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(dr_gnana@yahoo.com) | have been crucial to good treatment outcomes. Absolute intraoral anchoring is nearly impossible to
accomplish with traditional orthodontics. Skeletal anchoring has become more and more common
recently, particularly in difficult circumstances.9 There have been many significant developments in
the area of orthodontics, but few can compare to the clinical impact of micro-implants and the newly
developed extra-radicular bone screws. With their idea of absolute anchorage, temporary anchorage
devices have completely changed the orthodontic sector. They have also shown themselves to be a
useful tool for clinicians to manage difficult malocclusions and clinical problems.10 A paradigm is a
widely recognised scientific viewpoint that offers the most up-to-date explanation of a natural
phenomenon. A paradigm might be compared as laying brick upon brick of fresh discoveries and
insights, serving as the cornerstone around which a scientific structure is built. The "truths" of the
present turn into the myths of the future when each new paradigm supplants the previous one. We are
currently at the cusp of a paradigm shift in orthodontics that will alter the field's basic conceptual
foundations and, along with them, the conventional focus on diagnostic and treatment planning.
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INTRODUCTION

One of the most important components of orthodontic
treatment planning has always been anchorage control,
which is also crucial for handling the most challenging
situations. One method available to orthodontists is the
use of temporary anchoring devices (TADs). TAD has
turned out to be a beneficial addition, minimising the
potential negative effects of traditional anchorage in
those treatments that call for the highest level of
anchorage management.*”’

A paradigm is a widely recognised scientific viewpoint
that offers the most up-to-date explanation of a natural
phenomenon. A paradigm might be compared as laying
brick upon brick of fresh discoveries and insights,
serving as the cornerstone around which a scientific
structure is built. The "truths" of the present turn into the
myths of the future when each new paradigm supplants
the previous one. We are currently at the cusp of a
paradigm shift in orthodontics that will alter the field's
basic conceptual foundations and, along with them, the
conventional focus on diagnostic and treatment planning.
The various kinds of extra-radicular implants, their

Achieving desired tooth movement with the fewest significance, the materials employed, and their evidence-

possible unfavourable side effects is the aim of any
orthodontic  therapy.® Since the beginning of
orthodontics, anchoring control techniques have been
crucial to good treatment outcomes. Absolute intraoral
anchoring is nearly impossible to accomplish with
traditional orthodontics. Skeletal anchoring has become
more and more common recently, particularly in difficult
circumstances.®

There have been many significant developments in the
area of orthodontics, but few can compare to the clinical
impact of micro-implants and the newly developed extra-
radicular bone screws. With their idea of absolute
anchorage, temporary anchorage devices have
completely changed the orthodontic sector. They have
also shown themselves to be a useful tool for clinicians
to manage difficult malocclusions and clinical
problems.0

based clinical efficacy are all covered in detail in this
review article. The use of extra-radicular implants in
fixed orthodontics and aligner therapy, the significance
of digital workflow in implant placement planning,
biomarkers, and their impact on other structures. In
essence, it offers insight into how orthodontic therapy
integrates with skeletal anchoring.

BRIEF  APPLICATION OF
EXTRA-RADICULAR (E-A)
TEMPORARY SKELETAL
ANCHORAGE DEVICES

E-A bone screws are cutting-edge medical products with
a distinctive past. The E-A idea was developed by
Taiwanese orthodontist Chris Hwai-Nan Chang using
concepts from craniofacial biology, orthodontics, bone
physiology, and oral surgery.!'® According to his
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theory, TSADs inserted into the basilar bones of both
arches may be able to reverse the causes of severe
skeletal and dental malocclusion. However, only surgical
methods using bone plates and retromolar implants have
been able to provide intraoral access to the basilar
bone.'”*8 For both arches, cautious access to the basilar
bone required basic intraoral techniques.

To address sagittal, vertical, and intermaxillary
discrepancies, E-A bone screws in the basilar bone of
both arches offer stability for moving teeth in relation to
the jaws. If there is little variation in the relative positions
of individual teeth, such as with passive, relatively rigid
aligners or a fixed device with a suitable rectangular
archwire to avoid tipping, then the movement of a whole
dental arch is determinate (predictable).® An arch is
basically a big multi-rooted tooth when it is moved as a
whole.r®* When arches are aligned in three dimensions
before starting intermaxillary elastics, this principle is
clearly understood with fixed appliances. Skeletal
malocclusion can be effectively corrected without
extractions or orthognathic surgery by retracting and
rotating whole arches using E-A bone screws, 11216

Ankylosed teeth naturally exhibit absolute or infinite
anchoring, which is defined as zero movement of the
anchor unit. The same principle was used in the
development of skeletal anchoring devices, or TADS,
which are secured directly to the bone.?® To meet the
anchorage requirements of modern orthodontic therapy,
mini implants (Mls), are commonly placed in the
dentoalveolar region, especially in the gaps between
tooth roots. Smaller size, lower cost, and simpler
installation and removal are the benefits of interradicular
miniscrews. But the thin alveolar bone between the roots
restricts the use of miniscrews. The distance between
molar and premolar roots is just 2 to 2.5 mm.
Additionally, failure of screw anchorage may result from
miniscrews being too close to the roots.?

The disadvantages of interradicular mini screws on the
buccal and palatal sides can be addressed by using
miniplates (skeletal anchorage system) and extra alveolar
TADS, which are fastened away from the root apices and
do not impede tooth movement.?%-2?

Types of extra-radicular Temporary skeletal anchorage
devices

The following are examples of skeletal anchoring
devices: Osseointegrated restorative implants, 45,
Implants of the retromolar prosthetic type;!32
Miniscrews Inter-radicular (I-R);?#?° Screws for extra-
alveolar (E-A) bone;'*1?26 Bone screws for the
mandibular ramus,'® Craniofacial orthopaedic bone
plates and mini-plates.?”?® At the annual convention of
the American Association of Orthodontists in 1983,
Roberts reported the first use of a TSAD.?°

From inter-radicular (I-R) miniscrews and retromolar
implants to extra-alveolar (EA) bone screws inserted in

the basilar bone buccal to the first molars, namely the
mandibular buccal shelf (MBS) and infrazygomatic crest
(1ZC), TSADs have evolved. To move teeth, segments,
and arches, E-A anchoring uses determinate mechanics.
Without the need for extractions or orthognathic surgery,
severe skeletal dysplasia can be corrected by retracting
and rotating the lower arch, which reverses the aetiology
of Class Il openbite malocclusion.

1ZzC

Anatomically, the infrazygomatic crest is a pillar of
cortical bone situated close to the maxilla's zygomatic
process. This enhances the main stability of the
miniscrew and permits bicortical fixation via the sinus
floor and buccal cortical plate. Thicker bones allow for
more o0sseous contact and greater miniscrew biting
depth.°

With an overall success percentage of 93.7%, stainless
steel has long been the preferred material for applications
requiring resistance to fracture. Higher implantation
angles and longer mini-implants provide better pull-out
strength. The placement is done at an angle of 65 to 70
degrees to the first molar's distobuccal root, 12 to 17 mm
above the occlusal plane.®! The length of the implant had
no discernible effect on stress at the implant-bone
interface.® The screw is aimed at the occlusal plane at a
90° angle. After the initial insertion in the bone is
created, the bone screw driver's orientation is moved
downward and towards the tooth by 55° to 70°.

The success rate for 1ZC mini-implants is 78.2%, which
is slightly lower than the average mini-implant.
Numerous parameters, including operator expertise,
micro implant length, duration of usage, skeletal face
pattern, oral hygiene state, mucosa versus attached
gingiva, insertion angle, and loading force direction,
influence the success rate.®

MBS

In the posterior region of the mandibular body, anterior
to the oblique line of the mandibular ramus, and lateral
to the molar area, the buccal shelf is a bony depression
with a thick cortical plate that extends buccally with a
significant amount of bone bilaterally. In the Indian
population, the buccal shelf area is usually deep and thin;
a 2x12 mm screw is the suggested option.3

The optimal location is 4 mm buccal to the mandibular
second molar CEJ, typically close to the distal root and
the mucogingival junction. A self-drilling screw is
inserted into the bone as close to parallel to the
mandibular first and second molar roots as feasible and
perpendicular to the occlusal plane. Following the initial
notch, the driver's orientation is moved upward and
towards the tooth by 60° to 75°, assisting the screw in
avoiding root contact and guiding it to the mandibular
buccal shelf area.®*

Ramal Extra-alveolar screws
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In certain situations, third molars can be moved to
replace lost mandibular first or second molars. These are
challenging movements that require the use of Ramal
Extra-alveolar screws.

It is believed that 5 to 8 mm above the occlusal plane,
midway between the internal and external oblique ridges
of the ascending ramus, is the best place to implant ramal
screws without obstructing the occlusal plane.®® It is
recommended that ramal implants be positioned 13 to 25
degrees away from the occlusal line.%

Retromolar Bone Screws

The tiny screws utilised in this investigation have a
diameter of 2 mm and a length of 10 mm. Better stress
distribution around the mini-screw, particularly at the
mini-screw neck, can be guaranteed by these
measurements. A line was drawn in the program to join
the buccal cusp of the second molar with the cusp of the
canine to calculate the angle at which the MRM should
be inserted. This line, known as the occlusal reference
line (ORL), serves as a standard for the MRM's insertion
angle. Pure Ti exhibited the lowest Von Mises stresses,
whereas the SS MRM had the greatest at 45° and 60°
angles.®

Materials used

Stainless steel (SS), titanium (Ti), titanium alloy (TiA),
titanium (Ti), and titanium (Ti) are the materials used to
make bone fixtures.4 Ti is recommended for bigger root-
form implants that are greater than 3 mm in diameter
since it is a robust but somewhat fragile material.
Usually, TiA is the material of choice for small
interradicular miniscrews (less than 2 mm in diameter)
due to its strength and fatigue resistance.?>3%4! SS is a
better material for dense cortical bone since it is
harder.’2 SS is the recommended material for all non-
integrated TSADs15 and orthopaedic bone plates due to
its reduced cost and acceptable material qualities*? TiA
is utilised for osseous attachment of functional
equipment and bone plate anchorage in orthodontics.?®
It was found that titanium miniscrews had a higher
insertion and removal torque than stainless steel
miniscrews in thicker corticals. Maximum fracture
torque, a measure of fracture resistance, was higher in
stainless steel mini-screws than in titanium mini-screws,
indicating that using stainless steel mini-screws makes
the insertion process safer.!' Because of its increased
ductility, stainless steel has superior mechanical qualities
when taking bending effects into account. Stainless
steel's torsional resistance reduces the chance of
breakage by giving the professional more sensitivity
during insertion. Professionals find it challenging to
detect when the rupture is likely to happen since titanium
mini-screws do not produce haptic sensation during
insertion.*

Orthodontic forces' effects on biomarkers of bone
turnover in peri-implant crevicular fluid

Bone turnover markers, or biomarkers that indicate
resorption or formation activity, have been widely

utilised to track changes in the osseous structure.* Bone
turnover biomarkers in gingival crevicular fluid (GCF)
and peri-implant crevicular fluid, respectively, have been
proposed as promising tools for diagnosis, prognosis,
and treatment in patients with osseointegrated implants
or chronic periodontitis.*>*¢ The value of certain bone
turnover indicators as an extra criterion for the
identification of periodontal and peri-implant tissue
infections has been emphasised by recent evidence-based
syntheses.

After orthodontic loading, peri-miniscrew crevicular
fluid biomarkers of bone growth or resorption responded
differently. All things considered, the results pointed to
adaptive changes in bone in response to physiologic
force inputs.

A deeper comprehension of the biological reactions
surrounding miniscrews in response to orthodontic loads
may be possible with the analysis of peri-miniscrew
crevicular fluid bone turnover biomarkers.*’

According to data from the identified research, during
the investigated periods, peri-miniscrew crevicular fluid
levels of certain bone turnover biomarkers showed either
temporary or more permanent changes as a result of
orthodontic stresses. All things considered, the results
pointed to an adaptive bone response to force stimuli.
When physiological forces are applied, orthodontic
loading could not have a significant impact on early bone
remodelling and miniscrew clinical performance.
Therefore, loading the mini-screws right after placement,
at least with force levels comparable to those employed
in the identified trials (i.e., between 50 and 200 g), would
be consistent with good practice.*”

Accuracy of 3D imaging and digital process for
orthodontic TSAD placement

A digital intraoral scan registered using a cone-beam
computed tomography (CBCT) or lateral cephalogram
can be used to plan the insertion of guided miniscrews
utilising various software programs on the market. When
a thorough examination of a particular anatomical
problem is necessary, CBCT should be utilised to
prevent patients from needless radiation exposure.*s
Although there is a degree of error in guided clinical
insertion, both approaches are accurate.*®-5!

Miniscrew insertion planning software, including that
used in earlier research, is typically made specifically for
orthodontic applications, can be connected with lab
software, or is supplied by firms to be used only with
their miniscrews. These systems' benefit is the
workflow's efficiency, from planning to appliance
delivery  (including  fully digital CAD-CAM
applications). The software's expensive cost (buy or
annual  subscription) or  the single  case
(planning/appliance  fabrication bundle) are also
drawbacks.®2
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Extra-radicular implant placements using digital
guidance could result in shorter orthodontic treatment
times, the elimination of laboratory and clinical
procedures, improved accuracy and predictability, and
increased patient comfort. However, using CAD/CAM
technology in orthodontics comes with a higher price tag
and requires expert training.

FEA and TSADs

The use of mini-implants placed into the 1Z crest for en
masse maxillary dentition distalization using clear
aligners had not yet been the subject of any FE research.
One of the FE research on CAT that has already been
done is by Bai et al., who investigated the impact of mini-
implants combined with clear aligners on anterior
retraction after first premolar extractions.>*

The centre of resistance for mandibular rotation is
actually an axis of rotation (CRot). For example, only 3D
FEA can forecast the CRot for a lower arch retracted
using bilateral MBS bone screws.5®

For example, according to finite element analysis (FEA),
the CRot in the upper third of the lower canine roots
bilaterally was perpendicular to the midsagittal plane as
a result of the traction of the MBS anchoring. The greater
bone mass in the mandibular symphyseal region is
compatible with the CRot axis's more anterior position in
3D. As the lower arch retracts, the lower molars are
intruded to seal the VDO, which is a significant
advantage for treating Class 111 openbite malocclusion.5®
The use of this mechanical engineering technology in
diagnosis, treatment planning, and retrospective analysis
is growing. To address skeletal Class 111 malocclusion,
FEA also replicates occlusal plane rotation and
mandibular arch retraction. FEA iterations are used to
model the 3D tooth movement paths.%

To broaden the therapeutic horizon for aligner treatment,
Align Technology investigated novel materials,
techniques, and technologies, such as employing TSADs
for osseous anchorage.’™* Conversely, aligners can
reposition teeth in relation to the apical base of bone,
thanks to TSAD anchoring.>® For skeletal and dental
correction, bone screws buccal to the molars work well.
However, because the necessary data set is retrospective,
new approaches are slow to affect web-based algorithms
that project outcomes with artificial intelligence (Al).5"
59

Clinical decision systems and Al techniques

In dentistry, artificial intelligence has grown in
importance. Trained algorithms can help with decision-
making because of the volume of clinical and imaging
data available to researchers and clinicians, as well as the
application of improved data science techniques.®

According to Pareek et al., there are about 4,000 dental
implants available globally, each with a different shape
and method of treatment.®* Therefore, the key to success
is understanding which one is more appropriate for a

given patient based on their condition. In this domain,
artificial intelligence (Al) can assist computer-aided
design/manufacturing, panoramic radiography, and
dentists in identifying and prioritising the implants to
prevent issues

Researchers have also concentrated on applying Al
techniques to identify fractures and implant failures.
Three deep convolutional neural networks (VGGNet-19,
GoogLeNet Inception-v3, and automated DCNN) were
assessed by Lee et al. in 2020 for the classification of
broken dental implants in panoramic and periapical
rays.5 Using a database containing 21,398 fractured
implants, they discovered that the Al methods performed
well in identifying and classifying fractured implants.
The best results were obtained when periapical
radiography images were used alone (automated DCNN
with an area under the curve of 0.984).5°

Osseointegration and TSADs
Retromolar osseointegrated implants were the first
TSADs, and they were utilised to treat acquired
intermaxillary malocclusion brought on by the early loss
of a lower first molar (L6).1%2

More common TSADs that were less costly and simpler
to use but less dependable and adaptable were small
nonintegrated inter-radicular (I-R) miniscrews.?*?® To
offer basilar bone anchorage for conservative correction
of skeletal malocclusion, extra-alveolar (E-A) bone
screws expanded upon the advantages of earlier ideas.4
Direct or 2-4 indirect TSAD anchoring is possible.!323-26
The mechanical stabilisation of a tooth to act as an
anchor for moving other teeth is known as indirect
anchorage.'®?* Static abutments, like those used for
sutural expansion, are made to move complete bones.%

In 1959, Branemark®® called this process
"osseointegration." Osteointegration is accomplished by
a persistent bone remodelling response within 1 mm of
the implant surface for Ti screws larger than 3.2 mm in
diameter with conditioned (cleaned) surfaces.31464

Even when a root impinges, osseous flexure creates a slip
plane at the bone contact that promotes healing and
remodelling since titanium is ten times stiffer than
cortical bone. Small Ti and TiA miniscrews (less than 2
mm in diameter) do not osseointegrate, even after several
surface treatments to improve bone bonding.?526.66.67
Slender miniscrews' increased interface flexure is
incompatible with the severe bone remodelling necessary
for osseointegration; yet, laminar bone growth keeps
miniscrews stiff.

When loaded, osseointegrated implants remain
stationary, whereas clinically rigid nonintegrated devices
could stray by at least 4 mm.%-3 Miniscrews that are not
integrated (less than 1.6 mm) are far less dependable than
osseointegrated fixings and have a higher failure
rate.?#13% The mandibular buccal shelf (MBS),1%?
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maxillary infrazygomatic crest (1ZC),'*?" and
mandibular ramus are the three locations where
nonintegrated 2mm SS bone screws have a success rate
of almost 95%.%%%2 The failure rate for TiA and SS did
not differ in a clinically significant way.* When PDL
and roots impinge, small I-R devices run the danger of
failing, in contrast to big osseointegrated fixtures.™

Although they offer superior anchoring, osseointegrated
implants have drawbacks. They are costly, there is a
several-month lag between placement and loading,
Moreover, in contrast to traditional dental implants, the
varying bone morphology in different regions places
some limitations on implant geometry, and removal
could be challenging.”>”" According to histological
research, titanium miniscrews osseointegrate less than
half as well as traditional dental implants.”

Clear Aligners and TSADs

For the first alignment, orthodontists must rely on the
materials' compliance and durability (aligners and
archwires). The "large multirooted teeth" that stabilised
segments and arches are, however, be moved with
specific mechanics with the use of temporary skeletal
anchoring devices (TSADs).

Chang et al.”®% Although fixed appliances have been
used for a long time, routine aligner treatment has only
lately begun to use 1ZC and MBS bone screws. 88

Indeterminate (unpredictable) mechanics govern the
initial orthodontic alignment of several teeth using fixed
equipment or aligners. To resolve sagittal, vertical,
asymmetric, and intermaxillary discrepancies, the E-A
anchoring with 1ZC and MBS bone screws allows for the
precise movement of complete arches in three
dimensions. Carefully planned slits, bonded buttons, and
strong aligner retention are necessary for attaching
TSAD-anchored elastics to aligners. Algorithms for
automated Al treatment need a large database that keeps
up with the latest developments. To effectively use
TSAD anchoring to address dental and skeletal
malocclusion, an orthodontist with proper training is
needed.

At first, simple orthodontic cases were treated with clear
aligner therapy (CAT). More recent developments have
investigated how well CAT works to treat more
complicated malocclusions. Nevertheless, unintentional
tooth movements have been linked to aligners' natural
flexibility.?>2 Intermaxillary forces or auxiliary devices,
like mini-implants, are required to offer a high degree of
skeletal anchoring to attenuate reactions related to
intramaxillary  forces, especially for en masse
distalization of anterior teeth.!* Mini-implants have
made it easier to manage mild to severe malocclusions,
which has decreased the need for premolar extractions*?

CONCLUSION

Due to a paradigm shift, extra-alveolar skeletal
anchoring is now frequently utilised in orthodontic
therapy. We can better prevent any injuries or issues
associated with it and help to fully benefit from it if we
have the correct knowledge on screw placement,
indications, and particular considerations.
Indeterminate (unpredictable) mechanics govern the
initial orthodontic alignment of several teeth using fixed
equipment or aligners. To resolve sagittal, vertical,
asymmetric, and intermaxillary discrepancies, the E-A
anchoring with 1ZC and MBS bone screws allows for the
precise movement of complete arches in three
dimensions. Algorithms for automated Al treatment need
a large database that keeps up with the latest
developments. To effectively use TSAD anchoring to
address dental and skeletal malocclusion, an orthodontist
with proper training is needed.
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