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INTRODUCTION
Technology has emerged as a crucial
element of dentistry in recent years, leading
to the creation of instruments and apparatus
treatment and

fields

to enhance protocols

education in the of implants,
endodontics, orthognathic, Pedodontics,
maxillofacial, craniofacial, and periodontal
applications. Three components make up
the "digital workflow," which increases the
use of technology in dentistry: data
processing through computer-aided design
(CAD) software, data processing through
scanning, and using the data to manufacture
products through computer-aided
manufacturing (CAM) @,
Three-dimensional (3D) printing is a
revolutionary technology that involves the
deposition of materials to create three-
dimensional things using materials such as
metals, ceramics, polymeric polymers, and
living cells. Several uses of additive
manufacturing have drawn a lot of interest
in the fields of dentistry and medicine ®.
To overcome the drawbacks of
traditional techniques, modern dentistry is
always changing. Dental patients and
clinicians have reportedly benefited greatly
from the introduction of digital intraoral
scanners in recent years. These scanners
offer several advantages over traditional
impression-making techniques when it
comes to the creation of various dental

prostheses and appliances ¢,

For pediatric dentists, 3D printed

models are wuseful for pre-operative
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planning and accurate  anatomical
visualization of craniofacial abnormalities
©, The development of three-dimensional
(3D) printing technology in the 21" century
has evolved dentistry. Dental professionals
have adapted from traditional treatment
procedures to a digital plan while treating
their patients due to their unwavering
efforts to improve and streamline their
practice. It is extremely skilled, scalable,
and offers accurate  results
affordably .

3D printing is

quick,

a relatively new
technology that is revolutionizing many
industries, including manufacturing and
medicine. In addition, it is the only
industrial

that has

More

technology, no

restrictions. and better data
demonstrates that 3D printing is rapidly
becoming a widely available technology
that could completely transform society as
a whole, as well as the future methods of
producing dental and medical models and
prototypes ®. Because this technology
eliminates the need for labor-intensive
artisanal production procedures and makes
it possible to use materials that would be
difficult to work with, dental lab
technicians can develop their manual skills
in creative of the

more aspects

manufacturing process .

History
In the early 1980s, 3D technologies were

known as rapid prototyping technologies ®.
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3D printing technology that is
(SLA) was
invented in 1983 by Charles Hull who is

called “Stereolithography”

regarded as the father of 3D Printing
technology 1.

In this field, advancements have been

made continuously ever since. The
selective laser sintering process was created
in 1986 by Carl Deckard V. Emanuel
Sachs in 1992 created the phrase “3D
Printing” Otherwise, it was earlier also
known as “additive manufacturing” but
now is famous as 3D printing ®.
The first 3D-printed organ for
transplantation was created in 1999 by
Wake Forest University, whereas, in 2003,
the first inkjet bio-printer was presented.
The Organovo Company created the first
3D-printed blood vessels in 2009 (D,

The CAD-CAM technology utilizes
“subtractive manufacturing” technology
that lacks accuracy and that could not
completely replace the manual involvement
operation as compared to 3D scanning
technology for designing 3D objects. The

advent of intraoral scanners (I0S) and the

availability of 3D printers with compatible
materials increased the use of 3D printing
methods ¥, Additive manufacturing is a
process of manufacturing 3D objects from
a 3D model or digital computerized file.
Additive manufacturing consists of several
techniques to build the 3D objects in a
“layer by layer” manner ).
Processing of 3D printing
The printing of 3D objects, involves a
certain controlled set of processing stages,
as follows (Figure 1) 9.

Initially, using CAD software to create
a three-dimensional (3D) file, then,
transforming 3D files into STL file formats
so that the printer can read them.

After that, the STL file is imported into
a program known as slicer, which slices file
layers. After receiving the model, the slicer
transforms it into a G-code that contains
instructions for 3D printers and Computer
numerical  control (CNC)  machines.
Printing a 3D model layer by layer in a
stepwise and finally, the

manner,

Processing (Figure 2) 19,

Converts STL
toa

Conversion to
STL file format

G-code

3D model
printing

* Creating of a 3D file | |+ For recognition of * By Slicer: adjusting * By variety of * Treatment:
the designed file of model size, machines Removing, Cleaning,
location and Curing, Panting
orientation

Figure 1: Shows the stages of 3D printing (4.
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Figure 2: Shows the 3D printing steps from design to printing (.

Benefits and features of digital dentistry
in pediatric dentistry
The accuracy of appliances and prostheses
made from 3D-printed digital models is
higher in quality, and they require fewer
clinical and laboratory steps and manual
labor during processing. By using these
methods, impression materials that
naturally shrink and distort are avoided (3 &
19 One of the many positive aspects of
using digital impressions for patient safety
is that there is no risk of gag reflex,
elicitation, or aspiration of foreign bodies.
Therefore, compared to the traditional
impression technique, the digital scanning
procedure for intraoral impressions has
been reported to be more comfortable for
pediatric patients and more accepted by the
child and their parents/caregivers for dental
procedures (¥,

Due to the lack of analogous traditional
dental the

impressions, prosthesis
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(appliance) can be processed and fabricated
more quickly. The 3D printer produces the
appliance or prosthesis more quickly. In the
digital 10S, there is no need for the right
powder ratio of the impression material,
handling of the mix, waiting for the
material to set, or choosing an accurate
impression tray (619,

In addition to improving patient
comfort and efficiency, digital impressions
can lower the overall cost of the dental
procedure in the end. IOS digital
impressions are being successfully used in
pediatric dentistry, which can benefit both
the patients and the dentists. These digital
impressions have been used regularly in
other dental specialties. Because it was
more comfortable than using alginate to
create impressions, 77% of patients favored
intraoral scanning, according to a prior

study 19,
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Furthermore, the 10S is
environment-friendly because no disposal
of waste of the impression material is
needed, as in the case of conventional
impression materials. All the above-
mentioned factors are critical to managing
young pediatric dental patients in terms of
favorable clinical behavior for rendering
the optimum dental treatment effectively
and efficiently @,

Disadvantages of digital workflow and
computer-aided design/computer-aided
manufacturing/3D-printing technology

In comparison to the conventional dental
method, digital instruments and machines
are more expensive, and dentists need
specialized and advanced expertise and
training to operate them (9,
Another important consideration is the
appropriate size of the intra-oral scanner
(IOS) for scanning inside the mouth cavity,
particularly for pediatric patients who need
impressions taken for dental prostheses or
appliances. There is a requirement for
referral to special and specific digital dental
laboratories for 3D printing/CAD-CAM
processing for digital workflow (¢-1),
Because 3D-printed appliances and
prostheses use uncured monomer or
polymer resins, there may be a health risk
involved. Furthermore, because a 3D
printer creates products using layer-by-
layer technology, under some
circumstances it may delaminate when
subjected to forces

particular or

orientations (10 & 17,
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Applications of 3D Printing in Pediatric
Dentistry
1- 3D Printing in Behaviour
Management of Uncooperative Children
and Special Health Care Needs (SHCN)

In pediatric clinical practice, intraoral
scanners have proven to be a great help to
uncooperative children, especially SHCN
when there is a need for creating space
maintainers and habit-breaking appliances.
The intraoral scanner (IOS) is a suitable
alternative option for children who are
afraid or have strong gag reflexes, in which
the conventional method of impression-
taking will be difficult. To capture a
complete scan of their teeth and display it
in 360 degrees on a vibrant touch screen,

the phrase "magic wand" might be used as

a euphemism 9,

2-3D Printing in Pediatric Oral and
Maxillofacial Procedures

3D printing may be used to effectively
design surgeries for aggressive oral cancer
and mandibular fractures, providing the
surgeon with more information to work
with while arranging the procedure.
Furthermore, as a visual assistance, 3D
printed models let parents and surgeons
assess the advantages and disadvantages of
various treatment options and choose the
best course of action 20 &2D,

One further possible use of this
technology is the treatment of children's
mandibular fractures using a patient-
specific  digital splint.

cap During

impressions, the patient no longer has to be
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sedated or in discomfort, which also
significantly reduces the amount of time
spent performing the surgery while under
general anesthesia. Additionally, there is no
need for intraoperative adjustments
because the 3D cap-splint fits flawlessly.
When compared to the conventional acrylic
cap splint, the splint also has a higher

cosmetic appeal ??,

3- Cleft lip cleft palate patients

When creating an obturator or feeding
device for a newborn or infant with cleft lip
and palate (CLCP), impression-making is
seen to be a laborious, dangerous, and
technique-sensitive process since it runs the
risk of dislodging the impression material
(aspiration) or obstructing the airway.
Compared to a conventional impression-
taking procedure employing alginate
impression material, digital scanning of the
cleft areas was reported to be faster, more

accurate, and safer .

4-Pediatric Endodontics and Restorative
Dentistry
With the use of 3D printed templates,
guided endodontics is an inventive
approach for treating teeth with calcified
canals, extensive restorations, or mal-
positioning for access opening. These
templates are intended to target burs,
thereby reducing iatrogenic errors and
preserving tooth structure @9,

3D printing has applications in the
treatment of tooth abnormalities that are

frequently challenging to manage during
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endodontic procedures, such as
dilaceration, pulp stones, and dens in dente.
To get an accurate working length and
successfully improve the quality and
precision of such anomalous teeth, a
transparent tooth model with its intricate
internal anatomy may be generated using
3D printing in conjunction with CBCT and
a tailored guide °%26),
Appropriate placement, angulation,
and bur penetration depth are necessary for
effective endodontic surgery, including
root-end  excision and  osteotomy
treatments. To reduce iatrogenic mistakes
and provide more precise, accurate,
localized, and minimally invasive micro-
operations, surgical stent-like guidance was

made using 3D printed technology ?7.

5-3D  Printing in  Regenerative
Endodontics
Apicectomy and  access  opening

preparation are two clinical applications of
additive manufacturing in endodontics.
Evidence has shown that guided access
cavity preparation is preferable to
traditional methods @¥.

These guided endodontic procedures
may be very helpful for challenging teeth
with anatomical abnormalities related to
root canal therapy. Models made by 3D
printing may be used as a foundation to
print a guide for endodontic treatment (27).
It is also possible to employ this procedure
on primary and immature permanent

molars with complex root canal anatomy

(28)
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6-3D Printing Application in Auto-
transplantation

With the use of 3D printing, it would be
simple to undertake auto-transplantation
for impacted permanent teeth, tooth loss
from trauma, and cases of congenital
hypodontia.  In  autogenous  tooth
transplantation, a recipient socket needs to
be created to implant the donor's tooth.
Additionally, the extraoral handling time of
the donor's tooth should be minimized if
feasible as it has a negative impact on the
tooth's vitality %39,

When children and teenagers suffer
trauma and severe dental injuries, they can
replace their lost teeth using a procedure
called in-vivo tooth auto-transplantation.
To ensure full healing, pediatric dentists
sometimes need to wait (3-4) months
before teeth reshaping for aesthetic
purposes. The design and fabrication of
chair-side temporary veneers may be done
without delay because of using 3D printing
technology GV,

Utilizing 3D printing technology
reduces extra-oral time and limits potential
harm to the donor tooth's periodontal tissue
by printing dental replicas to serve as
surgical guides. All of this encourages the
socket,

creation of a new recipient

removing risks for the donor's tooth and,

more generally, contributing to the
technique's standardization ¢,
7- 3D Printing in Interceptive

Orthodontic Procedures
For young preschoolers with early

anterior crossbites, clear, removable
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occlusal splints have been created via 3D
printing. Because this splint did not have
any wires, it was more comfortable and
simpler to wear than the traditional device,
which will decrease young children's dental
anxiety. Furthermore, after six months, the
front crossbite was fixed, preventing future
complications and promoting the maxilla
and mandible's normal growth ¢2,

3D printing may be used to create a
variety of functional appliances, removable
appliances (like Hawley's retainer), and
appliances for arch extension. These
elements have the potential to significantly
shorten a pedodontist's professional time,
with no need for impression ¢

To better understand the physiology of
cartilage and bone formation, 3D printing is
now being utilized in animal models to
modify tooth mobility and mandibular
growth. Several of these findings will
support orthodontic tooth movement

acceleration, improved tooth anchoring,

and growth modification ©¥,

8- 3D Printing in Fixed Orthodontics
Nowadays, aligners are made using 3D
printing in orthodontics to fix teeth that are
misaligned. Software for computers is used
to digitally implant teeth in the ideal
location. After the 3D model is presented, a
casting mold is specially constructed ¢,
Fixed orthodontics' long treatment
times are shortened via 3D printing. This
likelihood  of  teeth

reduces the

demineralization, orthodontic white spot



Al-Rafidain Dental Journal, Vol. 24, No. 1, 2024 (142-155)

lesions, and root resorption by favoring
younger individuals clinically ¢,

In addition, printing guidelines for
indirect bonding or temporary anchoring
device placement may be very important in
orthodontics down the road. Moreover,
CAD/CAM technology may be used to
produce auxiliary orthodontic devices like
Herbst, Andresen, and sleep apnea
appliances, resulting in a superior intraoral
fit G,

9- Laboratory Training of Pedodontists
Preclinical activities in dental education
have traditionally relied on extracted teeth
because they offer clinical circumstances
that are somewhat realistic. However, the
availability of abnormalities in those teeth
is never entirely clear. By providing visual,
auditory, and tactile proprioception during
preclinical training, 3D printing techniques
can also be used to construct 3D dental
models for preclinical purposes. This
allows for the creation of more realistic
anatomic structures, such as teeth with
internal and external resorption defects,
open apex, dilacerations, dens in dente, and
much more. It also helps to develop
endodontic skills ¥,

10-Pediatric Prosthodontics

The use of 3D printing to manufacture
removable prostheses has also gained
attention, particularly in cases involving
adolescents who suffer from oligodontia.
Using materials like acrylic resin or poly
(methyl methacrylate), this method prints
the prosthesis as a single unit, increasing its

mechanical qualities. Because there are no
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interfaces, this prosthesis weighs less and is
more fracture-resistant than traditional
overlay dentures. In addition, this denture is
readily trimmable, adjustable, and reline-
able with appropriate material if teeth shift
during growth spurts. Reprinting the
denture as often as necessary is made easier
by the information being stored as a digital

file G,

11-3D Printing in Fabrication of Crowns
and Space Maintainers

Band and loop space maintainers have also
been made using 3D printing. These
devices are created as a single piece with
exceptional the

precision, reducing

possibility of human mistakes and
appliance breakage and enhancing the
success of clinical settings. Furthermore,
there is no need for additional laboratory
work for stabilizing, welding the loop on
the band, and polishing it, which reduces
chair side time, which is a crucial factor for
a pediatric dentist. A 3D-printed model has
a better degree of detail and a more
complex construction than a traditional
appliance ¢,

It was effectively demonstrated that
another 3D printed band and loop space
maintainer can revolutionize preventative
orthodontics and pediatric dentistry
through digital workflow “9,

A conventional space maintainer is a
large group of appliances that belong to
each other. With the advancement of digital
has  shown

technology,  dentistry

tremendous growth in recent years. Space
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maintainers that use such technology are

called Digitainers / Digital space

maintainers “V,

Conventional space maintainers
Space maintenance is essential in pediatric
dentistry, and pediatric dentists have long
supported and used conventional space
maintainers, commonly used fixed space
maintainers like bands and loops that are
prone to breaking and de-cementing due to
their poor design, which causes ulceration
#2&43) In other types of space maintainers
such as the Nance palatal arch, the acrylic
button causes tissue irritation and increases
gagging “Y. Furthermore, other drawbacks
were found in the case of the Lingual arch,
which causes an increase in the occlusal
load and interferes with tongue movements
(45).

Trauma may result from the trans

palatal arch space maintainer's loop

pressing against the palate tissue “9.
Moreover, root resorption is more likely to
occur as the roots of the anchoring tooth are

situated on the cortical bone plate 7.

Digital Space Maintainers
studies the

of

Numerous highlighting

shortcomings conventional  space
maintainers explain the use of newer
materials and innovative technologies.
Digital workflow is presently used in the
production of space  maintenance
equipment instead of the more traditional
method V. In addition to their benefits in
terms of bettering aesthetics, lowering

processing mistakes, and a smaller number
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of appointments, 3-D printed space
maintainers might be employed in patients
who have a metal allergy, such as nickel, or
who need to undergo an MRI of the head
area (48-32),

According to earlier studies, 3D
printing has several drawbacks, including
the need for materials that are difficult to
eliminate later and some materials that can't
be autoclaved or sterilized, which limits
and minimizes their use ©¥. Missing try-in
appointments, and requiring skills, in
addition to the high fabricating cost of this,
are considered the main drawbacks of

technology 952,

Future perspectives

Digital dentistry using devices and

machines  integrated  with  digital
computerized technologies should be made
easily available and accessible in a cost-
effective manner for dental professionals.
Thus, it can be highly beneficial for
contemporary pediatric dentistry,
especially by using 10S/CAD/CAM/3D
printing ©¥.

In the future, 4D-printed restorative
materials for dentistry may be used to avoid
fractures and marginal leaks by changing
both their shape and position from the
center to the margins over a predetermined
period. To move teeth in the correct
direction and angle, orthodontic appliances
can be made with customizable, self-
propelled action. The field of dentistry may
change if this incredible technology is

utilized, as it has the potential to progress in
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a manner akin to CAD-CAM and 3D
printing 7.

Nowadays, 4D printing is considered
an upcoming technology that has huge
potential in restorative dentistry. 4D printed
materials could eliminate the need to use
dental drilling and bonding systems
because they rely more on retention by
mechanical means rather than chemical

aids ¢,

CONCLUSION

Clinicians have been more empowered in
recent decades due to 3D printing, in
addition to improving diagnostic and
surgical skills as it has allowed real-world
training, better visualization, and surgical
planning. It is possible to create precise,
accurate, and complex geometry by using
can be created either a wide and different
range of materials, which are local or in
industrial units 3D printing. This expertise
has revolutionized evidence and can

provide maximum precision in a short

chair-side time and small clinical setting.

Conflicts of Interest
The authors declare that there are no
of interest the

conflicts regarding

publication of this manuscript.

REFERENCES
Gul M, Arif A, Ghafoor R. Role of three-
dimensional printing in periodontal
regeneration and repair: Literature review.
of Society of

Periodontology. 2019;23(6):504.

Journal Indian

2.

10.

151

Pandey A, Tiwari L. 3D-Printing-The New
Frontier in Prosthodontics-A Review.
Journal of Advanced Medical and Dental
Sciences Research. 2019;7(11):69-73.

Mangano A, Beretta M, Luongo G,
Mangano C, Mangano F. Suppl-1, M8:
Conventional Vs

Digital Impressions:

Acceptability, Treatment Comfort and
Stress Among Young Orthodontic Patients.
The open dentistry journal. 2018;12:118.
Yilmaz H, Aydin MN. Digital versus
conventional impression method in
children: Comfort, preference and time.
International journal of paediatric dentistry.
2019;29(6):728-35.

Tian Y, Chen C, Xu X, Wang J, Hou X, Li
K, et al. A review of 3D printing in
dentistry: Technologies, affecting factors,
and applications. Scanning. 2021;2021.
Nayar S, Bhuminathan S, Bhat WM. Rapid
in

and stereolithography

prototyping
dentistry. Journal of pharmacy & bioallied
sciences. 2015;7(Suppl 1):S216.

Srinath S, Nayak R, Kumar A. 3D Printing
in Pediatric Dentistry: A Review. RGUHS
Journal of Dental Sciences. 2022;14(3).
Sikdar R, Bag A, Shirolkar S, Gayen K,
Sarkar S, Roychowdhury S. 3D Printing: Its
Application in Pediatric Dental Practice.
Acta Scientific Dental Sciences (ISSN:
2581-4893). 2022;6(2): 103-111.

Dawood A, Marti BM, Sauret-Jackson V,
Darwood A. 3D printing in dentistry.
British dental journal. 2015;219(11):521-9.
Ventola CL. Medical applications for 3D
current

printing: and projected uses.



11.

12.

13.

14.

15.

16.

17.

18.

Al-Rafidain Dental Journal, Vol. 24, No. 1, 2024 (142-155)

Pharmacy and
2014;39(10):704.

Nesic D, Schaefer BM, Sun Y, Saulacic N,

Therapeutics.

Sailer 1. 3D printing approach in dentistry:
the future for personalized oral soft tissue
regeneration. Journal of clinical medicine.
2020;9(7):2238.

Tyagi R, Kalra N, Khatri A, Kulood MK,
Garg N. Three-dimensional printing: Fine-
tuning of the face of pediatric dentistry.
SRM Journal of Research
Sciences. 2022;13(1):25.
Vijayavenkataraman S, Fuh JY, Lu WF. 3D

in Dental

printing and 3D bioprinting in pediatrics.
Bioengineering. 2017;4(3):63.

Eshkalak SK, Ghomi ER, Dai Y,
Choudhury D, Ramakrishna S. The role of
three-dimensional printing in healthcare
Materials

and medicine.

2020;194:108940.

& Design.

Jasveer S, Jianbin X. Comparison of
different types of 3D printing technologies.
International Journal of Scientific and
Research Publications (IJSRP).
2018;8(4):1-9.

Vij AA, Reddy A. Using digital
impressions to fabricate space maintainers:
A case report. Clinical Case Reports.
2020;8(7):1274-6.

Tiwari S, Parimala Kulkarni D, Rathi SV,
Abraham JM, Agrawal N, Kumar A. 3D
Printing: A Silver Lining in Pediatric
Dentistry. NVEO-NATURAL
VOLATILES & ESSENTIAL OILS
Journal| NVEO. 2021.8(5) :11582-91.
Scribante A, Gallo S, Pascadopoli M, Canzi

P, Marconi S, Montasser MA, et al.

19.

20.

21.

22.

23.

152

Properties of CAD/CAM 3D Printing

Dental Materials and Their Clinical
Applications in Orthodontics: Where Are
We Now? Applied
2022;12(2):551.

Kalaivanan D, Kalimreddy P, Kodical SR,

Three

Sciences.

Ramasetty AP. Dimensional

Printing—From A Pediatric Dentist’s

Perspective: 3D Printing In Pediatric
Dentistry-A Literature review.
International Journal of Pedodontic

Rehabilitation. 2022;7(1):42-9.

Dong Z, Li Q, Bai S, Zhang L. Application
of 3-dimensional printing technology to
Kirschner wire fixation of adolescent
condyle fracture. Journal of Oral and
Maxillofacial Surgery. 2015;73(10):1970-
6.

Lee AY, Patel NA, Kurtz K, Edelman M,
Koral K, Kamdar D, et al. The use of 3D
printing in shared decision making for a
juvenile aggressive ossifying fibroma in a
pediatric patient. American Journal of
Otolaryngology. 2019;40(5):779-82.
Chakravarthy C, Gupta NC, Patil R. A
Simplified Digital Workflow for the
Treatment of Pediatric Mandibular
Fractures Using Three-Dimensional (3D)
Printed Cap Splint: A Case Report.
Craniomaxillofacial &
Reconstruction Open. 2019;3(1):5-0039-
1694765.

Patel J, Winters J, Walters M. Intraoral

Trauma

digital impression technique for a neonate
with bilateral cleft lip and palate. The Cleft
Palate-Craniofacial Journal.

2019;56(8):1120-3.



24.

25.

26.

27.

28.

29.

Al-Rafidain Dental Journal, Vol. 24, No. 1, 2024 (142-155)

Zehnder M, Connert T, Weiger R, Krastl G,
Kiihl S. Guided endodontics: accuracy of a
novel method for guided access cavity
canal location.

preparation and root

International endodontic
2016;49(10):966-72.

Kfir A, Telishevsky-Strauss Y, Leitner A,

journal.

Metzger Z. The diagnosis and conservative
treatment of a complex type 3 dens
invaginatus using cone beam computed
tomography (CBCT) and 3D plastic
models. International endodontic journal.
2013;46(3):275-88.

Byun C, Kim C, Cho S, Baek SH, Kim G,
Kim SG, et al. Endodontic treatment of an
anomalous anterior tooth with the aid of a
tooth

3-dimensional printed physical

model. Journal of  endodontics.
2015;41(6):961-5.

Kihl S, Payer M, Zitzmann NU, Lambrecht
JT, Filippi A. Technical Accuracy of
Printed Surgical Templates for Guided
Implant Surgery with the co D iagnosti X
TM Software. Clinical implant dentistry
and related research. 2015;17:e177-e82.
Obregon F, Vaquette C, Ivanovski S,
Hutmacher D, Bertassoni L. Three-
dimensional bioprinting for regenerative
dentistry  and  craniofacial  tissue
engineering. Journal of dental research.
2015;94(9_suppl (remove word in red
):143S-528.

Moin DA, Derksen W, Verweij J, van
Merkesteyn R, Wismeijer D. A novel
approach for computer-assisted template-
guided autotransplantation of teeth with

custom 3D designed/printed surgical

30.

31.

32.

33.

34.

35.

153

tooling. An ex vivo proof of concept.
Journal of Oral and Maxillofacial Surgery.
2016;74(5):895-902.

Cahuana-Bartra P, Cahuana-Cardenas A,
Brunet-Llobet L, Ayats-Soler M, Miranda-
Rius J, Rivera-Bar6 A. The use of 3D
in

3D

additive manufacturing technology

autogenous dental transplantation.
Printing in Medicine. 2020;6(1):1-10.
Al-Rimawi A, EzEldeen M, Schneider D,
Politis C, Jacobs R. 3D printed temporary
veneer restoring autotransplanted teeth in
children: design and concept validation ex
vivo. International Journal of
Environmental Research and Public Health.
2019;16(3):496.

Zhang J, Yang Y, Han X, Lan T, Bi F, Qiao
X, et al. The application of a new clear
removable appliance with an occlusal splint
in early anterior crossbite. BMC Oral
Health. 2021;21(1):1-11.

Habib AAI, Sheikh NA. 3D Printing
Review in Numerous Applications for
Dentistry. Journal of The Institution of
Engineers. 2022. 103 :} 991-1000

Jheon A, Oberoi S, Solem R, Kapila S.
Moving towards precision orthodontics: An
evolving paradigm shift in the planning and
delivery of customized orthodontic therapy.
Orthodontics & craniofacial research.
2017;20:106-13.

Jacobs CA, Lin AY. A new classification of
three-dimensional printing technologies:
systematic review of three-dimensional
printing for patient-specific
craniomaxillofacial surgery. Plastic and

reconstructive surgery. 2017;139 (5): 1211-20.



36.

37.

38.

39.

40.

41.

42.

43.

Al-Rafidain Dental Journal, Vol. 24, No. 1, 2024 (142-155)

Abella F, Ribas F, Roig M, Sanchez JAG,

Duran-Sindreu F. Outcome of
autotransplantation of mature third molars
using  3-dimensional-printed  guiding
templates and donor tooth replicas. Journal
of endodontics. 2018;44(10):1567-74.
Farronato G, Santamaria G, Cressoni P,
Falzone D, Colombo M. The digital-
titanium Herbst. Journal of clinical
orthodontics: 2011;45(5):263-7.
Krishnamurthy DM, Singh R, Mistry G.
Interim three-dimensional printed overlay
prosthesis for an adolescent patient with
oligodontia. The of
prosthodontic society. 2021;21(3):304.

Khanna S, Rao D, Panwar S, Pawar BA,

journal indian

Ameen S. 3D printed band and loop space
maintainer: A digital game changer in
preventive orthodontics. Journal of Clinical
Pediatric Dentistry. 2021;45(3):147-51.
Pawar BA. Maintenance of space by
innovative three-dimensional-printed band
and loop space maintainer. Journal of
Indian Society of Pedodontics and
Preventive Dentistry. 2019;37(2): 205-208.
Dhanotra KG, Bhatia R. Digitainers—
Digital Space Maintainers: A Review.
International journal of clinical pediatric
dentistry. 2021;14(Suppl 1):S69.-S75.
Baroni C, Franchini A, Rimondini L.
Survival of different types of space
maintainers. Pediatric
1994;16:360-.

Chandra HS, Krishnamoorthy S, Johnson

JS, Prabhu S. ILL effects of Conventional

dentistry.

band and loop space maintainers: Time to

revolutionise. International Dental &

44,

45.

46.

47.

48.

49.

50.

51.

154

Medical Journal of Advanced Research.
2018;4(1):1-3.

Singh P, Cox S. Nance palatal arch: a
cautionary tale. Journal of orthodontics.
2009;36(4):272-6.

Qudeimat MA, Fayle SA. The longevity of
space maintainers: a retrospective study.
Pediatric dentistry. 1998;20:267-72.
Almuzian M, Alharbi F, Chung LL-K,
Mclntyre G. Transpalatal, nance and
lingual arch appliances: clinical tips and
applications. Orthodontic
2015;8(3):92-100.

Topkara A, Karaman Al, Kau CH. Apical

Update.

root resorption caused by orthodontic
forces: A brief review and a long-term
observation. European journal of dentistry.
2012;6(04):445-53.

Ierardo G, Luzzi V, Lesti M, Vozza I,
Brugnoletti O, Polimeni A, et al. Peek
polymer in orthodontics: A pilot study on
of
experimental dentistry. 2017;9(10):e1271.
Soni HK. Application of CAD-CAM for

children. Journal clinical and

fabrication of metal-free band and loop
space maintainer. Journal of clinical and
diagnostic research: JCDR.
2017;11(2):ZD14.

Kun J, Dinggui Z, Wei L, Li D, Wang X,
Jing J, et al. Clinical application of digital
by
polyetherketoneketone for premature loss
of deciduous teeth [J/CD]. Chin J Stomatol.
2019;13:368-72.

Guo H, Wang Y, Zhao Y, Liu H. Computer-

space maintainer fabricated

aided design of polyetheretherketone for

application to removable pediatric space



52.

53.

Al-Rafidain Dental Journal, Vol. 24, No. 1, 2024 (142-155)

maintainers. BMC Oral Health. 2020;
20(1):1-10.

Afritha NA, Moses J. 3-D Printed space
maintainers-A  review. International
Journal of Pedodontic Rehabilitation. 2022;
7(2):19-24.

Tibbits S. 4D printing: multi-material shape
change. Architectural Design. 2014; 84(1):

116-21.

54. Khan MK. Modern digital

155

pediatric
dentistry with the advent of intraoral
sensors, computer-aided design/computer-
aided three-

manufacturing,  and

dimensional printing technologies: A
comprehensive review. Journal of Dental

Research and Review. 2022; 9(3): 195.



