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ABSTRACT

The aim of this review was to provide an overview of the various types of contemporary intaroral anchorage mechanics that are being
used with temporary anchorage devices (TADs) and to briefly mention the design and clinical use of these appliances. Original articles
on “mini-implants in orthodontics, temporary anchorage devices, orthodontic miniscrews, mini-implants, and skeletal anchorage”
were searched for on the PubMed database. Articles published between 2004 and May 2015 were used. References of 10 articles were
also searched for and used. Beneslider, Miniscrew-supported EZ slider, Implant-supported Distal Jet, Mini-implant-Borne Pendulum
B Appliance, Noncompliance-supported Maxillary Molar Distalization Appliance, Temporary Skeletal Anchorage Device-Supported
Rapid Maxillary Expansion Appliance (RME), Mini-Implant-Supported Maxillary Expansion, Implant-Supported RME, Hybrid Hyrax,
Frog Appliance, Palatally Anchored Mesialslider, Mousetrap Appliance, Lever Arm, and Mini-implant System were evaluated. In con-
temporary orthodontics, TADs have an important place. They can be combined with different intraoral mechanics and be efficiently
used. The future of orthodontic intraoral anchorage may be based on TADs.
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INTRODUCTION

In simple words, anchorage is the resistance to unwanted tooth movement (1). Since the beginning of or-
thodontics, it has been important to control anchorage to achieve satisfactory treatment results (2). There
are different ways to control orthodontic anchorage such as extraoral anchorage by a headgear and intraoral
anchorage by lingual or palatal arches or intermaxillary elastics. Sometimes, due to less need for patient coop-
eration or inefficient supporting structures, anchorage cannot be precisely controlled (3).

Only ankylosed teeth or dental implants can provide absolute anchorage. Anchorage obtained using devices
can be achieved by fixing anchor units to skeletal structures to achieve skeletal anchorage (4). The use of im-
plants for orthodontic anchorage was quick after the satisfying results of replacement of missing teeth with
successful bone implantation (1).

Dental implants, miniplates, and titanium screws are used to achieve skeletal stationary anchorage for various
indications for orthodontic treatment (5). A dental implant is a device designed to be placed within the bone
of the craniofacial complex and is used for supporting a dental prosthesis. Referring to this definition, an
orthodontic implant can be defined as a device specially designed to be placed within, through, or upon the
bones of the craniofacial complex to supply orthodontic anchorage (3).

Creekmon and Eklund were the first to use a bone screw applied to the ANS as a temporary anchorage device
(TAD) to intrude maxillary the incisors in 1983 (6). Although there is no general consensus on the terminology
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of these orthodontic TADs, the terms “miniscrews,”“microscrews,”“miniscrew implants,”and “mini-implants” are
used to define these devices (7).
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Before zygoma ligature for zygomatic anchorage in 1998,
Kanomi used miniscrews for intrusion in 1997 (2). The Orthoan-
chor™ K1 system (Dentsply-Sankin, Japan) was the first minis-
crew system which was presented to the market by Kanomi in
1997 (8). The versatility, minimal invasiveness, low cost, useful
dimensions that enables applications in various sites of the oral
cavity, and not requiring patient compliance are the reasons
of the popularity of miniscrews among orthodontists in recent
years (8,9).

Lin et al. (8) summarized the properties of an ideal TAD as fol-
lows: 1. the screw material has to be biocompatible and resis-
tant to force, 2. The screw material has to be immediately load-
able, 3. The screw material has to be biomechanically designed,
4.The screw material has to be compatible with all kinds of or-
thodontic accessories, and 5. the surgical procedure has to be
minimally invasive and noncomplicated.

Laursen et al. (10) reported that the most commonly used in-
sertion sites for miniscrews are as follows: the buccal aspect of
the alveolar process in the maxilla and mandible as well as the
palatal side of the maxillary alveolar process in the premolar
and molar region.

There are various types of orthodontic and dentofacial or-
thopedic movements that can be obtained using skeletal an-
chorage provided by miniscrews. This option widely increases
the spectrum of treatment choices planned by orthodontists.
Even in some cases requiring surgery, camouflage treatment
becomes possible without surgery using skeletal anchorage
(11). Intrusion, extrusion, impacted tooth movement, space
closing, and tooth uprighting can be achieved using minis-
crews (12).

In addition to these dentofacial orthopedic dentoalveolar
movements, rapid maxillary expansion and correction of Class
Il and Class Ill malocclusions are achieved using miniscrews (7).

In this paper, we aimed to search for and review various intra-
oral anchorage systems, appliances, and mechanics applied
by the support of TADs. They are as follows: Beneslider (13,14),
Miniscrew-supported EZ slider (15), Implant-supported Distal
Jet (16), Mini-Implant-Borne Pendulum B Appliance (17,18),
Noncompliance-supported Maxillary Molar Distalization Ap-
pliance (19,20), Temporary Skeletal Anchorage Device-Sup-
ported RME (TSADRME) (21,22), Mini-Implant-Supported Max-
illary Expansion (MISME) (23), Implant-Supported RME (23-26),
Hybrid Hyrax (27-30), Frog Appliance (31), Palatally Anchored
Mesialslider (29,30), Mousetrap Appliance (31), Lever Arm, and
Mini-implant System (32,33).

INTRAORAL SKELETAL ANCHORAGE APPLIANCES

Beneslider: Beneslider (PSM Medical Solutions; Tuttlingen,
Germany) is a distalization appliance supported with one or
two pairs of mini-implants in the anterior palate. There are two
springs on the appliance in the palatal molar-premolar region
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to deliver the distalization force of 240 g in children and 500
g in adults. The springs are activated by two sliding locks, and
the activation is enabled via Benetubes (13). Effective maxil-
lary molar distalization is done with the anchorage of a stable
connection between mini-implants and abutments fixed to the
distalization mechanics. At the end of the active distalization
phase, labial- or lingual-fixed appliances or aligners can be
used. A scissor-bite tendency has been previously reported,
and the authors suggested that the intraoral compression of
the 0.045" wire with a three-prong plier can be helpful for this
condition (14).

Miniscrew-supported EZ slider: The EZ slider (Ortho Tech-
nology Inc.; Tampa, FL) is a sliding auxiliary distalization me-
chanics used with miniplates to distalize the teeth in the pos-
terior region. It is made of medical grade 304 stainless steel.
There are auxiliary accessories of the mechanics used to de-
liver forces via buccally inserted TADs and closed coil springs.
The mechanics can be efficiently applied to any archwire.
There are three lengths of left- and right-sided variations. The
30 mm sliders are used for the distalization of the second mo-
lars, the 20 mm ones for the distalization of the first molars,
and the 12.5 mm ones for the distalization of the premolars
and canines. The second molars can limit the distalization
of the first molars usually in the other distalization mechan-
ics, except in the EZ slider. Each tooth is distalized solely to
avoid this problem. The EZ slider may extrusion in the mo-
lars and premolars or intrusion in the canines; therefore, this
appliance should not be used in high-angle patients. In indi-
rect anchorage cases, the retraction force is applied from the
mini-implant to the canine, and this may result in an increase
in the vertical force vector. The occlusal plane may have a cant
due to this vector. This side effect can be prevented by max-
imizing the horizontal vector by adding a power arm to the
mechanics (15).

Implant-Supported Distal Jet: This appliance is a version of
Distal Jet (American Orthodontics; Sheboygan, WI, USA), which
is bone supported via two miniscrews inserted in the palatal
region of the maxilla. The miniscrews are inserted in the para-
median position between the first premolar and first molars.
For additional anchorage, they are placed within a metal plate
covered with a Nance button. Implant-Supported Distal Jet can
be safely used in dental Class Il patients who have cooperation
problems. Besides molar distalization, spontaneous premolar
distalization of the first premolars can be achieved using this
device (16).

Mini-Implant-Borne Pendulum B Appliance: The Pendulum
B appliance is a skeletal-borne pendulum device that can be
easily applied in a clinic. Two mini-implants are inserted in the
palatal rugae area. Then, a Beneplate with a 0.8 mm b wire is
adapted to the curvature of the palate, which connects the
TADs with the molars. The active part of the Pendulum B ap-
pliance consists of a helix, a U-form bend, and a distal end in-
serted into the palatal molar sheath. The Beneplate is secured
using two fixing screws (17).
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There are other ways to manufacture implant-supported Pen-
dulum appliances; however, these mostly require laboratory
work. The advantage of the Pendulum B appliance is that it is
more user-friendly as it can be applied at chairside (18).

Noncompliance Screw-Supported Maxillary Molar Distal-
ization Appliance: The appliance has two miniscrews insert-
ed in the right and left sides of the incisive canal. The upper
first molars are banded with Teuscher tubes soldered on pala-
tal sides near the level of the resistance center of these teeth.
A stainless steel wire with a 1.1 mm diameter is adjusted in
parallel with the occlusal plane and is placed through the
tube. The stainless steel wire is bent to a U shape at 7 mm
distally from the tube. Activation is achieved by a nickel-tita-
nium coil spring. Using this device, bodily distalization of the
molars can be achieved by applying the force at the level of
its center of resistance. The distal tipping of the molars with
this appliance has been reported to be 149 degrees in a previ-
ous study, while with other mini-implant-supported distaliza-
tion mechanics, it has been reported to be 3 to 11.3 degrees
(19,20).

TSADRME, MISME, Implant-Supported RME, and Hybrid
Hyrax: These appliances are various types of the Hyrax (Hy-
rax®; Dentaurum; Ispringen, Germany) type maxillary palatal
expander. They are all supported with miniscrews to get skel-
etal anchorage (21-24).

Dental tipping has been reported to be minimized with the rig-
id connection of TSADs to the molar bands (25). Vassar et al.
(26) have reported mild dental tipping in patients treated using
TSADRME and a great variability among subjects.

Mini-implant-supported maxillary expansion may be an alter-
native to a bonded maxillary expansion device, particularly
in hyperdivergant cases. Instead of buccal tipping, palatal
tipping has been reported in MISME in patients who had
undergone MISME treatment. More skeletal expansion was
achieved in MISME treatment than using conventional max-
illary expanders (23).

Hybrid Hyrax: Hybrid Hyrax is an effective appliance in which
mini-implants are used for maxillary expansion. Mini-implants
can be inserted as far as approximately 2 mm anterior to the
palatal suture. The Hybrid Hyrax appliance is less invasive
compared to palatal distractors. Rapid palatal expansion can
be effectively achieved with this device, and fixed orthodon-
tic treatment can take place while this appliance is still in the
mouth (24).

It has been reported that tooth-borne and tooth-bone-borne
RME devices are effective appliances for maxillary expansion.
The skeletal effects of the Hybrid Hyrax appliance were similar
to those of Hyrax appliance. The Hyrax appliance resulted in a
larger expansion in the premolar region than the Hybrid Hy-
rax (27). Mosleh et al. (28) reported that basal bone expansion
was achieved in both tooth-borne and bone-borne maxillary
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expanders. The increase in maxillary width was greater in the
bone-borne group, and the dental expansion was higher in the
tooth-borne group.

Frog Appliance: Two paramedian mini-implants are used in
the Frog Appliance (Forestadent; Pforzheim, Germany) for an-
chorage. The first molars are banded, and they are connected
to palatal miniscrews via screws and a 0.032” SS pre-performed
transpalatal arch (26). Distalization of the upper molars can be
done in an effective manner using the Frog appliance in Class
Il malocclusion cases with fully erupted second molars. An ac-
ceptable degree of loss of anchorage has been reported with
some side effects, such as maxillary molar tipping and back-
ward rotation of the mandible (29).

Palatally Anchored Mesialslider and Mesial-Distalslider:
Clinicians can mesialize the posterior segment teeth with the
help of a mesialslider. This appliance is skeletally anchored via
two mini-implants placed on the anterior side of the palate
(30). There is no need of laboratory work for producing the Me-
sial-Distalslider; it can be placed into the mouth at chairside.
This appliance may be used for the mesialization and distaliza-
tion of buccal segments; therefore, this appliance is useful in
asymmetric molar positions. While a nickel-titanium coil spring
is used for mesialization, an open coil spring is used for the dis-
talization force (31).

Mousetrap Appliance: Two anterior mini-implants are con-
nected via a Beneplate for providing anchorage of the Mouse-
trap Appliance. One or two lever arms are used, particularly for
producing effective intrusion or extrusion forces. The use of
lever arms ensures the delivery of measurable and continuous
forces. In the passive position, the distal ends of the lever arms
are located upward to the resistance center of the molars. To
apply it to the molar teeth, the lever arm is pulled downward
and connected to the molar to produce an effective intrusion
force. The intrusion of overerupted molars can be done with
this appliance. The Mousetrap Appliance has a bulky and com-
plex design, but it delivers a measurable and continuous force
intraorally. Screw fracture is a low probability because of its an-
chorage is in the anterior palate (32).

Lever Arm and Mini-Implant System: This system is built on
a stable anchored retraction mechanism. Lever arms extending
from the lingual brackets of the maxillary incisor teeth are tied
with an anchorage unit of palatally inserted miniscrews using
an elastic chain to retract the anterior teeth (33). The arms of
the anchorage system can be designed to suit many kinds of
mechanics and different amounts of distalization. The lever
arm is easily formed and can be comfortably used by the pa-
tient (34).

CONCLUSION
This article aimed to present the use of orthodontic miniscrews

in contemporary orthodontic practice. The easy surgical proce-
dure, wide intraoral placement range, low cost, stationary an-
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chorage, compatibility with other orthodontic appliances, and
less need for patient cooperation makes TADs irreplaceable in
daily orthodontic practice.

Beyond their singular use for anchorage purposes, miniscrews
let orthodontists easily design various orthodontic appliances.
Today, many conventional intraoral orthodontic appliances are
being used combined with TADs. If properly planned and cor-
rectly applied, mini-screws help practitioners to achieve satis-
fying treatment results more easily, more effectively, and more
comfortably.

It appears that the future of intraoral absolute anchorage will
be widely based on TADs.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - G.S.; Design - G.S.; Supervision - G.S.;
Resources - D.D.K.; Materials - G.S.; Data Collection and/or Processing -
D.D.K.; Analysis and/or Interpretation - D.D.K.; Literature Search - D.D.K.;
Writing Manuscript - D.D.K;; Critical Review - G.S.; Other - D.D.K, G.S.

Conflict of Interest: The authors declare that there is no conflict of
interest.

Financial Disclosure: The authors declare that there is no financial
disclosure.

REFERENCES

1. Proffit WR, Fields HW, Sarver DM. Contemporary Orthodontics. St
Louis, Mosby Inc. 2013

2. LeeJS, Kim JK, Park YC, Vanarsdall, RL. Application of orthodontic
mini-implants. Hanover Park, IL, Quintessence Publishing Co, Inc.
(2007).

3. Elias CN, de Oliveira Ruellas AC, Fernandes DJ. Orthodontic im-
plants concepts for the orthodontic practitioner. Int J Dent 2012;
2012: 549761.

4. Yamaguchi M, Inami T, Ito K, Kasai K, Tanimoto Y. Mini-implants in
the anchorage armamentarium: new paradigms in the orthodon-
tics. Int J Biomater 2012; 2012: 394121.

5. Kuroda S, Sugawara Y, Deguchi T, Kyung HM, Takano-Yamamoto T.
Clinical use of miniscrew implants as orthodontic anchorage: suc-
cess rates and postoperative discomfort. Am J Orthod Dentofacial
Orthop 2007; 131: 9-15. [CrossRef]

6. Ongag G. Ortodontide mini vida uygulamalarinda temel kavram-
lar. EU Dishek Fak Derg 2010; 31: 61-8. [CrossRef]

7. Uzuner FD, Aslan BI. Miniscrew applications in orthodontics. Cur-
rent concepts in dental implantology. e-book, InTech, 2015, pp.
211-237.

8. LinJC, Liou EJ, Yeh CL, Evans CA. A comparative evaluation of cur-
rent orthodontic miniscrew systems. World J Orthod 2007; 8: 136-
44.

9. Wilmes B, Drescher D. A miniscrew system with interchangeable
abutments. J Clin Orthod 2008; 42: 574-80.

10. Laursen MG, Melsen B, Cattaneo PM. An evaluation of insertion
sites for mini-implants: a micro - CT study of human autopsy ma-
terial. Angle Orthod 2013; 83: 222-9. [CrossRef]

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Turkish J Orthod 2016; 29: 109-13

Leung MT, Lee TC, Rabie AB, Wong RW. Use of miniscrews and
miniplates in orthodontics. J Oral Maxillofac Surg 2008; 66:
1461-6. [CrossRef]

Acar YB, Hergel CA, Ates M, Kiiclikkeles N. Mini-implant usage in
orthodontic practice. Turkish J Orthod 2015; 28: 1-6. [CrossRef]
Wilmes B, Neuschulz J, Safar M, Braumann B, Drescher D. Protocols
for combining the Beneslider with lingual appliances in Class Il
treatment. J Clin Orthod 2014; 48: 744-52.

Wilmes B, Nienkemper M, Ludwig B, Kau CH, Pauls A, Drescher D.
Esthetic Class Il treatment with the Beneslider and aligners. J Clin
Orthod. 2012 Jul;46(7):390-8; quiz 437.

Gray E, Ucar FI, Gul N. Distalization with the miniscrew-support-
ed EZ Slider auxiliary. J Clin Orthod 2014; 48: 238-47.

Cozzani M, Pasini M, Zallio F, Ritucci R, Mutinelli S, Mazzotta L, et al.
Comparison of maxillary molar distalization with an implant-sup-
ported distal jet and a traditional tooth-supported distal jet appli-
ance. Int J Dent 2014; 2014: 937059. [CrossRef]

Wilmes B, Katyal V, Drescher D. Mini-implant-borne Pendulum
B appliance for maxillary molar distalization: design and clinical
procedure. Aust Orthod 2014; 30: 230-9.

Wilmes B, Willmann J, Stocker B, Drescher D. The benefit system
and its scope in contemporary orthodontic protocols. APOS
Trends in Orthodontics 5.5 2016; 92-8.

Nalcaci R, Bicakci AA, Ozan F. Screw supported maxillary molar
distalization in a parallel manner. Korean J Orthod 2010; 40: 250-9.
[CrossRef]

Arman-Ozcirpici A, Yilmaz A, Polat-Ozsoy O. Maxillary expansion
via palatal mini-implants: a preliminary study. Turk J Orthod 2014;
27:16-27. [CrossRef]

Sar C, Polat-Ozsoy O, Kaya B, Arman- Ozcirpici A. Dentoalveolar
effects of miniscrew implant supported distalization system. Turk
J Orthod 2012; 25: 134-45. [CrossRef]

Vassar A, Karydis A, Trojan T, Fisher J. Dentoskeletal effects of a
temporary skeletal anchorage device-supported rapid maxillary
expansion appliance (TSADRME): A pilot study. Angle Orthod
2016; 86: 241-9. [CrossRef]

Yilmaz A, Arman-Ozcirpici A, Erken S, Polat-Ozsoy O. Comparison
of short-term effects of mini-implant-supported maxillary expan-
sion appliance with two conventional expansion protocols. Eur J
Orthod 2015; 37: 556-64. [CrossRef]

Wilmes B, Nienkemper M, Drescher D. Application and effective-
ness of a mini-implant and tooth-borne rapid palatal expansion
device: the hybrid hyrax. World J Orthod 2010; 11: 323-30.

Kim KB, Helmkamp ME. Miniscrew implant-supported rapid maxil-
lary expansion. J Clin Orthod Dentofacial Orthop 2012; 46: 608-12.
Ludwig B, Glasl B, Bowman SJ, Wilmes B, Kinzinger GS, Lisson JA.
Anatomical guide lines for miniscrew insertion: palatal sites. J Clin
Orthod 2011; 45: 433-41.

Gunyuz Toklu M, Germec-Cakan D, Tozlu M. Periodontal, dentoal-
veolar, and skeletal effects of tooth-borne and tooth-bone-borne
expansion appliances. Am J Orthod Dentofacial Orthop 2015; 148:
97-109. [CrossRef]

Mosleh MI, Kaddah MA, Abd ElSayed FA, ElSayed HS. Comparison
of transverse changes during maxillary expansion with 4-point
bone-borne and tooth borne maxillary expanders. Am J Orthod
Dentofacial Orthop. 2015; 148: 599-607. [CrossRef]

Burhan AS. Combined treatment with headgear and the Frog ap-
pliance for maxillary molar distalization: a randomized controlled
trial. Korean J Orthod 2013; 43: 101-9. [CrossRef]

Wilmes B, Nienkemper M, Nanda R, Liibberink G, Drescher D. Pala-
tally anchored maxillary molar mesialization using the mesialslid-
er.J Clin Orthod 2013; 47: 172-9.


https://doi.org/10.1016/j.ajodo.2005.02.032
https://doi.org/10.5505/eudfd.2010.07379
https://doi.org/10.2319/042512-344.1
https://doi.org/10.1016/j.joms.2007.12.029
https://doi.org/10.13076/TJO-D-15-00010
https://doi.org/10.1155/2014/937059
https://doi.org/10.4041/kjod.2010.40.4.250
https://doi.org/10.13076/TJO-D-13-00010
https://doi.org/10.13076/1300-3550-25-2-134
https://doi.org/10.2319/013015-76.1
https://doi.org/10.1093/ejo/cju094
https://doi.org/10.1016/j.ajodo.2015.02.022
https://doi.org/10.1016/j.ajodo.2015.04.040
https://doi.org/10.4041/kjod.2013.43.2.101

Turkish J Orthod 2016; 29: 109-13

31.

32.

Wilmes B, Nanda R, Nienkemper M, Ludwig B, Drescher D. Correc-
tion of upper-arch asymmetries using the Mesial-Distalslider. J
Clin Orthod 2013; 47: 648-55.

Wilmes B, Nienkemper M, Ludwig B, Nanda R, Drescher D. Up-
per-molar intrusion using anterior palatal anchorage and the
Mousetrap appliance. J Clin Orthod 2013; 47: 314-20.

33.

34.

Kiling and Sayar. Contemporary Intraoral Anchorage Mechanics

Hong RK, Heo JM, Ha YK. Lever-arm and mini-implant system for
anterior torque control during retraction in lingual orthodontic
treatment. Angle Orthod 2005; 75: 129-41.

Gurgel Jde A, Pinzan-Vercelino CR, Bramante FS, Rivera AP. Distal-
ization of maxillary molars using a lever arm and mini-implant.
Orthodontics (Chic.) 2013; 14: e140-9. [CrossRef]

3


https://doi.org/10.11607/ortho.604

