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abstract
Objective: To use a systematic review to determine which all are
the contributing factors that play role in success rate of orthodontic
mini-implants.
Materials and methods: Different databases were searched
without limitations up to July 2015. Additionally, the bibliographies
of the finally selected articles were hand searched to identify any
relevant publications that were not identified earlier. In vitro and
in vivo articles were included. Both human and animal studies
were included. Thirty five articles were initially selected, finally
28 articles were included in the study.
Conclusion: This review article conclude that success of orthodontic mini-implants depends on multiple factors which can be
broadly classified under four headings- mechanical factors, biologic factors, placement technique, microbial factors. Mechanical
factors included diameter of mini-implants, surface characteristics,
load and its relation with implants, microgrooves, miniscrew versus manipulates, biologic factors included Inter-radicular space,
skeletal growth pattern, placement site, racial factors, root proximity, placement techniques such as self-tapping and self-drilling
placement, laser therapy, reinstalled mini-implants, pre drilling
diameter play a vital role in success of implants. Microbial factors
such as microbial floral changes after implant placement and
inflammation surrounding the implants also have an important
role in success and failure of implant.
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INTRODUCTION
Mini-implants are routinely used as absolute anchor devices while performing various orthodontic tasks, such
as retraction of the anterior segment, mesiodistal movement of the posterior teeth, asymmetrical tooth movement, intrusive mechanics, and orthopedic corrections.
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However, after installation, some mini-implants show
mobility before or during load application, which can
lead to their removal or clinical failure.1 The failure rate
of mini-implants varies from 6.6 to 16.1%, which is higher
than that of dental implants (3%) and other temporary
anchoring devices, such as miniplates (2.6 to 7.3%).2-6 The
mechanism that leads to mobility and, consequently, to
the clinical failure of mini-implants is still unknown.6,7
The purpose of this article was to review and update
current data on factors contributing to the success rate of
mini-implants.

MATERIALS AND METHODS
A survey of articles published up to December 2015, associated with factors influencing success rates of mini-implants,
was performed by using several electronic databases, such
as Google Scholar, PubMed, EBSCO, Copernicus, Medline,
and Embasse. The key words used to identify the corresponding studies in the database were peri-implantitis,
mini-implant diameter, shape, self-drilling, self-tapping
method, and role in success of mini-implants. Abstracts
and summaries of these articles were reviewed to select
papers. All the articles in English were selected. A total of
28 articles were selected in this process.
Inclusion criteria applied to the initial selection of
the appropriate articles from the published abstracts
consisted of:
• Various factors that affect success rates of orthodontic
mini-implants – peri-implantitis, diameter of miniimplant, self-drilling, self-tapping method, placement
site, placement side, interradicular space, vertical
skeletal pattern, etc.;
• In vitro and in vivo studies;
• No case reports; and
• Studies published from 2000 to July 2015.

RESULTS
Initially, articles were selected according to the selection
criteria from the various databases. From the 35 studies
collected from all of the databases, only 28 studies actually fulfilled the inclusion criteria after the two reviewers
examined each study. Among the 35 selected articles,
4 articles were rejected as they were review articles rather
than experimental studies. Two articles were rejected as
they were a case series or case report. One of the articles
was rejected because it was a prospective study based on
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Flow Chart 1: Article selection

length. Both a nonmicrogroove (NMG) and a microgroove
(MG) (50 μm pitch and 10 μm depth) miniscrew were
placed. They concluded that the success rate and bone-toimplant contact (BIC) on the pressure side were found to
be higher in the MG group than in the NMG group. The
MG group revealed no significant differences between
BIC on the pressure and tension side, while the NMG did
not show any difference. The MG exerts positive effects
on soft-tissue adaptation and bone healing.

Length of Mini-implants

perception. The final selection of studies include in vitro,
in vivo, and animal studies. Flow Chart 1 presents the
flow of article selection in this systematic review. About
28 articles satisfied the final selection criteria.

FACTORS INFLUENCING SUCCESS RATES
OF ORTHODONTIC MINI-IMPLANTS

Sarul et al12 studied the effects of the length of miniimplants by placing both 6- and 8-mm-long mini-implants
on the right and left sides of the mandible. They then
concluded that 8 mm orthodontic miniscrew implants
were significantly more stable than the 6 mm ones in the
analyzed group.

Effect of Applied Load on Mini-implants

Chaddad et al10 studied the survival rate of 17 machinedtitanium and 15 sandblasted-titanium mini-implants in
10 patients for a period of 150 days. They reported a survival rate of 87.7% and found that surface characteristics
did not influence the survival rates of immediately loaded
mini-implants.

The clinical and biomechanical outcomes of titanium
mini-implant systems activated with different load
regimens were studied. Luzi et al1 conducted studies on
animals (monkey) to determine the effect of immediate
loading of orthodontic mini-implants on tissue, and concluded that loading seems to induce an earlier increase
in bone formation and decrease in bone resorption.
Therefore, loading with a light force is useful. Büchter
et al13 also concluded that implants were lost only when
load exceeded 900 cN mm, and immediate loading of
mini-implants can be done without loss of stability. For
evaluation of the failure rate of immediately loaded
mini-implants used for orthodontic anchorage, 140 miniimplants were placed at various sites in the maxilla and
mandible for various movements like molar uprighting,
molar uprighting and mesial movement, molar mesial
movement, incisor intrusion and proclination, incisor
retraction, premolar intrusion, midline correction, premolar distal movement, and molar intrusion and immediately loaded with 50 cN superelastic coil springs.
About 13 of the mini-implants failed (9.3%) and 9 were
partial failures, i.e., they showed minimum mobility,
but stayed in place (6.4%). The upper jaw had a greater
failure rate (12.2%) than the lower jaw (8.0%). The palate
was the anatomic location with the greatest risk of failure, while in the mandibular alveolar process, the least
failure rate was observed. Hence, immediate loading
with light forces should not be considered a risk factor.

Microgrooves

Characteristic of Retrieved Mini-implants

Kim et al11 conducted animal studies on Beagle dog by
placing mini-implants of 1.6 mm diameter and 6.0 mm

Two of the studies focused on retrieved mini-implants.
Eliades et al14 studied retrieved mini-implants to observe

The success rate of orthodontic mini-implants depends
on multiple factors. For the convenience and easy
understanding of these factors, they are classified into
four groups. They are:
1. Mechanical factors
2. Biologic factors
3. Placement technique
4. Microbial factors.

Mechanical Factors
Diameter of Mini-implant
Results from the study by Chen et al8 proved that when
the self-drilling technique is used, micro-implants with a
diameter of less than 1.3 mm are unsuitable for insertion
into a bone with a density greater than 40 pounds per cubic foot. Barros et al9 proved that increase in mini-implant
diameters significantly influenced the increase in the
placement torque and fracture torque in quantities that
progressively reduced the fracture risk. The self-drilling
efficacy was not strongly influenced by diameter.

Surface Characteristic
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any morphological, structural, or compositional alterations and hardness changes in the used mini-implants,
and found that structural and morphologic changes occur.
Tortamano et al15 studied periodontopathogens around
the surfaces of retrieved mini-implants. When compared
between the successful and failed mini-implant surfaces,
it was found that there was reduction of Actinobacillus
actinomycetemcomitans (Aa), Prevotella intermedia (Pi), and
Porphyromonas gingivalis (Pg) on the surface of the failed
mini-implant. They, thus, concluded that the presence
of Aa, Pi, and Pg around mini-implants is not associated
with mobility.

Miniscrew vs Miniplates
A total of 140 mini-implants in 44 patients, including
48 miniplates and 92 freestanding miniscrews, were
examined in the study. A variety of orthodontic loads
were applied. The majority of the implants were placed
in the posterior maxilla (104/140), and the next most
common location was the posterior mandible (34/140).
A cumulative survival rate of 89% (125/140) was found
by Kaplan–Meier analysis. There was no significant
difference in the survival rate between miniplates and
freestanding miniscrews, but miniplates were used in
more hazardous situations. The Cox proportional-hazards
regression model identified anatomic location and periimplant soft-tissue character as two independent prognostic indicators. The estimated relative risk of implant
failure in the posterior mandible was 1.101 (95% confidence interval, 0.942 to 1.301; p = 0.046). The risk ratio
of failure for implants surrounded by nonkeratinized
mucosa was 1.117 (95% confidence interval, 0.899 to
1.405; p = 0.026). The results confirmed the effectiveness
of orthodontic mini-implants, but in certain situations
adjustment of the treatment plan or modifications in the
technique of implant placement may lead to improved
success rates.16

Biologic Factors
Placement Site
Moon et al17 conducted a study on 209 orthodontic patients by placing mini-implants in interdental areas from
the first premolar to the second molar in the maxilla
and mandible and concluded that the success rate was
independent of sex, age, jaw, soft-tissue management,
placement side, and placement site in maxilla. However,
the success rate in the mandible was dependent on the
placement site of adult patients. Tsaousidis et al20 placed
20 mini-implants in the buccal and 18 in the palatal side
of the maxilla, and 38 in the buccal side of the mandible

at a minimum depth of at least 5 mm. Miniscrews in
the palatal side of the maxilla failed at a higher rate than
in the buccal side of the mandible, so the insertion depth
should be more than 5 mm on the palatal side. The failure
rate was higher during the first 3 months after insertion while comparing the miniscrews in the buccal side
of the maxilla or mandible. They observed the shorter
miniscrews showed significantly higher failure rates and
concluded that the insertion site seems to affect the failure
rates of orthodontic miniscrews.

Interradicular Space
Asscherickx et al 19 suggested that root contact and
marginal position might be major risk factors for screw
failure by placing 20 miniscrews into the mandible of
5 Beagle dogs between the roots of the second and third,
and third and fourth premolars. After 25 weeks, the
dogs were sacrificed to prepare histological slides. In
five sites, the distance between the screw and the tooth
was less than 1.0 mm, but only one of these screws was
lost. The distance between the screw and the marginal
bone level was less than 1.0 mm for 9 screws and 7 of
these were lost.

Skeletal Growth Pattern
The objective of the study conducted by Moon et al20
was to calculate the success rate of the mini-implants
according to clinical variables (sex, age, soft-tissue
management, placement position, sagittal skeletal
classification, arch-length discrepancy, and side) and
skeletal variables (articular angle, mandibular plane to
palatal plane angle, Frankfort-mandibular plane angle,
mandibular plane angle, gonial angle, upper gonial
angle, and lower gonial angle). They concluded that
vertical skeletal pattern might be an important factor
for the success of orthodontic mini-implants placed in
posterior buccal areas.

Racial Factor
Antoszewska et al2 studied the factors influencing the
success rate of mini-implants by placing 350 self-tapped
mini-implants in 130 patients and concluded that success
rate in whites is greater than in Asians.

Root Proximity
Kuroda et al21 examine 216 titanium screws in 110 patients
using dental radiographs or cone beam computed tomo
graphy (CBCT). Each screw was classified according to
its proximity to the adjacent root. In category I, the screw
was absolutely separate from the root; in category II, the
apex of the screw appeared to touch the lamina dura;
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and in category III, the body of the screw was overlaid on
the lamina dura. Screws placed in the maxilla had a significantly higher success rate than those in the mandible.
There was a significant correlation between success rate
and root proximity. There were significant differences in
the success rates between categories I and II, I and III, and
II and III. Although screws in all three categories in the
maxilla and categories I and II in the mandible showed
high success rates above 75%, screws in category III in the
mandible had a low success rate of 35%. They concluded
that proximity of a miniscrew to the root is a major risk
factor for the failure of screw anchorage. This tendency
is more obvious in the mandible.
Chen et al22 performed an animal study on mongrels.
Seventy-two miniscrews were surgically placed in the
mandibular alveolar bone with metabolic bone labeling
at 3-week intervals. In the experimental group, miniscrews were placed so that they contacted the root of the
adjacent teeth. They studied the insertion torque, clinical
measurements, removal torque, and histological findings
and concluded that (1) there was high insertion torque
with miniscrews contacting the roots; (2) the removal
torque measurements varied on the basis of mobility of
miniscrews and the type of root contact; and (3) there was
more failure with miniscrews contacting the root.

Placement Techniques
Self-tapping and Self-drilling Placement Techniques
Çehreli and Arman-Özçırpıcı23 placed mini-implants into
the bovine iliac crest blocks after computed tomography
(CT) assessment. It was concluded that differences in insertion torque values, Periotest values, and subjective assessments of stability scores of self-drilling and self-tapping
implants were insignificant. Self-drilling implants had
higher BIC percentages than did self-tapping implants.
Significant correlations were found between parameters
influencing the primary stability of the implants.
Yadav et al24 suggested that greater microdamage in the
cortical bones of adult hounds in both the maxilla and the
mandible was due to the self-drilling insertion technique
as compared with the self-tapping technique. They placed
mini-implants (n = 162; diameter 1.6 mm; length 6 mm) in
the maxillae and mandibles on both the right and left sides
of nine hounds (12–14 months old) through the self-drilling
and self-tapping insertion techniques.
The aim of Chen et al’s3 retrospective study was to evaluate systematically the potential factors that influence failure rates of mini-implants used for orthodontic anchorage.
They found that gender, type of malocclusion, facial divergency, implantation site (buccal, lingual, or crestal/
midpalatal), location (anterior or posterior), method of force
application (power chain or NiTi coil spring), arch (upper
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or lower), type of soft tissue (attached gingiva or removable
mucosa), and most of the cephalometric measurements
that reflect dentocraniofacial characteristics do not affect
the failure rates. An increased failure rate was noted for the
self-drilling miniscrew type of temporary anchorage device
(TAD), TADs used for tooth uprighting, those inserted
on bone with lower density, those associated with local
inflammation of the surrounding soft tissue, those loaded
within 3 weeks after insertion, and those placed in patients
with greater mandibular retrusion. Failure rates of the selfdrilling miniscrews installed by an oral surgeon and by
an orthodontist did not differ significantly. They concluded
that the inflammation of soft tissue surrounding a TAD
and early loading within 3 weeks after insertion were
the most significant factors predicting TAD failure. Both
orthodontists and oral surgeons, who install orthodontic
TADs, must undergo sufficient training to achieve clinical
excellence.

Laser Therapy
Garcez et al25 did an animal study on pigs by placing
miniscrews on the buccal side of the mandible and on the
palate of the maxilla. They loaded them with 250 gm force
and irradiated the laser group with a 780-nm diode laser
of 70 mWs for 1 min. The histological analysis and fluorescent microscopy after 3 weeks demonstrated that the
laser group had less inflammatory cells than the control
group, and the bone neoformation around the miniscrew
was more intense and the success rate was 60% for the
control group and 80% for the laser-treated group.

Reinstalled Mini-implants
Baek et al26 carried out a study by placing mini-implants
in the attached gingiva of the upper buccal posterior regions for anchorage during en masse retraction. If it failed,
a new one was immediately installed in the adjacent area
or after 4 to 6 weeks in the same area. They concluded
that the success rates of the newly placed mini-implants
and that of the reinstalled ones were the same.

Predrilling Diameter
Wilmes et al27 conducted an animal study. In this study,
after implant site preparation with different predrilling
diameters (1.0, 1.1, 1.2, and 1.3 mm), dual top screws
1.6–10 mm were inserted with three different insertion
depths (7.5, 8.5, and 9.5 mm) in the 12 ilium bone segment of pigs. The insertion torque was recorded to assess
primary stability. Higher insertion depths result in higher
insertion torques and, thus, primary stability. Larger
predrilling diameters result in lower insertion torques.
In the animal study of Tachibana et al,28 the miniimplants were placed using self-drilling and predrilling
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methods into the ribs of pigs. Specimens were classified
into two groups – cortical bone thicknesses of 1.2 ± 0.02 and
2.0 ± 0.03 mm – respectively, and used to model the human
maxillary and mandibular bones. The peak mini-implant
placement torque value was measured, and the surrounding cortical bone was observed histologically. In the mandible model, the torque in the self-drilling and predrilling
groups exceeded 10 N cm, except in one case which had a
1.3-mm diameter pilot hole. Histology revealed cracks in
the surrounding cortical bone in the groups whose torque
value was 10 N cm or more. Therefore, when using the
self-drilling technique to place a 1.6-mm diameter miniimplant in the mandibular alveolar bone, it is preferable
to drill a 1.3-mm diameter pilot hole first.

Microbial Factors
Microbial Flora Changes after Placement
of Mini-implant
Two studies were found related to changes in microbial
flora following insertion of orthodontic mini-implants.
Uysal et al29 conducted a study to rule out the role of bacteremia in peri-implantitis. They reported no bacteremia
in the pretreatment sample, but Streptococcus sanguis was
positive in one of the postprocedure samples. Therefore,
orthodontic mini-implant placement might be correlated
to transient bacteremia, which may lead to failure of
mini-implants. Determined that there was no significant
difference in the microbial colonizations among the
examined time intervals, except for Streptococcus spp.,
between baseline and 24 hours, which characterized the
initial colonization in this time interval. Apel et al30 collected bacterial samples of eight failed and four successful
cases and subjected them to a universal bacteria-directed
real-time quantitative polymerase chain reaction for
quantification in combination with a microarray-based
identification of 20 selected species. The bacterial analysis
did not reveal any major difference in the total amount
or species composition between control and failed miniimplants. However, Actinomyces viscosus was found in
four (100%) and Campylobacter gracilis in three (75%) stable
controls, whereas both species were rarely found (12.5%)
in failed implants. They concluded that the peri-implant
sulcus surrounding failed orthodontic mini-implants did
not show a specific aggressive bacterial flora.

Bacteremia after Removal of Orthodontic Mini-implant
Livas et al31 studied occurrence of bacteremia after removal of orthodontic mini-implants in human populations and found that there was no bacteremia in pre- and
postblood samples.

Inflammation
Bae et al32 placed four types of 227 mini-implants in
87 consecutive patients and found that the screw-implant
factors (type, diameter, and length), local host factors
(occlusogingival positioning), management factors (angle
of placement, onset and method of force application,
ligature wire extension, exposure of screw head, and
oral hygiene), and general host factors (age, sex) had no
statistical significance.
However, mobility, jaw (maxilla or mandible), side of
placement (right or left), and inflammation showed significant differences in success rates. Mobility, the right side
of the jaw, and the mandible were the relative risk factors.
To minimize the failure of screw implants, inflammation
around the implant must be controlled, especially for
screws placed in the right side of the mandible.

CONCLUSION
The success of orthodontic treatments depends upon the
successful anchorage preparation. The introduction of
orthodontic implants has opened new horizons in intraoral anchorage systems. Orthodontic implants are placed
temporarily (for anchorage purpose) in the oral cavity in
comparison with dental implants; however, orthodontic
implants face a higher risk of failure. An insight into
the etiological factors contributing to this failure is an
important aspect for successful orthodontic treatment.
A systematic review undertaken here has enlightened
the risk factors to be taken into consideration to achieve
success in orthodontic implants.
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