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INTRODUCTION

Orthodontic anchorage is defined as resistance
to undesired tooth movement.1 It is a prerequisite
for the orthodontic treatment of dental and skeletal
malocclusions.2,3 Micro-implants have become very
popular in the orthodontic community in recent
years for providing anchorage.4—8 They are an
excellent alternative to conventional orthodontic
anchorage systems such as intraoral dental
anchoring units and extra-oral headgear devices.
Micro-implants are especially useful in adults with an
incomplete dentition as well as in adolescents when
noncompliance during treatment is likely. Other
advantages include their relatively small size which
results in minimal anatomical limitations, user-
friendly protocol, immediate loading potential,
adaptability to biomechanics in effecting
orthodontic and orthopedic forces, high

success rate, low cost and most importantly patient
acceptability. 9-11

HISTORICAL DEVELOPMENT

The idea of using screws fixed to bone to obtain
absolute anchorage goes back to 1945, when
Gainsforth and Higley12 placed vitallium screws in the
ascending ramus of 6 dogs to retract their canines.
The first clinical use reported in the literature came
in 1983 when Creekmore and Eklund13 used a
Vitallium bone screw inserted in the anterior nasal
spine to treat a patient with a deep overbite. However,
the use of miniscrew implants for orthodontic
anchorage was not immediately embraced.
Thereafter, a number of papers focused on the use of
other means to obtain skeletal anchorage for
orthodontic tooth movement, such as dental
implants,14-16 onplants,17 and palatal implants.18 In
1997, Kanomi19 described a mini-implant specifically
made for orthodontic use, and in 1998, Costa et al.20
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ABSTRACT:

Mini-implants are increasingly popular in clinical orthodontics to

effect skeletal anchorage. The mode of anchorage facilitated by

these implant systems has a unique characteristic owing to their

temporary use, which results in a transient, albeit absolute

anchorage. The foregoing properties together with the recently

achieved simple application of these screws have increased their

popularity, establishing them as a necessary treatment option in

complex cases that would have otherwise been impossible to treat.

The aim of this comprehensive review is to present and discuss

the development, clinical use, benefits, and drawbacks of the

miniscrew implants used to obtain a temporary but absolute/

skeletal anchorage for orthodontic applications.
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presented a screw with a bracket like head. Several
other miniscrew implants have been introduced
since then, each presenting different designs and
features. Further, during the last decade, other means
of bone anchorage have also been proposed,
including zygoma wires,21 miniplates,22,23 and zygoma
anchors.24

CLASSIFICATION

Skeletal anchorage devices can be classified into
2 main categories, based on their origin.25The first
category has its origins in osseointegrated dental
implants and includes the orthodontic mini-implants,
the retromolar implants, and the palatal implants. The
second category finds its origin in the surgical mini-
implants, such as the one used by Creekmore and
Eklund13 and those described later by Kanomi19 and
Costa et al.20 In a similar manner, Cope classified the
current available methods of skeletal anchorage as
either biocompatible or biologic in nature26.

In a more thorough classification of implants
used for orthodontic anchorage, Labanauskaite et
al.27 suggested the following classification:

• according to the shape and size

_ conical (cylindrical)

- miniscrew implants

- palatal implants

- prosthodontic implants

_ miniplate implants

_ disc implants (onplants);

• according to the implant bone contact

_ osseointegrated

_ nonosseointegrated;

• according to the application

_ used only for orthodontic purposes
(orthodontic implants)

_ used for prosthodontic and orthodontic
purposes

 (prosthodontic implants).

Currently, there are a number of commercially
available miniscrew implant systems for orthodontic
use (Table I)

TYPES OF ANCHORAGE

The miniscrew implants can provide 2 different
types of anchorage: direct and indirect. When used
for indirect anchorage, they are connected through
bars or wires to the reactive unit, whereas when used
for direct anchorage, they directly receive the reactive
forces by acting as an anchor unit.

CLINICAL APPLICATIONS

In general, the various miniscrew implant
systems can be used in cases where the support of
dental units is quantitatively or qualitatively
compromised, as in partial edentulous patients or
periodontally involved teeth. In addition, an absolute
indication is the requirement for minimum undesired
reactive forces.28Melsen25suggested using miniscrew
implants as anchorage for tooth movements that
could not otherwise be achieved, such as in patients
with insufficient teeth for the application of
conventional anchorage, in cases where the forces
on the reactive unit would generate adverse side
effects, in patients with a need for asymmetrical tooth
movements in all planes of space, and finally in some
cases as an alternative to orthognathic surgical
procedure. During the past few years, the application
of miniscrew implants has been expanded to include
a wide array of cases, including the correction of deep
over bites,29,30 closure of extraction spaces,31-33

correction of a canted occlusal plane,29 alignment of
dental midlines,29 extrusion of impacted canines,34

extrusion and uprighting of impacted molars,35-47

molar intrusion, maxillary molar distalization,
distalization of mandibular teeth,47 en-masse
retraction of anterior teeth,48 molar mesialization,49,50

upper third molar alignment, intermaxillary
anchorage for the correction of sagittal
discrepancies,48 and correction of vertical skeletal
discrepancies that would otherwise require
orthognathic surgical procedure.

IMPLANT SITE SELECTION

Selecting the proper implant site can be an
important factor in the overall success of this
treatment approach. Five factors are important in
determining an adequate site for implantation.

1. Indication, system used, and required
mechanics. When placing an orthodontic mini-
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implant, the treatment objective and how long the
implant will remain in situ are of paramount
importance. Mechanics should be as simple and fail-
safe as possible, but the future tooth movement must
be anticipated to avoid any interference with the
implant.

2. The implant site should ideally provide
sufficient attached gingiva for placement of the mini
implant. This prevents patient discomfort, tissue
overgrowth, and micro jiggling that can lead to long-
term implant failure.

3. Sufficient interradicular distance. The implant
must be placed where roots are wide enough apart
so that no damage is inflicted. Periapical radiographs
or 3-dimensional cone-beam computed tomography
are essential tools for evaluating potential implant
sites. If the preferred implant site is obstructed by root
proximity, some preparatory root uprighting might
be necessary.

4. Avoiding other anatomical structures. Other
anatomical structures can interfere with the
placement of an orthodontic mini-implant: eg,
inferior alveolar nerve, artery, vein, mental foramen,
maxillary sinus, and nasal cavity. Again, 3-dimensional
digital imaging can help evaluate the anatomical
relationships.51

5. Adequate cortical bone thickness. Cortical
bone thickness is an important factor in mini-implant
stability.52 Placing the implant in areas of favorable
bone thickness ensures better primary stability and
long-term success.

CLINICAL PROCEDURES OF IMPLANT INSERTION

Miniscrew implant placement procedures are
usually available in the product brochure. Some basic
guidelines follow: (1) A small amount of local
anesthesia is usually sufficient for the placement of
miniscrew implants, and it is advocated not to
achieve profound anesthesia of the teeth but only of
the soft tissue.50 (2) In case of non—self-drilling
miniscrew implants, a pilot hole is necessary. Pilot
drilling should be done in a surgical environment,
and if necessary, by an oral surgeon. Firstly, soft tissue
from the site of the placement is either incised or
removed using a soft tissue punch. Thereafter, a pilot
hole is drilled using a drill rotating no more than 1000

rpm. The pilot drill is usually 0.2 to 0.3 mm thinner
than the miniscrew implant.53 The miniscrew implant
is then screwed in place by using an appropriate
screwdriver. (3) In case of self-drilling miniscrew
implants, no incision or soft tissue removal is
necessary. Infection control is similar to that for an
extraction. After selecting the appropriate site, the
miniscrew implant, and the corresponding site of
placement, it is inserted in place.

LOADING AND ANCHORAGE CONSIDERATIONS

In contrast to dental implants, orthodontic
miniscrews are loaded immediately, and most
authors suggest the use of light forces early on.54 Only
a few studies, mostly on animals, have dealt with the
investigation of tissue reaction to immediate loading
of miniscrew implants.55-57 In a study using finite
element analysis, it was found that immediate
loading should be limited to 50 cN of force in a 2 mm
diameter miniscrew implant.30 In another study on
51 patients in which 134 titanium screws of 3 types
(1.0 mm, 1.5 mm, and 2.0 mm in diameter) and 17
miniplates were used, no significant association was
found between the success rate and immediate
loading, and it was concluded that immediate
loading is possible if the applied force is less than 2
N.58 The ability of orthodontic miniscrews to provide
absolute anchorage was shown by a recent study
comparing canine retraction anchorage loss with the
use of miniscrew implants and with conventional
molar anchorage.59 However, it is questionable if the
miniscrew implants remain stationary throughout
their period of loading. In fact, Liou et al.60 found that
miniscrew implants might move according to
orthodontic loading in some patients, and it is
therefore advised to allow 2 mm of safety clearance
between the miniscrew implant and dental roots of
the adjacent teeth.

CLINICAL PROCEDURES OF IMPLANT REMOVAL

Usually, miniscrew implant removal is uneventful,
and the wound does not require any special
treatment. The removal procedure can be achieved
without the use of anesthesia,61,62 but topical or local
anesthesia can be used–especially when there is
tissue covering the miniscrew implant.61,63 The
miniscrew implant is unscrewed using the
screwdriver of the corresponding manufacturer. In
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the event it cannot be removed, it is advised to wait
3 to 7 days after the initial attempt of its removal,
because it is believed that microfractures or bone
remodeling as a result of the initial attempt will cause
the screw to loosen.63 If the miniscrew implant
fractures during removal, a small surgical procedure
to remove it may be necessary.

COMPLICATIONS

As with any treatment, several potential
complications are associated with orthodontic mini-
implants. A common complication is failure of the
miniimplant. Currently, approximately 10% of
orthodontic mini-implants fail.64,65 This rate is slightly
higher than that for dental implants and can be
attributed to the fact that the orthodontic mini-
implant is not designed to osseointegrate.
Osseointegration would complicate implant removal
and is therefore not desired. The reasons for reduced
implant success are improper implant site selection,
overheating of the bone when drilling a pilot hole,
lack of primary stability, gingival inflammation
around the implant, trauma, poor oral hygiene, and
idiopathic factors. Implant failure might delay
treatment time. Some systems offer mini-implants of
significantly larger diameter that can be placed
immediately in the site of the failed implant. Extreme
caution must be used to prevent damage of the
adjacent roots. A healing time of 2 to 3 months before
placing a new implant of the same diameter in the
same location is necessary to allow for the bone to
fill in. The greatest danger of mini-implant failure is
aspiration if the implant becomes completely
dislodged from the appliance. Damage to adjacent
structures can occur even though orthodontic mini-
implants and pilot drills are specifically designed to
not cut into roots. Therefore, damage of the root
proper is rare, but it is possible to damage the
structures of the periodontal ligament. Damage of
the periodontal ligament should be carefully avoided
by proper implant planning and placement. The
minimal space requirement between roots is 0.5 mm
mesial and distal to the implant, or 1 mm more than
the implant diameter (Table).62 Theoretically, other
structures such as the inferior alveolar nerve or the
maxillary sinuses are also at risk, but they can usually
be avoided by proper treatment planning. Patient

feedback when using only topical anesthetic is
helpful for avoiding important structures.

Implant fractures during implant placement are
rare and can be almost completely prevented by not
applying excessive torque moments. Therefore,
systems including a torque control ratchet are
preferred (Table I ).

CONCLUSION

Mini-implants and specifically the Ortho Implant
system, are an excellent adjunct to provide stable,
bone based anchorage for the application of
orthodontic biomechanical force systems. The Ortho
Implant is valuable in treating a wide variety of
malocclusions due in large part to the small
dimensions that permit placement in most intraoral
locations. Hence, mini-implant enhanced mechanics
can become a routine application in the modern
orthodontic office.
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Table I. Currently available systems approved by the Food and Drug Administration

System Lomas Tomas Ortho Implant

Manufacturer Mondeal, Tuttlingen, Germany Dentaurum, Ispringen, Germany Imtec, Ardmore, Okla

US distributor GAC/Dentsply, Bohemia, NY Dentaurum, Newtown, PA 3M Unitek, Monrovia, Calif

Screw shape Cylindrical Cylindrical Conical

Screw type (thread Self-drilling Self-tapping Self-tapping Self-drilling Self-drilling Self-tapping

Diameter (mm) 1.5 1.6 1.8

2.0

2.3

Length (mm) 7 6 6

9 8 8

11 10 10

Screw head Rectangular, .018X.025-in and Hexagonal, .022-in universal Hexagonal, O-ball &
.022 X.025-in tube and slot cross slot and patented undercut .030-in hole, O-cap

Packaging Sterile Sterile Sterile

System components Autoclavable tray Teflon tray MDI tray
Pilot drill Ø 1.0 and 1.5 mm Tissue punch Tissue punch
Torque wrench  Locator Pilot drill Ø 1.1 mm
Socket driver handle Round drill Ø 1.0 mm O-driver
Socket blade Standard pilot drill Ø 1.2 O-cap
Finger socket driver mm Pilot drill Ø 1.1 mm Mucosa marker
Hand piece socket Applicator wheel Optional #2 round bur

Torque ratchet Driver Ratchet wrench with adapters
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