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Abstract:

Introduction: The causes of the biological instability of mini-implants are still a matter of discussion among
dentistry clinicians. The aim of this systematic review and meta-analysis is to investigate inflammation of the soft
tissue and poor oral hygiene as potential risk factors for mini-implant stability. Methodology: A systematic search
of the literature of five major databases, PubMed, Web of Science, Science Direct, EBSCO, and Google Scholar,
was carried out to include relevant and eligible literature. Results: Eight studies were included in this study, with a
total of 1285 patients, and 316 of them were males. Inflammation and Poor oral hygiene were demonstrated as
significant risk factors for mini-implants stability [OR, 2.37 (95% ClI: 0.10, 4.65), P=0.04] and [OR, 5.7 (95% Cl:
3.29, 8.1), P=0.000], respectively. Conclusion: We found that the presence of inflammation in the surrounding soft
tissue of the mini-implants and poor oral hygiene are both significant risk factors for mini-implant stability.
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INTRODUCTION:
The increasing demand for adult orthodontic
treatment and the necessity to use methods that need
less patient co-operation has led, once they promote
so-called skeletal anchorage, to generalized use of
mini-implants [1, 2].

These devices were first introduced were into are in
the orthodontics field by Kanomi for upper incisors
and were initially used as bone fixation screws for
orthognathic and facial reconstruction [3]. The mini-
implants can be inserted into various areas of the oral
cavity in order to provide skeletal anchorage due to
their small size [4].

These anchorage devices were an important
orthodontic component, particularly in challenging
mechanical cases like tooth movement, severe
overbite correction [5], anterior teeth retraction
without moving anchorage teeth, molar intrusion for
open bites, or even correction for control of vertical
dimensions [6, 7].

Control of anchorage is a key factor for successful
orthodontic treatment. In critical situations, skeletal
anchoring can be very helpful. This was supported by
dental implants [8], palatal implants [9], or mini-
plates [10]. However, the main problem with this
type of temporary anchoring device is the relatively
high failure rates between 10 and 30% [11].

Stability refers to the reactive force resistance, which
can result in unwanted movements from the teeth or
other oral or extraoral structures [12]. Two types of
stability can be identified in the case of mini-
implants: primary and secondary. Mechanical
stability is primarily achieved by compressing the
bone with a mini-implant during an insert. At the
moment of placement, secondary or biological
stability is established and increases during bone
reshaping or cure [13].

It takes at least 8 weeks to move between primary
and secondary stability. Mini-implant failure may
occur during this time. The appearance of mobility
(eventual loss), inflammation, or infection is
considered a mini-implant failure.  Although
orthodontic  mini-implants  achieve  biological
stability, osseointegration in this type of implant does
not occur as they are temporary devices [13].

However, temporary anchorage devices (TADs) have
several drawbacks. Soft tissue inflammations can
cause poor osteointegration and loss of primary
stability in surrounding tissues. Therefore, good oral
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hygiene is essential to maintain TAD stability
because it is usually caused by low oral hygiene [14].
This systematic review and meta-analysis aim to
investigate the presence or absence of inflammation
and poor oral hygiene in association with mini-
implant stability. The success rate will also be
estimated.

Kuroda et al. reported that inflammation is possible
because of the location of the mini-implant above the
mucosal-gingival junction. Mini implants in this
region tend to develop inflammation more generally
[15]. Chen et al. and Lee et al. have reported that
several other factors may affect the rate of
failure/success, but the present review could not
analyze them due to the lack of published papers.
These include poor hygiene, surrounding tissue
inflammation, and bone density, all of which were
thought to play a role in the failure of the treatment
[16, 17].

METHODOLOGY::

Study design and duration

This systematic review and meta-analysis were
implemented between October 10, 2021, and
November 10, 2021.

Study condition

This study investigated the published literature
regarding the presence or absence of inflammation
and oral hygiene in association with mini-implant
stability. The success rate was also estimated.

Search strategy

A systematic electronic search of the literature of five
major databases, PubMed, Web of Science, Science
Direct, EBSCO, and Google Scholar, was conducted
to include relevant and eligible literature. Our search
process was limited to the English language and
specialized for each database as necessary. The
relevant study articles were defined through the
following keywords that adjusted into Mesh terms in
PubMed or subject terms as in Scopus; "Mini-

implants," "micro-implants,” "mini-screws," "skeletal
anchorage," "inflammation," "inflammatory
reaction,” "oral hygiene," "success rate,” "failure,"”

and "stability." The appropriate keywords will be
combined with Boolean operators such as "OR" and
"AND." The search results were limited to full texts,
accessible articles, human trials, and English.

Selection criteria
Our review included the studies with the following
criteria:
e Study designs that provide the success rate
of mini-implant intervention and its
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associated factors, including inflammation
and oral hygiene.
e  Adult patients are aging >18 years.

Exclusion criteria comprised the following:
e Studies with patients younger than 18 years.
e Studies not conducted in the English
language.
e  Studies with no free access.
e Case reports or case series.

Data extraction

Rayyan (QCRI) [19] was used to determine the
duplicate evaluation aspects of the search strategy
outcomes. The researchers investigated titles and
abstracts for convenience by screening the pooled
search results using a set of inclusion/ exclusion
criteria. The reviewers assessed the full text of the
papers that met the inclusion criteria. The authors
overcame any disagreements through debate and
discussion. To include the eligible research, a data
extraction form was created. The authors extracted
information about the study titles, authors, study
year, study design, population type, participant
number, participant age (age range and mean age),
gender, the success rate of mini-implant treatment,
duration of observation, and the presence or absence
of inflammation and oral hygiene.

Risk of bias assessment

To evaluate the quality of the included studies, the
Newcastle-Ottawa scale (NOS) [20] was utilized for
qualitative and quantitative data synthesis for cohort
study articles.

Strategy for data synthesis

Summary tables comprising the eligible studies'
collected details were presented to generate a
qualitative overview of the included research features
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and outcome data. The extent of the recommended
pooled analyses was examined once the data
processing was assessed. After completing data
extraction in this meta-analysis, decisions were taken
on how to better use case and control data.
Independent of the viability of the pooled meta-
analyses, a qualitative synthesis of the determined
data was carried out. Studies that meet the full-text
inclusion requirements but did not provide numerical
data on inflammation and oral hygiene as potential
risk factors for mini-implants stability were excluded.
The authors used Review Manager 5.4 [21] to
perform quantitative data synthesis for the condition
of interest analyses. The presence or absence of
inflammation or oral hygiene as potential risk factors
for mini-implants stability was evaluated using
random-effects meta-analysis. As part of the pooled
meta-analysis, heterogeneity was assessed using an I-
square statistic. The funnel-plot and funnel-plot
symmetry measurements were used to estimate
publication bias.

RESULTS:

Search results

A total of 523 study articles have resulted from the
initial systematic search. Rayyan (QCRI) identified
and deleted 53 duplicates from these results. After the
title and abstract screening, 426 studies were deleted
either due to irrelevant findings or study design,
followed by the full-text assessment and removal of
an additional 36 studies due to irrelevant analysis,
wrong outcome, wrong population, or not available
numerical data on the success rate of mini-implant
intervention and its associated factors, including
inflammation and oral hygiene. This eventually
resulted in a total of 8 eligible and unique study
articles. The selection process and identification are
presented in Figure (1).
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Figure (1): PRISMA flow chart presenting a summary of the study selection process.

Characteristics of the included studies

A total of 8 studies were included in this systematic review and meta-analysis, with 1285 patients, and 316 of them
were males. Their mean ages ranged from (15.5 + 8.3) [27] to (25.1 £ 8.7) [26]. Most studies were retrospective
cohort studies [22-26, 29], one was a clinical trial [27], and one was a prospective study [28]. Two studies were
conducted in Taiwan [23, 26], one in Korea [27], one in India [29], one in Japan [25], one in Pakistan [22], one in
the USA [24], and one in Egypt [28]. The observation time ranged from 15 months [27] to 6 years [24].
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Table (1): Summary of the characteristics of the included studies.
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Azeem et al., Mini-implants
2019 [22] Retrospectiv inserted in the
e cohort Pakista 18.6 + 59 retromolar (RM)
study n 110 5.2 (19.5) area 5
Yao et al., Patients with Class
2015 [23] 1,11, or I
Retrospectiv malocclusions with
e cohort 113 titanium mini-
study Taiwan 643 29.3 (17.6) implants 5
Uribe et al., | Retrospectiv Mini-implants in
2015 [24] e cohort 222+ 13 the infra-zygomatic
study USA 55 11 (38.5) (1Z) crest 6
Miyawaki et Mini-implants
al., 2003 inserted in the
[25] Retrospectiv buccal alveolar
e cohort 21.8+ bone of the
study Japan 41 7.8 5(12.2) posterior region 4
Chenetal., Patients with Class
2008 [26] I, 11, or 1l
Retrospectiv malocclusions with
e cohort 25.1+ 42 mini-implants as
study Taiwan 194 8.7 (21.6) TADs 3
Park et al., Patients with
2006 [27] micro-screw
implants as
155+ 35 orthodontic
Clinical trial | Korea 87 8.3 (41.7) anchorage 15 months
Alyetal., Patients with class
2018 [28] Prospective 24 I canine with
clinical trial | Egypt 82 NA (29.3) inserted TADs 2
Sharma et Patients with Class
al., 2011 Retrospectiv I, 1, or
[29] e cohort 22.45 + 25 malocclusions with
study India 73 6 (34.2) micro-implants 2

Inflammation as a risk factor for mini-implants stability

Five studies investigated the mini-implants stability in the presence of inflammation. Inflammation was
demonstrated as a significant risk factor from mini-implants stability [OR, 2.37 (95% ClI: 0.10, 4.65), P=0.04]. No
significant inter-heterogeneity between studies was detected (12=0%, P=0.85) Figure (2).
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Odds Ratio Odds Ratio
Study or Subgroup Odds Ratio SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Azeem etal 2019 1.4178 1.445894 E4.4% 1.42[-1.42, 4.29] -
Chenetal 2008 7.25 14561449 0.6% 7.25[-21.28, 35.79] »
Chen etal 2008 3673 11081488 0.0% 367318046, 253.92] * +
Mivawwaki et al. 2003 461 46EE453 B.2% 4.61 [-4.54, 13.76] -
Fark et al. 2006 AT4T 2174275 28.5% 37a[0.51, 801 S
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Figure (2): Forest plot of the effect of inflammation on mini-implants stability.

Poor oral hygiene as a risk factor for mini-implants stability

Five studies investigated the mini-implants stability in the presence of poor oral hygiene. Poor oral hygiene was
found as a significant risk factor from mini-implants stability [OR, 5.7 (95% CI: 3.29, 8.1), P=0.000]. A significant
inter-heterogeneity between studies was detected (1>=85%, P=0.000) Figure (3).

Odds Ratio Odds Ratio
Study or Subgroup  Odds Ratio SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Alvetal 2018 3669 1.475437 6BO.T% 367 [0.58, 6.76] —M—
Azeem etal 2019 1.5309 24506118 240% 143 [-3.38, 6.44] —
Fark etal 2006 10634 3006698 0.0% 1063 [A78.67 509.94] 4 +
Sharma et al. 2011 207 3ATETTI 14.89% 20.70[14.48, 26.92) —_—
Uribe etal. 2015 26916 19.55317 0.4% 269 [-35.63,41.02] ¢ *
Total (95% CI) 100.0% 5.70[3.29, 8.10] -
Heterogeneity: Chi*= 26.76, df= 4 (P = 0.0001}); F=85% -E:IJ -1=|Z| b 110 E:IJ
Testfor overall effect Z= 4.84 (P = 0.00001) Favours [experimental] Favours [control]

Figure (2): Forest plot of the effect of poor oral hygiene on mini-implants stability.
Publication bias
Visual inspection of the funnel plot reveals the asymmetrical distribution of presence or absence of inflammation
and poor oral hygiene between studies as potential risk factors for mini-implants stability Figure (3).
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Figure (4): Funnel plot of publication bias detection.
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DISCUSSION:

Bone anchorage is becoming increasingly widespread
in orthodontic treatments [11]. As the literature
demonstrates repeatedly, the advantages presented by
mini-implants are numerous, and the technique
reveals a success rate of over 80%. But when mini-
implants fail, they do so within the first 8 weeks
following placement, the period when implant
stability wvaries from mechanical to biological
stability [13].

This systematic review and meta-analysis have
investigated inflammation and poor oral hygiene as
potential risk factors for mini-implant stability. We
found that inflammation and oral hygiene are
significant risk factors for mini-implant stability with
pooled ORs of (2.37) and (5.7), respectively. In
contrast, a case series conducted by Upadhyay et al.
demonstrated no significant difference concerning
oral hygiene, but local inflammation had a prominent
role in the success rate [18]. Park et al. also found
that success rate was not affected by oral hygiene, but
inflammation around the mini-implant did [27]. Chen
et al. showed that soft tissue inflammation around the
mini-implant was the most significant predictor of
mini-implant failure [29]. Therefore, to improve
stability, we should be instructed to meticulously
control plaque of the soft tissue surrounding the mini-
implants.

After 3 weeks of healing for TADs, stability,
prevention of inflammation, and loading avoidance
cannot be  overemphasized even  though
osseointegration is not required. The importance of
avoiding loading was first recognized for improved
retention of TADs in the first 3 weeks when primary
stability is established. This supports the fact that
when primary bone contact decreased during the
healing phase, the stability of the bone-implant was
measured using resonance frequency (RF) in 3 weeks
after placement [30].

Inflammation can result in the early destruction of the
surrounding bone tissue, an essential element for the
mechanical interdigitation of the mini-screw threads.
Thus, TAD placing in the attached gingiva and
meticulous oral hygiene should remain in place to
ensure TAD stability throughout treatment to prevent
inflammation of the surrounding tissues. Moreover,
loading is only recommended after 3 weeks so that
the main cure of the surrounding bone is not
disturbed [26].

Oral hygiene was a significant factor in the success
rate when the success rate was far better compared
with those with poor oral hygiene in patients with
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good oral hygiene. Poor oral hygiene could result in
food accumulation and gingival inflammation around
TAD, leading to a failure in turn [28]. Sharma et al.
found that the main factor affecting the success rate
of TAD is oral hygiene and gingival inflammation
[29]. Melsen et al. assessed the success rate of
micro-implants among Asian patients. They reported
that poor oral hygiene, high mandible angle, moving
gingival position, and inflammation were associated
with the micro-implant's failure. Therefore, the
correct selection of cases and the recommended
protocol are extremely important to prevent failures
[31].

Limitations

The small number of studies investigating the
variables analyzed in this study may lead to
estimation errors or even fail to detect their
importance. Further prospective studies could
produce better information and better orthodontic
treatment results with the use of mini-implants under
controlled conditions.

CONCLUSION:

This systematic review and meta-analysis reported
that the presence of inflammation in the surrounding
soft tissue of the mini-implants and poor oral hygiene
are both significant risk factors for mini-implant
stability. The conclusions of this study were stated
regarding the failure and success rates in association
with the stability of the anchorage; therefore, more
prospective clinical studies are required to investigate
the associated factors with mini-implant stability.
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