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Clinical indices for orthodontic mini-implants
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Abstract: Orthodontic mini-implants were
recently developed and have been widely used in
clinics. However, loosening of mini-implants, as well
as infection and swelling of mucosal tissue at the
placement site, are often observed during orthodontic
treatment. Thus, clinical indices are greatly needed for
the safe use of orthodontic mini-implants. This article
presents information on mini-implants and offers
suggestions on indications, placement technique,
optimum design, and evaluation of the placement
site for mini-implants. The author concludes that 1)
mini-implants should be left in the placement site for
3 months before loading to allow for a healing period,
which increases the success rate in adolescent patients,
2) placement torque should be considered when tight-
ening mini-implants into bone, as excessively high or
low torque results in low stability, 3) mini-implants
with optimal screws should be placed in the correct
position, and 4) a prepared site should be established
in an area with a cortical bone thickness of greater
than 1.0 mm, to improve the success rate. Finally,
the vector of orthodontic forces in the arrangement
with the center of resistance of the entire dental arch
should be considered when developing treatment
goals. (J Oral Sci 53, 407-412, 2011)
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Introduction

Areas of tooth movement and immobile areas that
resist orthodontic forces are observed in orthodontic
treatment. Proper orthodontic anchorage is necessary to
ensure predictable tooth movement and prevent insuf-
ficient reciprocal movement.

In recent years, orthodontic mini-implants were
developed to ensure complete orthodontic anchorage
(1-7). Mini-implants reduce the burden on patients and
help in attaining treatment goals; however, many patients
develop complications such as loosening and deciduation
of mini-implants, infection, pain and swelling around the
placement site, and contact with and injury to proximal
teeth roots (3,8-11). To avoid such complications, the
risk factors for failure of mini-implants have been
investigated (12-16). Studies indicate that the stability
of mini-implants is related to bone quality and quantity,
membrane condition, and screw diameter, length, and
design. In addition to these factors, safe placement tech-
nique and placement site must be assessed.

To develop indices for safe, high-quality, orthodontic
treatment when using mini-implants, the author reviews
the literature on mini-implants and addresses the indica-
tions, safe placement technique, and optimal design
and features of mini-implants, and the anatomical and
mechanical evaluation of the placement site.

Indications

Mini-implants are frequently used in cases that require
absolute anchorage, depression and/or distalization of
molars. The age range for successful implantation is a
matter of controversy. Mini-implants placed in alveolar
bone are effective in adolescent patients, and marked
improvement is often observed, even in patients with
skeletal problems. However, mini-implants often loosen
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during orthodontic treatment, and this is often seen
in teenagers (17). The author previously studied the
success rate of mini-implants in adolescent patients (15).
Among 57 orthodontic patients aged 11.7 to 36.1 years
who underwent surgery for mini-implant insertion (169
implants), the success rate was 63.8% in an adolescent
ecarly-load group (healing period, < 1 month), 97.2%
in an adolescent late-load group (healing period, 3
months), and 91.9% in an adult group. A healing period
of three months before orthodontic loading resulted in
a significant improvement in success rate (from 63%
to 97%) for mini-implants in adolescents. This finding
indicates that, to increase the success rate, orthodontic
mini-implants should be left in situ for three months. In
the clinic, mini-implants should be placed before starting
orthodontic treatment in adolescent patients, to ensure a
healing period of longer than three months (15).

Safe placement technique

Clinicians must observe basic surgical techniques
to prevent infection. Instruments and materials such as
handpieces, hand screwdrivers, bone twist drills, and tita-
nium mini-implants should be sterilized before surgery.
After disinfection of the placement site, infiltration
anesthesia should be injected into a movable membrane.
The surgical incision depends on the particular situation,
as mucosal tissue can be caught in the bone twist drill. A
pilot hole should be drilled before placement of a self-
tapping type screw. A self-drilling screw can be inserted
into the bone by using a hand screwdriver, without a pilot
hole.

Meredith (18) found that hoop stresses, which are
generated near dental implant threads, can be beneficial in
enhancing the primary stability of the implant. However,
such stress can reach a high level, resulting in necrosis and
local ischemia of the bone at the implant—tissue interface,
when the implant diameter is very large as compared with
the implant hole. Friberg et al. (19) measured the cutting
torque of a self-tapping dental implant and observed
that most failures occurred in bone of medium-to-high
density. The optimal stress for enhancing the stability of
an implant is a value that is not very high or very low.
Thus, using a torque screwdriver, the author measured
the peak value of implant placement torque (IPT) so as to
determine the adequate placement torque for improving
the success rate for mini-implants that are screwed into
the buccal alveolar bone of the posterior region (13).
The implants were divided into three groups according
to IPT: 5 Ncm or less, 5.1 to 10 Nem, and more than
10 Ncm. The success rate was significantly higher in
the 5.1 to 10 Ncm group than in the other two groups

(13). Initial stability might not be obtained if the IPT is
very low, and subsequent stability, which is supported by
bone apposition surrounding the screw thread, might not
be acquired if the IPT is very high. Very high placement
torque can generate a high level of stress, resulting in
degeneration of the bone at the implant-tissue interface
(18) and aggravation of bone regeneration in the area
surrounding the implant thread.

In a previous study, the author evaluated the placement
and removal torques of mini-implants to identify factors
that affect the long-term stability of mini-implants (20).
Other researchers measured removal torque for mini-
implants in animals or bone specimens (21-23). Kim
et al. (24) measured removal torque for surface-treated
mini-implants in humans. Removal torque reflects the
characteristics of the implant-bone interface during and
after long-term orthodontic treatment. Because removal
torque is the resistance force required to remove a
mini-implant after orthodontic treatment, it can be used
to evaluate the anchorage capability of mini-implants.
Removal torque is not affected by the degree of firm-
ness when tightening mini-implants, because it is not
significantly associated with placement torque (20).
Okazaki et al. (23) investigated removal torque after
mini-implants measuring 1.2 mm in diameter were
placed in 1.0-mm and 1.2-mm cavities prepared in dog
femurs. They found that removal torque values for the
1.2-mm cavities 6 weeks after placement were similar to
those for the 1.0-mm cavities, whereas removal torques
immediately after insertion were significantly lower for
the 1.2-mm cavities than for the 1.0-mm cavities. A study
by the present author confirmed that removal torque does
not depend on placement torque in humans (20). Torque
decreased from approximately 8 to 4 Ncm after clinical
use. When subjects were divided into 3 torque groups,
the torque in the low-torque group had a constant value
of approximately 4 Ncm, whereas the values in the inter-
mediate- and high-torque groups significantly decreased
to approximately 4 Nem. Immediately after placement,
the implant—bone interface was affected by bone stiffness
at the prepared site, screw design, and the size of the pilot
hole relative to the diameter of the mini-implant (12-14).
Several months after placement, the increased compres-
sive stress on the bone surrounding the mini-implant
can disappear with accompanying bone metabolism,
thus reducing torque. All mini-implants in this study
were subjected to a sustained orthodontic force of less
than 4 Ncm, regardless of torque. Therefore, 4 Ncm
might be sufficient torque for orthodontic anchorage.
For successful implantation, a pilot drill might prevent
overtorquing, thereby improving the success rate when



tightening the mini-implant into stiff bone (13,14). When
the prepared site is fragile and the placement torque is
less than 4 Ncm, even with self-drilling without a pilot
drill, a longer healing period might improve anchorage
of mini-implants.

Optimal design and features
of mini-implants

Due to the possibility of injury to proximal teeth roots,
Deguchi et al. (16) recommended the use of screws less
than 1.5 mm in diameter and shorter than 6 mm for
placement on the buccal alveolar bone in the posterior
region. Miyawaki et al. (12) suggested that screws with a
diameter of 1.5 mm should be used in patients with thick
cortical bone and that screws with a diameter of more than
2.3 mm should be used in patients with thin cortical bone.
With regard to the design of the screw, Yano et al. (25)
found that tapered screws can tolerate immediate-loading
and achieve stable anchorage with a high rate of success,
but that straight screws can be used for orthodontic
anchorage if there is a sufficient healing period. To avoid
root contact and to ensure stability after placement, the
author recommends that regular screws (i.e., about 1.5
mm in diameter) should be used in a region with suffi-
cient cortical bone thickness and bone quality; however,
in a region with fragile bone, wide screws (i.e., 2 to 2.3
mm in diameter) are preferred. Screw length should be
determined after considering placement location and the
condition of mucosal tissue: regular screws (i.e., 6 to 8
mm in length) should be used in the upper and lower
buccal alveolar bone and long screws (i.e., > 10 mm in
length) should be used in a region with thick mucosal
tissue, such as palatal alveolar bone. In any event, it is
important to place the optimally designed screw in the
correct position, in accordance with the instructions of
the manufacturer and developer.

Anatomical evaluation of placement site

Miyawaki et al. (12) concluded that a high mandibular
plane angle, which is often present in thin cortical bone,
was associated with mini-implant failure. This finding
indicates that bone thickness and screw diameter are
related to the stability and loosening of mini-implants.
The present author investigated the relationship between
cortical bone thickness and the success rate of mini-
implants placed in buccal alveolar bone of the posterior
region (14). The findings indicated that to achieve
successful implantation the prepared site should be
established in an area with a cortical bone thickness of
more than 1.0 mm. Next, we investigated cortical bone
thickness in the buccal posterior region mesial and distal
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to the first molar, where mini-implants are often placed,
and examined any differences with regard to location,
age, and sex (26). Morphometric analysis revealed that
the cortical bone of the mandible was significantly thicker
than that of the maxilla at all locations in the buccal poste-
rior region and that cortical bone in the maxilla mesial to
the first molar was thinner in females than in males in
the area of attached gingiva. The mandible suffices as a
preparation site for mini-implants, although the maxilla
might be inadequate at shallow locations. Regardless
of age, the initial stability of mini-implants should be
carefully assessed in the area of attached gingiva in the
maxilla of women. In such cases, an inclined placement
(i.e., with the mini-implant inclined 30° to 60° to the bone
surface) effectively increases bone-to-implant contact.
Computed tomography (CT) yields instructive infor-
mation. Recommended placement sites are the maxillary
alveolar bone, buccal and palatal alveolar bone in the
posterior region, labial anterior alveolar bone, and the
median palatal region. In the mandible, labial and buccal
alveolar bone are recommended. At any of the above-
mentioned positions, the area of keratinized membrane
is endorsed to avoid infection, and anatomical arrange-
ment—such as inter-root distance, maxillary sinus, and
nervous canal—must be carefully considered before
placement. CT examination of the dentofacial field
improves the success rate and ensures safe placement.

Mechanical evaluation of the
placement site

Mini-implants are frequently placed in upper buccal
alveolar bone between the second bicuspid and first
molar in bicuspid extraction cases. Sung et al. (27) simu-
lated en-masse movement of the anterior segment using
finite element analysis. They hypothesized the center of
resistance (CR) of the anterior segment and measured
distortion of the archwire and tipping movement of the
anterior teeth. However, this simulation calculated initial
behavior immediately after force application. Clinically,
anterior and posterior teeth move and wire distortion
would be cancelled over time when continuous, stiff arch-
wire is used; the entire dental arch can be hypothesized as
amassive structure. The present author then hypothesized
the CR of'the entire dental arch and attempted to simulate
long-term behavior (28). In bicuspid extraction, move-
ment of the entire upper dental arch can be vertically
controlled by alteration of the orthodontic force vector. If
we posit a condition in which the anterior and posterior
segments are rigidly fixed by inserting a stiff archwire
into the bracket slots, the CR of the entire dental arch
can be approximated around the root of the bicuspid, as
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Fig. 1 Traction force and tooth movement. %: Center of resistance (CR) of the
dental arch. Red arrow: orthodontic traction force; Black arrows: direction
of tooth movement. Parallel translation in the posterior direction is seen
when the force vector is directed through the CR and remains parallel to the
occlusal plane.

Fig. 2 Parallel translation in the posterosuperior direction is seen when the force
vector passes through the CR and is directed in a posterosuperior direction.

Fig. 3 Depression of molars and distal movement of the anterior teeth is expected
when the force vector is directed inferior to the CR



shown in Figs. 1 to 3. When we intend to produce bodily
movement of the anterior segment in patients with a
mesiofacial pattern, the force vector should be parallel to
the occlusal plane, as shown in Fig. 1. In patients with a
dolicofacial pattern and excessive overbite, who require
counterclockwise rotation of the mandible by depressing
the entire maxillary dental arch, the force vector should
be directed as shown in Fig. 2, so that it passes through
the CR of the upper dental arch and the force is directed
in a posterosuperior direction. In a patient with a doli-
cofacial pattern and anterior open bite who is expected
to depress the posterior teeth, it is effective to direct the
force vector to pass inferior to the CR, as shown in Fig. 3.

As indicated above, we can forecast the behavior of
tooth movement by considering the vector of orthodontic
force in an arrangement against the CR of the entire
dental arch. Counterclockwise rotation of the maxillary
dental arch is expected as the force vector passes superior
to the CR, clockwise rotation is observed when the force
vector passes inferior to the CR, and parallel translation
is observed when the force vector passes through the CR.
Movement of the molars in bicuspid extraction cases is
vertical only, because forces in the distal direction loading
on the molars from the mini-implants (arrows on molars
in Fig. 1 to 3) would be counterbalanced by forces in the
mesial direction, accompanied by the forces of en-masse
movement. Therefore, the molars in Fig. 1 would remain
vertically fixed, while the molars in Figs. 2 and 3 would
show depressive movement.
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