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ABSTRACT

Objectives: To find out success rate of mini-implants based on side of insertion and type of jaw. The aim of
orthodontic treatment is to maintain sufficient anchorage control to create appropriate force systems that provide
the desired treatment effects. Implants have been used as skeletal anchorage devices for orthodontic purposes.

Material and Methods: The following study is a systematic review of mini-screws as an intervention to evaluate
the stability and different related clinical parameters to define the success rate (outcome) depending on the side
of insertion (i.e., right side and left side) and type of jaw (i.e., maxilla and mandible following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses).

Results and Conclusion: A total of 52 articles were extracted for qualitative synthesis among which 24 articles
were reviewed for meta-analysis and the results showed that the maxilla is a better placement site for insertion of
mini-implant (MI) than mandible with the odds ratio of 0.58, that is, the MI placement in the maxillary region is
58% more successful than mandibular region. The other parameter showed that the insertion of MI on the right
side was more successful with the odds ratio of 0.50, that is, the insertion of MI on the right side of the jaw is 50%
more successful than on the left side of the jaw.

Keywords: Success rate, Mini-implants, Orthodontics

INTRODUCTION

Anchorage control during tooth movement is one of the main factors for ensuring successful
orthodontic treatment. Ottofy!" defined anchorage as “the base against which orthodontic force
or reaction of orthodontic force is applied” Recently, Daskalogiannakis® defined anchorage
as “resistance to unwanted tooth movement”” It can also be defined as the amount of allowed
movement of the reactive unit. The aim of orthodontic treatment is to maintain sufficient
anchorage control to create appropriate force systems that provide the desired treatment effects.
Implants have been used as skeletal anchorage devices for orthodontic purposes.®® Temporary
anchorage devices (TADs),”* including mini-plates, mini-implants (MI), and mini-screws, have
been used for skeletal anchorage."'?! They can be fixed into the bone either biomechanically
(osseointegration)™ or mechanically (cortical stabilization).'” Clinicians can better control
anchorage using TADs in orthodontic treatment, thereby achieving more satisfactory
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Figure 1: Forest plot of comparison: 1 Success rate, outcome: 1.1 Insertion side.

Test for overall effect: Z= 2.62 (P = 0.009)
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Figure 2: Funnel plot of comparison: 1 Success rate, outcome: 1.2 Type of jaw.

treatment results than could be achieved with conventional
mechanics.'*" Their clinical advantages consist of the
versatility of the placement site, easy insertion and removal,
minimal anatomic limitations, minor surgery, increased
patient comfort, immediate loading, possible use in young
patients, and low costs. The selection of inter-radicular
insertion sites is determined by three factors: Biomechanics
of the chosen appliance, patient’s anatomy, and dimensions of
MI. MI as a source of anchorage in orthodontic procedures is
excellent for adjunctive tooth movements such as en masse
anterior retraction, molar distalization or mesialization,
molar intrusion or extrusion; correction of canted or tilted
occlusal plane; and vertical control.’™ The purpose of the
following research was to conduct a systematic review in a
view to summarize and update the actual knowledge about
MIs in clinical practice, in particular about their stability and
reliability.
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MATERIAL AND METHODS
Study design

The following study is a systematic review of mini-screws as
an intervention to evaluate the stability and different related
clinical parameters to define the success rate (outcome)
depending on the side of insertion (ie., right side and
left side) and type of jaw (i.e., maxilla and mandible). We
followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses.

The systematic review and meta-analysis had been registered
in PROSPERO Cochrane database on July 5, 2020.

ID no. CRD42020188549.

Population

Adult patients undergoing orthodontic treatment.
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Figure 3: Funnel plot of comparison: 1 Success rate, outcome: 1.2
Insertion side.

- SEQ0gIORD .
'
|
i
|
|
02+ e}
1t Q¢
o |
!
04t !
D
0
i
i
06+ '
o o)
|
]
|
08+ :
]
|
|
1 y : : i p , OR
0.05 02 1 5 20

Figure 4: Funnel plot of comparison: 1 Success rate, outcome: 1.2
Type of jaw.
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Figure 5: Risk of bias summary: Review authors’ judgments about
each risk of bias item for each included study.

Intervention

Mls.

Comparison

Left/right side of arch, MIs in maxilla and mandible.

Primary outcome

Success rate based on MI insertion side and jaw type.

Secondary outcome

Success rate is based on length, diameter, site of insertion,
force of insertion, and various factors affecting the success
of MIs.

Study design

This was a clinical study.

Focused question

To evaluate the success rate of MIs of the insertion side
(i.e., right side and left side) and jaw type (i.e., maxilla
or mandible) in adult patients undergoing orthodontic
treatment.

Study inclusion criteria

It was as follows:

1. Studies that analyzed the success of MIs (inter-radicular
implants) for orthodontic anchorage

2. Only human clinical studies with a minimum sample

size of 10 MIs (inter-radicular implants)

Only studies that defined success rate

4. Only studies that define the duration of application of
the force

5.  Studies that measured implant success after 3 months

6. Studies that measured success either at a
predetermined treatment time or after orthodontic
anchorage objective

7. All the randomized control trials, controlled trials,
retrospective studies, and clinical studies

8. Articles in the English language

9. Articles published between the periods of January 1,
2005, and November 30, 2020.

»

Exclusion criteria

1. Case reports, reviews, expert opinions, animal studies,
laboratory, and in vitro studies are excluded from the
study

2. Only abstracts to be excluded from the study

Studies in a language other than English

4. Studies having participants other than adults will be
excluded from the study.

»

Search strategy

The search process was performed independently by two
examiners under the guidance of a librarian. The databases
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Figure 6: Risk of bias summary of the articles included in the study.
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were searched for articles published until November 30,
2020, in English. The electronic and manual database was
searched for the study. Journals that were scanned and
searched were the American Journal of Orthodontics
and Dentofacial Orthopaedics, Angle’s Orthodontist, and
Seminars in Orthodontics. Electronic databases such as
Google Scholar and PubMed were screened. Appropriate
changes in the keywords were done to follow the syntax
rules of each database. The main terms used were “MI AND
Success AND Orthodontics” and “Mini-screws AND Success
AND Orthodontics”

The authors in the study played a crucial role in the concept
and design of the study, data extraction, searching the
electronic and manual databases, statistics of the study, and
reviewing and cross-examining the articles included in the
study. The two examiners assessed the titles and the abstracts
of all studies displayed. If the abstract lacked information to
allow decision-making about selection, the full article was
obtained and evaluated before decision-making. Several
articles appeared in more than 1 database but they were
considered once. Any doubt about inclusion or exclusion
was solved with a discussion. Screening the reference lists of
the selected articles complemented the search. The selected
articles were then carefully read for the quality assessment
and control of bias and data extraction.

Screening articles

Free full-text articles were screened. Study selection was
done on basis of the inclusion and exclusion criteria. Data
extraction was done by two reviewers and recorded in
separate Excel sheets. Any discrepancies in the study selection
were resolved by the third reviewer. The interexaminer
agreement was measured through Cohen kappa test, which
concluded to be almost perfect. Risk of bias was conducted
with Cochrane tool of collaboration. Meta-analysis was done
using RevMan software version 5.3. (The Nordic Cochrane
Centre, Copenhagen, Denmark).

Data extraction

Two examiners extracted and tabulated the following issues
from the selected articles:

a.  Author, year of publication, journal, geographic location,
and study design

Number of patients

Number of MIs

Total success rate

Mean age and standard deviation

Length of the MIs

Success rate related to the length of the MIs

Number of MIs on insertion side, that is, right and left
side

PR oo a0 o
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i.  Number of MIs placed in the mandible
j. Number of MIs placed in the maxilla
k.  Success rate in the mandible

1. Success rate in the maxilla

m. Odds ratio

n. Conclusion.

RESULTS

Study selection

The extensive search across various databases retrieved
4850 references. After the removal of duplicates, 3915 titles/
abstracts were screened and 3863 were excluded because
they did not fit the selection criteria. Out of the lot, with the
application of our stringent (inclusion/exclusion) criteria, 52
studies were finally included for qualitative assessment. The
included articles were further subjected to intricate evaluation
and 24 studies that reported data that could be analyzed were
included for quantitative assessment (meta-analysis).

Characteristics of studies

The included studies were published between 2005 and
2019. The studies were belonging to clinical trials,!*3!
retrospective studies,*** and randomized controlled trials
(RCTs).B81012141537-461 The studies included a cumulative
number of 3687 participants with an age interval from
approximately 12 to 38 years. Few of the studies"*?*?*?"] did not
mention the age group. The studies were carried all across the
globe belonging to Japan,!'7?22>?7) Korea,!'*182>3] Turkey,!>4]
Egypt,[46,48] European region’[24,28,29,30,35] Asia’[19,20,31,34,37] and
Poland.?>#]

Patients

Participants treated with MIs

Intervention

Mls.

Comparison (Control)

Left/right side of arch, MIs in maxilla and mandible.

Outcome (success rate out of total events)

Primary outcomes were stated as success rate based on the
insertion side, that is, right side or left side and based on the
jaw type, that is, maxilla or mandible.

Study design

This study was clinical trials and RCTs.

The outcome of the qualitative synthesis was as follows:

1. The length of MIs varied from 5 to 17 mm with an
average of 8 mm with a most common used diameter of
1.3 mm

2. 'The position of insertion for Mls was between second
premolars and first molars in both the maxilla and mandible

3. Two studies**! reported that MIs are the primary
results with the use of MIs which were anchorage and
molar distalization>447%] in orthodontic treatment

4. 'The force of insertion for MIs was averaged with a torque
of 4-10 Ncm. Bone density and quality as an important
contributing factors for the success of MI

5. The operative protocol and clinician skills which result in
conservative flap incision and controlled inflammation
are responsible for better success rate of MI, especially in
mandible was reported by three studies!'”4!

6. Four studies™*****%! sajd factors which contributed to
failure of MI are the placement site, the loading time
and proximity of the MI to the root and three studies
advocated for bone density and length. The factors such
as root proximity and surface characteristics of MI were
important for the success of the anchorage device

7. Another significant factor contributes to the success
in patient compliance which is dependent on the pain,
comfort, and inflammation after the placement partially
where the orthodontist skills are responsible

8. Wang and Liou, Park et al, and Son et al. stated that
irrespective of pre-drilled and self-drilled or the surface
texture of being machine or acid etched the success rate
is not dependent on it

9. Majority of the studies!!7-212>2622313537 considered MI
as an effective TAD in orthodontic patients due to the
gradual osseointegration and better anchorage effects
which can be long lasting

10. For better results long-term hygiene care was necessary
according to Wu et al., MIs were considered an alternative
to surgery” and easy to perform for clinicians®**

11. Sex, age, and ANB angle are also factors contributing to
the success of MI according to some studies”*!

12. Immediate loading®?*"! can also influence the success of
MI along with the insertion site® of the implant.

For backing the clinical significance of the insertion site and
arch, we conducted a quantitative synthesis accompanying
the qualitative assessment.

For supporting the qualitative evidence, we further carried
out the quantitative analysis by meta-analysis.

Synthesis of results (Meta-analysis)

The meta-analysis was conducted on 24 studies that reported
the outcome that could be analyzed under the two consistent
parameters: Insertion side and type of jaw. A blobbogram of
respective outcomes was plotted to compare the MI based on
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the insertion site and arch. The meta-analysis was carried out
in Review Manager software (RevMan, version 5.3; Nordic
Cochrane Centre [Cochrane Collaboration], Copenhagen,
Denmark; 2014).

Insertion side

A total of nine studies were included in the meta-analysis for
this outcome parameter. A pooled odds ratio of 0.58 (CI: 0.33,
1.00) on application of random effect model was observed
with the heterogeneity of I* = 82% (significant), thus indicating
that the success rate was higher on the right side for insertion
of MI as compared to its contralateral side [Figure 1].

Arch/jaw

A total of 24 studies were included in the meta-analysis
for this outcome parameter. A pooled odds ratio of 0.50
(CI: 0.30, 0.84) on application of random effect model was
observed with the heterogeneity of I* = 88% (significant),
indicating that when MI was placed in the maxilla which had
higher odds of success rate than the mandible [Figure 2].

Publication bias

Publication bias was assessed for these outcomes to detect
funnel plot asymmetry. The funnel plot indicated that the
majority of the studies had less publication bias and higher
quality of reporting results [Figures 3 and 4].

Risk of bias

The risk of bias was assessed by the two independent reviews
for RCTs included in the review and discrepancies were
resolved by discussion and appropriate consultation with
a third reviewer. The domains for risk assessment were
graded as high, uncertain or low risk, based on selection bias
(random sequence generation and allocation concealment),
performance bias (blinding), detection bias (assessor blinding),
attrition bias (incomplete outcome data), and reporting bias
(selective reporting). Thus, the overall risk for individual
studies was assessed as low, moderate, or high risk based on
the domains and criteria. The study was assessed to have a low
overall risk only if all domains were found to have low risk and
high overall risk if one or more of the six domains were found
to be at high risk. A moderate risk assessment was provided
to the studies when one or more domains were found to be
uncertain, with none at high risk [Figures 5 and 6].

DISCUSSION

As of November 30, 2020, 24 studies were selected by
computerized and manual searches to provide data on the
success rate of MIs.

The goal of any orthodontic treatment is to achieve desired
tooth movement with a minimum number of undesirable
side effects. Anchorage is one of the important factors for
the treatment of dental and skeletal malocclusion with fixed
appliances and is a critical factor in determining the success
of orthodontic treatment. The difficulty in establishing a
stable anchorage system has always been a great concern
to the orthodontist because the success of orthodontic
treatment generally relies on the anchorage protocol planned
for that particular case.

In general, in the studies, where the distinction of success
rate according to the sex of patients has been made, no
significant differences are noted. Manni et al.’® found a
success rate higher in male patients (88.1%) than females
(76.4%) (P < 0.05). It could be registered as a general trend
of direct proportionality between success rate and age. In the
study by Motoyoshi et al., immediate loading of MIs showed
success rates significantly (P < 0.05) higher in adults than
adolescents.”?” This finding probably indicates that the bone
density of adolescents is not sufficient to support immediate
loading with orthodontic forces. The screws with a diameter
of 1.2 mm or more are used worldwide with a success rate
of above 70%. The MIs with a smaller diameter are easier to
be placed between the roots, but a small reduction in this
dimension decreases significantly the torsional strength and,
therefore, increases the risk of fracture of the implant. It is
advisable to avoid implants smaller than 1.3 mm in diameter,
especially when placed in the thick cortical bone in the lower
jaw. There were also reported fractures in two studies with
implants of this size."? Another significant factor is the
length of a MI, determined based on several characteristics
such as the depth and quality of bone, the angle of the screw,
the transmucosal thickness, and adjacent vital structures.
Short screws in regions with thick soft tissues, such as the
mucosa of the palate, could easily become unstable. In
these sites it was recommended to use longer screws. The
minimum depth of placement of a MI is at least 5-6 mm,
but it is recommended a deeper insertion when the bone
quality is low. It should be emphasized that by increasing
the diameter and length of the screw, the risk of damaging
the roots during placement increases. The mini-screws with
a diameter of 1.2 mm and a length of at least 8 mm have
sufficient stability with minimal risk of radicular damage.!*’!
The flapless method is less expensive in terms of time but can
reduce the chances of accurate placement of the mini-screw.
An advantage of the flapless method is the better comfort for
the patients. For both flap and flapless protocols, conflicting
success rates have been published. Only Herman et al.
reported a significantly higher success rate (100%) for mini-
screws (n = 10) placed with flap surgery.*"

Care must be taken to place the MI away from the root apices
and the inferior alveolar nerves. The improper placement
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could lead to tooth damage or permanent nerve injury and
complications such as fracture of the MI on insertion, iatrogenic
damage to teeth causing loss and bony sequestra around the area
of MI placement. Hence, a thorough clinical and radiographic
three-dimensional assessment of the teeth adjacent to the site
for MI placement is necessary. Due to the wide variation in root
morphology, post-operative radiography must be used to screen
for any evidence of impingement of the root or nerve.

Factors related to the maintenance of the implants, including
the control of peri-implantitis, antibiotic prophylaxis,
rinsing with chlorhexidine, and oral hygiene instructions,
are also important; even if the possible relationship between
the stability of the implants and the use of antibiotics or
chlorhexidine has not been analyzed in any study. Park et al.
related the control of peri-implantitis with the success of
orthodontic treatment, but they did not find any correlation
between oral hygiene measures and the primary outcomes.!

A total of nine studies were included in the meta-analysis for
the success based on insertion side parameter and 24 studies
for the success based on type of jaw parameter.

The stability of mini-screws immediately following their
placement (primary stability) and during orthodontic
treatment is important for clinicians in terms of achieving
their desired treatment results. The primary factors for
stability are the quality and quantity of the bone,>*! as well
as the thickness, type, and health of the soft tissue.”

Clinical evaluation revealed successful dental movements when
implants remained stable during the orthodontic therapy.

CONCLUSION

A total of 52 articles were extracted for qualitative synthesis
among which 24 articles were reviewed for meta-analysis
and the results showed that the maxilla is a better placement
site for insertion of MI than mandible with the odds ratio of
0.58. The MI placement in the maxillary region is 58% more
successful than mandibular region.

The other parameter showed that the insertion of MI on the
right side was more successful with the odds ratio of 0.50.
The insertion of MI on the right side of the jaw is 50% more
successful than on the left side of the jaw.

It can be concluded that MIs represent effective TADs.
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