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Does cortical thickness influence the primary stability of miniscrews?

A systematic review and meta-analysis
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ABSTRACT

Objective: To investigate whether there is evidence to support the association between cortical
thickness (CtTh) and the primary stability of mini-implants (MI).

Materials and Methods: A search was performed including articles published until September
2013. The inclusion criteria comprised observational clinical studies conducted in patients who
received monocortical Ml for orthodontic anchorage and in vivo or ex vivo experimental studies
performed to evaluate the primary stability of MI, studies that evaluated the association between
CtTh and MI primary stability, CtTh measurement performed numerically, and MI primary stability
evaluated by implant stability quotient value, Periotest value , pull-out strength, or insertion torque.
Studies conducted exclusively in artificial bone or finite elements were excluded.

Results: Abstract and title reading identified 15 possible articles to be included. After reading the
complete text, three were excluded. One article was found by hand searching and another
excluded for an overlapping sample. Finally, 12 articles were selected. A positive correlation was
found between primary stability and CtTh when studies that evaluated primary stability through
PS were grouped (r = .409) and when studies that evaluated stability in humans were grouped
(r = .338).

Conclusions: There is a positive association between MI primary stability and CtTh of the receptor
site. However, there is still a lack of well-designed clinical trials. (Angle Orthod. 2014;84:1093—-11083.)
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INTRODUCTION

Mini-implants (MI) are anchorage devices that were
introduced in orthodontics in the past two decades and
whose use quickly spread in clinical practice. The
success of Ml is related to primary stability, which is
defined as the absence of mobility in the bone bed
after MI placement' and depends on the mechanical
engagement of an implant with the bone socket.? Lack
of immediate stability can lead to progressive mobility
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of the device and its subsequent loss.? If the initial
mechanical retention of the Ml is not observed, a larger
MI should be used or the insertion site should be
modified.* On the other hand, exaggerated tension
during insertion may result in heating and damage to
the bone tissue,® including ischemia and necrosis, or
even fracture of the MI.®

Primary stability depends on the MI design,®
insertion technique,® and bone quality and quantity at
the receptor site.>® The term bone quality has not
been clearly defined in the literature. It includes
physiological and structural aspects and the degree
of bone tissue mineralization. In addition, the role of
each of these aspects is not completely understood.™
While some authors assumed that bone quality is
equivalent to bone mineral density (BMD)," others
have considered that bone quality refers to cortical
thickness (CtTh).

The present systematic review and meta-analysis
was focused on the following question: is there
scientific evidence to support the influence of CtTh
on the primary stability of MI?
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MATERIALS AND METHODS
Study Design

This is a systematic review of prognosis that
evaluated the association between CtTh (prognostic
factor) and MI primary stability (outcome). It is not
a systematic review of intervention, as described by
the Cochrane Handbook and PRISMA. Therefore, the
PRISMA statement was followed as possible.

Study Selection Criteria

The inclusion criteria comprised observational clin-
ical studies conducted in patients who received
monocortical Ml for orthodontic anchorage and in vivo
or ex vivo experimental studies performed in animals
to evaluate the primary stability of MI, studies that
evaluated the association between CtTh and Ml
primary stability, the CtTh measurement should have
been performed numerically, and MI primary stability
should have been evaluated by implant stability
quotient (ISQ) value (Ostell, Integration Diagnostics,
Gothenburg, Sweden), Periotest value (PTV; Periotest,
Medizintechnik Gulden, Modautal, Germany), pull-out
strength (PS), or insertion torque (IT) measurement.
Studies conducted exclusively in artificial bone or finite
elements were excluded.

Search Strategy and Screening of Articles

The search process was performed independently
by two examiners under the guidance of a librarian.
The Cochrane Library, MEDLINE-PubMed, ISI Web of
Knowledge, EMBASE, VHL (Virtual Health Library),
and gray literature (SIGLE) databases were searched
for articles published until September 2013, without
language restriction. Appropriate changes in the key
words were done to follow the syntax rules of each
database (Table 1). The main key words used were
“cortical,” “compacta,” “miniscrew,” “mini implant,”
“mini-implant,” “stability,” “implant stability quotient,”
“1SQ,” “resonance frequency analysis,” “RFA,”
“Ostell,” “Periotest value,” “PTV,” ‘“Periostest,”
“insertion torque,” “insertional torque,” “placement
torque,” and “cutting torque.”

The two examiners evaluated the titles and abstracts
of all the studies identified. If the abstract contained
insufficient information to allow decision making with
regard to inclusion or exclusion, the full article was
obtained and reviewed before making a final decision.
Articles appearing in more than one database search
or containing overlapping samples were considered
only once. Any differences between the two readers
were solved by consensus. Screening the reference
lists of the selected articles complemented the search.
The selected articles were then carefully read for
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quality assessment and control of bias and for data
extraction.

Quality Assessment and Control of Bias

The quality assessment and control of bias were
performed using the methodological checklist for
prognostic studies developed by the National Institute
for Health and Clinical Excellence of the United
Kingdom'" (Supplemental Appendix 1).

Data Extraction

Data on the following issues were extracted from the
selected articles and tabulated by the two authors: (1)
author and year of publication, (2) study design, (3)
sample/bone substrate, (4) number of MI, (5) charac-
terization of MI, (6) method of cortical thickness
evaluation, (7) method of primary stability measure-
ment, (8) association between stability and cortical
thickness, and (9) confounders included in the
analysis. When missing data were identified, the
authors were contacted through e-mail.

Meta-analysis

A meta-analysis was performed to combine compa-
rable results. Studies were grouped according to the
primary stability measurement method (IT and PS) and
bone substrate (humans). The software used in the
analyses was the Comprehensive Meta-Analysis
(version 2, Biostat, Englewood, Calif).

The individual correlation coefficient from each study
was used along with the sample size of screws,
discarding the losses. Results were pooled using the
random-effects method because the studies compared
were not considered to have the same effect size.
According to Borenstein et al.,' when studies are
gathered from the published literature, the random-
effects model is generally indicated. Heterogeneity
was assessed (/?), and the results were expressed in
forest plots.

RESULTS

The flow diagram (Figure 1) describes the results of
search queries. The search retrieved 114 articles from
the I1SI Web of Knowledge, 43 from MEDLINE/
PubMed, 39 from EMBASE, 21 from VHL, 1 from the
Cochrane Library, and none from SIGLE. According to
the inclusion and exclusion criteria, a total of 15 articles
were selected after title and abstract reading. After full-
text reading, four were excluded, three because they
did not meet inclusion criteria and one because of an
overlapping sample. The two studies conducted by
Wilmes et al.®'® presented some overlapping sample
(information confirmed by the author through e-mail
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Table 1. Database and Search Strategy Used
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Database

Key Words

Cochrane Library
http://cochrane.bvsalud.org/portal/php/index.php
MEDLINE-PubMed
http://www.ncbi.nlm.nih.gov/pubmed

Web of Knowledge
http://apps.webofknowledge.com

EMBASE
http://embase.com/search

VHL
http://regional.bvsalud.org/php/index.php

Grey literature (SIGLE)
http://www.cardiff.ac.uk/insrv/eresources/databases/sigle.html

(cortical OR compacta) AND (miniscrew OR “mini implant” OR
“mini-implant”) AND stability

(cortical OR compacta) AND (miniscrew OR “mini implant” OR
“mini-implant”) AND (“stability” OR “implant stability quotient” OR
“ISQ” OR “resonance frequency analysis” OR “RFA” OR “Ostell” OR
“Periotest value” OR “PTV” OR “Periostest” OR “insertion torque” OR
“insertional torque” OR “placement torque” OR “cutting torque”)

((cortical OR compacta) AND (miniscrew OR mini implant OR
mini-implant) AND (stability OR implant stability quotient OR ISQ OR
resonance frequency analysis OR RFA OR Ostell OR Periotest value
OR PTV OR Periostest OR insertion torque OR insertional torque OR
placement torque OR cutting torque))

Refined by: Subject Areas=(DENTISTRY ORAL SURGERY MEDICINE
OR SURGERY)

(cortical OR compacta) AND (miniscrew OR “mini implant”) AND (stability
OR “implant stability quotient” OR isq OR “resonance frequency
analysis” OR rfa OR ostell OR “periotest value” OR ptv OR periostest
OR “insertion torque” OR “insertional torque” OR “placement torque”
OR *“cutting torque”)

(cortical OR compacta) AND (miniscrew OR “mini implant”) AND (stability
OR “implant stability quotient” OR ISQ OR “resonance frequency
analysis” OR RFA OR Ostell OR “Periotest value” OR PTV OR
Periostest OR “insertion torque” OR “insertional torque” OR “place-
ment torque” OR “cutting torque”)

(cortical OR compacta) AND (miniscrew OR “mini implant” OR “mini-
implant”) AND(“stability” OR “implant stability quotient” OR “ISQ” OR
“resonance frequency analysis” OR “RFA” OR “Ostell” OR “Periotest
value” OR “PTV” OR “Periostest” OR “insertion torque” OR
“insertional torque” OR “placement torque” OR “cutting torque”)

contact). During the ranking of these studies (Table 2),
it was verified that they had the same score. Therefore,
the study that presented more complete data on the
results was elected.” Finally, one study was found
by hand search and was included. Thus, 12 studies
were included in this systematic review. Data obtained
from the articles and e-mail contact are tabulated in
Table 3.

Most of the selected articles presented a positive
correlation between primary stability and CtTh. 351724
The meta-analysis was performed combining compa-
rable results; studies were grouped according to the
primary stability measurement method (IT and PS) and
bone substrate (humans). The studies that evaluated
the primary stability through IT presented high hetero-
geneity (/? = 97.23%), and meta-analysis could not be
not performed. The studies that used the PS (n = 3)
indicated a statistically significant moderate correlation
of primary stability and CtTh (r = .409; Figure 2).
When evaluating only studies performed in human
beings (n = 3), there was also a positive correlation
(r = .338; Figure 3). The studies performed in animals
were not grouped for meta-analysis because it is
difficult to establish whether the bone tissue among the
different animals of the selected studies behave in a
similar manner.

DISCUSSION

The association between CtTh and MI primary
stability in the selected articles was evaluated by
correlation tests or linear regression analysis, and
most have demonstrated a significant positive associ-
ation. Correlation coefficients ranged from .32 (mod-
erate correlation)®® to .91 (high correlation).”™ When
linear regression was performed,' it was found that
83% of the variation in insertion torque could be
explained by CtTh (R® = .83).

When using PTV to evaluate primary stability,* the
correlation was negative because PTV decreases as
stability increases.

Some associations did not present a statistical
significance'®'®1921:23 (Table 3). Methodological differ-
ences, such as methods of primary stability and CtTh
measurements, M| design and dimensions, and
sample size, might be responsible for this difference.

During meta-analysis calculation, the studies that
evaluated the primary stability through IT showed a
very high heterogeneity (/? = 97, 23%), invalidating the
meta-analysis for this group of studies.

When grouping studies that evaluated primary
stability through PS, a moderate positive correlation
was found (r = .409; Figure 2). When studies were
combined by bone substrate, a weaker positive
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]

Identification

Records identified
through I1SI Web of
Knowledge
(n=114)

Records identified
through
MEDLINE-
PubMed
(n =43)

Records identified Records identified Records Records
through EMBASE through VHL identified identified through
(n=239) (n =21) through Grey Literature
Cochrane (SIGLE)
Library (n = 1) (n=0)

[

N/

]

Screening

Eligibility

Included

Selected by title
and abstract
through I1SI Web of
Knowledge
(n=12)
(Cehreli et al 2013,
Migliorati et al 2012,
Cehreli et al 2012,
Wei et al. 2011,
Lemieux et al. 2011,
McManus et al. 2011,
Wilmes et al. 2011,
Pithon et al. 2011,
Motoyoshi et al. 2010,
Su et al. 2009,
Salmoria et al. 2008)
Motoyoshi et al. 2007)

Selected by title
and abstract
through
MEDLINE-
PubMed
(n=8)
(Migliorati et al 2012,
Nienkemper et al
2012,
Lemieux et al. 2011,
Wilmes et al. 2011,
Cha et al. 2010,
Su et al. 2009,
Motoyoshi et al.
2007,
Wilmes et al. 2006)

Selected by title and Selected by title Selected by title and abstract

abstract through and abstract through Cochrane Library and Grey
EMBASE through VHL Literature (SIGLE)
(n=7) (n=2) (n=0)

(Migliorati et al 2012,
Cha et al. 2010)

(Migliorati et al 2012,
Lemieux et al. 2011,
Wilmes et al. 2011,
Cha et al. 2010,
Su et al. 2009,
Motoyoshi et al. 2007,
Wilmes et al. 2006)

—J

4

v

Records screened by title and abstract reading after duplicates removal
(n=15)

(Cehreli et al 2013, Migliorati et al 2012, Cehreli et al 2012, Nienkemper et al 2012,
Wei et al. 2011, Lemieux et al. 2011, McManus et al. 2011, Wilmes et al. 2011,
Pithon et al. 2011, Cha et al. 2010, Motoyoshi et al. 2010, Su et al. 2009, Salmoria et

al. 2008, Motoyoshi et al. 2007, Wilmes et al. 2006)

Records excluded because they
did not meet inclusion criteria after
complete text reading
(n =3, Wei et al. 2011, Pithon et al.

2011, Lemieux et al. 2011)

v

Full-text articles excluded, because
of overlapping sample
(n =1, Wilmes et al. 2006)

Full-text articles assessed for eligibility
(n=12)

l:

Article included by hand search

Studies included in qualitative synthesis (systematic review)

(Cehreli et al 2013, Migliorati et al 2012, Cehreli et al 2012, Nienkemper
et al 2012, McManus et al. 2011, Wilmes et al. 2011, Cha et al. 2010,

Motoyoshi 2010, Su

(n=1, Huja et al. 2005)

(n=12)

et al. 2009, Salmoria et al. 2008, Motoyoshi et al.
2007, Huja et al. 2005)

/N

Studies included in quantitative synthesis (meta-analysis)
according the method of stability measurement (PS)

(n=3)

(Migliorati et al 2012, Salmoria et al. 2008, Huja et al.

2005)

Studies included in quantitative synthesis (meta-analysis)
according bone substrate (humans)
(n=3)
(McManus et al. 2011, Motoyoshi 2010, Motoyoshi et al.
2007)

Figure 1. Flow diagram of the literature search.
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Study name Subgroup within study Hatisties for each study
Lower Upper
Comelation  limit limit Z-Value p-Yalue Total
Hup et al 2005 maxliz and mandibk - dogs 0,380 01¥% 0.5%5 2,849 Qo0 M

Migloratiet 3l 2012 pig ries 0,360 0,083 0692 1,554 Q120

Famore et al 2008 mandble - d0gE 0.440 0.624 35965 Q.00

0,40 0,544 4,859 Q000

i

&

Cormelation and 95% CI

Relative
weight

403
13,60

43680

-1.00 0,00 0.3 1.00

Heterogen eity: Tau2=0.000; Chiz=0164 df=2 [P=0321); I2=0.000%
Test for cwerall effect: T=4.85 [P<0.001)

Figure 2. Correlation between cortical thickness and primary stability evaluated through pull-out strength.

correlation was found when human beings were
evaluated (r = .338; Figure 3). This fact corroborates
the assertion that the results of research with animals
are applicable to humans, with reservations.?®

As cortical thickness is not the only factor related to
the primary stability of miniscrews, it is important to
include confounders in the analysis. Some authors
evaluated the BMD of the bone and found positive
correlations between primary stability and the cortical
BMD™'s and bone marrow BMD.'® However, only one
of them performed a multivariate analysis." The Ml
design and dimensions are also important parameters
for the primary stability of MIL.** All of the selected
studies reported the characteristics and dimensions of
the Ml used, but few of them used more than one type
and investigated their influence on the result.’>'s It was
verified that the diameter of the MI seemed to have a
bigger influence on the primary stability of Ml than its
length.®'® This fact reinforces the importance of CtTh
in primary stability: as the MI diameter increases, the
contact surface between MI and cortical bone also
increases. On the other hand, when the length of Ml
increases, its contact with the trabecular bone increas-
es and the stability is not improved to the same extent.

Even though it was found that CtTh and primary
stability are associated, it is important to remember
that a very high primary stability is not desirable in
clinical practice because of the risk of bone necrosis
and subsequent stability loss.® Motoyoshi et al.?®
recommended placement torques between 5 and
10 Ncm. Chaddad et al.?® found higher success rates

at torque values greater than 15 Ncm. However,
Meursinge Reynders et al.?® performed a systematic
review and stated that no evidence indicates that
specific maximum insertion torque levels are associ-
ated with higher success rates for orthodontic MI
mainly because insertional torque measures are not
very accurate.®°

In this systematic review and meta-analysis, exper-
imental studies were included because there is still a
lack of clinical studies with good methodological
design evaluating the relationship between CtTh and
primary stability of MI. From the selected studies, only
two were conducted in living humans, convenience
samples were used, and no sample size calculation
was made. One study was conducted in human
cadavers, without sample size calculation. The other
studies were conducted in animals, and only one
performed sample size calculation. The authors did not
mention calibration, error calculation, or blinding.
Therefore, the quality assessment ranked all the
articles as “low” considering the quality of evidence
and control of bias. A more consistent conclusion could
be drawn if only data from clinical studies were used.
Although there is great physiological, cellular, and
molecular similarity between animal and human
models, there are limitations in the use of animals,
and extrapolation of results from models to humans
should be made with caution.®" Unfortunately, there
are few clinical studies in the literature, and it would not
be possible to perform a systematic review and meta-
analysis if experimental studies were not considered.

Study name Subgroup within study Statistics for each study
Lower Upper
Corelation limit  limit

McManus et al 2011 mandble - human cadavers 0610 0.394 0.762 4736 0.000

Motoyosnl & al. 2007 maxie and mandbe - humans 0.320

-0.019

0.117
-0.258

0.497
0.222

3.040
-0.152

0.002
Motoyosnl et al. 2010 mandbie - humans 0.379
Motoyosnl & 3l 2010 max i - humans 0.392

0.338

0.163
0.078

0.573
0.555

3313
2.520

0.001
0.012

Z-Value p-Vaue Total

43

Correlation and 93 Cl

0.9 0,00 0.5

Rel ative
weight

23.20
26.45
25.18
25.18

-1.00

Heterogeneity: Tau2=0.062; Chiz=14.71 df=3 (P=0.002); I12=73.6086
Test for overall effect: Z=2.52 (P=0.012)

Figure 3. Correlation between cortical thickness and primary stability when only studies in human beings were considered.
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Another factor that might have contributed to the low
methodological quality was the quality assessment
checklist used: the methodological checklist for prog-
nostic studies developed by the National Institute for
Health and Clinical Excellence from the United
Kingdom. This established checklist focused on clinical
studies, while most of the selected studies were
experimental. Question 2 of the checklist, for example,
which is focused on the loss of sample follow-up, does
not accordingly apply to experimental studies. As the
clinical studies included in the systematic review did
not mention this issue, all of the articles were ranked
as “unclear” for this question.

For clinical practice, orthodontists must be aware
that very thin cortical bone might generate smaller
primary stability of Ml. However, other factors such as
BMD,'+'5'* M| characteristics, and insertion technique
must be considered.®

The evidence to support the relationship between
CiTh and MI primary stability is still weak. It is
recommended that well-designed clinical trials be con-
ducted to support this question, showing stronger
evidence, preferably with the use of multivariate analysis.

CONCLUSION

« There is a positive association between MI primary
stability and CtTh of the receptor site. However,
there is still a lack of well-designed clinical trials.
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