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ABSTRACT

Introduction: Skeletal anchorage is an effective and predictable complement during fixed
orthodontic treatment since it allows tooth movements on the three dimensions. This study
aims to evaluate the stability of vertical tooth movements using skeletal anchorage after six
months of the retention stage.

Material and Methods: A systematic search was performed in the PubMed, Embase, Scopus,
and Lilacs databases from January 2012 to May 2023. All the articles were selected by applying
the inclusion and exclusion criteria. The methodological quality of the randomized clinical
trials was evaluated using the Cochrane ROBINS-I tool.

Results: Five articles were obtained, all studies with a prospective design. A total of 114
patients was obtained, ranging in age between 21 and 41 years. The minimum follow-up time
was 5 months, and the maximum 24 months. All studies showed significant changes when
performing vertical tooth movements using skeletal anchorage during orthodontic treatment.
Millimetric recurrences were observed between 6 and 36 months in the retention stage with
no clinically significant differences. Four studies were classified as moderate in the overall
risk of bias assessment, while one was classified as serious. In conclusion, the movements
of tooth intrusion with skeletal anchorage in the maxilla cause significant changes during
treatment. Meanwhile, when evaluating the stability of the intrusion movements, millimetric
changes are observed with no statistical differences.

Conclusions: Studies with greater methodological rigor are needed, which follow up with
three-dimensional imaging of tooth movement and which, in addition, assess the amount of
force and its association with the amount of recurrence in the vertical movement.
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RESUMEN

Introduccion: El anclaje esquelético es un complemento eficaz y predecible durante el tratamiento de
ortodoncia fija, ya que permite movimientos dentales tridimensionales. Este estudio busca evaluar la
estabilidad de los movimientos dentales verticales mediante anclaje esquelético tras seis meses de
la etapa de retencion.

Material vy métodos: Se realizd una blUsqueda sistematica en las bases de datos PubMed, Embase,
Scopusy Lilacs desde enero de 2012 hasta mayo de 2023. Todos los articulos se seleccionaron aplicando
los criterios de inclusion y exclusion. La calidad metodolégica de los ensayos clinicos aleatorizados se
evalué mediante la herramienta Cochrane ROBINS-I.

Resultados: Se obtuvieron cinco articulos, todos estudios con un disefio prospectivo. Se obtuvo un
total de 114 pacientes, con edades comprendidas entre 21y 41 anos. El tiempo minimo de seguimiento
fue de 5 meses y el maximo de 24 meses. Todos los estudios mostraron cambios significativos al
realizar movimientos dentales verticales utilizando anclaje esquelético durante el tratamiento de
ortodoncia. Se observaron recurrencias milimétricas entre los 6 y los 36 meses en la etapa de retencion
sin diferencias clinicamente significativas. Cuatro estudios se clasificaron como moderados en la
evaluacion general del riesgo de sesgo, mientras que uno se clasifico como grave. En conclusion, los
movimientos de intrusion dental con anclaje esquelético en el maxilar causan cambios significativos
durante el tratamiento. Mientras tanto, al evaluar la estabilidad de los movimientos de intrusion, se
observan cambios milimétricos sin diferencias estadisticas.

Conclusiones: Se necesitan estudios con mayor rigor metodologico, que den seguimiento a la imagen
tridimensional del movimiento dentario y que, ademas, evallen la cantidad de fuerza y su asociacion
con la cantidad de recurrencia en el movimiento vertical.

Palabras clave: Técnicas de movimiento dental; Ortodoncia correctiva; Métodos de anclaje en
ortodoncia; Minitornillo de ortodoncia; Microimplante dental; Revision sistematica

INTRODUCTION

Skeletal anchorage makes it possible to mana-
ge wider discrepancies than the biomechanics
of conventional orthodontics because all the
force for tooth movement is applied to the bone
structure,! allowing for a correct leveling of the
occlusal plane.?

Both conventional orthodontics and skeletal
anchorage facilitate a successful treatment.?
However, movements with skeletal anchorage?
are considered more effective than conven-
tional orthodontic methods because they
allow for greater control of intrusion and
distaliza tion movements,*® shorten clinical
treatment times, and reduce unwanted
movements in neighboring teeth.?

110

Skeletal anchorage requires adequate depth
and thickness to achieve primary stability®
where the wuse of cone-beam computed
tomography (CBCT) provides an accurate
evaluation of the bone around the apices.®
Despite the clinical advantages and the short
time of use to generate the movement, caution
should be taken with vertical movements
because the magnitude of the force and the
duration of the intrusion movement can cause
root and pulp vitality complications.’o"

On the other hand, depending on the amount
of movement force, the millimeters of the
intrusion, and the time to make the movement,
recurrences of the molars can occur after the
devices are removed.”® Therefore, monitoring
the tooth position during the retention stage is
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necessary. This review aims to analyze the stability
of vertical tooth movements achieved with skeletal
anchorage after at least 6 months in the retention
phase.

MATERIALS AND METHODS

Design

A systematic review was to the Cochrane Handbook
for Systematic Reviews of Interventions and re-
ported according to the update of the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA)* to answer the following
research question: Is there recurrence of vertical
tooth  movements performed with skeletal
anchorage in adolescents and adults?

PICO

The sample comprised adolescents and adults
with malocclusion who underwent tooth mo-
vements of intrusion or extrusion using an
orthodontic treatment with skeletal anchorage.
The millimeters of vertical tooth movement in
the pre-treatment and post-treatment stages, at
least 6 months after the retention stage, will be
compared to measure the stability of the tooth
movement (Table 1).

Search strategy

A systematic search was performed in the PubMed,
Embase, Scopus, and Lilacs databases from January
2012 to May 2023. The terms used were: “tooth
movement,” “orthodontic anchorage procedure,”
“orthodontic anchorage,” “orthodontic miniscrew,”
“orthodontic mini-screw,” and “orthodontic mini
implant”.

Study selection

Two independent investigators (V.R. and L.B.) selec-
ted the studies. After applying the search terms,
duplicates were eliminated using the Mendeley
software (Reference Management, Elsevier, London,

ISSN Print 0719-2460 - ISSN en linea 0719-2479

England). All the articles were selected using
titles and abstracts independently. In case
of discrepancy, consensus was obtained by
discussion or consultation with a third inves-
tigator (S.0). Finally, a full-text selection was
carried out by the same investigators (V.R. and
L.B.).

Prospective and retrospective studies with no
control group that evaluate only one type of
intervention with a before-and-after design
were included. Publications were in English,
Spanish, or Portuguese. Adolescent or adult
patients with dental malocclusion were in-
cluded who received orthodontic treatment
using braces with skeletal anchorage after at
least 6 months in the retention phase. Studies
on animals, using finite elements, on subjects
with periodontal disease, procedures on mixed
dentition or primary teeth or that presented
orthodontic treatment with aligners or lingual
orthodontics were excluded.

Data extraction

The data extraction was done by two
investigators independently. The following
data were collected: author(s) and country
of origin; year of publication; study design;
data on the study group; specifications of the
procedure, software used, recording method,
evaluation, and stability of the results.

a) Data on the study group (number of
subjects, sex, age, and type of malocclusion);
b) Data on the study (design, level of evidence,
and method of analysis);

c) Data on the orthodontics treatment (tooth
movement, complementary procedure, follow-
up time);

d) Type of data analyzed in the consultation
(software use and benchmarks used for the
measurement):

e) Type of captures of tooth movement (study

m
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models, cone-beam computed tomography
(CBCT), and/or intraoral scanner).

2.6 Analysis of bias and study quality
Two observers evaluated the bias risk inde-
pendently (RoB).
- The non-randomized studies were evaluated
using the ROBINS-I tool.™ The risk of bias was
subdivided into 7 categories:
1) Confounding,
2) Selection of participants,
3) Exposure measurement,
4) Post-exposure interventions,
5) Missing data,

6) Measurement of outcomes, and

7) Outcome reporting.

Each categorywasrated as low, moderate, se-
rious (critical) risk of bias, or no information.
- The quality of the evidence was assessed
using the GRADE approach. The criteria eva-
luated were the study design, the number
of studies included, the consistency of their
results that evaluated clinical differences,
reported bias, heterogeneity, and accuracy
in the analysis of the confidence intervals,
categorized as very low, medium, and high
according to the score.

Figure 1. Flowchart of the selected studies identified and included in the review.
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Figure 2. Risk of bias of the included studies as assessed with the ROBINS-I tool.
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RESULTS

Article selection

The systematic search identified 2210 articles.
After excluding 1556 duplicates, 654 articles
were selected to review titles and abstracts,
which yielded 9 articles for full-text review
(Figure 1). All the articles performed intrusion
and/or extrusion movements using skeletal
anchorage in permanent anterior and/or pos-
terior teeth to achieve a harmonious smile
and maximum intercuspation.

Of the 9 articles selected for full-text analysis,
2 were excluded for having a sample size of less
than 10 subjects, and 2 studies were excluded
for having a retention follow-up of less than 6
months, resulting in a total of 5 articles for the
descriptive and methodological analysis.

Characteristics of the studies included

Of the five selected articles (Table 2), all the
studies had a prospective design. A total of 114
patients was obtained, ranging in age between
21 and 41 years. The minimum follow-up time
was 6 months, and the maximum 48 months.
Table 2 provides the descriptive results of each
study included. At the diagnostic stage, two
studies presented subjects with anterior open
bite,'8"7 one study presented class | subjects
with facial hyper divergence,”® another study
diagnosed subjects with gummy smile with lip
incompetence to be skeletal class | or class I1,"®
and the last study only diagnosed extrusion of
extruded upper posterior teeth.2°

In two studies, upper and lower first premo-
lars were extracted™ in two other studies,
ex-tractions were not performed,’®?® and one
study mentions that of a total of 30 subjects,
only 18 underwent premolar extraction, but it
does not establish whether it was the first or
second premolar.®

14

All the studies performed intrusion movements
of upper molars and/or premolars. Two studies
complemented upper arch intrusion with
mandibular molar extrusion,'®” whereas Kang
et al,”® aside from performing the intrusion
of the upper posterior sector, intrusion of the
upper incisors was also performed. Only Lee
et al.,® performed an intrusion of molars and
premolars in the maxilla and mandible.

In four studies,®820 micro-screws (mini-im-.
plants) were installed in the vestibular region
to perform the movements, whereas Marzouk
et al” used a miniplate anchored with 3 mini-
implants in the zygomatic bone at the level of
the first molar. Three studies'®2° performed
the installation between the second premolar
and the first molar; one study performed the
installation between the first and second
premolar to be able to intrude the anterior
sector and also installed between the second
premolar and the first molar to intrude the
posterior sector.

Analysis of outcomes

The measurement method was the super-
position of images. Scheffler et al.** Marzouk
et al,” and Kang et al,” only performed
superimposition of images and comparison
of cephalometric measurements, whereas
Felicita et al,® apart from using image su-
perimposition and comparison of cephalo-
metric measurements, also compared the
study models. Only Lee et al.,?® performed a
three-dimensional evaluation by superim-
posing scanned models, wh
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ere the mesiodistal, palatal vestibule, and ver-
tical position were evaluated during intrusion
(Table 3).

All the studies showed significant changes
when performing vertical tooth movements
using skeletal anchorage. Lee et al,?® took
11.9 months to achieve a tooth movement of
1.35+0.48 mm intrusion in upper molars and
premolars. For their part, Marzouk et al.,”” took
an average of 10 months to perform an intrusion

Table 1.
Search strategy in relation to P.I1.C.O acronyms.

of 3.04£0-79 mm in molars and an extrusion of
2.5+ 011 mm in incisors. During the retention
stage, with a follow-up between 6 and 23.3
months, no study showed significant changes
in recurrence. On average, recurrence in the
posterior sector ranged from a minimum of
0.05+0.07 mm to a maximum of 1+0.18 mm. In
comparison, in the anterior sector, the mini-
mum was 0.83+0.92 mm, and the maximum
was 0.1820.03 mm.

P.I.C.O acronyms

Patients

Adolescents and adults with malocclusion.

Intervention Intrusion or extrusion tooth movements trough orthodontic treatment with skeletal

anchorage.

Comparison Millimeters of vertical tooth movements in pre-treatment and post-treatment stages.

Outcomes

Table 2.

Measure the stability of minimum tooth movement 6 months after the retention stage.

Characteristics of the five potential articles related to the objective of the study and included patients.

Author
and years

Objective

Sex

(m/F)

Age  Follow-up
(vears) (months)

Lee Analyze three dimensional changes in the position 4 2/12 519 233
etal?*® 2013 of over-eruption posterior teeth using skeletal

anchorage to bring to the occlusal plane.
Scheffler Evaluate the stability of the instrusion with skeletal 30 11/19 241 36
etal™?2014 anchorage in the retention stage and two years of

retention stage.
Marzouk Evaluate molar intrusion stability and overbite 26 1/15 225 48
etal”2016  correction in adults with anterior open bites using

skeletal anchorage.
Felicita Evaluate the magnitude of intrusion in upper pos- 19 9/10 21 6
etal™2022 terior teeth of subjects with tendency to hyperdi-

vergence using skeletal anchorage
Kang Evaluate the stability after total arch intrusion using 30 6/24 231 12
etal™2023  skeletal anchorage after one year.

N: Number. F: Female. M: Male.
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first or the
second

class | or
class Il

T1: After the movement. T2: 6-month control in the retentive stage. T3: Second control in retentive stage. T4: Third control in retentive stage. ND: not described.

Only two studies had follow-up longer than 24
months. Scheffler et al.,'® had a 36-month post-
retention follow-up observing a recurrence of
0.5#1.2 in upper molars and 0.61£017 in lower
molars. For their part, Marzouk et al.,” observed
a recurrence of 010 + 2.04 mm in molars and
0.61+0.17 in incisors at 36 months. Still, when
performing the control on molars and the
anterior sector at 48 months, no clinical changes
were observed in relation to vertical tooth
movements.

Risk of bias

The 5 selected articles were evaluated with
the ROBINS-I tool (Figure 2). In confounding
bias and selection of reported outcomes, 4
studies had a moderate score, and one had
a serious score because it did not mention
prior calibration methods or blinding of the
investigator per-forming the measurements.
In terms of parti-cipant selection, all the
studies presented a moderate bias since it
was by convenience, and they did not use
blinding techniques to correct the presence of
selection bias.

In relation to the classification of the interven-
tion and the deviation from the interventions,
all presented a low risk since they all mana-
ged to achieve their treatment objectives, and
no study mentioned changing the treatment
protocol or that there was a loss of subjects
during the orthodontic treatment. In the
item measurement of outcomes and lack of
data, only one study presented a moderate
risk because some subjects already treated
dropped out of the retention controls and
could not be followed up; the remaining
studies presented a low risk. In the evaluation
of the general risk of bias, four studies were
classified as moderate because they showed
at least low or moderate bias in all the
domains.

17



Ravelo V, Muiioz G, Brito L & Olate S. Evaluation of the Stability of Achieved Vertical Tooth Movement with Skeletal Anchorage: A Systematic
Review. ) Oral Res. 2025; 14(1):109-123. https://doi.org/10.17126/joralres.2025.011

In contrast, one study had a serious risk of
bias for presenting a serious level of pro-
ficiency, but with no critical risk in any of its
domains. (Figure 3).

DISCUSSION

In this review, we observed heterogeneity
regarding the diagnoses, as 4 studies inclu-
ded subjects with vertical skeletal problems
(anterior open bite, facial hyperdivergence,
gingival smile with lip incompetence), while 1
study only diagnosed extrusion of extruded
upper posterior teeth. Such differences in
diagnosis may have an effect on the stability
of the movements.

Intrusion is a complex movement in ortho-
dontics. Consequently, accessory devices are
needed. In this review, the articles selected
used different elements to produce the
intrusion mechanics. Four of the five selected
papers used microscrews as the anchoring
mechanism16:1819,20

By contrast, Marzouk et al,” were the only
ones to use miniplates. First, stability is an
important factor when selecting the system
for this type of mechanics. Mattos et al.,*
concluded that the most significant risk
factor associated with stability is related
to the type of device selected, with mini-
implants being particularly susceptible to
becoming dislodged. On the other hand, in
a study of finite elements, Somaskandhan et
al.,” showed that the distribution of forces
is considerably more uniform in miniplates;
nevertheless, mi-croscrews were particularly
favorable when subjected to a vertical force.
In this context, both devices present good
characteristics for the intrusion movement
for which they were selected.

In terms of anchor stability, another impor-
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tant parameter is position. Pan et al.,?® and
Erbay et al.,?* noted the effects of the cortical
bone thickness on primary stability, obser-
ving a proportionally direct relation betwe-
en the two. Tepedino et al.,® evaluated the
cortical bone thickness in the interradicular
area, concluding that the best area for in-
serting a microscrew in the maxilla is in
the space between the first molar and the
second premolar. Lee et al,? Felicita et
al.,”™ and Kang et al.» positioned the mini-
implants in the region of greatest stability;
however, Scheffler et al,'® positioned the
mini-implants in a region with less bone
availability. Although the treatments perfor-
med in the selected studies are long-term,
none of them assess the loss of mini-
implants or the protocol followed in cases
of loss of stability. This information could
be fundamental when choosing the most
suitable mechanics to perform the intrusion
and could also be related to the final stability
of the treatment and outcomes achieved.

Another important parameter for selecting
the position of an anchor device is the
mechanics to be performed. A study of
finite elements by Jeong et al,?® analyzes
the position of the center of resistance of
the maxilla in different clinical situations,
locating the center of resistance for block
movements approximately at the level of
the cervical third of the root of the second
premolar.

Kang et al.” used two microscrews per side,
one mesial and another distal to the center
of resistance, at a relatively similar distance.
In contrast, all the other authors used a
single device placed distally from the center
of resistance at a greater or lesser distance
from it. The results obtained by Kang et al.,*
show similar intrusion values in molars and
incisors, whereas the values obtained by
Scheffler et al.,® Marzouk et al.,V Felicita et



Ravelo V, Muiioz G, Brito L & Olate S. Evaluation of the Stability of Achieved Vertical Tooth Movement with Skeletal Anchorage: A Systematic
Review. ) Oral Res. 2025; 14(1):109-123. https://doi.org/10.17126/joralres.2025.011

al,® had wider variability. Scheffler et al.®
and Marzouk et al.,”” achieved intrusion of the
molars and extrusion of the incisors; Felicita
et al,"™® obtained greater in-trusion values in
molars and lower in incisors. This confirms
the results by Jeong et al.,? re-garding the
center of resistance, noting that, for full
arch intrusions, the application of force is
needed close to the center of resistance,
while for intrusion of the posterior region and
extrusion or maintenance of the anterior re-
gion, the use of a force distal to the center of
resistance of the maxilla is preferable.

Kawamura et al.,? analyzed intrusion move-
ment using the finite element method and
observed a strong tendency for molars and
premolars to tilt vestibularly during move-
ment and the need for accessory mechanics
to avoid this effect. In the selected studies,
various methods were used to this end.

Felicita et al,”™® used a transpalatal bar; Kang
et al.,” used a 0.016x0.022 arch in a 0.018 slot;
Marzouk et al,” used a double transpalatal
bar in molars and premolars; Scheffler et al.'
used a transpalatal bar with an acrylic shank
in molars and a rectangular arch; and finally,
Lee et al,?® did not use any extra method, but,
subsequent to the intrusion used 0.019x0.025
rectangular steel arches to correct the torque.
With the exception of the study by Lee et al,?
none of the selected studies presented an as-
sessment of this undesirable effect or how it
might relate to the total amount of intrusion
and final stability of the treatment.

The amount of intrusion movement is a pa-
rameter that depends on the individual objec-
tives of each treatment, where it can be
complemented by rotational and/or inclina-
tion movements. In our study, only the vertical
movement performed was analyzed, regard-
less of any complementary movements.
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However, it is interesting to assess the corre-
lation between the amount of intrusion and
the recurrence rate.

Of the analyzed studies, the only one with
this assessment is by Marzouk et al,” who
observed a significant positive correlation
between the severity of the initial condition
of the molars and the open bite with the
recurrence rate. In addition, they observed that
greater movements were strongly associated
with higher recurrence rates.

Due to the shape of the maxilla and its sagittal
visualization on lateral cephalometric radio-
graphy, the distance between the palatal
plane and a tooth can be modified by both
intrusion and mesialization/distalization. The
previous studies do not evaluate this parame-
ter to contrast it with the amount of effective
intrusion. Another important parameter that
should be analyzed in intrusion studies that
include extraction treatments is the amount
of mesialization and other measurements that
explain how this movement influences the
final amount of intrusion. Tooth inclination (tip
back/forward) can influence the millimeters of
intrusion in the posterior region. In the studies
by Marzouk et al,” and Felicita et al.® the angle
between the tooth and the palatal plane was
used as a reference to analyze this parameter.

Lee et al.,?®examined intrusion at each molar
cusp for the same purpose. However, Kang et
al® and Scheffler et al.® did not include any
values to measure this parameter, making it
impossible to determine the actual degree of
intrusion/inclination. In this regard, Felicita
et al.®® used the distance between the center
of resistance of molars, premolars, and/
or incisors and the palatal plane as a me-
asurement parameter. However, this does
not take into account that the location of a
tooth's center of resistance is influenced by
the size of its root.
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The literature mentions that various degrees
of complications in the root tissues may be
associated with the applied force and the
type of intrusion movement when perfor-
med in isolation or in combination with other
movements.2?® This study endeavors to
verify the stability of the intrusion movement,
and as such, we consider it important to
establish which mechanisms were used to
maintain the outcomes achieved clinically
by each of the authors. From this point of
view, it would be interesting to analyze the
impact of this phase of treatment on the final
stability and recurrence. Although all the
studies performed some follow-up, only two
studies defined the method of containment
used. Marzouk et al.,” used a Hawley plate,
and Scheffler et al.,'® used immediate acetate
containment and then a Hawley plate at night
while maintaining the use of elastics from
the plate to the microscrews bilaterally for
6 months. This is consistent with previous
studies, which show that a large percentage
of the recurrence occurs during the first few
months post-treatment.

The selected studies performed an analysis
at different moments and times, which ma-
kes them difficult to compare. In the study by
Lee et al,? restorations were made on the
antagonist tooth at the end of the intrusion
to restore the contact points, which provi-
ded correct stability with minor recurrence.
Marzouk et al,” had the greatest contain-
ment/control time, obtaining recurrence va-
lues of approximately 0.5 mm for intrusion
movements of molars, similar to the values
obtained by Kang et al.,” in the molar area.

However, the latter obtained considerably
higher recurrence values in incisors (appro-
ximately 0.9 mm), which can be attributed to
the greater tooth contact surface in molars.
Although Scheffler et al,' had the strictest
containment protocol, they also reported the
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greatest recurrence (from 0.5 to 1.5 mm) as
well as the greatest magnitude of force in the
movement.

Although the intrusion movement shows an
acceptable level of stability, these results
must be analyzed carefully due to the short
post-treatment control time of most of
the studies and the lack of analysis of the
containment type/time used. Since some
of the analyzed studies use 2D studies or
plaster models, it is necessary to conduct
future studies with 3D analysis of the effects
of intrusion in CBCT related to stability in
order to obtain more precise information on
the characteristics of the movement and its
long-term effects.

CONCLUSION

In conclusion, greater vertical position
changes can be achieved in the maxilla in
a shorter time compared to the mandible.
Meanwhile, when evaluating the stability
of vertical movements at 6, 12, 24, and 36
months after the retention phase, no clinical
changes are observed. Studies with greater
methodological rigor are needed, which fo-
[low up with three-dimensional imaging of
tooth movement and evaluate the amount
of force and its association with the amount
of recurrence in vertical movement.
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