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Abstract

Temporary Anchorage Devices (TADs) have become a cornerstone in modern orthodontics and
prosthetic dentistry, offering reliable skeletal anchorage that enhances treatment precision and
flexibility. This review explores the application of TADs in combined orthodontic-prosthetic
treatments, emphasizing their growing significance in interdisciplinary care. This review aims
to assess the role of TADs in addressing complex treatments that involve both orthodontic tooth
movement and prosthetic restoration, while also examining their clinical effectiveness, treat-
ment protocols, and anticipated innovations. TADs have revolutionized orthodontic treatments
by providing stable anchorage for space closure, distalization, and intrusion, which would oth-
erwise be challenging with traditional methods. They are increasingly utilized in prosthetic
dentistry, particularly in cases involving edentulous spaces or insufficient bone support, where
they provide temporary anchorage until permanent solutions, such as implants, can be placed.
Several case studies demonstrate the effectiveness of TADs in aligning teeth and supporting
prosthetic devices, highlighting their ability to streamline treatment and improve both func-
tional and aesthetic outcomes. Technological advancements, such as 3D printing and digital
planning tools, are improving the precision of TAD placement. Concurrently, innovations in
biomaterials, like bioactive coatings, are enhancing osseointegration and reducing the risk of
complications. As these technologies evolve, TADs are expected to become an integral part of
fully digital treatment workflows, further improving outcomes in interdisciplinary cases. TADs
serve as a critical tool in bridging orthodontics and prosthetics, providing enhanced control and
versatility in complex treatments. Future research will likely focus on improving their design
and expanding their applications, ensuring they remain a pivotal component of modern dental
care. [GMJ.2024;13:¢3662] DOI:10.31661/gmj.v13i.3662
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Introduction

emporary Anchorage Devices (TADs)

have revolutionized modern orthodon-
tics and prosthetic treatments by providing
a stable, non-mobile anchorage solution for
various complex dental movements and re-
constructions [1]. Historically, anchorage
has been a central challenge in orthodontics,
where unwanted tooth movements could
compromise treatment outcomes [2]. Tradi-
tional methods, such as headgear or intraoral
anchorage using adjacent teeth, often had lim-
itations in terms of patient compliance, pre-
cision, and biomechanical control. In the late
1990s, the advent of TADs, small screws or
mini-implants placed in the bone, marked a
turning point by offering skeletal anchorage
that minimized these challenges and provided
more predictable results in both orthodontic
and prosthetic cases [3].
TADs were originally developed for simpler
orthodontic tasks, such as molar intrusion or
retraction. However, their applications have
since expanded considerably [4]. Today, they
are widely used in complex orthodontic cases,
such as open bite corrections and distalization,
where traditional methods might fall short [5].
Also, these devices have seen growing appli-
cations in interdisciplinary treatments that in-
tegrate both orthodontics and prosthetics [6].
In prosthetic treatments, TADs act as tem-
porary stabilizers during restorations and are
particularly valuable in cases where conven-
tional anchorage methods fail, such as in pa-
tients with significant tooth loss or compro-
mised dental structures [7]. For example, re-
cent studies have highlighted the use of these
devices in edentulous patients as temporary
supports for prosthetic appliances before per-
manent dental implants are placed, demon-
strating their versatility beyond conventional
orthodontics [8].
Growing interest in TADs as a bridging tool
between orthodontics and prosthetics under-
scores the need for a comprehensive review.
While orthodontic research has well-docu-
mented the applications of these devices in
tooth movement, there is a relative paucity of
literature exploring their combined use with
prosthetic treatments [3]. As dental treatments
become more interdisciplinary, understanding
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the synergistic potential of TADs is crucial
for clinicians aiming to provide holistic and
efficient patient care [5]. Complex cases that
require both orthodontic alignment and subse-
quent prosthetic reconstruction, such as those
involving significant tooth loss, asymmetry, or
occlusal irregularities, can benefit immensely
from the precise anchorage that these devices
provide [1].

TADs represent a pivotal advancement in
both orthodontic and prosthetic dentistry, pro-
viding stable skeletal anchorage for complex
treatments (Schitzle, 2014) [2]. Traditionally,
orthodontic treatments relied on intraoral or
extraoral devices, which were often limited by
precision and patient compliance [3]. These
devices, however, provide a minimally in-
vasive, temporary solution that enhances the
predictability of tooth movements and pros-
thetic outcomes [9].

Thus, this review aims to address the gap
in the literature by summarizing the role of
TADs in combined orthodontic-prosthetic
treatments. It will evaluate the clinical effec-
tiveness of these devices, explore treatment
protocols that integrate both specialties, and
discuss potential future innovations. By do-
ing so, this article will provide clinicians with
valuable insights into the interdisciplinary use
of TADs and help improve outcomes in com-
plex dental treatments.

1. TADs: An Overview

TADs are small, screw-like devices designed
to provide stable and fixed skeletal anchorage
during orthodontic and prosthetic treatments
[6]. Unlike traditional anchorage methods,
which rely on teeth or external headgear, these
devices are directly inserted into the bone,
either in the maxilla or mandible, offering
a more precise and reliable point of support
[3]. This ability to provide skeletal anchorage
without relying on dentition has significantly
enhanced the range of orthodontic movements
possible, making TADs indispensable in mod-
ern orthodontics and combined orthodon-
tic-prosthetic treatments [9].

1.1.Definition and Types of TADs
TADs are generally classified based on their
material composition, size, placement loca-
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tion, and intended function. Table-1 presents
the popular classification of these devices. The
two most common types of TADs are mini-im-
plants and micro-screws [10]. Mini-implants
are made primarily from biocompatible mate-
rials such as titanium, which offers a combi-
nation of strength and biocompatibility. These
devices range from 6 to 12 mm in length and
are typically used for larger anchorage tasks,
such as distalization of molars or intrusion of
entire dental arches [7].

Micro-screws, on the other hand, are smaller
and often used in more delicate movements,
such as individual tooth intrusion or space clo-
sure. These screws are typically placed in the
interradicular spaces between teeth, avoiding
vital structures such as nerves or roots, and are
more flexible in placement due to their small-
er size [11].

The placement location of TADs can vary
based on the clinical need. Maxillary or man-
dibular insertion is common, and these de-
vices can be placed in areas like the palate,
alveolar bone, or even the zygomatic arch for
specific cases [12]. The material used, typi-
cally titanium or titanium alloys, ensures that
these devices integrate well with bone tissue
but remain temporary by design, allowing for
easy removal after treatment [1]. Some studies
have also explored the use of bioactive coat-
ings or alternative materials to enhance osse-
ointegration and reduce the risk of infection or
failure [6]. The primary function of TADs is to
provide skeletal anchorage, which allows for
controlled and predictable tooth movements
without the need to rely on patient compli-
ance with external devices or intraoral struc-
tures that may shift [3]. The biomechanical
principle behind TADs is straightforward by
anchoring directly to the bone, these devices
create a stable point from which orthodontic
forces can be applied. This skeletal anchor-
age minimizes unwanted side effects such as
reciprocal movements that often occur when

Table 1. Classification of TADs
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using conventional anchorage from adjacent
teeth [13].

TADs work by allowing orthodontists to ap-
ply forces in any direction, whether pushing,
pulling, or rotating, with the anchor point re-
maining stable [7]. For example, in cases of
molar intrusion, these devices are inserted
into the palate or posterior alveolar bone, and
elastic chains or coils apply an upward force
to intrude the molars [14]. Similarly, in distal-
ization treatments, TADs placed in the maxil-
la allow for the retraction of anterior teeth or
the entire arch without the need for headgear,
greatly enhancing patient comfort and com-
pliance [9].

The advantage of TADs lies in their ability
to reduce the reliance on complex intraoral
mechanics and patient-dependent factors [1].
This has led to their increasing use in both
orthodontics and prosthetics, particularly in
combined treatments where anchorage control
is critical for both tooth movement and the
stabilization of prosthetic appliances [6, 14].

2. TADs in Orthodontics

One of the most common applications of
TADs in orthodontics is space closure, where
they are used to facilitate the retraction of
anterior teeth without relying on reciprocal
forces from other teeth [12]. This is especially
important in patients with missing teeth or in
cases of significant crowding, where there is
no available dentition to serve as an anchor
[15]. TADs provide the stability needed to
pull anterior teeth posteriorly, creating space
or realigning the dental arches [16]. Recent
research has shown that the use of these de-
vices in space closure significantly reduces
treatment time compared to conventional
methods, improving the overall efficiency of
orthodontic care [17]. Distalization is anoth-
er key area where TADs have proved invalu-
able [18]. Traditional distalization techniques,

Type Material

Placement Location

Function Common Use

Mini-screws Titanium

Micro-implants Stainless Steel

Orthodontic Pins ~ Titanium Alloy Palate

Maxilla or Mandible

Interradicular Spaces

Skeletal Anchorage Distalization

Intrusion Space Closure

Anchorage for Correction of Open
Intrusion Bite
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such as headgear, are not only cumbersome
but also heavily reliant on patient compli-
ance [16]. With these devices, molars can
be moved distally without relying on bulky
external devices. For example, TADs can be
placed in the posterior maxilla to retract the
molars, creating space in the anterior region
for the alignment of teeth [19]. Several stud-
ies have highlighted that the use of TADs for
molar distalization results in less unwanted
movement of adjacent teeth, enhancing the
precision and success of the treatment [12].
In intrusion treatments, TADs are essential for
correcting deep bites or extruded teeth [20].
Intruding molars or incisors require anchor-
age that can resist the vertical forces needed
to push teeth into the bone [21]. These devices
provide an optimal solution by anchoring in
the maxilla or mandible and applying down-
ward forces with precision [22]. For instance,
in open bite cases, TADs inserted into the
palate or alveolar bone allow for the vertical
repositioning of molars, which in turn aids in
the correction of occlusal planes [23]. Table-2
provides a comparison of TADs in both ortho-
dontics and prosthetics.

2.1. Clinical Applications

TADs are indispensable in complex ortho-
dontic procedures that require precise control
over tooth movement. One notable clinical
application is in asymmetrical tooth move-
ments, where specific teeth need to be moved
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in different directions simultaneously [35].
Figure-1 shows TAD placement in Orthodon-
tic Treatment (distalization) in upper jaw of a
man.

For example, in cases of dental midline dis-
crepancies, TADs can be placed to anchor
the molars while allowing for the correction
of the midline by applying targeted forces to
the incisors [7]. Similarly, in open bite correc-
tion, these devices have been used to intrude
on the posterior teeth, closing the open bite
without affecting the position of the anterior
teeth [36].

2.2. Success Rates and Complications

The success of TADs in orthodontic treat-
ment is well-documented, however success
rate was varied in different studies [28]. it was
ranging between 79% and 96%, depending on
the placement site, patient factors, and oper-
ator skill [28, 37] (Table-2). Table-3 shows
the important factors influencing the TAD
Success rate. Research indicates that these
devices exhibit particularly high success rates
when placed in regions with dense cortical
bone, such as the posterior maxilla or mandi-
ble [12]. Also, the minimally invasive nature
of TAD placement allows for quicker recov-
ery and a lower risk of complications com-
pared to other orthodontic devices that require
more invasive procedures [11]. However, de-
spite their advantages, TADs are not without
potential complications. One common issue

Figure 1. shows TAD placement in Orthodontic Treatment (distalization) in upper jaw of a man.
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Table 2. Comparison of TADs in Orthodontics and Prosthetics

Parameter Orthodontics Prosthetics
Primary Objective Provide temporary anchorage [24] Stabilize prosthetic appliances [25]
Typical . . . Occlusal adjustment, edentulous
.. Space closure, intrusion, retraction [17]
Applications spaces [26]

Average Duration
of Use

6-12 months [20]

Varies based on case complexity
(often less than 6 months) [27]

Success Rate 79-96% [28]

100% [29]

Common
Placement Sites

Inter radicular spaces, palate, and posterior
maxilla/mandible [30].

Edentulous ridges, particularly

in areas lacking sufficient bone

support for traditional implants
(31]

Soft tissue irritation, infection, or failure due

Infection, irritation, or early
loosening, particularly in patients

Potential to poor osseointegration or mechanical stress.  with low bone density or poor oral
Complications Failure rates are higher in areas with thin hygiene. May interfere with the
cortical bone [32]. placement of permanent implants if
not managed carefully [31]
. . . Offers a temporary, non-invasive
Highly precise, reduces unwanted reciprocal .
o anchorage solution before perma-
Advantages tooth movement, and eliminates the need for . .
. . nent implants; avoids the need for
patient-dependent devices (e.g., headgear) ) .
[15] complex surgical procedures in
compromised patients [33].
. . . . Short-term use, with risks of
Risk of failure in areas with low bone . . .
S . . . loosening or infection. Temporary
Limitations density; requires surgical placement and

careful post-operative hygiene [17]

solution requiring later permanent
intervention (e.g., implants or fixed
bridges) [34]

is soft tissue irritation, especially when TADs
are placed in areas with thin mucosa. This can
lead to discomfort and inflammation around
the insertion site [38]. In rare cases, TADs can
also fail to osseointegrate, which results in
their loosening or displacement. Failure rates
tend to be higher in areas with low bone densi-
ty, such as the anterior maxilla, where the bone
may not provide adequate support for the de-
vice [39]. Poor oral hygiene can contribute to
soft tissue infections around the TAD, leading
to premature removal [40]. Recent advances
in these device designs, including the use of
bioactive coatings, have shown promise in re-
ducing these risks by promoting better tissue
healing and osseointegration [41].

3. TADs in Prosthetics

TADs have expanded their clinical utility be-
yond orthodontics and are increasingly used
in prosthetic dentistry, particularly in situa-
tions where traditional prosthetic approaches
are limited [42]. Their role in providing tem-
porary anchorage for prosthetic treatments is
especially valuable in challenging cases such
as edentulous patients or when anatomical
structures complicate conventional prosthet-
ic solutions [43]. The application of TADs in
prosthetics bridges the gap between orthodon-
tics and prosthetic restoration, offering novel
interdisciplinary treatment possibilities [21]
(Table-2).

GM1J.2024;13:e3662
WWW.gmj.ir



Nastarin P, et al.

Table 3. Key Factors Influencing TAD Success

Factor Impact on TAD Success
Bone Density Higher success in dense
bone
TAD Design Thread design and

material composition

Important for hygiene

Patient Compliance and stability

Precise insertion reduces

Surgical Technique failure rates

3.1. Clinical Applications

In prosthetic dentistry, TADs are primarily used
in cases where conventional methods of an-
chorage are insufficient, such as in edentulous
spaces or patients with severe bone resorption
[44]. Traditional prosthetic treatments often
rely on natural teeth or permanent implants
to provide stability for prosthetic devices like
dentures or bridges. However, in cases where
these options are unavailable, TADs can serve
as temporary anchors, offering a stable plat-
form for supporting prosthetic appliances
during the interim period before permanent
solutions, such as osseointegrated implants,
can be placed [7]. For example, in pre-im-
plantation procedures, TADs can be used to
temporarily support a dental prosthesis while
the bone undergoes augmentation or healing
after grafting [45]. Perez-Varela et al[46]
demonstrated that the use of these devices in
treating skeletal Class III malocclusion is an
effective alternative to surgery, particularly in
adult patients. They highlighted the successful
application of TADs for mandibular arch dis-
talization, which, when coupled with skeletal
anchorage and class III elastics, allowed for
precise biomechanical control without signif-
icant negative effects on facial aesthetics or
mandibular plane rotation. Similarly, Kim et
al.[47] further reinforced that mandibular dis-
talization using TADs reaches its anatomical
limit at the root level of the second molar, an
area where pushing beyond risks periodontal
damage. Moreover, TADs are increasingly
employed in implant-retained overdentures
where immediate stabilization is needed but
sufficient bone for permanent implants is
lacking [48]. these devices provide support in
areas where conventional implants might fail
due to inadequate bone volume, particularly

Temporary Anchorage Devices in Combined Treatments

in the posterior mandible and maxilla. Their
use allows for a more predictable outcome in
maintaining proper alignment and retention
of the prosthetic device until more definitive
treatment can be performed [20]. In complex
cases where both orthodontic movement and
prosthetic restoration are required, TADs can
be used to coordinate and enhance the out-
comes of both specialties. Song et al.[12] ex-
amined the stability of total arch distalization
in adult patients using these devices. Their re-
search demonstrated that TADs provide reli-
able anchorage, leading to effective distaliza-
tion of molars and incisors without the need
for premolar extractions. Notably, they found
that while some minor mesial drift occurred
during the retention phase, the relapse in both
maxillary and mandibular teeth was clinical-
ly insignificant, and soft tissue changes were
stable throughout the observation period [12].

3.2. Success Rates and Complications

The use of TADs in prosthetic dentistry has
gained considerable traction, particularly in
complex cases involving edentulous spaces
or compromised bone structures where tra-
ditional anchorage is inadequate [44]. While
TADs are generally employed as a temporary
solution before the placement of permanent
implants, their success is influenced by sever-
al patient-specific and procedural factors [37].
The reported success rates of these devices in
prosthetic applications typically up to 100%
[29].

One of the key determinants of TAD success
in prosthetic cases is bone quality. (Table-3)
Research indicates that these devices are
more stable and effective when inserted into
areas with high-density cortical bone, typi-
cally found in the posterior mandible [49].
However, success rates decline when TADs
are placed in regions with softer or thinner
bone, such as the posterior maxilla, where
bone resorption or atrophy is more common
in edentulous patients [31]. This bone density
variability means that pre-operative imaging
and careful selection of the insertion site are
crucial for ensuring TAD stability during the
healing period of prosthetic treatments [50].
Despite their effectiveness, TADs are associ-
ated with complications that can compromise
treatment outcomes. The most common issue
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is soft tissue irritation around the insertion site,
particularly when these devices are placed in
areas with thin mucosal coverage [51].

This irritation can lead to inflammation, dis-
comfort, and, in some cases, soft tissue hyper-
trophy, which may necessitate the removal of
the TAD before the prosthetic phase is com-
plete [29]. Another frequent complication is
infection, often linked to poor oral hygiene.
The peri-implant tissues around TADs can
become inflamed, leading to peri-implantitis
or even the loosening of the device, which
negatively impacts the prosthetic support [2].
Moreover, mechanical complications, such
as early loosening of the TAD, can occur,
especially in patients with low bone density
or those subjected to excessive occlusal forc-
es. This is particularly problematic in cases
where these devices are providing interim
support for prosthetic appliances [34].

If loosening occurs prematurely, it may de-
stabilize the prosthetic device, potentially
delaying healing or leading to unsatisfactory
treatment outcomes [32]. Additionally, TAD
failure rates tend to increase in patients with
underlying health conditions, such as diabetes
or osteoporosis, which impair bone healing
and osseointegration [37].

4. Combined Orthodontic-prosthetic Treat-
ments: TADs as a Bridging Tool

The application of TADs in combined ortho-
dontic and prosthetic treatments has been ex-
tensively explored, showcasing their versatil-
ity in addressing complex dental and skeletal
issues. Recent studies underscore the impor-
tance of interdisciplinary planning when com-
bining orthodontics and prosthetics. In cases
where malocclusion or tooth misalignment
must be corrected before prosthetic work,
TADs provide the necessary anchorage for
orthodontic movements, allowing for more
precise adjustments without affecting the sur-
rounding teeth [52]. Once the teeth are proper-
ly aligned, the prosthetic treatment, whether a
crown, bridge, or denture, can be designed to
fit seamlessly within the corrected dental arch
[53]. This synergy not only enhances aesthet-
ic outcomes but also improves the long-term
stability and functionality of the prosthetic de-
vice [54].

Nastarin P, et al.

Takaki et al.[38] conducted a clinical study
involving 455 patients and 904 TADs. They
observed a high success rate (approximately
90%) across different types of implants, in-
cluding mini-plates and screws. This case se-
ries highlighted the minimal invasiveness and
reliability of these devices in various complex
orthodontic conditions, including malocclu-
sion and jaw deformities, with low failure
rates across different TAD types [38]. Also,
Najjar et al.[7] detailed the use of TADs in
managing complex orthodontic cases such as
Class II and III malocclusions, deep bites, and
impacted teeth. The study emphasized the im-
portance of correct TAD placement and main-
tenance, concluding that these devices signifi-
cantly reduced treatment time and enhanced
the stability of orthodontic movements [7]. A
study that was conducted by Capuozzo et al.
[19] illustrated how TADs are used to stabi-
lize canines before prosthetic planning, en-
abling precise repositioning without affecting
adjacent teeth. This approach ensures that the
final prosthetic device fits seamlessly into the
dental arch [19].

These findings are similar to other studies,
which demonstrated that TADs combined
with aligners are effective in treating impact-
ed canines, where proper tooth positioning
is crucial for future prosthetic work [55]. In
addition, lodice et al.[56] demonstrated that
TADs are effective in achieving the nec-
essary occlusal adjustments for prosthetic
treatments, particularly in patients needing
dental implants. Their study emphasized that
digital planning with these devices improves
the precision of both orthodontic movements
and the subsequent placement of implants
or other prosthetic devices [56]. Moreover,
another study highlighted the importance of
integrating TADs in CAD/CAM-guided pros-
thetic planning, where these devices assist
in achieving accurate tooth positioning that
complements the final prosthetic outcome
[57]. These devices have also been shown to
help maintain vertical space and occlusal sta-
bility before prosthetic treatments, as Baby et
al.[58] documented in their case study on mo-
lar intrusion. They used TADs to restore verti-
cal dimension, making it easier to place pros-
thetic crowns without invasive procedures
like crown lengthening [58]. Overall, the
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interdisciplinary use of TADs in orthodontic
and prosthetic treatments demonstrates their
versatility in improving clinical outcomes,
reducing treatment times, and ensuring that
prosthetic devices integrate smoothly into the
dental arches.

4.1. Treatment Protocols

The integration of TADs into combined or-
thodontic-prosthetic treatments requires a
well-coordinated approach, with treatment
protocols that emphasize interdisciplinary
planning. Figure-2 illustrates the approach
to treatment planning, including orthodontic
corrections followed by prosthetic interven-
tions, with TADs as the anchor [7].

A typical workflow for such combined treat-
ments would include the following steps:

1. Initial diagnosis and interdisciplinary con-
sultation: Begin with comprehensive diagnos-
tics, including CBCT scans, digital impres-
sions, and occlusal analysis. Orthodontists
and prosthodontists must collaborate to create
a unified treatment plan, determining where
and when TADs should be placed based on the
final prosthetic goals [19].

2. TAD placement and orthodontic treatment:
TADs are placed at strategic locations, typi-
cally in the posterior maxilla or mandible,
depending on the case's demands. In the case
of space closure or tooth intrusion, these de-
vices offer the anchorage necessary for pre-
cise movements without disturbing other teeth
[59].

3. Pre-prosthetic preparation: Once the ortho-
dontic treatment is completed, TADs may also
act as temporary supports for a transitional
prosthetic appliance while preparing for per-
manent implants. During this phase, occlusal
adjustments are made to ensure that the dental
arches are aligned properly for prosthetic res-
toration [57].

4. Final prosthetic restoration: After TAD re-
moval, permanent prosthetic devices, such as
implants, bridges, or crowns, are placed. This
stage focuses on restoring both function and
aesthetics, utilizing the orthodontically cor-
rected tooth positions to achieve an optimal
occlusal relationship [55].

5. Follow-up and Long-term stability: Reg-
ular follow-ups ensure that both the ortho-
dontic corrections and prosthetic restorations
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maintain stability over time. TAD-related or-
thodontic movements help improve the inte-
gration of prosthetic appliances, reducing the
risk of relapse or occlusal dysfunction [12].

4.2. Advantages and Limitations

The use of TADs in combined orthodon-
tic-prosthetic treatments provides several key
benefits. First, they offer enhanced control
over tooth movement, especially in complex
cases involving edentulous areas or compro-
mised dental structures [7]. Their ability to
provide skeletal anchorage independent of ad-
jacent teeth or soft tissue makes them invalu-
able where conventional anchorage methods
might fail or cause undesirable side effects.
[60] TADs also increase treatment versatility
by enabling simultaneous orthodontic adjust-
ments and prosthetic preparations, streamlin-
ing the treatment process [19].

This reduces the overall time required for both
phases, allowing patients to achieve functional
and aesthetic outcomes more efficiently [61].
However, there are limitations. One challenge
is the technical complexity of placing these
devices in areas with insufficient bone density
or near vital structures, such as nerves or si-
nus cavities, where the risk of failure or com-
plications increases [11]. Even with advances
in design and placement techniques, compli-
cations such as soft tissue irritation, peri-im-
plantitis, or device migration can occur, par-
ticularly in patients with poor oral hygiene or
health conditions affecting bone healing [62].
Because TADs are temporary, careful coordi-
nation with the final prosthetic phase is essen-
tial. Failure to remove them at the appropriate
time can interfere with the placement of per-
manent prosthetics or lead to unintended tooth
movement [17]. Despite their benefits, poten-
tial drawbacks include soft tissue irritation, in-
fection, or failure due to improper placement,
particularly in areas of poor bone quality [63].
While traditional anchorage methods avoid
surgical risks, they may lack the stability and
control required for more complex cases [11].

5. Future directions and innovations
As TADs continue to play an integral role in

both orthodontic and prosthetic treatments,
emerging technologies and biological inno-
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[ Initial Diagnosis and Interdisciplinary Consultation |

'

l TAD Placement and Orthodontic Treatment ]

.

| Pre-Prosthetic Preparation ]

l

| Final Prosthetic Restoration ]

l

l Follow-up and Long-Term Stability ]

Figure 2. workflow for the integration of TADs in combined orthodontic-prosthetic treatments

vations are set to enhance their effectiveness,
precision, and patient outcomes [61]. Recent
advancements in 3D printing, digital planning
tools, and biomaterial research are transform-
ing how TADs are designed, placed, and in-
tegrated into comprehensive treatment plans
[64].These innovations are expected to fur-
ther increase the versatility of TADs, expand-
ing their applications and improving clinical
outcomes in various dental and medical fields
[65].

5.1. New Technologies

One of the most significant innovations in
TAD placement and customization is the in-
tegration of 3D printing and digital planning
tools. Traditionally, the placement of these de-
vices relied heavily on manual techniques and
clinical experience, which, while effective,
carried a degree of uncertainty, especially in
anatomically complex areas [66].

Today, digital workflows, including CBCT
imaging and intraoral scanners, allow for
precise virtual planning of TAD placement,
ensuring optimal positioning for bone den-
sity and anatomical structures such as roots,
nerves, and sinuses. This precise planning

significantly reduces the risk of complications
and improves the stability and success of TAD
placement [67—69].

Moreover, 3D printing technology is now
being used to produce customized surgical
guides for TAD insertion. These guides are
fabricated based on a patient’s unique anato-
my, allowing clinicians to insert these devices
with exacting precision [70, 71]. This level of
customization has been shown to enhance the
predictability of these procedures, particular-
ly in complex cases involving compromised
bone or challenging anatomical structures
[64, 65].

A recent study demonstrated that 3D-printed
guides reduced the margin of error in TAD
placement to less than 1mm, thereby mini-
mizing the risk of damaging adjacent roots or
structures and increasing the success rate of
the treatment [56]. Moreover, robotic-assisted
systems are being explored as a future inno-
vation in TAD placement. Similar to their use
in dental implant surgeries, robotic systems
could further enhance the precision of TAD
insertion, particularly in cases where human
error could pose a risk [67]. Combined with
artificial gene , these systems may eventually
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automate parts of the diagnostic and place-
ment process, leading to more standardized
outcomes and reducing variability between
clinicians [68, 72].

5.2. Biological Considerations

As the use of TADs becomes more wide-
spread, research into biomaterials and surface
coatings is focusing on improving osseointe-
gration, the direct anchorage of this method to
the bone, which is crucial for long-term sta-
bility [73].

While these devices are designed to be tem-
porary, ensuring that they remain securely an-
chored during the treatment period is essential
for their effectiveness. Recent research has
explored the use of bioactive coatings, such
as hydroxyapatite (HA) and titanium nitride
(TiN), to promote better bone integration
while reducing the risk of infection and device
failure [74, 75].

These coatings not only enhance bone-to-
TAD contact but also improve the overall
biocompatibility of the device. Studies show
that these devices coated with bioactive ma-
terials exhibit lower failure rates, particular-
ly in areas with low bone density, such as the
posterior maxilla [75]. This has been particu-
larly beneficial in patients with compromised
bone conditions, such as osteoporosis, where
traditional TADs may have had higher fail-
ure rates due to poor osseointegration [76].
Furthermore, antibacterial coatings, such as
those containing silver nanoparticles, are be-
ing researched to prevent peri-implantitis,
a common complication caused by bacterial
colonization around the TAD site [77, 78]. By
reducing the incidence of soft tissue infection,
these coatings aim to increase the longevity
of TAD stability during treatment, especially
in patients with compromised oral hygiene or
those prone to periodontal issues [78].

5.3. Potential for Growth

The future of TADs lies not only in their im-
proving design and placement but also in their
potential for broader applications beyond
traditional orthodontics and prosthetics [71].
One exciting area of growth is the integration
of TADs into fully digital treatment planning
systems. With the advancement of digital den-
tistry, this method could become a standard
part of computer-aided orthodontic treatment

Temporary Anchorage Devices in Combined Treatments

(CAOQOT), where the entire treatment work-
flow, from diagnosis to TAD placement and
orthodontic movements, is planned digitally
[79]. This integration would allow for a seam-
less connection between TAD placement and
subsequent tooth movement, enabling clini-
cians to simulate the effects of TAD-support-
ed mechanics before treatment begins [78].
Looking further ahead, TADs could also find
applications in maxillofacial surgery, sleep
apnea treatments, and craniofacial orthopedic
corrections [69].

For instance, in patients requiring orthognath-
ic surgery, these devices could provide critical
pre-surgical or post-surgical support, allow-
ing for better alignment of the jaws and teeth.
Additionally, TADs could play a role in the
treatment of temporomandibular joint disor-
ders (TMD) by providing a stable anchorage
for appliances designed to correct mandibular
alignment or relieve joint pressure [80]. Final-
ly, the integration of nanotechnology into TAD
design holds promise for further enhancing
their function. Future TADs may incorporate
nano-structured surfaces to promote better
cell adhesion and faster healing times, or even
drug-delivery systems that release antibiotics
or anti-inflammatory agents directly into the
surrounding tissue to prevent infection and
accelerate recovery [73]. These advancements
could not only improve patient outcomes but
also expand the use of TADs in a wider range
of medical and dental applications.

Conclusion

TADs have proven to be groundbreaking tools
in both orthodontic and prosthetic treatments,
offering stable, skeletal anchorage that en-
hances treatment precision and expands the
scope of possible interventions. Throughout
this review, we have explored the versatile
applications of these devices in complex den-
tal treatments, including their roles in space
closure, distalization, and intrusion in ortho-
dontics, as well as their function in providing
temporary support for prosthetic appliances in
challenging cases, such as edentulous spac-
es and compromised bone structures. These
devices serve as a critical bridge between or-
thodontics and prosthetics, offering an inter-
disciplinary approach to patient care that sig-
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nificantly improves functional and aesthetic
outcomes.

The role of TADs in combined orthodon-
tic-prosthetic treatments is particularly signif-
icant. By offering predictable, non-movable
anchorage, this method facilitates more com-
plex tooth movements, which are essential
for optimizing the results of prosthetic res-
torations. This synergy between orthodontics
and prosthetics has been well-documented in
case studies, where these devices have en-
abled the precise coordination of tooth align-
ment and the stabilization of prosthetic devic-
es. These combined treatments, made possi-
ble by these devices highlight the increasing
importance of interdisciplinary care in dental
practice.

TADs represent a significant advancement
in the management of complex orthodon-
tic and prosthetic cases, providing improved
anchorage control and expanding treatment
possibilities. However, while they offer clear
advantages, these devices are not without
limitations, including risks related to surgical
placement and patient-specific factors such as
bone quality and oral hygiene.

Despite their widespread success, future re-
search and clinical developments will likely
focus on enhancing the design and placement
of these devices through emerging technolo-
gies. Innovations such as 3D-printed guides,
digital planning tools, and robotic-assisted

Nastarin P, et al.

systems are expected to improve placement
accuracy and patient outcomes. Further-
more, research into biocompatible coatings
and bioactive materials holds the promise of
improving osseointegration, reducing com-
plications, and extending the functional life
of TADs during treatment. As the field ad-
vances, TADs are also poised to play an ex-
panding role in fully digital orthodontic and
prosthetic workflows, integrating seamlessly
with computer-aided treatment planning and
further enhancing their application in com-
plex, interdisciplinary cases. Finally, TADs
have already transformed the landscape of
dental treatments, particularly in the context
of interdisciplinary orthodontic-prosthetic
care. With ongoing technological advance-
ments and growing clinical experience, these
devices are expected to remain at the fore-
front of innovation in both orthodontics and
prosthetics, offering solutions to increasingly
complex clinical challenges. Further research
will undoubtedly continue to refine their use,
opening up new possibilities for their applica-
tion in maxillofacial surgery, craniofacial or-
thopedics, and other fields that rely on precise
anchorage systems.

Conflict of Interest

None.

References

1. Leo M, Cerroni L, Pasquantonio G.
Temporary anchorage devices (TADs) in
orthodontics: review of the factors that
influence the clinical success rate of the mini-
implants. Clin Ter. 2016 Jun 30;167(3):¢70—
3.

2. Schétzle M. Experience with orthodontic
temporary anchorage devices. Head Face
Med. 2014 Dec;10(S1):010, 1746-160X-10-
S1-010.

3. Jandial M, Mahajan S, Singh G. Temporary
anchorage devices in orthodontics. Int J
Health Sci. 2021 ; :333-43.

4. Kravitz ND, Kusnoto B, Tsay TP, Hohlt WF.
The use of temporary anchorage devices
for molar intrusion. J Am Dent Assoc. 2007
Jan;138(1):56-64.

5. Mizrahi E, Mizrahi B. Mini-screw implants
(temporary anchorage devices): orthodontic
and pre-prosthetic applications. J Orthod.
2007 Jun;34(2):80-94.

6. Otaren J, Iyamu I. Application of Temporary
Anchorage Devices in Orthodontics: A
Literature Review. Cross River ] Med.
2023;2(1):24.

7. Najjar H, Neyaz A, Alasma R, AlShubaili
R, Assiri A, Alateeq A, et al. The Use of
Orthodontic Mini-Implants and Temporary
Anchorage Devices (TADs) for the
Management of Complex Orthodontic Cases.
J Healthc Sci. 2023;03(04):148-53.

8. Ceratti C, Serafin M, Del Fabbro M,
Caprioglio A. Effectiveness of miniscrew-
supported maxillary molar distalization

GM1J.2024;13:e3662
WWW.gmj.ir

11



Nastarin P, et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

according to temporary anchorage device
features and appliance design: systematic
review and meta-analysis. Angle Orthod.
2024 Jan 1;94(1):107-21.

Joseph R, Ahmed N, Younus A A, Ranjan

R Bhat K. Temporary anchorage devices in
orthodontics: A review. IP Indian J Orthod
Dentofac Res. 2020 Nov 28;6(4):222-8.
Uzuner FD, Isik Aslan B. Miniscrew
Applications in Orthodontics In: Turkyilmaz
I, editor. Current Concepts in Dental
Implantology. 2015;9 :59879.

Ritchie C, McGregor S, Bearn DR.
Temporary anchorage devices and the forces
and effects on the dentition and surrounding
structures during orthodontic treatment: a
scoping review. Eur J Orthod. 2023 May
31;45(3):324-37.

Song BJ, Lee KJ, Cha JY, Lee JS, Mo

SS, Yu HS. Stability of the Maxillary and
Mandibular Total Arch Distalization Using
Temporary Anchorage Devices (TADs) in
Adults. Appl Sci. 2022 Mar 11;12(6):2898.
Uribe F, Nanda R. Management of Skeletal
Openbites With TADs In: Temporary
Anchorage Devices in Orthodontics
[Internet]. Elsevier. 2020; : 223-42.

Kim TW, Wu T. Open-Bite Correction Using
a Mid-Palatal TAD with an Intrusion TPA:
Anteroposterior Position of TAD. Appl Sci.
2023 Apr 27;13(9):5464.

Atalla A, AboulFotouh M, Fahim F, Foda

M. Effectiveness of orthodontic mini-screw
implants in adult deep bite patients during
incisor intrusion: A systematic review.
Contemp Clin Dent. 2019;10(2):372.
Palencar AJ. Molar distalization with the
assistance of Temporary Anchorage Devices.
Int J Orthod Milwaukee Wis. 2015;26(1):11—
6.

Oswal S, Agarkar SS, Jethe S, Yerawadekar
S, Kawale P, Deshmukh S, et al. Clinical use
of orthodontic mini-implants for intrusion
and retraction: a systematic review. Australas
Orthod J. 2021 Jul 20;36(1):87-100.
Deguchi T, Watanabe K. Application of
Buccal TADs for Distalization of Teeth

In: Temporary Anchorage Devices in
Orthodontics [Internet]. Elsevier. 2020;:195—
207.

Capuozzo R, Caruso S, Caruso S, De Felice
ME, Gatto R. Canine Impaction: Digital
Orthodontic Planning in Conjunction with
TADs (Temporary Anchorage Devices) and
Aligners. Appl Sci. 2023 Jun 7;13(12):6914.
AlMaghlouth B, AIMubarak A, Almaghlouth

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Temporary Anchorage Devices in Combined Treatments

I, AlKhalifah R, Alsadah A, Hassan A. Thank
Orthodontic Intrusion Using Temporary
Anchorage Devices Compared to Other
Orthodontic Intrusion Methods: A Systematic
Review. Clin Cosmet Investig Dent. 2021
Jan;13:11-9.

Mehta PR, Bhimani RA, Badavannavar AN.
Mini-implant supported Orthodontic Molar
Intrusion: An Unconventional Approach for
Pre-implant Prosthetics. Int J Oral Implantol
Clin Res. 2017 Apr;8(1):26-30.

Gupta N, Tripathi T, Rai P, Kanase A. Neha
A comparative evaluation of bite opening

by temporary anchorage devices and
Connecticut intrusion arch: An in vivo study.
Int J Orthod Rehabil. 2017;8(4):129.
Sampson A, Sattarzadeh AP. Molar Intrusion
using TADs in the Management of an
Anterior Open Bite: A Case Report. Dent
Update. 2021 Mar 2;48(3):193-9.

Cousley RRJ, Sandler PJ. Advances

in orthodontic anchorage with the use

of mini-implant techniques. Br Dent J.
2015;218(3):E4—E4.

Al-Johany SS, Al Amri MD, Alsaeed S,
Alalola B. Dental Implant Length and
Diameter: A Proposed Classification Scheme.
J Prosthodont. 2017;26(3):252—60.

Adeni M, Parameswaran R, Vijayalakshmi
D, Unni S. Management of supraerupted
maxillary molars in an adult patient using
orthodontic miniscrew implants: A pre-
prosthodontic therapy. Indian J Dent Res.
2020;31(2):318.

Choi Y kyung, Kwon EY, Jung KH, Choi
NR, Park SB, Kim S sik, et al. Temporary
replacement of congenital missing incisors
on mandible using temporary anchorage
devices in growing patient: 2-year follow-
up. J Dent Rehabil Appl Sci. 2020 Dec
31;36(4):272-81.

Dalessandri D, Salgarello S, Dalessandri

M, Lazzaroni E, Piancino M, Paganelli

C, et al. Determinants for success rates of
temporary anchorage devices in orthodontics:
a meta-analysis (n > 50). Eur J Orthod. 2014
Jun;36(3):303-13.

Aunmeungtong W, Kumchai T, Strietzel

FP, Reichart PA, Khongkhunthian P.
Comparative Clinical Study of Conventional
Dental Implants and Mini Dental Implants
for Mandibular Overdentures: A Randomized
Clinical Trial. Clin Implant Dent Relat Res.
2017;19(2):328-40.

Gintautaité G, Gaidyté A. Surgery-related
factors affecting the stability of orthodontic

12

GM1J.2024;13:e3662
WWW.gmj.ir



Temporary Anchorage Devices in Combined Treatments

mini implants screwed in alveolar process
interdental spaces: a systematic literature
review. Stomatologija. 2017 Jan 1;19(1):10-
8.

31. Abubaker KBH, Li Y, Yang S. Comparison
of Success Rate and Radiological Bone
Loss in Patients with Mini-Implant versus
Conventional-Sized Implant Removable
Prostheses: A Meta-Analysis. Open J
Stomatol. 2021 Feb 3;11(2):65-76.

32. Ramirez-Ossa DM, Escobar-Correa N,
Ramirez-Bustamante MA, Agudelo-

Suéarez AA. An Umbrella Review of the
Effectiveness of Temporary Anchorage
Devices and the Factors That Contribute to
Their Success or Failure. J Evid Based Dent
Pract. 2020 Jun;20(2):101402.

33. Buser D, Sennerby L, De Bruyn H. Modern
implant dentistry based on osseointegration:
50 years of progress, current trends and open
questions. Periodontol 2000. 2017;73(1):7—
21.

34. Flanagan D, Mascolo A. The Mini Dental
Implant in Fixed and Removable Prosthetics:
A Review. J Oral Implantol. 2011 Apr
1;37(sp1):123-32.

35. Dahabreh GP. Non-Surgical Orthodontic
Treatment of Class 11T Adult with Posterior
Crossbite, Anterior Open Bite and
Asymmetric Occlusion, Using TADs and
Auxiliary Wires: A Case Report. Open J
Stomatol. 2019;09(10):227—40.

36. Hirji SN. Non-Surgical Approach to Correct
Skeletal Open-Bite Malocclusion in an
Adult Patient Using Third Molar Intrusion
Mechanics: A Clinical Case Report. Eur J
Gen Dent. 2022 Jan;11(01):064-72.

37. Aly SA, Alyan D, Fayed MS, Alhammadi
MS, Mostafa YA. Success rates and factors
associated with failure of temporary
anchorage devices: A prospective
clinical trial. J Investig Clin Dent. 2018
Aug;9(3):e12331.

38. Takaki T, Tamura N, Yamamoto M, Takano
N, Shibahara T, Yasumura T, et al. Clinical
Study of Temporary Anchorage Devices for
Orthodontic Treatment. Bull Tokyo Dent
Coll. 2010;51(3):151-63.

39. Tarraf NE. The application of skeletal
anchorage in the correction of anterior open
bite and skeletal Class Il malocclusion: a
paradigm shift. Ann R Australas Coll Dent
Surg. 2012 Apr;21:113-9.

40. Heravi F, Shafaee H, Forouzanfar A, Zarch
SHH, Merati M. The effect of canine
disimpaction performed with temporary

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Nastarin P, et al.

anchorage devices (TADs) before
comprehensive orthodontic treatment to
avoid root resorption of adjacent teeth. Dent
Press J Orthod. 2016 Apr;21(2):65-72.
Bucur SM, Vaida LL, Olteanu CD, Checchi
V. A Brief Review on Micro-Implants and
Their Use in Orthodontics and Dentofacial
Orthopaedics. Appl Sci. 2021 Nov
13;11(22):10719.

Schimmel M, Araujo M, Abou-Ayash

S, Buser R, Ebenezer S, Fonseca M,

et al. Group 4 ITI Consensus Report:

Patient benefits following implant

treatment in partially and fully edentulous
patients. Clin Oral Implants Res. 2023
Sep;34(S26):257-65.

Higuchi K, Rosenberg R, Davo R, Albanese
M, Liddelow G. A Prospective Single-
Cohort Multicenter Study of an Innovative
Prefabricated Three-Implant—Supported Full-
Arch Prosthesis for Treatment of Edentulous
Mandible: 1-year Report. Int J Oral
Maxillofac Implants. 2020 Jan;35(1):150-9.
Jaramillo-Bedoya D, Villegas-Giraldo G,
Agudelo-Suarez AA, Ramirez-Ossa DM. A
Scoping Review about the Characteristics
and Success-Failure Rates of Temporary
Anchorage Devices in Orthodontics. Dent J.
2022 May 6;10(5):78.

Priya P, Kumar M, Goyal M, Kumar S,
Agarwal Y. Unilateral intrusion of extruded
upper molar with use of transpalatal arch — A
case report. J Contemp Orthod. 2023 Oct
28;7(3):238-43.

Pérez-Varela JC, Campoy MD, Lopez-Vila
M, Camaifies-Gonzalvo S, Garcia-Sanz V,
Paredes-Gallardo V. Management of skeletal
class III discrepancies using temporary
anchorage devices Clinical cases review and
biomechanical considerations. Semin Orthod.
2024 Apr;:S1073874624000422.

Kim SJ, Choi TH, Baik HS, Park YC, Lee
KJ. Mandibular posterior anatomic limit for
molar distalization. Am J Orthod Dentofacial
Orthop. 2014 Aug;146(2):190-7.

Soni DM, Sharma R. Retraction of Anterior
Teeth with Temporary Anchorage Devices
(TADS) — A Review. EAS J Dent Oral Med.
2022 Nov 15;4(6):132-40.

Rothstein 1. Effects of synthetic cortical
bone thickness and force vector application
on temporary anchorage device pull-out
strength as related to clinical perspectives of
practicing orthodontists. Stud Theses Diss
Capstones [Internet]. 2011 Dec 1;:.
Achantani A, Reddy M, Jain S, Shahzad

GM1J.2024;13:3662

WWW.gmj.ir

13



Nastarin P, et al.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

H. CRITICAL FACTORS FOR FAILURE
OF ORTHODONTIC MINI IMPLANT:

A REVIEW. Glob J Res Anal. 2022 May
15;11(5):20-2.

Ida E, Ramya V, Balaji A, Subramaniam

D, Darshani D. Surgical Excision of
Hypertrophic Tissue and Retrieval of
Orthodontic Mini-implant using Diode
Laser- A Rare Case Report. J Clin Diagn Res
[Internet]. 2023;17(8):18284.

Nakagawa Dos Santos G, Lenzi De Araujo
C, Cassiano Pucci Da Silva Ramos R.
Interdisciplinary Reverse Planning in
Orthodontics. In: Bourzgui F, editor Dentistry
[Internet] IntechOpen; 2022.

Brauner E, Amelina G, Laudoni F, Fadda
MT, Armida M, De Angelis F, et al.
Multidisciplinary Planning in Orthognathic
Surgery for Prosthetic Patients. Appl Sci.
2023 Oct 5;13(19):10988.

Mazhari M, Khanehmasjedi M, Mazhary

M, Atashkar N, Rakhshan V. Dynamics,
Efficacies, and Adverse Effects of Maxillary
Full-Arch Intrusion Using Temporary
Anchorage Devices (Miniscrews): A Finite
Element Analysis. Mehta S, editor BioMed
Res Int. 2022 Oct 7;2022:1-25.

Greco M, Machoy M. Impacted Canine
Management Using Aligners Supported by
Orthodontic Temporary Anchorage Devices.
Int J Environ Res Public Health. 2022 Dec
22;20(1):131.

Iodice G, Nanda R, Drago S, Repetto

L, Tonoli G, Silvestrini-Biavati A, et al.
Accuracy of direct insertion of TADs in the
anterior palate with respect to a 3D-assisted
digital insertion virtual planning. Orthod
Craniofac Res. 2022 May;25(2):192-8.
Sanchez-Monescillo A, Duarte S. PROA
concept: prosthetic restoration with
orthodontic appliance. Quintessence Int Berl
Ger 1985. 2020;51(4):304-8.

Baby B, Ponnamma AR S, Paily Blessent

B, Reddy G, Somaiah S. ORTHODONTIC
INTRUSION OF SINGLE MOLAR USING
MINI IMPLANT- PRE-PROSTHETIC
ORTHODONTICS-A CASE REPORT! Int J
Adv Res. 2022 Jan 31;10(01):1182-6.
Hemmatpour S, Nahvi G, Oonchi M.
Retreatment of an orthognathic camouflaged
case by total lower arch mesialization using
temporary anchorage device. Dent Res J.
2021 Jan;18(1):78.

Shetty SK, Vincent S, Y MK, Madhur VK.
Tads in Orthodontics. Sch J Dent Sci. 2021
Aug 16;8(7):234-8.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Temporary Anchorage Devices in Combined Treatments

Kiiffer M, Drescher D, Becker K. Application
of the Digital Workflow in Orofacial
Orthopedics and Orthodontics: Printed
Appliances with Skeletal Anchorage. Appl
Sci. 2022 Apr 10;12(8):3820.

Rubnikovich SP, Kuzmenko EV, Khmaj

ZA, Moskotelnikova AV. Effectiveness

of antibacterial therapy following the
implantation of orthodontic temporary
anchorage devices. Stomatol Minsk. 2022
Jun;45(2):8-15.

Johns G. Orthodontics mini implants — A
brief review. Int Dent J Stud Res. 2022 Jan
28;9(4):176-80.

Francisco I, Ribeiro MP, Marques F,
Travassos R, Nunes C, Pereira F, et al.
Application of Three-Dimensional Digital
Technology in Orthodontics: The State of the
Art. Biomimetics. 2022 Feb 2;7(1):23.
Tsolakis IA, Gizani S, Tsolakis Al, Panayi
N. Three-Dimensional-Printed Customized
Orthodontic and Pedodontic Appliances: A
Critical Review of a New Era for Treatment.
Children. 2022 Jul 23;9(8):1107.

Cousley RR. Introducing 3D printing in
your orthodontic practice. J Orthod. 2020
Sep;47(3):265-72.

Amin SA, Hann S, Elsheikh AK, Boltchi F,
Zandinejad A. A complete digital approach
for facially generated full arch diagnostic
wax up, guided surgery, and implant-
supported interim prosthesis by integrating
3D facial scanning, intraoral scan and CBCT.
J Prosthodont. 2023 Jan;32(1):90-3.

Khan MI, Sm L, Gopal T, Neela PK.
Artificial intelligence and 3D printing
technology in orthodontics: future and scope.
AIMS Biophys. 2022;9(3):182-97.

El Kholy K, Doliveux S, Mattheos N, Buser
D. Preplanned Computer-Assisted Advanced
Implant Placement for Orthodontic Patients:
Presentation of a Novel Multidisciplinary
Treatment Approach and a Case Report. Int J
Prosthodont. 2023 Jul;36(4):508—15.

Rathee DrM, Alam DrM, Malik DrS, Singh
DrS, Wakure DrP. 3D Printing -A Revolution
in Prosthetic Dentistry. Sch J Dent Sci. 2021
Dec 30;8(11):327-34.

Bhuskute KP, Jadhav V, Sharma M, Reche
A. Three-dimensional Computer-aided
Design System used in Orthodontics and
Orthognathic Surgery for Diagnosis and
Treatment Planning- A Narrative Review. J
Clin Diagn Res [Internet]. 2023;:18710.
Zakeri H, Radmehr M, Khademi F,
Pedramfard P, Montazeri L, Ghanaatpisheh

14

GM1J.2024;13:e3662
WWW.gmj.ir



Temporary Anchorage Devices in Combined Treatments

73.

74.

75.

76.

M, et al. Utilizing Artificial Intelligence for
the Diagnosis, Assessment, and Management
of Chronic Pain. J Biomed Phys Eng
[Internet]. 2023;:1629.

Shelke DD, Jadhav VV, Jaiswal A, Gandhi V.
Review on Digital Orthodontics. J Pharm Res
Int. 2022 Jan 18;34:16-26.

Khorsandi D, Fahimipour A, Abasian P,
Saber SS, Seyedi M, Ghanavati S, et al. 3D
and 4D printing in dentistry and maxillofacial
surgery: Printing techniques, materials,

and applications. Acta Biomater. 2021
Mar;122:26-49.

Liang J, Lu X, Zheng X, Li YR, Geng

X, Sun K, et al. Modification of titanium
orthopedic implants with bioactive glass:

a systematic review of in vivo and in vitro
studies. Front Bioeng Biotechnol. 2023 Nov
15;11:1269223.

Alam MK, Abutayyem H, Kanwal B, Shayeb
M. Future of Orthodontics—A Systematic
Review and Meta-Analysis on the Emerging
Trends in This Field. J Clin Med. 2023 Jan
9;12(2):532.

77.

78.

79.

80.

Nastarin P, et al.

Jo YK, Seo JH, Choi BH, Kim BJ, Shin
HH, Hwang BH, et al. Surface-Independent
Antibacterial Coating Using Silver
Nanoparticle-Generating Engineered Mussel
Glue. ACS Appl Mater Interfaces. 2014 Nov
26;6(22):20242-53.

Federici Canova F, Oliva G, Beretta M,
Dalessandri D. Digital (R)Evolution: Open-

Source Softwares for Orthodontics. Appl Sci.

2021 Jun 29;11(13):6033.

Ergiil T, Giileg A, Géymen M. The

Use of 3D Printers in Orthodontics - A
Narrative Review. Turk J Orthod. 2023 Jun
1;36(2):134-42.

Sehrawat S, Sidhu MS, Grover S, Prabhakar
M. “A Century of Orthodontic Progress” —

Innovations in Orthodontics. Orthod J Nepal.

2021 Aug 16;11(1):65-71.

GM1J.2024;13:3662

WWW.gmj.ir

15



