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Paradigms have started to shift in the orthodontic world since the introduction of mini-implants in the anchorage armamentarium.
Various forms of skeletal anchorage, including miniscrews and miniplates, have been reported in the literature. Recently, great
emphasis has been placed on the miniscrew type of temporary anchorage device (TAD). These devices are small, are implanted
with a relatively simple surgical procedure, and increase the potential for better orthodontic results. Therefore, miniscrews not only
free orthodontists from anchorage-demanding cases, but they also enable clinicians to have good control over tooth movement in
3 dimensions. The miniplate type also produces significant improvements in treatment outcomes and has widened the spectrum of
orthodontics. The purpose of this paper is to update clinicians on the current concepts and versatile uses and clinical applications

of skeletal anchorage in orthodontics.

1. Introduction

The goal of orthodontic treatment is to improve the patient’s
life through enhancement of dentofacial functions and
esthetics. Anchorage, defined as a resistance to unwanted
tooth movement [1], is a prerequisite for the orthodontic
treatment of dental and skeletal malocclusions [2, 3].

Controlling anchorage helps to avoid undesirable tooth
movements. However, even a small reactive force can cause
undesirable movements; it is important to have absolute
anchorage to avoid them [4, 5]. Absolute or infinite anchor-
age is defined as no movement of the anchorage unit (zero
anchorage loss) as a consequence to the reaction forces
applied to move teeth [1]. Such an anchorage can only be
obtained by using ankylosed teeth or dental implants as
anchors, both relying on bone to inhibit movement [6].
Anchorage provided by devices, such as implants or minis-
crew implants fixed to bone, may be obtained by enhancing
the support to the reactive unit (indirect anchorage) or by

fixing the anchor units (direct anchorage), thus facilitating
skeletal anchorage.

Orthodontic anchorage is an important factor in obtain-
ing good treatment results. Stable anchorage is a pre-req-
uisite for orthodontic treatment with fixed appliances. Tra-
ditional appliances for reinforcement of anchorage have
included headgear and intraoral elastics. The inclusion of
implants for skeletal anchorage can move a tooth without the
use of headgear and intraoral elastics.

Skeletal anchorage with temporary anchorage devices
(TADs) has been widely incorporated into orthodontic treat-
ment for expanding the boundary of tooth movement with-
out patient compliance [7-10]. TAD skeletal anchorage
is especially useful for treating malocclusion with vertical
problems such as open bite and overeruption of teeth due to
loss of antagonists [11-17]. Traditionally, skeletal open bite
requires aggressive surgical impaction to reduce the maxil-
lary dentoalveolar height. Supererupted teeth were usually
corrected by endodontic intervention and crown restoration



at the expense of tooth vitality before TAD skeletal anchor-
age became popular. However, orthodontic intrusion with
TAD skeletal anchorage provides a conservative treatment
approach with little irreversible damage if patients can accept
a longer treatment time [11, 12, 16, 17]. TAD skeletal
anchorage is not only useful for resolving vertical problems
in orthodontics but also eliminates the need for patient
compliance for sagittal dental movement such as mesializing
or distalizing the entire dentition both with and without
extraction [10, 18]. With a correct diagnosis and mechanical
design, TAD skeletal anchorage is sufficiently versatile to
treat all types of malocclusions, except those accompanied by
facial deformities requiring invasive and extensive surgeries
to obtain a harmonious skeletal relationship [18, 19].

Various types of TAD have been used in orthodontics
[20, 21]. Turley et al. [2] and Roberts et al. [22] reported
conventional osseointegrated implants. Costa et al. [7] and
Freudenthaler et al. [23] reported mini- and microimplants
and Wehrbein et al. [24-26] reported palatal implants.

The aim of this paper is to present the development,
clinical use, benefits, and drawbacks of the miniscrew and
plate type implants used to obtain a temporary but absolute
skeletal anchorage for orthodontic applications.

2. Dental Implant and Mini-Implants

Titanium implants have been used largely in dentistry over
past decades. The close contact between bone and titanium
implants provides an ankylosis-like type of interaction, an
event named osseointegration [27]. Because osseointegra-
tion offers necessary conditions for load and transfer bearing,
the use of dental implants as orthodontic anchorages has
increased progressively over the years [22, 28]. Although
implants provide excellent anchorage, some limitations such
as the waiting time for allowing osseointegration, invasive
surgery, high cost, and difficulty of removing the dental
implant after completion of orthodontic treatment were
noted initially because of their routine use in orthodontics
[29, 30]. Another initial difficulty was that conventional
implants are placed in edentulous sites with sufficient bone
for anchorage; however, most orthodontic patients are young
and do not have edentulous areas. To overcome this limita-
tion, titanium screws with smaller dimensions (miniscrews)
were introduced and were referred to as orthodontic mini-
implants [31]; these can be placed in unconventional sites
such as the alveolar bone of adjacent teeth without damaging
roots and without requiring time for osseointegration [32—
34]. Furthermore, Rinaldi and Arana-Chavez showed that
repair occurred at the mini-implant surface through cemen-
toblastic activity. In addition, the periodontal ligament space
was well preserved in all specimens, and no microankylotic
spots were detected [35].

3. Two Main Systems

Two main systems are used to retract the anterior teeth:
miniscrews (Figures 1 and 2) [36-44] and miniplates [45,
46].
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3.1. Miniscrews

3.1.1. Palatal Implants. Most of the published studies on the
retraction of anterior teeth with miniscrews are case reports
[29, 41-44] (Figure 1(a)). In the cases presented, the minis-
crews were applied directly to the hooks on the archwire
to retract all upper 6 anterior teeth simultaneously with a
loading force of about 150 g. Furthermore, the extraction
space was fully utilized in the retraction of anterior teeth
without anchorage loss. The posterior teeth even moved
distally slightly in some cases [41-44]. One of the advantages
of the mechanics involved in these cases was the direct
application of load to the vertical hooks on the archwire:
in this setup, the point of force application was close to
the center of resistance of the anterior segment, thereby
allowing bodily sliding of the whole segment with minimal
tipping, and in turn, shortening the treatment time [44]
(Figure 1(b)).

In the cases inserted within palatal, Wehrbein et al. [24]
prospectively studied 9 patients with Class II malocclusion in
whom anchorage was indirectly reinforced by connection of
a transpalatal bar to a palatal implant after extraction of the
upper first premolars. The loading force applied was 200 g
over 11 months, and the reduction of overjet ranged from 5.1
to 7.8 mm (mean, 6.22 mm). The loss of anchorage ranged
from 0.2 to 1.6 mm, and was attributed to the deformation
of the transpalatal bar (Figure 1(c)).

3.2. Miniplates. In 1985, Jenner and Fitzpatrick [47] report-
ed an alternative orthodontic anchorage method using a
bone plate. Umemori et al. [11] introduced miniplate skeletal
anchorage that was effective in controlling the cant and
level of the occlusal plane during orthodontic open-bite
correction without serious side-effects. Rattanayatikul et al.
[48] described the use of miniplates for temporary skeletal
anchorage in treating skeletal Class III malocclusions with
missing posterior teeth. Tseng et al. [49] reported that
miniplates as skeletal anchorage are effective for managing
severely impacted mandibular second molars.

Miniplates have also been used to retract anterior teeth
[45, 46]. De Clerck et al. [45] followed up 27 patients under-
going retraction of canines (11 bilateral and 16 unilateral)
using a miniplate fixed with 3 miniscrews. The setup used
sliding mechanics with power arms attached to the canines
and a loading force of 50 to 100 g. The mean rate of distal-
ization among the patients studied was 1.14 mm per month.

The miniplate’s one end is fixed to the infrazygomatic
crest and the other end has attachments to engage orthodon-
tic auxiliaries. Meanwhile, the miniscrew is fixed to only the
alveolar cortical bone. Therefore, higher loading rate should
be applicable to miniplates rather than miniscrews as the
direct bone anchor is available in case of miniplates.

4. Tooth Movement

4.1. Retraction of Anterior Teeth. Park et al. [50] described
a case of anterior retraction in which an innovative minis-
crew technique circumvented the need for brackets during
retraction. First, maxillary miniscrews were placed between
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FIGURE 1: (a) Miniscrews, (b) the maxillary right canine was retracted with a closed coil from miniscrew, and (c) palatal implants. The
maxillary 2nd molars were connected with trance palatal arch and palatal implants.

(®)

FIGURE 2: (a) Miniplates, (b) the maxillary right 1st molar was intruded with an elastic chain from miniplate.

the first molar and second premolar. Second, a segmental
hard acrylic splint with 2 lever arms distal to the canines was
fabricated on the 6 anterior teeth. Elastics were then attached
from the miniscrews to the lever arm. The 6 anterior teeth
that were embedded in the clear splint were thus retracted

without a bracket during the 6 months of retraction. Brackets
were needed only in the finishing stage in the last 6 months.
In a prospective split-mouth study, Thiruvenkatachari et al.
[51] measured anchorage loss during canine retraction in
10 patients in whom only 1 side of the mouth received



miniscrew treatment. The canines were retracted in 4 to 6
months, with no anchorage loss on the implant side but with
1 to 2 mm of anchorage loss on the nonimplant side.

4.2. Intrusion of Dentition. Intrusion of posterior or anterior
dentition is always difficult to achieve without the side effect
of extrusion of the anchorage teeth, and the placement
of mini-implants for skeletal anchorage may provide the
solution. For example, intrusion of posterior teeth is essential
in the correction of open bite, and case reports have shown
that miniplates can lead to the intrusion of upper and lower
molars by 3 to 5 mm, while also achieving counterclockwise
mandibular rotation [52-55]. Sugawara et al. [56] investi-
gated the amount of intrusion of mandibular molars among
9 patients after miniplate treatment, and found that 1.7 mm
and 2.8 mm of intrusion was achieved in first and second
molars, respectively, although there was about 30% relapse.
Erverdi et al. [12] also reported using miniplates to intrude
upper molars by 2.6 mm in 10 patients. Even as early as
1983, Creekmore and Eklund [57] demonstrated the use of
miniscrews to intrude maxillary central incisors by 6 mm. In
2005, Ohnishi et al. [58] described a case of gummy smile
correction with intrusion of the upper incisors by 3.5 mm.

4.3. Intrusion or Extrusion of Individual Teeth. In the man-
agement of overeruption of unopposed teeth, molar intru-
sion is a common indication for orthodontic treatment
before prosthodontic replacement of missing teeth. Two
cases have been reported in which overerupted lower and
upper molars were intruded with miniscrews but without
any braces on other teeth [59, 60]. Upper molars can also
be intruded with miniscrews on buccal and palatal sides
before the prosthetic restoration of the lower missing teeth
is commenced [61, 62]. In another case, overerupted upper
left first and second molars were intruded by the fixation of
a miniplate on buccal bone and a miniscrew on palatal bone,
with a loading force of 150 to 200 g delivered by a power
chain [17].

A miniscrew has been used for forced tooth extrusion
in a 51-year-old woman who presented with a bridge that
replaced a missing upper right incisor with the central incisor
and canine as abutments. Because the gingiva at the central
incisor and canine had receded by 3 to 4mm, both of
them required extrusion to match the gingival level of the
contralateral side before a new bridge could be constructed.
To do this, a miniscrew was placed into the alveolus of
the missing upper lateral incisor and an open coil was
applied perpendicularly to an orthodontic wire connecting
the central incisor and canine [63].

5. Complications

Kravitz and Kusnoto [64], reviewed the potential risks and
complications of orthodontic miniscrews with regard to
insertion, orthodontic loading, and peri-implant soft tissue
health.

5.1. Trauma to the Periodontal Ligament or the Dental Root
during Insertion. Interradicular placement of orthodontic
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miniscrews risks trauma to the periodontal ligament or the
dental root. Potential complications of root injury include
loss of tooth vitality, osteosclerosis, and dentoalveolar anky-
losis [65, 66]. Trauma to the outer dental root without
pulpal involvement will most likely not influence the
tooth’s prognosis [67]. Dental roots damaged by orthodontic
miniscrews have demonstrated complete repair of tooth
and periodontium in 12 to 18 weeks after removal of the
miniscrew. Interradicular placement requires proper radio-
graphic planning, including surgical guide with panoramic
and periapical radiographs to determine the safest site for
miniscrew placement [29, 32, 68—70]. In the maxillary buccal
region, the greatest amount of interradicular bone is between
the second premolar and the first molar, 5 to 8 mm from
the alveolar crest [71-73]. In the mandibular buccal region,
the greatest amount of interradicular bone is either between
the second premolar and the first molar, or between the first
molar and the second molar, approximately 11 mm from the
alveolar crest [71-73]. During interradicular placement in
the posterior region, there is a tendency for the clinician
to change the angle of insertion by inadvertently pulling
the hand driver toward their body, increasing the risk of
root contact. To avoid this, the clinician may consider using
a finger wrench or work the hand driver slightly away
from their body with each turn. If the miniscrew begins
to approximate the periodontal ligament, the patient will
experience increased sensation under topical anesthesia [69,
74]. If root contact occurs, the miniscrew may either stop
or begin to require greater insertion strength. If trauma is
suspected, the clinician should unscrew the miniscrew 2 or 3
turns and evaluate it radiographically.

5.2. Stationary Anchorage Failure under Orthodontic Loading.
According to the literature, the rates of stationary anchor-
age failure of miniscrews under orthodontic loading vary
between 11% and 30% [75-77]. If a miniscrew loosens,
it will not regain stability and will probably need to be
removed and replaced [59]. Stability of the orthodontic
miniscrew throughout treatment depends on bone density,
peri-implant soft tissues, miniscrew design, surgical tech-
nique, and force load [78-82]. The key determinant for
stationary anchorage is bone density [83, 84]. Stationary
anchorage failure is often a result of low bone density due
to inadequate cortical thickness [67].

In general, stationary anchorage failure is greater in the
maxilla, with the exception of the midpalatal region, due to
the greater trabeculae and lower bone density [85, 86]. Loss
of midpalat miniscrews is likely a result of tongue pressure.
Peri-implant soft tissue type, health, and thickness can affect
stationary anchorage of the miniscrew. Miniscrews placed in
nonkeratinized alveolar tissues have greater failure rates than
those in attached tissues [77]. The movable, nonkeratinized
alveolar mucosa is easily irritated; soft tissue inflammation
around the miniscrew is directly associated with increased
mobility [79]. Additionally, miniscrews placed in regions of
thick keratinized tissue, such as the palatal slope, are less
likely to obtain adequate bony stability [87]. Thin, kera-
tinized tissue, seen in the dentoalveolar or midpalatal region,
is ideal for miniscrew placement [87]. Miniscrew geometry
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and surgical technique directly influence the stress distribu-
tion of peri-implant bone [78]. Most miniscrew losses occur
as a result of excessive stress at the screw-bone interface
[75]. Self-drilling miniscrews can have greater screw-bone
contacts (mechanical grip) and holding strengths compared
with self-tapping screws [86-88]. Heidemann et al. [87]
reported greater residual bone between screw threads of self-
drilling miniscrews compared with self-tapping miniscrews.
Self-tapping miniscrews, like self-drilling screws, can be
placed without a predrilled pilot hole in the dentoalveolar
region if the cortical bone is thin [89]. If a pilot hole is to be
used, for either self-drilling or self-tapping miniscrews, the
pilot hole size should be no greater than 85% of the diameter
of the miniscrew shaft for optimal stability [90]. It is still not
clear the maximum force-load, a miniscrew can withstand
with regard to stationary anchorage [86]. Dalstra et al. [91]
reported that miniscrews inserted into thin cortical bone and
fine trabeculae should be limited to 50 g of immediate loaded
force. Biichter et al. [76] reported that miniscrews placed in
dense mandibular bone remained clinically stable with up
to 900 g of force. Many articles reported miniscrew stability
with loading forces of 300 g or less [76, 81, 92]. In regions
of poor bone density, simply placing a longer miniscrew
under smaller orthodontic force does not ensure stationary
anchorage [93].

5.3. Soft Tissue Coverage of the Miniscrew Head and Auxiliary.
Miniscrews placed in alveolar mucosa, particularly in the
mandible, might become covered by soft tissue. The bunch-
ing and rubbing of loose alveolar tissue can lead to coverage
of both the miniscrew head and its attachments (i.e., coil
spring, elastic chain) within a day after placement. Soft tissue
coverage might be a risk factor for miniscrew stability, as well
as a clinical concern for the patient, who might think that
the miniscrew has fallen out. Miniscrew attachments (elastic
chain, coil spring) that rest on tissues will likely become
covered by tissue. The soft tissue overlaying the miniscrew is
relatively thin and can be exposed with light finger pressure,
typically without an incision or local anesthetic. Soft tissue
overgrowth can be minimized by placement of a healing
abutment cap, a wax pellet, or an elastic separator [94]. In
addition to its antibacterial properties that minimize tissue
inflammation, chlorhexidine slows down epithelialization
and might reduce the likelihood of soft tissue overgrowth
[95]. The authors suggest partial insertion with a longer
miniscrew (10mm) in regions of loose alveolar mucosa,
leaving 2 or 3 threads of the shaft exposed to minimize the
possibility of soft tissue coverage.

5.4. Soft Tissue Inflammation, Infection, and Peri-Implantitis.
Healthy peri-implant tissue plays an important role as a
biologic barrier to bacteria [96]. Tissue inflammation, minor
infection, and peri-implantitis can occur after miniscrew
placement [97]. Inflammation of the peri-implant soft tissue
has been associated with a 30% increase in failure rate [79].
Peri-implantitis is inflammation of the surrounding implant
mucosa with clinically and radiographically evident loss of
bony support, bleeding on probing, suppuration, epithelia
infiltrations, and progressive mobility [95]. The clinician

should be forewarned of soft tissue irritation if the soft
tissues begin twisting around the miniscrew shaft during
placement. Some clinicians advocate a 2-week soft tissue
healing period for miniscrews placed in the alveolar mucosa
before orthodontic loading [98].

6. Feature of Mini-Implants

The rates of stationary anchorage failure of miniscrews under
orthodontic loading vary between 11% and 30% [75-77].
The rates are not low, and it may leave much room for
improvement. However, the improvement in designed screw
including the diameter, length, and thread may reach the
limit. Therefore, new materials instead of titanium such as
CaP may be necessary to investigate in future.

7. Conclusions

On the basis of this systematic review, the following can be
concluded.

(1) Miniscrew implants can function as viable alternative
to conventional molar anchorage. They are simple
and efficient anchors for canine retraction, especially
in moderate to maximum anchorage situations.

(2) The placement of mini-implants for skeletal anchor-
age may provide the intrusion of posterior without
the side effect of extrusion of the anchorage teeth.

Acknowledgment

The paper received Grant-in-Aid for Scientific Research from
the Japan Society for the Promotion of Science (C: 22592297,
C: 22792069, C: 23792449, C: 23593044).

References

[1] J. Daskalogiannakis, Glossary of Oorthodontic Terms, Quint-
essence, Leipzig, Germany, 2000.

[2] P.K. Turley, C. Kean, J. Schur et al., “Orthodontic force appli-
cation to titanium endosseous implants,” Angle Orthodontist,
vol. 58, no. 2, pp. 151-162, 1988.

[3] M. A. Papadopoulos, “Overview of the intra-maxillary non-
compliance appliances with absolute anchorage,” in Orthodon-
tic Treatment for the Class IT Non-Compliant Patient: Current
Principles and Techniques, M. A. Papadopoulos, Ed., pp. 341—
344, Elsevier, Mosby, Edinburgh, UK, 2006.

[4] S. Weinstein, D. C. Haak, L. Y. Morris, B. B. Snyder, and H. E.
Attaway, “On equilibrium theory of tooth position,” The Angle
Orthodontist, vol. 33, pp. 1-26, 1963.

[5] J.J. Pilon, A. M. Kuijpers-Jagtman, and J. C. Maltha, “Magni-
tude of orthodontic forces and rate of bodily tooth movement.
An experimental study,” American Journal of Orthodontics &
Dentofacial Orthopedics, vol. 110, no. 1, pp. 16-23, 1996.

[6] B. Melsen and D. Garbo, “Treating the “impossible case” with
the use of the Aarhus Anchorage System,” Orthodontics, vol. 1,
pp. 13-20, 2004.

[7] A. Costa, M. Raffainl, and B. Melsen, “Miniscrews as ortho-
dontic anchorage: a preliminary report,” The International



(23]

Journal of Adult Orthodontics and Orthognathic Surgery, vol.
13, no. 3, pp. 201-209, 1998.

J. Sugawara, “Dr. Junji Sugawara on the skeletal anchorage
system. Interview by Dr. Larry W. White,” Journal of Clinical
Orthodontics, vol. 33, no. 12, pp. 689—-696, 1999.

J. Mah and E Bergstrand, “Temporary anchorage devices: a
status report,” Journal of Clinical Orthodontics, vol. 39, no. 3,
pp. 132-153, 2005.

J. H. Sung, H. M. Kyung, S. M. Bae, H. S. Park, O. W. Kwon,
and J. A. McNamara, Microimplants in Orthodontics, Dentos,
Daegu, Korea, 2006.

M. Umemori, J. Sugawara, H. Mitani, H. Nagasaka, and H.
Kawamura, “Skeletal anchorage system for open-bite cor-
rection,” American Journal of Orthodontics & Dentofacial
Orthopedics, vol. 115, no. 2, pp. 166174, 1999.

N. Erverdi, N. Tosun, and A. Keles, “A new anchorage site for
the treatment of anterior open bite: zygomatic anchorage. A
case report,” World Journal of Orthodontics, vol. 3, pp. 147—
153, 2002.

N. Erverdi, A. Keles, and R. Nanda, “The use of skeletal
anchorage in open bite treatment: a cephalometric evalua-
tion,” Angle Orthodontist, vol. 74, no. 3, pp. 381-390, 2004.

K. H. Sherwood, J. G. Burch, and W. J. Thompson, “Clos-
ing anterior open bites by intruding molars with titanium
miniplate anchorage,” American Journal of Orthodontics &
Dentofacial Orthopedics, vol. 122, no. 6, pp. 593600, 2002.

H. S. Park, T. G. Kwon, and O. W. Kwon, “Treatment of open
bite with microscrew implant anchorage,” American Journal
of Orthodontics & Dentofacial Orthopedics, vol. 126, no. 5, pp.
627—-636, 2004.

C. C. J. Yao, J. J. Lee, H. Y. Chen, Z. C. J. Chang, H. E.
Chang, and Y. J. Chen, “Maxillary molar intrusion with fixed
appliances and mini-implant anchorage studied in three
dimensions,” Angle Orthodontist, vol. 75, no. 5, pp. 754-760,
2005.

C. C.J. Yao, C. B. Wu, H. Y. Wu, S. H. Kok, H. E. E Chang,
and Y. J. Chen, “Intrusion of the overerupted upper left first
and second molars by mini-implants with partial-fixed ortho-
dontic appliances: a case report,” Angle Orthodontist, vol. 74,
no. 4, pp. 550-557, 2004.

J. Cope and J. Graham, “Treatment planning for temporary
anchorage device applications,” in OrthoTADs: The Clinical
Guide and Atlas, J. Cope, Ed., pp. 67-88, Under Dog Media,
LP, Dallas, Tex, USA, 2007.

S. Kuroda, Y. Sugawara, T. Deguchi, H. M. Kyung, and
T. Takano-Yamamoto, “Clinical use of miniscrew implants
as orthodontic anchorage: success rates and postoperative
discomfort,” American Journal of Orthodontics ¢ Dentofacial
Orthopedics, vol. 131, no. 1, pp. 9-15, 2007.

G. C. Heymann and J. E. C. Tulloch, “Implantable devices as
orthodontic anchorage: a review of current treatment modal-
ities,” Journal of Esthetic and Restorative Dentistry, vol. 18, no.
2, pp. 68-80, 2006.

J. Prabhu and R. R. Cousley, “Current products and practice:
bone anchorage devices in orthodontics,” Journal of Orthodon-
tics, vol. 33, no. 4, pp. 288-307, 2006.

W. E. Roberts, F. R. Helm, K. J. Marshall, and R. K. Gongloff,
“Rigid endosseous implants for orthodontic and orthopedic
anchorage,” Angle Orthodontist, vol. 59, no. 4, pp. 247-256,
1989.

J. W. Freudenthaler, R. Haas, and H. P. Bantleon, “Bicortical
titanium screws for critical orthodontic anchorage in the
mandible: a preliminary report on clinical applications,” Clin-
ical Oral Implants Research, vol. 12, no. 4, pp. 358—-363, 2001.

(24]

(25]

[26]

(37]

(38]

(39]

International Journal of Biomaterials

H. Wehrbein, H. Feifel, and P. Diedrich, “Palatal implant
anchorage reinforcement of posterior teeth: a prospective
study,” American Journal of Orthodontics & Dentofacial Ortho-
pedics, vol. 116, no. 6, pp. 678-686, 1999.

H. Wehrbein, J. Glatzmaier, U. Mundwiller, and P. Diedrich,
“The Orthosystem—a new implant system for orthodontic
anchorage in the palate,” Journal of Orofacial Orthopedics, vol.
57, no. 3, pp. 142-153, 1996.

H. Wehrbein, B. R. Merz, and P. Diedrich, “Palatal bone sup-
port for orthodontic implant anchorage—a clinical and radio-
logical study,” European Journal of Orthodontics, vol. 21, no. 1,
pp. 65-70, 1999.

P. I. Brdnemark, B. O. Hansson, R. Adell et al., “Osseointe-
grated implants in the treatment of the edentulous jaw. Expe-
rience from a 10-year period,” Scandinavian Journal of Plastic
and Reconstructive Surgery. Supplementum, vol. 16, pp. 1-132,
1977.

K. W. Higuchi and J. M. Slack, “The use of titanium fix-
tures for intraoral anchorage to facilitate orthodontic tooth
movement,” The International Journal of Oral & Maxillofacial
Implants, vol. 6, no. 3, pp. 338-344, 1991.

S. M. Bae, H. S. Park, H. M. Kyung, O. W. Kwon, and ]J.
H. Sung, “Clinical application of micro-implant anchorage,”
Journal of Clinical Orthodontics, vol. 36, no. 5, pp. 298-302,
2002.

U. Fritz, A. Ehmer, and P. Diedrich, “Clinical suitability of tita-
nium microscrews for orthodontic anchorage—preliminary
experiences,” Journal of Orofacial Orthopedics, vol. 65, no. 5,
pp. 410-418, 2004.

T. Deguchi, T. Takano-Yamamoto, R. Kanomi, J. K. Hartsfield,
W. E. Roberts, and L. P. Garetto, “The use of small titanium
screws for orthodontic anchorage,” Journal of Dental Research,
vol. 82, no. 5, pp. 377-381, 2003.

A. Carano, S. Velo, P. Leone, and G. Siciliani, “Clinical appli-
cations of the Miniscrew Anchorage system,” Journal of Clin-
ical Orthodontics, vol. 39, no. 1, pp. 9-24, 2005.

C. Arcuri, E Muzzi, E Santini, A. Barlattani, and A. Giancotti,
“Five years of experience using palatal mini-implants for
orthodontic anchorage,” Journal of Oral and Maxillofacial Sur-
gery, vol. 65, no. 12, pp. 2492-2497, 2007.

B. Vande Vannet, M. M. Sabzevar, H. Wehrbein, and K. Ass-
cherickx, “Osseointegration of miniscrews: a histomorphome-
tric evaluation,” European Journal of Orthodontics, vol. 29, no.
5, pp. 437-442, 2007.

J. C. Rinaldi and V. E. Arana-Chavez, “Ultrastructure of the
interface between periodontal tissues and titanium mini-im-
plants,” Angle Orthodontist, vol. 80, no. 3, pp. 459-465, 2010.
H. Wehrbein, B. R. Merz, P. Diedrich, and J. Glatzmaier, “The
use of palatal implants for orthodontic anchorage: design and
clinical application of the orthosystem,” Clinical Oral Implants
Research, vol. 7, no. 2, pp. 410-416, 1996.

T. Bernhart, J. Freudenthaler, O. Dortbudak, H. P. Bantleon,
and G. Watzek, “Short epithetic implants for orthodontie
anchorage in the paramedian region of the palate—a clinical
study,” Clinical Oral Implants Research, vol. 12, no. 6, pp. 624—
631, 2001.

H. Wehrbein and B. R. Merz, “Aspects of the use of endosseous
palatal implants in orthodontic therapy,” Journal of Esthetic
Dentistry, vol. 10, no. 6, pp. 315-324, 1998.

H. Wehrbein, B. R. Merz, C. H. F. Himmerle, and N. P. Lang,
“Bone-to-implant contact of orthodontic implants in humans
subjected to horizontal loading,” Clinical Oral Implants Re-
search, vol. 9, no. 5, pp. 348-353, 1998.



International Journal of Biomaterials

(40]

(42

(43]

(44

(53]

(54]

K. Chung, S. H. Kim, and Y. Kook, “C-orthodontic microim-
plant for distalization of mandibular dentition in class III
correction,” Angle Orthodontist, vol. 75, no. 1, pp. 119-128,
2005.

J.S. Lee, H. S. Park, and H. M. Kyung, “Micro-implant anchor-
age for lingual treatment of a skeletal Class II malocclusion,”
Journal of Clinical Orthodontics, vol. 35, no. 10, pp. 643—647,
2001.

H. S. Park, S. M. Bae, H. M. Kyung, and J. H. Sung, “Micro-
implant anchorage for treatment of skeletal Class I bialveolar
protrusion,” Journal of Clinical Orthodontics, vol. 35, no. 7, pp.
417-422,2001.

H. S. Park and T. G. Kwon, “Sliding mechanics with micro-
screw implant anchorage,” Angle Orthodontist, vol. 74, no. 5,
pp. 703-710, 2004.

H. S. Park, O. W. Kwon, and J. H. Sung, “Microscrew implant
anchorage sliding mechanics,” World Journal of Orthodontics,
vol. 6, no. 3, pp. 265-274, 2005.

H. De Clerck, V. Geerinckx, and S. Siciliano, “The zygoma
anchorage system,” Journal of Clinical Orthodontics, vol. 36,
no. 8, pp. 455-459, 2002.

K. R. Chung, Y. S. Kim, J. L. Linton, and Y. J. Lee, “The
miniplate with tube for skeletal anchorage,” Journal of Clinical
Orthodontics, vol. 36, no. 7, pp. 407412, 2002.

J. D. Jenner and B. N. Fitzpatrick, “Skeletal anchorage utilising
bone plates,” Australian Orthodontic Journal, vol. 9, no. 2, pp.
231-233, 1985.

C. Rattanayatikul, K. Godfrey, J. Chawengchettanon, and
T. Vattraraphoudet, “Miniplates and screws in treatment of
skeletal Class IIT malocclusion with missing posterior teeth. A
case report,” Australian Orthodontic Journal, vol. 22, no. 2, pp.
167-172, 2006.

Y. C. Tseng, C. M. Chen, and H. P. Chang, “Use of a
miniplate for skeletal anchorage in the treatment of a severely
impacted mandibular second molar,” British Journal of Oral
and Maxillofacial Surgery, vol. 46, no. 5, pp. 406-407, 2008.

Y. C. Park, J. H. Chu, Y. J. Choi, and N. C. Choi, “Extraction
space closure with vacuum-formed splints and miniscrew
anchorage,” Journal of Clinical Orthodontics, vol. 39, no. 2, pp.
7679, 2005.

B. Thiruvenkatachari, A. Pavithranand, K. Rajasigamani, and
H. M. Kyung, “Comparison and measurement of the amount
of anchorage loss of the molars with and without the use
of implant anchorage during canine retraction,” American
Journal of Orthodontics & Dentofacial Orthopedics, vol. 129, no.
4, pp. 551-554, 2006.

S. Kuroda, A. Katayama, and T. Takano-Yamamoto, “Severe
anterior open-bite case treated using titanium screw anchor-
age,” Angle Orthodontist, vol. 74, no. 4, pp. 558-567, 2004.

K. H. Sherwood, J. Burch, and W. Thompson, “Intrusion
of supererupted molars with titanium miniplate anchorage,”
Angle Orthodontist, vol. 73, no. 5, pp. 597-601, 2003.

C. H. Paik, Y. J. Woo, and R. L. Boyd, “Treatment of an
adult patient with vertical maxillary excess using miniscrew
fixation,” Journal of Clinical Orthodontics, vol. 37, no. 8, pp.
423-428,2003.

K. H. Sherwood and J. G. Burch, “Skeletally based miniplate
supported orthodontic anchorage,” Journal of Oral and Max-
illofacial Surgery, vol. 63, no. 2, pp. 279-284, 2005.

J. Sugawara, U. B. Baik, M. Umemori et al., “Treatment and
posttreatment dentoalveolar changes following intrusion of
mandibular molars with application of a skeletal anchorage
system (SAS) for open bite correction,” The International

(57]

(58]

[59]

[60]

[61]

[65]

[66]

(69]

[70]

[71]

(74]

Journal of Adult Orthodontics and Orthognathic Surgery, vol.
17, no. 4, pp. 243-253, 2002.

T. D. Creekmore and M. K. Eklund, “The possibility of skeletal
anchorage,” Journal of Clinical Orthodontics, vol. 17, no. 4, pp.
266-269, 1983.

H. Ohnishi, T. Yagi, Y. Yasuda, and K. Takada, “A mini-implant
for orthodontic anchorage in a deep overbite case,” Angle
Orthodontist, vol. 75, no. 3, pp. 444—452, 2005.

S. M. Bae and H. M. Kyung, “Mandibular molar intrusion
with miniscrew anchorage,” Journal of Clinical Orthodontics,
vol. 40, no. 2, pp. 107-108, 2006.

J. C. Lin, E. J. Liou, and C. L. Yeh, “Intrusion of overerupted
maxillary molars with miniscrew anchorage,” Journal of Clin-
ical Orthodontics, vol. 40, no. 6, pp. 378-383, 2006.

J. S. Lee, H. K. Doo, Y. C. Park, S. H. Kyung, and T. K. Kim,
“The efficient use of midpalatal miniscrew implants,” Angle
Orthodontist, vol. 74, no. 5, pp. 711-714, 2004.

Y. J. Chang, H. S. Lee, and Y. S. Chun, “Microscrew anchorage
for molar intrusion,” Journal of Clinical Orthodontics, vol. 38,
no. 6, pp. 325-330, 2004.

A. Roth, M. Yildirim, and P. Diedrich, “Forced eruption with
microscrew anchorage for preprosthetic leveling of the gingi-
val margin: case report,” Journal of Orofacial Orthopedics, vol.
65, no. 6, pp. 513-519, 2004.

N. D. Kravitz and B. Kusnoto, “Risks and complications of
orthodontic miniscrews,” American Journal of Orthodontics &
Dentofacial Orthopedics, vol. 131, no. 4, pp. S43-S51, 2007.

K. Asscherickx, B. V. Vannet, H. Wehrbein, and M. M. Sab-
zevar, “Root repair after injury from mini-screw,” Clinical Oral
Implants Research, vol. 16, no. 5, pp. 575-578, 2005.

K. Mine, Z. Kanno, T. Muramoto, and K. Soma, “Occlusal
forces promote periodontal healing of transplanted teeth and
prevent dentoalveolar ankylosis: an experimental study in
rats,” Angle Orthodontist, vol. 75, no. 4, pp. 637—644, 2005.

B. Melsen and C. Verna, “Miniscrew implants: the Aarhus
anchorage system,” Seminars in Orthodontics, vol. 11, no. 1,
pp. 24-31, 2005.

C. Morea, G. C. Dominguez, A. V. Wuo, and A. Tortamano,
“Surgical guide for optimal positioning of mini-implants,”
Journal of Clinical Orthodontics, vol. 39, no. 5, pp. 317-321,
2005.

K. Dula, R. Mini, P. E van der Stelt, and D. Buser, “The
radiographic assessment of implant patients: decision-making
criteria,” International Journal of Oral and Maxillofacial Im-
plants, vol. 16, no. 1, pp. 80-89, 2001.

E. Y. Suzuki and B. Buranastidporn, “An adjustable surgical
guide for miniscrew placement,” Journal of Clinical Orthodon-
tics, vol. 39, no. 10, pp. 588-590, 2005.

A. Carano, S. Velo, C. Incorvati, and P. Poggio, “Clinical appli-
cations of the Mini-Screw-Anchorage-System (M.A.S.) in the
maxillary alveolar bone,” Progress in Orthodontics, vol. 5, no. 2,
pp. 212-235, 2004.

M. A. Schnelle, F. M. Beck, R. M. Jaynes, and S. S. Huja, “A
radiographic evaluation of the availability of bone for place-
ment of miniscrews,” Angle Orthodontist, vol. 74, no. 6, pp.
832-837, 2004.

P. M. Poggio, C. Incorvati, S. Velo, and A. Carano, “Safe zones:
a guide for miniscrew positioning in the maxillary and man-
dibular arch,” Angle Orthodontist, vol. 76, no. 2, pp. 191-197,
2006.

H. M. Kyung, H. S. Park, S. M. Bae, J. H. Sung, and I. B. Kim,
“Development of orthodontic micro-implants for intraoral
anchorage,” Journal of Clinical Orthodontics, vol. 37, no. 6, pp.
321-328, 2003.



(75]

(88]

R. Adell, U. Lekholm, B. Rockler, and P. I. Branemark, “A 15-
year study of osseointegrated implants in the treatment of the
edentulous jaw,” International Journal of Oral Surgery, vol. 10,
no. 6, pp. 387-416, 1981.

A. Biichter, D. Wiechmann, S. Koerdt, H. P. Wiesmann,
J. Piftko, and U. Meyer, “Load-related implant reaction of
mini-implants used for orthodontic anchorage,” Clinical Oral
Implants Research, vol. 16, no. 4, pp. 473-479, 2005.

S. J. Cheng, I. Y. Tseng, J. J. Lee, and S. H. Kok, “A pro-
spective study of the risk factors associated with failure of
mini-implants used for orthodontic anchorage,” International
Journal of Oral and Maxillofacial Implants, vol. 19, no. 1, pp.
100-106, 2004.

A. Biichter, J. Kleinheinz, H. P. Wiesmann et al., “Biologi-
cal and biomechanical evaluation of bone remodelling and
implant stability after using an osteotome technique,” Clinical
Oral Implants Research, vol. 16, no. 1, pp. 1-8, 2005.

S. Miyawaki, I. Koyama, M. Inoue, K. Mishima, T. Sugahara,
and T. Takano-Yamamoto, “Factors associated with the sta-
bility of titanium screws placed in the posterior region for
orthodontic anchorage,” American Journal of Orthodontics &
Dentofacial Orthopedics, vol. 124, no. 4, pp. 373-378, 2003.

1. H. Orenstein, D. P. Tarnow, H. E Morris, and S. Ochi, “Fac-
tors affecting implant mobility at placement and integration
of mobile implants at uncovering,” Journal of Periodontology,
vol. 69, no. 12, pp. 1404-1412, 1998.

W. E. Roberts, K. J. Marshall, and P. G. Mozsary, “Rigid
endosseous implant utilized as anchorage to protract molars
and close an atrophic extraction site,” Angle Orthodontist, vol.
60, no. 2, pp. 135-152, 1990.

M. Sevimay, E. Turhan, M. A. Kilicarslan, and G. Eskitascioglu,
“Three-dimensional finite element analysis of the effect of
different bone quality on stress distribution in an implant-
supported crown,” Journal of Prosthetic Dentistry, vol. 93, no.
3, pp. 227-234, 2005.

C. E. Misch, Contemporary Implant Dentistry, Mosby, St Louis,
Mo, USA, 2nd edition, 1998.

C. E. Misch, “Density of bone: effect on treatment plans, sur-
gical approach, healing, and progressive boen loading,” The
International Journal of Oral Implantology, vol. 6, no. 2, pp.
23-31, 1990.

K. A. Schlegel, E. Kinner, and K. D. Schlegel, “The anatomic
basis for palatal implants in orthodontics,” The International
Journal of Adult Orthodontics and Orthognathic Surgery, vol.
17, no. 2, pp. 133-139, 2002.

H. S. Yun, H. J. Kim, and Y. C. Park, The thickness of the max-
illary soft tissue and cortical bone related with an orthodontic
implantation, thesis, Yonsei University, Seoul, Korea, 2001.

W. Heidemann, H. Terheyden, and K. L. Gerlach, “Analysis of
the osseous/metal interface of drill free screws and self-tapping
screws,” Journal of Cranio-Maxillofacial Surgery, vol. 29, no. 2,
pp. 69-74, 2001.

W. Heidemann, H. Terheyden, and K. L. Gerlach, “In
vivo studies of screw-bone contact of drill-free screws and
conventional self-tapping screws,” Mund-, Kiefer- und Ges-
ichtschirurgie, vol. 5, no. 1, pp. 17-21, 2001.

B. G. Maino, P. Mura, and J. Bednar, “Miniscrew implants:
the Spider Screw anchorage system,” Seminars in Orthodontics,
vol. 11, no. 1, pp. 40—46, 2005.

A. Gantous and J. H. Phillips, “The effects of varying pilot hole
size on the holding power of miniscrews and microscrews,”
Plastic and Reconstructive Surgery, vol. 95, no. 7, pp. 1165—
1169, 1995.

[91]

International Journal of Biomaterials

M. Dalstra, P. M. Cattaneo, and B. Melson, “Load transfer of
miniscrews for orthodontic anchorage,” Orthodontics, vol. 1,
pp. 53-62, 2004.

R. Kanomi, “Mini-implant for orthodontic anchorage,” Jour-
nal of Clinical Orthodontics, vol. 31, no. 11, pp. 763-767, 1997.
E. J. W. Liou, B. C. J. Pai, and J. C. Y. Lin, “Do miniscrews
remain stationary under orthodontic forces?” American Jour-
nal of Orthodontics & Dentofacial Orthopedics, vol. 126, no. 1,
pp. 42—47, 2004.

R. Herman and J. B. Cope, “Miniscrew implants: IMTEC mini
ortho implants,” Seminars in Orthodontics, vol. 11, no. 1, pp.
32-39, 2005.

S. Othman, E. Haugen, and P. Gjermo, “The effect of chlor-
hexidine supplementation in a periodontal dressing,” Acta
Odontologica Scandinavica, vol. 47, no. 6, pp. 361-366, 1989.
M. A. Sanchez-Garces and C. Gay-Escoda, “Peri-implantitis,”
Medicina Oral, Patologia Oral y Cirugia Bucal, vol. 9, supple-
ment, pp. 63-69, 2004.

A. Costa, G. Pasta, and G. Bergamaschi, “Intraoral hard and
soft tissue depths for temporary anchorage devices,” Seminars
in Orthodontics, vol. 11, no. 1, pp. 10-15, 2005.

B. Murray, N. McGuinness, P. Biagioni, P. Hyland, and P. J.
Lamey, “A comparative study of the efficacy of Aphtheal in the
management of recurrent minor aphthous ulceration,” Journal
of Oral Pathology and Medicine, vol. 34, no. 7, pp. 413-419,
2005.



Journal of

Nanotechnology

BioMed
Research International

Journal of

WEEELS

Journal of

Nanoscience

International Journal of

Corrosion

International Journal of

Polymer Scienc

" Research

e

Hindawi

Submit your manuscripts at
http://www.hindawi.com

The Scientific
erId Journal

Journal of

Coatings

feme-

Journal of

Crystallography

Journal of

Ceramics

Journal of

Composites

Journal of

Metallurgy

Journal of

Nanoparticles

International Journal of

terials

Journal of

Textiles




