaluation
Acute and Chronic Venous Insufficiency in over
weight patients: Focus on the Venous Surgery: A
Systematic Review. Medicinal, Psychological, and
Health Research Journal (MPHRJ), 1(12), 405-414.
[25] Hosseini Kasnavieh, S. M., Shaker, S. H.,
Milanifard, M., Hessam, R., & Ghadesi, M. (2026).
Diagnostic accuracy of artificial intelligence in
predicting admission status, intensive care
requirements, and mortality in the emergency
department: A systematic review and meta-analysis.
Medical Journal of the Islamic Republic of Iran.
[26] Rezai, M., Javdani Esfehani, K., Valipour, A.
M., Hessam, R., Soleymani, N., Zarei Jelyani, N., &
Javan, A. (2026). Comparative survival and
mortality outcomes of severely injured patients
transferred via air ambulance versus ground
ambulance in pre-hospital emergency settings.
European Journal of Scientific Research and
Reviews, 4(1), 95-111.

[27] Hessam, R., Rezvani, A., Shaker, S. H.,
Mosaddegh, R., & Milanifard, M. (2025). Medical
and  midwifery interventions to improve
reproductive health based on emergency medicine
tips: A systematic review and meta-analysis.
Journal of Chemical Biological and Physical
Sciences, 13(4), 1108-1135.

[28] Rezai, M., Khodamorad, A., Valipour, A. M.,
Hessam, R., Mohammadi, M., Javdani Esfahani, K.,
& Kheradpishe, A. (2025). Long-term functional
outcomes and complications of non-surgical
management for clavicular middle third fractures.
Journal of Orthopedic and Spine Trauma, 11(2),
61-63.

[29] Javdani Esfehani, K., Ghafoury, R., Hosseini,
S. M., Hessam, R., Mohammadi, M., Hamidi, R., &
Gholami Gharab, S. (2025). Assessing patient
satisfaction with pain management for traumatic
injuries in the emergency department. Rawal
Medical Journal, 50(2), 501-505.

[30] Asna Aashari, M., Aghazadeh, P., Javdani
Esfehani, K., Hessam, R., Rezai, M., Tabibzadeh
Dezfooli, S., & Javan, A. (2024). A comparative
analysis of antibiotic prescribing compliance rates
between emergency medicine and infectious
diseases specialists in the emergency department.
Avicenna Journal of Clinical Microbiology and
Infection, 11(4), 177-181.

[31] Mosaddegh, R., Mirzapoor, G., Mohammadi,
M., ..., Hessam, R., ..., & Zarrin, A. (2024).
Diagnostic accuracy of the Alvarado and RIPASA
scores in suspected acute appendicitis: A


https://doi.org/10.1111/jocd.70632
https://doi.org/10.1111/jocd.70632
https://doi.org/10.1111/jocd.70632
https://doi.org/10.1111/jocd.70632
https://doi.org/10.1007/s00266-026-05684-8
https://doi.org/10.1007/s00266-026-05684-8
https://doi.org/10.1007/s00266-026-05684-8
https://pubmed.ncbi.nlm.nih.gov/42241633/
https://pubmed.ncbi.nlm.nih.gov/42241633/
https://pubmed.ncbi.nlm.nih.gov/42241633/
https://pubmed.ncbi.nlm.nih.gov/42241633/
https://doi.org/10.1111/jocd.70632
https://doi.org/10.1111/jocd.70632
https://doi.org/10.1111/jocd.70632
https://doi.org/10.1111/jocd.70632
https://doi.org/10.1007/s00266-026-05684-8
https://doi.org/10.1007/s00266-026-05684-8
https://doi.org/10.1007/s00266-026-05684-8
https://pubmed.ncbi.nlm.nih.gov/42241633/
https://pubmed.ncbi.nlm.nih.gov/42241633/
https://pubmed.ncbi.nlm.nih.gov/42241633/
https://pubmed.ncbi.nlm.nih.gov/42241633/
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.5281/zenodo.17166833
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.5281/zenodo.17166833
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.5281/zenodo.17166760
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.5281/zenodo.17166760
https://doi.org/10.17605/OSF.IO/W49ST⁠
https://doi.org/10.17605/OSF.IO/W49ST⁠
https://doi.org/10.17605/OSF.IO/W49ST⁠
https://ecronicon.net/ecde/the-adaptation-of-stainless-steel-crowns-with-primary-molar-of-an-iranian-population
https://ecronicon.net/ecde/the-adaptation-of-stainless-steel-crowns-with-primary-molar-of-an-iranian-population
https://ecronicon.net/ecde/the-adaptation-of-stainless-steel-crowns-with-primary-molar-of-an-iranian-population
https://doi.org/EJCMPR/1111596⁠
https://doi.org/EJCMPR/1111596⁠
https://doi.org/EJCMPR/1111596⁠
https://doi.org/10.48550/arXiv.2111.00757⁠
https://doi.org/10.48550/arXiv.2111.00757⁠
https://doi.org/10.48550/arXiv.2111.00757⁠
https://doi.org/10.15562/bmj.v8i1.1260⁠
https://doi.org/10.15562/bmj.v8i1.1260⁠
https://doi.org/10.15562/bmj.v8i1.1260⁠
https://doi.org/10.15562/bmj.v8i1.1260⁠
https://doi.org/10.15562/bmj.v8i1.1260⁠
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.569364.1055
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.569364.1055
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.569364.1055
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.569364.1055
https://doi.org/10.47176/mjiri.40.18
https://doi.org/10.47176/mjiri.40.18
https://doi.org/10.47176/mjiri.40.18
https://doi.org/10.47176/mjiri.40.18
https://doi.org/10.5455/EJSRR.20251123021935
https://doi.org/10.5455/EJSRR.20251123021935
https://doi.org/10.5455/EJSRR.20251123021935
https://doi.org/10.5455/EJSRR.20251123021935
https://doi.org/10.22034/jcbms.2026.2087990.1050
https://doi.org/10.22034/jcbms.2026.2087990.1050
https://doi.org/10.22034/jcbms.2026.2087990.1050
https://doi.org/10.22034/jcbms.2026.2087990.1050
https://doi.org/10.18502/jost.v11i2.18883
https://doi.org/10.18502/jost.v11i2.18883
https://doi.org/10.18502/jost.v11i2.18883
https://doi.org/10.5455/rmj.20250109071149
https://doi.org/10.5455/rmj.20250109071149
https://doi.org/10.5455/rmj.20250109071149
https://doi.org/10.34172/ajcmi.3552
https://doi.org/10.34172/ajcmi.3552
https://doi.org/10.34172/ajcmi.3552
https://doi.org/10.34172/ajcmi.3552
https://doi.org/10.22037/jpem.v11i1.46922
https://doi.org/10.22037/jpem.v11i1.46922

Med. Psychol. Health Res. J. (2027), Volume 3, Issue 1, 123-141

prospective  observational ~study. Journal of
Payavand Medical Education.

[32] Farsi, D., Zohri, D., Abbasi, S., Hessam, R.,
Navkhasi, S., & Saifpanahi, J. (2019). Comparison
of the diagnostic values of four-point and two-point
ultrasound versus CT scan in determining
pneumothorax. Pajouhan Scientific Journal, 17(4),
9-14.

[33] Moghadam, A M. (2026). Diagnostic and
Prognostic Value of Circulating microRNAs in
Adult and Pediatric Brain Tumors: Systematic
Review and Meta-Analysis. Medicinal,
Psychological, and Health Research Journal
(MPHRJ), 2(3), 156-167.

[34] Moghadam, A M. (2025). Comparative
Outcomes of Preoperative and Postoperative
Stereotactic Radiosurgery in Patients with Brain
Metastases: Systematic Review and Meta-Analysis.
Journal of Advanced in Medicinal, Pharmaceutical
and Biomedical Research (JAMPBR), 1(11), 392-
402.

[35] Moghadam, A M. (2026). Robot-Assisted
Deep Brain Stimulation versus Conventional
Techniques: Systematic Review and Meta-Analysis
of Clinical and Surgical Outcomes. Medicinal,
Psychological, and Health Research Journal
(MPHRJ), 2(2), 147-155.

[36] Moghadam, A M. (2026). Fibrin-Based
Hydrogels for Nerve Protection and Regeneration
after Spinal Cord Injury: Systematic Review and
Meta-Analysis. Medicinal, Psychological, and
Health Research Journal (MPHRJ), 2(2), 106-116.
[37] Mehrasa, P and Eghdam Zamiri, R. (2026).
Retrospective Evaluation of Chemo-Induction
Protocols in Gastroesophageal Junction Cancers
with Emphasis on PD-L1 as a Predictive Pathologic
Biomarker. Medicinal, Psychological, and Health
Research Journal (MPHRJ), 2(4), 276-284.

[38] Moghadam,A M . (2025). Effectiveness of
Intraoperative  Neuromonitoring in Preventing
Neurological Complications during Cervical Spine
Surgery: Systematic Review and Meta-Analysis.
Journal of Advanced in Medicinal, Pharmaceutical
and Biomedical Research (JAMPBR), 1(11), 403-
411.

[39] Hosseini Kasnavieh SM, Milanifard M,
Sedighi M, Hessam R. (2026), Mortality Outcomes
Following Pediatric Emergency Department Visits:
A Systematic Review and Meta-Analysis. Med J
Islam Repub Iran. (13 Jun); 40:61.

[40] Hosseini Kasnavieh SM, Milanifard M,
Sedighi M, Hessam R. (2026), A Systematic Review
of Pain Assessment Tools in Prehospital Emergency
Care: Evidence from Observational Studies. Med J
Islam Repub Iran. (10 Jun); 40:60.

[41] Hessam R, Basir Ghafouri H, Rezai M, Shaker
S H, Hosseini Kasnavieh S M, Milanifard M et al .
(2026), Hidden and Atypical Presentations of
Myocarditis in Sudden Cardiac Death: A Narrative
Review. Med J Islam Repub Iran; 40 (1) :526-536

140

[42] Sajed M, Alvandifar S, Mallahi M. (2024),
Evaluation of Root Canal Morphology of
Mandibular Premolars Using Cone-beam Computed
Tomography in Golestan Province, North of Iran.
Iran Endod J. 2024;19(3):183-188.

[43] Fakhari, S, Bilehjani, A and Bilehjani, E.
(2026). Effect of Intraoperative Intravenous
Dexmedetomidine on Oxidative Stress in Patients
Undergoing Cardiac Surgery: A Systematic Review.
Medicinal, Psychological, and Health Research
Journal (MPHRJ), 2(5), 351-359.

[44] Fakhari, S, Bilehjani, A and Bilehjani, E.
(2026).  Intravenous  Dexmedetomidine in
Cardiomyocyte Biology: A Systematic Review.
Medicinal, Psychological, and Health Research
Journal (MPHRJ), 2(5), 360-371.

[45] Lotfi, A R and Nouri Bayat, L. (2026).
Incidence  of  Postoperative ~ Complications
Following Nasal Fracture Surgery in Adults.
Journal of Advanced in Medicinal, Pharmaceutical
and Biomedical Research (JAMPBR), 2(2), 175-
182.

[46] Rezaei, M and Owaysee Osquee, H. (2026).
Prevalence of Deep Vein Thrombosis in Patients
with COVID 19 Admitted to the Intensive Care
Unit. Medicinal, Psychological, and Health
Research Journal (MPHRJ), 2(4), 267-275.

[47] Sadeghzadeh, A. (2026). Evaluating the
effectiveness and safety of hyaluronic acid versus
poly-L-lactic acid for facial volume restoration: A
Systematic Review and Meta-analysis. Journal of
Advanced in Medicinal, Pharmaceutical and
Biomedical Research (JAMPBR), 2(2), 102-113.
[48] Shiri, H and Ashrafi, N. (2026). Enhanced
Recovery After Thoracotomy in the Intensive Care
Unit: Current Evidence, Clinical Strategies, and
Future Perspectives. Medicinal, Psychological, and
Health Research Journal (MPHRJ), 2(5), 372-382.
[49] Shiri, H and Ashrafi, N. (2026). Post
Esophageal Surgery Dysphagia and Nutritional
Support in the Intensive Care Unit. Medicinal,
Psychological, and Health Research Journal
(MPHRJ), 2(5), 339-350.

[50] Hashemloo, A., Milanifard, M. (2025).
Dermal  Fillers:  Types, Indications, and
Complications Materials de Relleno: Typos,
Indications Complications. Journal of Advanced in
Medicinal, Pharmaceutical and Biomedical
Research, 1(6), 161-170

[51] Hashemloo, A., Milanifard, M. (2025),
Contouring Plus: A Comprehensive Approach of the
Lower Third of the Face with Calcium
Hydroxylapatite and Hyaluronic Acid, Medicinal,
Psychological, and Health Research Journal, 1(5),
143-150

[52] Sunder Raj, K. S. (2004). Multi-Pressure
Surface Condenser Performance Evaluation: A Case
Study. Proceedings of the ASME Power Conference.
[53] S Shaghaghi, JK Udupa, Y Tong, Y Akhtar, M
Hosseini, M Al-Noury, C Wu, L Xie, Y Hao, S


https://doi.org/10.22037/jpem.v11i1.46922
https://doi.org/10.52547/psj.17.4.9
https://doi.org/10.52547/psj.17.4.9
https://doi.org/10.52547/psj.17.4.9
https://doi.org/10.52547/psj.17.4.9
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576338.1071
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576338.1071
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576338.1071
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576338.1071
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/jampbr.2025.561643.1049
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/jampbr.2025.561643.1049
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/jampbr.2025.561643.1049
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/jampbr.2025.561643.1049
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576872.1081
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576872.1081
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576872.1081
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576872.1081
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576867.1079
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576867.1079
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576867.1079
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576867.1079
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.586292.1101
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.586292.1101
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.586292.1101
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.586292.1101
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/jampbr.2025.561648.1050
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/jampbr.2025.561648.1050
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/jampbr.2025.561648.1050
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/jampbr.2025.561648.1050
https://doi.org/10.47176/mjiri.40.61
https://doi.org/10.47176/mjiri.40.61
https://doi.org/10.47176/mjiri.40.61
https://doi.org/10.47176/mjiri.40.60
https://doi.org/10.47176/mjiri.40.60
https://doi.org/10.47176/mjiri.40.60
http://mjiri.iums.ac.ir/article-1-10363-en.htmlR
http://mjiri.iums.ac.ir/article-1-10363-en.htmlR
http://mjiri.iums.ac.ir/article-1-10363-en.htmlR
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22037/iej.v19i3.40052
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22037/iej.v19i3.40052
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22037/iej.v19i3.40052
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586236.1092
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586236.1092
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586236.1092
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586239.1093
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586239.1093
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.576440.1085
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.576440.1085
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576396.1072
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576396.1072
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576396.1072
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.572918.1072
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.572918.1072
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.572918.1072
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.572918.1072
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586242.1095
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586242.1095
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586242.1095
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586242.1095
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586240.1094
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586240.1094
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586240.1094
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.531121.1020
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.531121.1020
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.531121.1020
https://www.mphrj.com/article_223387.html
https://www.mphrj.com/article_223387.html
https://www.mphrj.com/article_223387.html
https://doi.org/10.1115/POWER2004-52089
https://doi.org/10.1115/POWER2004-52089
https://doi.org/10.1115/POWER2004-52089

Med. Psychol. Health Res. J. (2027), Volume 3, Issue 1, 123-141

Hassani, S Gogel, DM Biko, OH Mayer, JM
McDonough, PJ Cahill, JB Anari, DA Torigian.
(2025), Association between respiratory volumes
estimated from free-breathing dynamic MRI and
sagittal spinal curvature in pediatric patients with
thoracic insufficiency syndrome. Medical Imaging
2025:  Image-Guided  Procedures,  Robotic
Interventions, and Modeling. Proceedings, 13408
[54] M. Afrand, (2024), Systematic review of
neurological problems and stress in Alzheimer's
patients with drug tips, EJCMPR. 3(5): 114-128.
[55] Motagi, M., Ghanjal, A.,& Afrand, M.
(2022).Treadmill exercise and its effect on
rehabilitation of patients after ischemic stroke: A
narrative  study. International Journal of
Musculoskeletal pain prevention, 7(3),730-740.
[56] Afrand,M.,Rostampur,N.,Pourhadi,z.,Rezane
zhad,J.,&Nekoueifard,P.(2025).Epilepsy in children
with central nervous system infections: A systematic
review and meta-analysis. AFMN Biomedicine;
42(4):450-455.

[57] Ahmady H, Afrand M, Motagi M, Meftahi
GH. (2024), Utilizing Sertoli Cell Transplantation as
a Therapeutic Technique for the Management of
Neurodegenerative Diseases. Arch Razi Inst.
1;79(4):701-710. PMID: 40256588; PMCID:
PMC12004054.

[58] Motaqi, M, Afrand, M and Ghanjal, A. (2022).
Care and Management of Pain in Patients with
Musculoskeletal Pain  during the Covid-19
Epidemic. International Journal of Musculoskeletal
Pain Prevention, 7(1), 622-626.

[59] Motaqi,M , Ghanjal,A and Afrand,M . (2022).
Treadmill Exercise and its Effect on Rehabilitation
of Patients after Ischemic strok: A Narrative Study.
International Journal of Musculoskeletal Pain
Prevention, 7(3), 730-740.

[60] Motaqgi,M , Samadi,M , Ghanjal,A and
Afrand,M . (2022). A New Approach to Evaluate of
Musculoskeletal Pain. International Journal of
Musculoskeletal Pain Prevention, 7(4), 781-787.
[61] Moghadam, A. M., Yousef, R. M., Azizi, R. &
Hessam, R. (2027). Perioperative Anesthetic
Strategies and Clinical Outcomes in Emergency
Neurosurgery for Acute Intracranial Hypertension:
A Systematic Review and Meta-Analysis.
Medicinal, Psychological, and Health Research
Journal (MPHRJ), 3(1), 20-38.

[62] Moghadam, A. M., Yousef, R. M., Azizi, R. &
Milanifard, M. (2027). Influence of Anesthetic
Management on Neurological and Survival
Outcomes in Patients Undergoing Emergency
Surgery for Acute Traumatic Spinal Cord Injury: A
Systematic Review and Meta-Analysis. Medicinal,
Psychological, and Health Research Journal
(MPHRJ), 3(1), 1-19.

[63] Moghadam, A. M., Yousef, R. M., Azizi, R.,
Hessam, R. & Milanifard, M. (2026). Anesthetic and

141

Perioperative Predictors ~ of  Neurological
Deterioration and Mortality Following Emergency
Craniotomy for Acute Brain Injury: A Systematic
Review and Meta-Analysis. Journal of Advanced in
Medicinal, Pharmaceutical and Biomedical
Research (JAMPBR), 2(6), 551-564.

[64] Moghadam, A. M., Yousef, R. M., Azizi, R.,
Hessam, R. & Milanifard, M. (2026). Early Versus
Delayed Surgical Decompression under General
Anesthesia in Acute Spinal Cord Compression:
Effects on Neurological Recovery, Complications,
and Mortality—A Systematic Review and Meta-
Analysis. Journal of Advanced in Medicinal,
Pharmaceutical ~and  Biomedical  Research
(JAMPBR), 2(6), 537-550.

[65] Neishaboury, M., Shokri, S., Kianpour, P.,
Farhadi, K., Najjari, K., Sharifnia, H.,
MohammadYousef, R., & Khajavi, M. (2025). The
effects of intraperitoneal dexmedetomidine in
comparison with ropivacaine in postoperative pain
after laparoscopic sleeve gastrectomy: A double-
blind, randomized, placebo-controlled, clinical trial.
Obesity Surgery, 35(6), 2150-2159.

[66] Afrand, M., Rostampur, N., Pourhadi, Z.,
Rezanezhad, J., & Nekoueifard, P. (2025). Epilepsy
in children with central nervous system infections:
A systematic review and meta-analysis. AFMN
Biomedicine, 42(4), 450-455.

[67] Azizi, Robab, & Rana Mohammad Yousef.
(2027). Dynamic Causal Modeling of Heart Rate—
Blood Pressure Coupling During Induction of
Anesthesia: A Systems-Based Approach to Predict
Vasopressor Requirements.

[68] Afrand, M. (2024). Systematic review:
Systematic review of neurological problems and
stress in Alzheimer's patients with drug tips.
Eurasian Journal of Chemical, Medicinal and
Petroleum Research, 3(5), 114-128.

[69] Samimi, A. (2025). Assessment of Risks
Arising from Neuropsychological Crises in Cardiac
Patients Using FMEA. Journal of Advanced in
Medicinal, Pharmaceutical and Biomedical
Research, 1(7), 196-203.

[70]Samimi, A. (2025). Risk Assessment in
Hospitals Using the FMEA Method: A Data-Driven
Analysis for Patient Safety Improvement. Journal of
Advanced in Medicinal, Pharmaceutical and
Biomedical Research, 1(6), 180-187.

[71]1Samimi, A. (2025). Application of Failure
Mode and Effects Analysis (FMEA) for Risk
Management in Hospital Laboratories. Medicinal,
Psychological, and Health Research Journal
(mphrj), 1(5), 160-168.


https://doi.org/10.1117/12.3047058
https://doi.org/10.1117/12.3047058
https://doi.org/10.1117/12.3047058
https://doi.org/10.1117/12.3047058
https://doi.org/10.1117/12.3047058
https://doi.org/112459877
https://doi.org/112459877
https://doi.org/112459877
file:///D:/Articles/1---JAMPBR/NO.%201/10.52547/ijmpp.7.3.730
file:///D:/Articles/1---JAMPBR/NO.%201/10.52547/ijmpp.7.3.730
file:///D:/Articles/1---JAMPBR/NO.%201/10.52547/ijmpp.7.3.730
https://doi.org/10.65641/afmnai-2025-169
https://doi.org/10.65641/afmnai-2025-169
https://doi.org/10.65641/afmnai-2025-169
file:///D:/Articles/1---JAMPBR/NO.%201/10.32592/ARI.2024.79.4.701
file:///D:/Articles/1---JAMPBR/NO.%201/10.32592/ARI.2024.79.4.701
file:///D:/Articles/1---JAMPBR/NO.%201/10.32592/ARI.2024.79.4.701
file:///D:/Articles/1---JAMPBR/NO.%201/10.52547/ijmpp.7.1.1
file:///D:/Articles/1---JAMPBR/NO.%201/10.52547/ijmpp.7.1.1
file:///D:/Articles/1---JAMPBR/NO.%201/10.52547/ijmpp.7.1.1
file:///D:/Articles/1---JAMPBR/NO.%201/10.52547/ijmpp.7.3.730
file:///D:/Articles/1---JAMPBR/NO.%201/10.52547/ijmpp.7.3.730
file:///D:/Articles/1---JAMPBR/NO.%201/10.22034/ijmpp.7.4.781
file:///D:/Articles/1---JAMPBR/NO.%201/10.22034/ijmpp.7.4.781
https://doi.org/10.5281/zenodo.22286891
https://doi.org/10.5281/zenodo.22286891
https://doi.org/10.5281/zenodo.22286891
https://doi.org/10.5281/zenodo.22286891
https://doi.org/10.5281/zenodo.22286764
https://doi.org/10.5281/zenodo.22286764
https://doi.org/10.5281/zenodo.22286764
https://doi.org/10.5281/zenodo.22286764
https://doi.org/10.5281/zenodo.22286764
https://doi.org/10.5281/zenodo.22286357
https://doi.org/10.5281/zenodo.22286357
https://doi.org/10.5281/zenodo.22286357
https://doi.org/10.5281/zenodo.22286357
https://doi.org/10.5281/zenodo.22286357
https://doi.org/10.5281/zenodo.22286215
https://doi.org/10.5281/zenodo.22286215
https://doi.org/10.5281/zenodo.22286215
https://doi.org/10.5281/zenodo.22286215
https://doi.org/10.5281/zenodo.22286215
https://doi.org/10.5281/zenodo.22286215
https://doi.org/10.1007/s11695-025-07871-z
https://doi.org/10.1007/s11695-025-07871-z
https://doi.org/10.1007/s11695-025-07871-z
https://doi.org/10.1007/s11695-025-07871-z
https://doi.org/10.1007/s11695-025-07871-z
https://doi.org/10.65641/afmnai-2025-169
https://doi.org/10.65641/afmnai-2025-169
https://doi.org/10.65641/afmnai-2025-169
file:///D:/Articles/1---JAMPBR/NO.%201/Development%20of%20a%20Novel%20Composite
file:///D:/Articles/1---JAMPBR/NO.%201/Development%20of%20a%20Novel%20Composite
file:///D:/Articles/1---JAMPBR/NO.%201/Development%20of%20a%20Novel%20Composite
file:///D:/Articles/1---JAMPBR/NO.%201/Development%20of%20a%20Novel%20Composite
https://scholar.google.com/citations?hl=en&user=MLq6encAAAAJ
https://scholar.google.com/citations?hl=en&user=MLq6encAAAAJ
https://scholar.google.com/citations?hl=en&user=MLq6encAAAAJ
doi:%2010.22034/jampbr.2025.533922.1026
doi:%2010.22034/jampbr.2025.533922.1026
doi:%2010.22034/jampbr.2025.533922.1026
doi:%2010.22034/jampbr.2025.532120.1024
doi:%2010.22034/jampbr.2025.532120.1024
doi:%2010.22034/jampbr.2025.532120.1024
doi:%2010.22034/mphrj.2025.532521.1021
doi:%2010.22034/mphrj.2025.532521.1021
doi:%2010.22034/mphrj.2025.532521.1021

