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ABSTRACT

Background: Temporary anchorage devices (TADs) have revolutionized orthodontic treatment by
providing additional support for tooth movement, enabling precise control over tooth positioning, and
expanding the scope of treatment options available to orthodontists.

Introduction: Temporary anchoring devices (TADs) provide a dependable means of accomplishing
efficient and consistent tooth movement, and have emerged as a key breakthrough in modern orthodontic
practice.

Aim: The present review aims to provide a comprehensive overview of TADs, including their types,
applications, advantages, and limitations.

Materials and Methods: The review begins by elucidating the various types of TADs, such as mini-
implants, miniplates, and microscrews, highlighting their differences in design, placement techniques, and
biomechanical characteristics. Subsequently, it explores the diverse clinical applications of TADs, ranging
from orthodontic tooth movement, space closure, intrusion, and extrusion to the management of skeletal
discrepancies and complex cases requiring multidisciplinary approaches.

Discussion: Moreover, the review examines the advantages offered by TADs, including enhanced treatment
precision, reduced reliance on patient compliance, and the ability to achieve challenging tooth movements
with minimal side effects. It also addresses the limitations and potential complications associated with
TADs, such as risk of infection, mucosal irritation, and mechanical failure, emphasizing the importance
of careful patient selection, proper placement techniques, and vigilant monitoring throughout treatment,
highlighting their potential to further enhance orthodontic outcomes and patient satisfaction.

Conclusion: The significant role of temporary anchorage devices in modern orthodontic practice,
emphasizing their versatility, efficacy, and potential to optimize treatment outcomes while minimizing the
reliance on traditional anchorage methods and enhancing patient comfort and experience.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution 4.0 International License, which allows others to remix, and build upon the work. The licensor
cannot revoke these freedoms as long as you follow the license terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction

like implants, typically made from titanium or other
biocompatible materials, are temporarily inserted into the

Temporary anchorage devices (TADs) have become a
pivotal innovation in contemporary orthodontic practice,
offering a reliable solution for achieving effective and
predictable tooth movement. These small, screw-
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alveolar bone to provide a fixed point of anchorage. This
allows for precise application of orthodontic forces without
relying on patient compliance or the need for extraoral
devices.


https://doi.org/10.18231/j.jdp.2024.019
https://www.ipinnovative.com/open-access-journals
http://www.pjms.in/
https://www.ipinnovative.com/
https://orcid.org/0000-0003-0155-8498
https://orcid.org/0000-0003-1404-2474
https://orcid.org/0000-0001-9262-2832
https://orcid.org/0009-0002-1945-5681
https://orcid.org/0009-0007-1418-3425
https://crossmark.crossref.org/dialog/?doi=10.18231/j.jdp.2024.019&domain=pdf
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:reprint@ipinnovative.com
mailto:pramod468@gmail.com
https://doi.org/10.18231/j.jdp.2024.019

Verma et al. / Panacea Journal of Medical Sciences 2024;6(2):92—102 93

According to Cope (2005), the introduction of TADs
represents a paradigm shift in orthodontics, allowing for
greater control and predictability in treatment outcomes. !
Numerous studies have validated the effectiveness and
safety of TADs. Papageorgiou, Zogakis, and Papadopoulos
(2012) conducted a meta-analysis that demonstrated low
failure rates and highlighted various factors influencing
the success of miniscrew implants in orthodontics.?
Furthermore, Poggio et al. (2006) provided detailed
guidelines for the optimal placement of TADs, identifying
"safe zones" in the maxillary and mandibular arches to
minimize the risk of complications and enhance stability.3

In addition to their effectiveness in routine orthodontic
cases, TADs have proven invaluable in complex treatments,
such as the correction of Class II malocclusions.
Papadopoulos (2014) discusses the versatility of TADs in
providing skeletal anchorage, which facilitates significant
orthodontic movements that would otherwise be challenging
to achieve.* Moreover, Antoszewska-Smith et al. (2017)
demonstrated through a systematic review and meta-
analysis that TADs significantly improve anchorage control
during en-masse retraction, leading to more efficient and
effective orthodontic treatments. >

Miniscrew
(Figure 2&3)

TADS

Miniplates
(Figure 1)

Self drilling é Biotolerant
T type Self Small head Bioinert
Y type tapping Long head Bioactive
I
type H.nok Bcad Bioresorbable
Circle head
Bracket head
Slot and hook head
Interchangeable head

Chart 1: Classification of tads

2. Materials Used for Implants

Titanium alloy, titanium-coated stainless steel, or bioinert
pure titanium are the materials used in conventional
MSIs (Miniscrew implants). Because of its established
biocompatibility, the medical-grade titanium alloy is the one
that is utilised the most frequently among these. Ti6Al4V,
or grade V medical titanium, is the preferred material.
It is an alloy of titanium, aluminium, and vanadium. In
comparison to commercially pure (CP) titanium, it offers
greater strength and biocompatibility. ®

3. Understanding Implant Sites for TADS

Understanding the sites of implant placement (Figure 4) is
crucial for ensuring the success of the procedure.
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Figure 1: Types of miniplates
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Figure 2: Miniscrews with different head design

3.1. Maxillary buccal alveolar bone

It is the most common site for placing Temporary
Anchorage Devices (TADs). A safe spot for miniscrew
placement, with sufficient inter-radicular space, is located
between the second premolar and first molar.’

Targeting the most apical region where the cortical
bone is thick and dense, it is better to introduce TADs
mesiodistally between the first and second molars for the
best primary stability. However, the reduced inter-radicular
space in this location poses a limitation. Although more
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Figure 3: Parts of miniscrew

Maxillary buccal
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Figure 4: Various sites for miniscrew placement

apical placement may provide additional inter-radicular
space, there is a risk of irritation and discomfort if a TAD
is positioned in the movable mucosa.®

3.2. Maxillary palatal alveolar bone

The palatal cortical bone is thicker and denser than the
buccal cortical bone. The thickest palatal cortical bone is
located between the canine and first premolar, while the
densest inter-radicular palatal bone is found between the
first and second premolars.®

3.3. Midpalatal suture

In this region, due to the presence of thick and dense bone,
pilot drilling is recommended prior to miniscrew placement.

Additionally, due to the presence of thick mucosa in this
area, longer TADs are preferred. An ideal location for
miniscrew placement is 1-2 mm lateral to the mid-palatal
suture particularly in growing patients. This is because of
the presence of under-ossified bone and soft tissue at the
suture site in growing individuals.

3.4. Mandibular buccal alveolar bone

The mandibular buccal inter-radicular space is largest
between the first and second premolars and increases
vertically from the cervical area to the apex.!'The inter-
root distance is also found to be greatest between the
first and second molar, and noted that the cortical bone
thickness tends to increase from the anterior to the posterior
region. 12 Theoretically, the denser cortical bone in the
mandible should lead to a higher success rate for TADs
compared to the upper arch. However, Park et al. found that
the success rate of TADs was actually lesser in the mandible
than in the maxilla. '3

3.5. Buccal shelf area

If placing a Temporary Anchorage Device in the posterior
inter-radicular area of the mandible is difficult, buccal shelf
area of mandible offers a dependable alternative. This area
is beneficial because it allows for the insertion of TADs with
increased diameter parallel to the root, minimizing the risk
of root injury. A high success rate of 93% for TADs placed
at this site has been reported, with no significant difference
in success rates whether they were positioned in movable
mucosa or attached gingiva. 14

3.6. Retromolar area

The retromolar area is another alternative site for implant
placement. Although the success rate of TADs in the
retromolar pad is quite high, there is a risk of injuring the
lingual and inferior alveolar nerves if the TADs shift to the
lingual side of the retromolar pad.’

4. Factors Affecting Implant Site Selection

Several factors can influence the precise placement of an
orthodontic mini-implant (Figure 5). The complexity of
an insertion site depends on the number of anatomical
boundaries present. Ideally, the mini-implant should be
placed within the bone volume defined by these boundaries,
ensuring that the screw interacts with only one boundary:
the cortical plate in which it will be anchored. These
boundaries influence the success rate of the mini-implant
and the potential for complications. Therefore, a site
with fewer boundaries is preferable to one with multiple
boundaries.?
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4.1. Cortical bone thickness

The cortical bone is crucial for providing stability to the
mini-implant and is arguably the most critical anatomical
factor to consider when selecting the placement location.
A cortical plate that is too thin cannot offer adequate
mechanical retention. Conversely, an overly thick plate is
also undesirable. It is important to note that the thickness of
the cortical plate affects the insertion torque at the implant
site, with excessive torque potentially damaging the bone
and causing late failures. Therefore, it is advisable to avoid
both excessively thin and overly thick cortical bone for
optimal implant stability. !> The optimal range for achieving
maximum success seemed to be between 1 mm and 1.5
mm. '6

4.2. Dental roots

The proximity of the screw to the adjacent dental roots is the
second most critical factor influencing the success of TADs.
Generally, placing TADs closer to the roots increases the
likelihood of screw failure. 71

To reduce the risk of placing TADs too close to the
roots, various strategies can be employed. For instance,
anatomical averages can serve as general guidelines. These
averages indicate that while buccal insertion space is often
limited, several sites on the palate offer ample inter-
radicular space. Notably, the area between the maxillary
first and second molars provides a favourable inter-radicular
distance. >7-11,20-22

Another consideration is to diverge the roots
orthodontically in the sites that lacks adequate space
of implant placement. 3

4.3. Bone depth

Bone depth is the distance from the cortical plate, which
provides screw retention (the first anatomical boundary), to
the opposite cortical plate or another anatomical structure
that may restrict insertion. 3

Engaging or even penetrating the contralateral cortex
generally does not raise the risk of screw failure. While
single cortex engagement is standard and offers adequate
retention for orthodontic purposes, some clinicians advocate
for bicortical engagement in orthopedic applications, such
as rapid palatal expansion (RPE) or protraction facemask
use. >4

Most perforations of the nasal cavity cause no issues,
apart from possible discomfort or irritation. However,
perforation of the maxillary sinus can lead to more serious
complications due to inadequate drainage.®

4.4. Soft tissue

Attached gingiva refers to the gingiva located between the
alveolar crest and the mucogingival junction. This area

provides the most suitable soft tissue for mini-implant
insertions because it is firmly attached and therefore remains
stable, minimizing movement around the TAD.?3

Factors influencing implant site selection

| | 1

Figure 5: Factors influencing implant site selection

Various safe zones for implant placement are mentioned
in Table 1

5. Technique of Miniscrew Placement
5.1. Case selection

1. Proper medical history should be taken prior to
miniscrew insertion — Patient having any systemic
diseases affecting bone and patient under medication
that affects bone metabolism.

2. Radiographs should be taken to evaluate the bone
quality, inter-radicular space, crestal bone level, and
mesio-distal angulation.

. Informed consent

4. Oral cavity should be free from gingival inflammation
and periodontal diseases. Oral prophylaxis and oral
hygiene intructions should be given to the patient.

(O8]

5.2. Miniscrew selection

5.2.1. Screw length

The miniscrews are available in the length of 5 to 12
mm. (Figure 6) Factors affecting the selection of miniscrew
length includes;

5.2.1.1. Bone quantity and bone quality. Good cortical
bone — Small screws can be used
Trabecular bone — Long screws might be needed
Minimum contact of screw with the bone should be 6mm
in maxilla and 4 mm in mandible. So, the commonly used
screw length is 7-8mm in maxilla and 5 to 7mm in mandible.

5.2.1.2. Soft tissue thickness . Thick soft tissue — Long
screws should be used. Example — Thick mucosa covering
palate usually requires long screws of 10-12 mm. However,
in the Midpalatal suture the soft tissue thickness is less and
small screw can be used in this area.

5.2.2. Screw thickness/Diameter
Available thickness — 1.2 to 2.7 mm.
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Table 1: Safe zones for implant placement

Safe zones for implant placement
Posterior region

In both maxilla and mandible,

MSI can be safetly placed

between the roots of second
premolar and first molar and
between first molar and second
molar through buccal cortical

plate

Anterior region

Maxilla - Between central
and lateral incisors at an
approximate distance of 6 mm
from the CEJ

One MSI can be placed in the
midline just below the
anterior nasal spine
Mandible - Inter radicular
bone between lateral incisor
and canine

Other locations
Maxillary tuberosity

Palate

The interradicular space between
first and second premolar, second
premolar and first molar, first molar
and second molar

Midpalatal raphe - Non growing Infra zygomatic

Para-median position - 3 to 6 mm Retromolar area
laterally and 6 to 9 mm posterior to
incisive foramen

Buccal shelf area

The screw diameter is selected based on the inter-
radicular space. A miniscrew intended to be placed between
roots should be narrow enough to get accommodated and
should have at least 1 mm bone around its maximum
diameter.

Commonly used miniscrew thickness is 1.5mm. The
miniscrew thickness of 1.2 mm is used between the lower
incisors because of minimal inter-radicular space.

The primary stability of miniscrew depends mainly
on screw thickness.?®?’” However, there is no significant
difference in the stability of TADS of greater than 1.5mm
diameter and screw of greater than 2mm thickness was
found to be less stable and might cause root injury. 8

1. Miniscrew placement guide can be fabricated on a
recent plaster model that helps in accurate placement
of miniscrew.

2. Additionally, the patient is advised to begin taking 250
mg of amoxicillin or another appropriate antibiotic the
night before the procedure. Patients who appear to be
less pain-tolerant may also be given a safe painkiller
one hour prior to the procedure.

3. The patient is asked to rinse with 10 ml of 0.12%
chlorhexidine gluconate mouthwash for 1 min.®

4. Administration of local anaesthesia.

5. The maxillary buccal miniscrew (Self-drilling) is then
inserted between the roots of premolar and molar at
an angle of 45 to 60 degree (Figure 7) to the long
axis of teeth and at an angle of 10 to 30 degree in the
mandibular buccal region (Figure 8).

6. In case of self-tapping miniscrew, the pilot drilling is
required before screw insertion (Figures 9 and 10)

7. A course of antibiotics, stringent oral hygiene care,
and avoidance of hard meals would all be necessary
during the postoperative phase to prevent damage to
the miniscrew. It is possible to take the painkillers as
needed.

8. After a week, there should be another follow-up to
thoroughly examine for any symptoms of inflammation
and mobility.

Smm

Grm

Figure 6: Various available length of miniscrew

6. Loading of Implant

Research conducted at AIIMS examines the stability and
peri-implant inflammation by analyzing the peri-miniscrew
crevicular fluid (PMICF) and found that the inflammatory
markers gradually decrease to baseline levels over a
three-week period. Consequently, Dr. Kharbanda’s protocol
recommends delayed loading after three weeks.®

7. Clinical Application of TADS
7.1. Open bite treatment

For maxillary molar intrusion, miniscrews provide a
dependable and minimally invasive solution. However,
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Method of anchorage reinforcement using minscrew

Direct Anchorage Indirect Anchorage

CLINICAL APPLICATION OF TADS

Mesialization and distalization of single tooth, multiple teeth or
maxillary/mandibular total arches

tollowing extraction (Figure 11)

Serves as an "Absolute anchorage" for the retraction of anterior teeth

Intrusion of anterior teeth for the correction of deep bite with gummy

smile

Intrusion of posterior teeth for the correction of open bite

TADS supported functional appliances (Figure 12)

TADS supported distalization appliances (Figure 13)

Molar uprighting (Figure 14)

Miniscrew Assisted Rapid Palatal Expansion

Chart 2:

97
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45 TO &0 DEGREE

Figure 7: Angulation of miniscrew in maxillary posterior region

10 TO 30 DEGREE

Figure 8: Angulation of miniscrew in mandibular posterior region

in scenarios where Surgically Assisted Rapid Palatal
Expansion (SARPE) and posterior intrusion are
simultaneously necessary, miniplates become crucial.
This is because the anchorage units must be positioned
above the osteotomy cuts. Additionally, for the intrusion of
mandibular molars, miniplates are the preferred option.?*=3!

Figure 9: Self tapping screw (It requires pilot drilling before
insertion)

Figure 10: Self drilling screw
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Figure 11: Miniscrew inserted between second premolar and first
molar providing “absolute anchorage” for extraction space closure.

Figure 12: “Y” shaped miniplate fixation in the lower anterior
region for the engagement of functional appliances

Figure 13: TADS supported Molar distalization

7.2. Class II treatment and molar distalization

For maxillary molar or arch distalization to correct Class
IT malocclusions, using miniscrew-supported distalizers in
the anterior palate is a less invasive option. Therefore,
anchorage miniplates, being unnecessarily invasive, should
be reserved only for situations where placing a midpalatal
miniscrew is not feasible. 323

Figure 14: Miniscrew inserted in the anterior ramus for molar up
righting

Table 2: Miniscrew vs miniplate

S.No. Miniplate Miniscrew

1 More invasive Less invasive

2 More expensive Less expensive

3 Post-operative pain Less post-operative pain
and discomfort and discomfort
present

4 No interference from Inter-radicular placement
dental roots as they might increase the risk of
are placed away from  root damage
dental arch

5 Overall success rate is  In situations when

better than miniscrew.

intermittent inter-arch

elastic traction is
employed, a single
miniscrew is more prone
to failure.

7.3. Class Il malocclusion

In Class III correction, when the entire mandibular
arch needs to be distalized, miniplates offer a notable
advantage, particularly if the third molars must be
extracted. Conversely, buccal shelf miniscrews present a
viable alternative and involve less surgical intervention for
placement.

7.4. Class IlI growth modification

In situations where maxillary protraction is needed,
whether using a facemask or Class III elastics attached to
mandibular symphysial miniplates, palatal miniscrews can
be utilized instead of miniplates. This approach enables
bone-borne expansion and protraction with minimal surgical
intervention, which is particularly beneficial for young
children.?>-%7
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7.5. Intra-arch mechanics

Almost all intra-arch mechanics can be adequately anchored
by miniscrews located in interradicular areas.

8. Advantages and Limiting Factors of Miniscrews
and Miniplates for Orthodontic Treatment Miniscrews

8.1. Miniscrews

8.1.1. Force application
Miniscrews are capable of offering enough anchoring to
facilitate orthodontic tooth movement. Miniscrews have
been found to be capable of withstanding forces ranging
from 300 g to 800g. 384!

8.1.2. Advantages of miniscrews
1. Minimal cost
2. Ease of placement and removal
3. Adequate anchoring for tooth movement

8.1.3. Limiting factors of miniscrews

8.1.3.1. Root damage from miniscrews . One limitation on
the location of miniscrew implantation is the possibility of
causing harm to roots during the implanting process.*> The
use of a surgical template was suggested by Liu et al.*} and
Suzuki and Suzuki** as a way to avoid damaging roots when
placing miniscrews. Cone-beam computed tomography can
also yield valuable data for determining the cortical bone
thickness and root-to-root distance.!”* If a miniscrew
damages a root and is removed right away, the damage to the
dentin or cementum is likely to be limited, leading to nearly
full recovery of the root surface. Normal healing won’t
happen, though, if the miniscrew penetrates the pulp. 68
Consequently, extra-alveolar placement of the minis crew
is advised as having a high success rate to prevent root
injury. 14,49

8.1.3.2. Fracture of the miniscrew. For patients with dense
bone, predrilling 3 and the use of miniscrews larger than 1.5
mm in diameter are crucial for fracture prevention.>!

The use of a trephine bur to remove a broken miniscrew
removes a lot of surrounding bone; instead, use a carbide bur
to remove the surrounding bone and a Howe plier to remove
the damaged TAD.>?

8.1.3.3. Ingestion of a miniscrew. A patient runs the risk of
swallowing a miniscrew if it loosens while they are eating
or sleeping. The miniscrews sharp point may become stuck
in their stomach, but it usually comes out spontaneously.>>

8.2. Miniplates

Miniplates are a solution to miniscrew drawbacks that were
created by Sugawara and Nishimura.>*

8.2.1. Force application

Maxillary protraction has been achieved with 300-500g of
force on the maxilla using facemask and miniplates. >>-° To
withstand the high forces required for orthopaedic therapy,
miniplates are fastened with two or three screws.

8.2.2. Advantages of miniplates
1. Solid anchorage
2. High success rates
3. Low danger of fracture
4. Low possibility of root injury

8.2.3. Limiting factors
1. Post-operative pain and discomfort.
2. Cost is higher than miniscrews.>’

9. Conclusion

In conclusion, TADs represent a significant advancement
in orthodontic treatment, offering a reliable and efficient
solution for achieving complex tooth movements. The
minimally invasive nature of TADs, combined with their
relatively low risk of complications and ease of placement
and removal, makes them an appealing option for both
practitioners and patients. The ability to avoid more
invasive surgical procedures, such as orthognathic surgery,
in certain cases adds to their value as a treatment modality.
Their versatility, coupled with the potential for improved
treatment outcomes and patient satisfaction, underscores
their importance in modern orthodontic practice. As the field
progresses, TADs will likely play an increasingly prominent
role in helping orthodontists achieve precise and effective
results for their patients.
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