
Although skeletal anchorage is here to stay in
orthodontics, there are still many unanswered

questions.1 This article will describe the develop-
ment of skeletal anchorage and provide an
overview of the current systems and their advan-
tages and drawbacks.

Evolution of Skeletal Anchorage

Skeletal anchorage systems have evolved
from two lines. One category originated as osseo-
integrated dental implants, which have a solid
scientific base of clinical, biomechanical, and
histologic studies. The orthodontic mini-implants
were smaller than the dental implants, but their
surfaces were treated in the same way. Included
in this category are the retromolar implants de-
scribed by Roberts and colleagues2 and the palat-
al implant introduced by Wehrbein and Merz.3

Both are used for indirect anchorage, meaning
they are connected to teeth that serve as the anch-
orage units.

The other category developed from surgical
mini-implants. Creekmore and Eklund inserted
one such device below the nasal cavity in 1983,4

but it was not until 1997 that Kanomi described a

mini-implant specifically designed for orthodon-
tic use.5 Both of these were used as direct anchor-
age. The following year, Costa and colleagues
described a screw with a special bracket-like
head that could be used for either direct or indi-
rect anchorage.6 In contrast to the osseointegrat-
ed implants, these devices are smaller in diame-
ter, have smooth surfaces, and are designed to be
loaded shortly after insertion.

Few of the surgical miniscrews have, to my
knowledge, been subjected to systematic studies
analyzing the tissue reaction to loading. Aarhus
Mini-Implants* were placed in monkeys and im-
mediately loaded with 25-50cN of force by Mel-
sen and colleagues.7,8 Titanium screws were in-
serted in dogs and loaded after six weeks with
150g coil springs by Ohmae and colleagues.9 De-
guchi and colleagues also loaded titanium screws
in dogs after three weeks with 200-300g elasto-
meric chains.10 All three studies confirmed that
mini-implants loaded immediately or shortly
after placement can be successfully used for
anchorage.

Indications

Precise indications for skeletal anchorage
are not well documented. Most of the published
articles have been case reports in which new
devices have been described as alternatives to
other anchorage methods—for example, in ex-
traction cases using implants instead of head-
gear.11,12Mini-implants have replaced other types
of fixed appliances for the delivery of differenti-
ated force systems for posterior tooth move-
ment13 or extrusion of impacted canines.14

VOLUME XXXIX NUMBER 9 © 2005 JCO, Inc. 539

OVERVIEW

Mini-Implants: Where Are We?

BIRTE MELSEN, DDS, DO

Dr. Melsen is Professor and Head,
Department of Orthodontics, Royal Dent-
al College, Aarhus University, Vennelyst
Boulevard 9, DK-8000 Aarhus C, Den-
mark, and an Associate Editor of the
Journal of Clinical Orthodontics. She has
a financial interest in the Aarhus Mini-
Implant. E-mail: orthodpt@odont.au.dk.

*MEDICON eG, Tuttlingen, Germany; www.medicon.de. ScanOrto
A/S, Charlottenlund, Denmark; www.aarhus-mini-implant.com.

©2005 JCO, Inc.   May not be distributed without permission.   www.jco-online.com



540 JCO/SEPTEMBER 2005

OVERVIEW

Fig. 1 A. Patient requiring mesial movement of upper molars without distalization of anterior segment. B. Two
mini-implants inserted in upper premolar regions; buccal and lingual nickel titanium coil springs used to move
molars mesially. C. With no molars present to anchor distally directed forces in lower right quadrant, mini-
implant placed in molar area. D. Patient after orthodontic treatment, ready for placement of prosthodontic
implants in upper premolar and lower molar regions. (Treated by Jörg Thormann.)
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Miniscrews have also been used as anchor-
age for tooth movements that could not otherwise
have been performed. Since 1997, we have
placed the Aarhus Mini-Implants in many of
these cases, which fall into the following cate-
gories:
• Patients with insufficient teeth for the applica-
tion of conventional anchorage (Fig. 1).
• Cases where the forces on the reactive unit
would generate adverse side effects (Fig. 2).
• Patients with a need for asymmetrical tooth
movements in all planes of space (Fig. 3).
• In some cases, as an alternative to orthognath-

ic surgery (Fig. 4).

Materials and Design

Although precise specifications are not
available for many mini-implants, most are made
from titanium alloys. The alloy used for the
Aarhus Mini-Implant is Ti6AL-4V ELI acc
ASTM F 136-02a. The Orthodontic Mini Implant
(OMI)** is made of implant steel 1.4441, which
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Fig. 3 A. Patient with asymmetrical occlusal plane due to overerupted premolars in scissor bite. B. Upper
acrylic splint worn during fixed appliance treatment of lower arch, with palatal mini-implant used for simulta-
neous intrusion and lingual tipping of upper left premolars. C. Splint reduced after correction of scissor bite,
with palatal implant remaining as anchorage for intrusion of premolars. D. Occlusal plane corrected after first
phase of treatment. (Treated by Guillaume Guilbert.)

Fig. 2 A. Patient with agenesis of four lower premolars. B. Mini-implant serving as anchorage for mesial molar
movement, avoiding adverse distal forces on anterior teeth. C. Patient after orthodontic treatment, awaiting
sufficient maturity for implant placement.
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is still used in traumatology but has been prohib-
ited for neurosurgery.

The diameter of the threaded portion of
miniscrews varies from 1mm to 2mm.5,15,16 The
advantage of a thin screw such as the Abso-
Anchor*** is the ease of insertion between the
roots without the risk of root contact. The draw-
back is the potential for fracture, which is close-
ly related to the diameter of the screw17 (Fig. 5A).

As bone density increases, the resistance
created by the stress surrounding the screw be-
comes more important in removal than in inser-
tion of the screw. At removal, the stress is con-
centrated in the neck of the screw (Fig. 5B). If an
Allen wrench is used for insertion and removal,
the hole in the center of the screw will weaken
the neck, which may lead to fracture. A hollow
neck facilitates the insertion of a ligature, but also
weakens the neck. The strength of the screw is
optimized by using a slightly tapered conical
shape and a solid head with a screwdriver slot.

The head of the mini-implant can be de-
signed for one-point contact with a hole through
the neck, as in the Dual-Top Anchor System,† the
Lin/Liou Orthodontic Mini Anchorage Screw

(LOMAS),‡ and the Spider Screw.†† A hook
(LOMAS) or a button (AbsoAnchor) can also be
used. A bracket-like head design, on the other
hand, offers the advantage of three-dimensional
control and allows the screw to be consolidated
with a tooth to serve as indirect anchorage. A
patent for this design was granted to the Aarhus
Mini-Implant in 1997 (Fig. 6), but minor varia-
tions have been produced by many companies,
including the Dual-Top Anchor System and the
Temporary Mini Orthodontic Anchorage System
(TOMAS).‡‡

Another design factor is the cut of the
threads. With self-drilling miniscrews (Aarhus
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Fig. 4 A. 50-year-old female patient with extreme overjet, distal occlusion, and missing lower left canine due
to ankylosis. Because problem was dentoalveolar, two mini-implants were placed in mandibular symphysis
as direct anchorage for mesial displacement of lower dentition. B. Space opened for implant in place of lower
left canine.
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Mini-Implant, Dual-Top Anchor System, and
LOMAS), the apex of the screw is extremely fine
and sharp, so that pilot drilling is unnecessary in
most cases.

The transmucosal portion of the neck
should be smooth. It is also important, however,
that screws be available with different neck
lengths for various implant sites (Aarhus Mini-
Implant, AbsoAnchor, and OMI).

Selection of Mini-Implant Size
and Location

The diameter of the miniscrew will depend
on the site and space available. In the maxilla, a
narrower implant can be selected if it is to be

placed between the roots. If stability depends on
insertion into trabecular bone, a longer screw is
needed, but if cortical bone will provide enough
stability, a shorter screw can be chosen. The
length of the transmucosal part of the neck
should be selected after assessing the mucosal
thickness of the implant site.

Possible insertion sites include, in the max-
illa: the area below the nasal spine, the palate, the
alveolar process, the infrazygomatic crest, and
the retromolar area (Fig. 7); in the mandible: the
alveolar process, the retromolar area, and the
symphysis (Fig. 8). An intraoral radiograph is

Fig. 5 A. Relationship between internal stress and
diameter of mini-implant. (Reprinted by permis-
sion. 17) B. Stress distribution at implant removal,
concentrated at neck of screw. 

Fig. 6 A. Aarhus Mini-Implant has two different
heads, one bracket-type (top) and one with button
for coil springs (bottom). Cut of threads makes
screws self-drilling. B. Various lengths of thread-
ed portions and smooth transmucosal necks.
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required to determine the correct location. A
small, ellipsoid template made of rectangular
orthodontic wire can be attached to the teeth in
the region with light-cured composite to facili-
tate this evaluation (Fig. 9).

Whenever possible, the mini-implant
should be inserted through attached gingiva. If
this is impossible, the screw can be buried be-
neath the mucosa so that only a wire, a coil
spring, or a ligature passes through the mucosa.
In the maxilla, the insertion should be at an ob-
lique angle, in an apical direction; in the mandi-
ble, the screw should be inserted as parallel to the
roots as possible if teeth are present (Fig. 8). A
transcortical screw can be used for added stabili-
ty in edentulous areas, where trabecular bone is
usually scarce. We do not use surgical guides18 or
special stents19 for screw placement.

Insertion

If no pilot drilling is necessary, I recom-
mend that the orthodontist insert the mini-
implant. Infection control is similar to that for an
extraction. The doctor should wear a face mask
and a surgical cap and, after a surgical hand
wash, a pair of sterile gloves. After the local
anesthetic is applied, the assistant washes the
implant area with .02% chlorhexidine. The ster-
ile kit is opened, and the correct screw is select-
ed and inserted while the assistant keeps the lips
apart and the mucosa tight (Fig. 9C).

Even when self-drilling screws are used,
pilot drilling may be required where the cortex is
thicker than 2mm, as in the retromolar area or the
symphysis, because dense bone can bend the fine
tip of the screw. The pilot drill should be .2-

Fig. 7 Maxillary mini-implant locations. A. Below nasal spine. B. In the palate. C. Infrazygomatic crest.

Fig. 8 Mandibular mini-implant locations. A. Retromolar area and molar region. B. Alveolar process.
C. Symphysis.
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.3mm thinner than the screw and should be
inserted to a depth of no more than 2-3mm. Pilot
drilling should be done in a surgical environ-
ment, as with placement of a dental implant. If
this is not feasible in the orthodontic office, the
insertion should be performed by an oral sur-
geon.

If a manual screwdriver is used for inser-
tion, it is immediately evident when a root has
been contacted, and any damage will be minimal.
In tests where notches were intentionally created,
histological analysis showed spontaneous repair
by the formation of cellular cementum. On the
other hand, if the screw is inserted with a low-
speed drill, there is a greater chance of not
detecting a root due to the lack of tactile sensa-
tion.

Antibiotics have been recommended by
several authors, but should not be routinely pre-
scribed. The risk of infection is obviously greater
when drilling is performed, especially when the
same insertion site is entered repeatedly. As long
as strict sterility is maintained, however, no in-
fection will occur after placement of a mini-
implant.

Force Loading

The timing of orthodontic force application
can vary from minutes to eight weeks. When
moderate force is used, there seems to be no rea-
son not to load immediately. Dalstra and col-
leagues used finite element analysis to calculate
the strain developed in various cortical thick-

nesses and densities of trabecular bone when a
load of 50cN was placed perpendicular to the
long axis of a 2mm-diameter mini-implant17

(Fig. 10). They found that with thin cortical bone
and low-density trabecular bone, the strain val-
ues may exceed the level of microfractures and
thus lead to screw loosening.20 Therefore, imme-
diate loading should be limited to about 50cN of
force.

Mini-Implant Problems

In five years of experience with skeletal
anchorage, I have noticed several common prob-
lems, which can be classified as follows:

Screw-Related Problems

• A screw can fracture if it is too narrow or the
neck area is not strong enough to withstand the
stress of removal. The solution is to choose a
conical screw with a solid neck and a diameter
appropriate to the quality of bone.
• Infection can develop around the screw if the
transmucosal portion is not entirely smooth. If a
screw system with variable neck lengths is used,
the clinician can select one that suits the particu-
lar implant site.

Operator-Related Problems

• Application of excessive pressure during inser-
tion of a self-drilling screw can fracture the tip of
the screw.

Fig. 9 A. Template bent from rectangular wire and affixed with light-cured acrylic. B. Periapical radiograph of
template. C. Mini-implant insertion.
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• Overtightening a screw can cause it to loosen.
It is crucial to stop turning the screw as soon as
the smooth part of the neck has reached the
periosteum.
• With a bracket-like screw head, the ligature
should be placed on top of the screw in the slot
perpendicular to the wire (Fig. 11). Turning the
ligature around the screw will make it impossible
for the patient to keep the area free of inflamma-
tion.
• It is important not to wiggle the screwdriver
when removing it from the screw head. The
screwdriver will not stick if the long extension is

removed before the part surrounding the screw.

Patient-Related Problems

• The prognosis for primary stability of a mini-
implant is poor in cases where the cortex is thin-
ner than .5mm and the density of the trabecular
bone is low.
• In patients with thick mucosa, the distance
between the point of force application and the
center of resistance of the screw will be greater
than usual, thus generating a large moment when
a force is applied.

Fig. 10 A. Monkey with two mini-implants buried below mucosa in symphysis and loaded with force against
lower canines. B. When force is loaded perpendicular to implants, stress is concentrated in cortex. (Reprinted
by permission. 17) C. Deformation is concentrated in trabecular bone because center of rotation is located near
or within cortex. (Reprinted by permission. 17) D. Histological section after three months of loading. Note bone
density and high percentage of bone-to-implant contact.
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• Loosening can occur, even after primary sta-
bility has been achieved, if a screw is inserted in
an area with considerable bone remodeling
because of either the resorption of a deciduous
tooth or post-extraction healing.
• Mini-implants are contraindicated in patients
with systemic alterations in the bone metabolism
due to disease, medication, or heavy smoking.

Conclusion

The present article was intended to answer
some of the questions raised by an editorial in
this journal.1 In my opinion, skeletal anchorage
is clearly not a replacement for other proven
anchorage systems. Skeletal anchorage should
serve merely to expand the orthodontic services
we can offer our patients.
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Fig. 11 A. Ligature wire for maxillary mini-implant is not wound around bracket-like screw head, but placed in
perpendicular slot. B. Screw head and bracket covered with light-cured composite for comfort.
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