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3D Printing in Periodontics: A Review

Abstract:

The restoration of the lost periodontium, including its soft and hard components, is the main goal of regenerative periodontal therapy. Three-
dimensional (3D) printing technology permits the fabrication of an individualized 3D object based on a material of choice, a specific computer-aided
design and accurate manufacturing. 3D printing finds use in a variety of industries, such as aerospace, defence, art & design, medicine and
dentistry.3D printing is one of the most talked-about technological advancements in dentistry, and they have greatly simplified the planning and
execution of dental procedures. The application of 3D printing in the regeneration of lost periodontal tissues represents a novel approach that facilitates
optimal cell interactions and promotes the successful regeneration of biological tissues. 3D printing has been modified to print biocompatible materials

and living cells to minimize any potential compromise on cell viability
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Introduction:

Periodontitis is a condition that gradually damages the
periodontium, resulting in severe attachment and bone loss.
Untreated periodontitis can lead to compromised functional
integration of the periodontium and finally tooth loss.

Periodontal therapy aims to repair and stabilize the affected
periodontium. Various therapeutic approaches have been
proposed and utilized over decades to restore damaged
periodontal tissue complexes. These procedures use
techniques including bone grafting, guided tissue membranes,
growth hormones and stem cells.[1]

In the realm of periodontal regenerative therapy, an innovative
technology known as additive manufacturing or 3D printing,
has surfaced. It entails building an object using multiple
layers.[2]

3D printing technology have numerous uses in art, design,
acrospace, defence, and medical/dental disciplines. In
periodontal regenerative therapy, 3D printing has great
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potential for regenerating and integrating damaged
periodontal tissue.

This review paper discusses the foundations of 3D printing
and its importance in periodontal regeneration.

Definition of 3D Printing:

A manufacturing process known as "3D printing" creates
objects by layer by layer addition to create the finished
product. This technique is frequently referred to as rapid
prototyping or additive manufacturing.[3]
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History of 3D Printing:

The first iteration of 3D printing technology was unveiled in
1986 by Charles W. Hull and Raymond S. Freed. As a result,
DTM Corporation was founded in 1987 with the intention of
bringing selective laser sintering (SLS) technology to the
market.[4]

In the 1990s, materials like nanocomposites, mixed polymers,
and powdered metal were employed to produce dental
implants and custom prosthesis utilizing 3D technology.

In 2010, Orga novo-the Bioprinting Company printed the first
blood vessel and today the revolution continues on.

Types of 3D Printers:

Three main categories can be used to classify 3D printers:
a) Inkjet printing

b) Extrusion printing

c) Laser light-assisted printing.

Ink Jet Printing :

In inkjet printing, a controlled flow of biological fluid,
typically polymer, is allowed to pass through an orifice on the
printer head using acoustic, thermal, or electromagnetic
forces.[5]

The first inkjet printer used for bioprinting was a modified

version of the commercially available two-dimensional (2D)

ink-based printers with a biological material and an

electronically controlled elevator.

Extrution Printing:

Extrusion printing, a pressure-driven technology, utilizes an
extruder that operates through either pneumatic or
mechanical pressure to continuously deposit the biomaterial.’

Fused deposition modeling (FDM) and direct ink writing
(DIW) are both extrusion-based printings.

The fused deposition modeling (FDM) technique employs a
mechanical extruder which is widely used in the fabrication of
multiphasic scaffolds for periodontal regeneration.[5,6]

The pneumatic and mechanical (piston or screw) dispensing
systems are used to extrude biological materials in DIW.[6,7]

The DIW system was used to test the printability of this bioink
encapsulated with odontoblast-like cells.[8]

Light Assisted Printing:
Light-assisted 3D printing is mainly based on light

polymerization of the biomaterial.[9,10]

It is further sub divided into various types, including laser-
based printers, stereo lithography techniques, and direct light
processing (DLP).

Laser-based printers have different variations, including laser
direct writing (LDW)[11], laser-induced forward transfer

(LIFT) and Matrix-assisted pulsed laser evaporation

(MAPLE)[12].

The late 1980s saw the development of stereo lithography
(SLA), which is recognized as the original rapid prototyping
method. For example, filling a SLA structure to function as a
negative mould.[13]

DLP based Printers:

Because of its speed, high precision, and integrity of
fabrication, the DLP-based printer which was invented by Lu
et al. and subsequently refined by Zhang et al. is considered
one of the most promising 3D printing techniques in fast
prototyping technology. It was built on the foundation of
SLA.[10]

Electrospinning:

Electro spinning is another technique which uses an electric
force to draw a charged polymer in order to form a fiber. By
applying a high voltage, an electric field is created between
the tip of the needle and the collector plate.[14]

Drugs and growth factors can be added to the fibers to endow
specific therapeutic properties.[15,16]

Types of 3D Printing:

Direct 3D printing-It is possible to manufacture objects
directly with the use of direct 3D printing. Moreover, it allows
for the creation of 3D scaffolds using cells and extracellular
matrix.[3]

Indirect 3D printing- Indirect 3D printing involves a two-step
process where a wax mould is initially printed and later used
to cast with the final polymer. For instance, a 3D wax mould
can be prepared to fabricate a fiber-guided scaffold for
preserving the alveolar ridge in the extraction sockets .[17]
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3D printing with live cells -This method allows for the 3D
printing of living cells. Cell aggregates can be incorporated
into the 3D-printed scaffolds. Additionally, these scaffolds
have the potential to promote cell signalling and tissue
formation.[18]

Materials Used In 3D Printers:

Biomaterials for the creation of new tissues can be broadly
classified as organic (which is primarily used for soft tissue
regeneration) and inorganic (which is primarily utilized for
bone regeneration).[19,20]

Only a few materials have been employed in the creation of
teeth and the supporting tissue, but several materials,
including polymers, ceramics, and composites, have been
applied in 3D-printed scaffolds in regenerative medicine.[21]

Natural Polymers:

These are the materials that were used first because they are
easy to use and process, and they have a low cost.

Synthetic Polymers

Synthetic polymers are most commonly used for 3D printing
in biomedical applications.[22] The most used materials are
aliphatic polyethers, polycaprolactone (PCL), polylactic acid,
polyglycolic acid and their co-polymer poly lactic-co-
glycolic (PLGA). For example, PCL and its modified
composites (PCL blended with either natural or synthetic
polymers and ceramic materials) are the most common
polymers used in printed dental biostructures.

Bioceramics:

Because of its infinite supply, superior biocompatibility,
hydrophilic characteristics, and bioactivity, bioceramics are
the preferred material for bone repair. They are
osteoconductive and may even be osteoinductive, bearing a
striking resemblance to the inorganic elements of bone tissue.
Because hydroxyapatite (HA) has the same metabolic
structure as bone tissue, which promotes osteoblast adhesion
and proliferation, HA is the most well-documented
phosphocalcic bioceramic.[23,24]

Bio Inks:

"Bioprinting" is the term for the cell-based 3D printing
technique, and "bioinks" are the hydrogels that contain the
cells needed for printing.

The key characteristics of a bioink should include its
biocompatibility, non-toxicity, printable nature, resilience to
mechanical strain, shape memory, and capacity to both
nourish and stimulate cell metabolism.[25]

General Principles Of 3D Printing:
In short, it operates on three tenets[26]

Modelling: The final version of an object replica is created
by transferring the gathered data about an object into
computer software for analysis. Thus, modelling refers to the
process of gathering data up to the point of computer design
expression.

Printing: The modelling format is transformed into a
Surface Tessellation Language (STL) file or G-code file,
which replicates an object in thin layers. The printer then lays
down consecutive layers of material to create a 3D
reproduction.

Finishing: The model that is generated after printing will
either be large or in certain situations may have surface
roughness. Consequently, in order to achieve a precise fitting,
the excess material must be eliminated layer by layer.

3D Printing In Periodontal Regeneration:

In a case study done by Rasperini G. et al they used a 3D
printed bio resorbable scaffold in treatment of a periodontal
defect and this was the first application of a personalized 3D
printed scaffold in the field of periodontics.[27] But to our
catastrophe, this case was a failure at the end of 13th month,
which led to surgical removal of the scaffold. This was
because the researchers used only PCL which caused wound
dehiscence due to slow tissue degradation rate and led to
unsuccessful tissue regeneration due to its inferior cell
affinity.[28] Therefore, the scientists came to a conclusion
that they should use bioinks with faster resorption rate or the
PCL should be incorporated with long standing devices like
the titanium screws.[29] But this is strongly believed that this
study has paved the way for further research in field of oral
regenerative medicine for improved personalized 3D
bioprinted structures.

3D Scaffold Design In Periodontal Regeneration:
Scaffold:

The fundamental idea of periodontal tissue engineering is to
create a "Tissue Engineered Construct" (TEC) by combining
living cells and/or physiologically active chemicals with a
scaffold. When this scaffold receives enough blood flow,
tissue regeneration will be promoted.

The ideal scaffolds should be biocompatible and
biodegradable, promote cell growth and maturation and have
aporous 3D structure that makes it easier for cells to connect,
migrate, proliferate and differentiate.[30]
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Scaffold Designs:

(A) Porous block of laminated strands of biphasic ceramic (-
tricalcium phosphate (TCP) + hydroxyapatite (HA)[31];

(B) Monophasic scaffold of poly-L-lactic acid mesh
associated with Bone Marrow-derived Mesenchymal
Stem Cells with platelet-rich plasma (PRP)[32];

(C) Biphasic scaffold with two compartments: a bone
compartment (poly - € -caprolactone PCL) and a ligament
compartment (acid polyglycolique PGA)[33];

(D) Biphasic scaffold with a bone compartment and a

ligament compartment under electron microscopy[34];

(E) Three phase scaffold with distinct phases corresponding
to the morphology of the periodontal complex: cement,
periodontal ligament and alveolar bone[35].
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Steps Involved in 3D Printing of Scaffolds:

This is the Schematic illustration of 3D printing of scaffolds in
periodontal regeneration.

Application of 3D Printing in Periodontics:

3D printing in periodontology includes bio-resorbable
scaffold for periodontal repair and regeneration, socket
preservation, bone and sinus augmentation procedures,
guided implant placement, peri-implant maintenance and
implant education.[36]

Education of Patient and Dental Students in
Periodontal Regenerative Procedures:

Utilising 3D-printed models (such as VANPERIO), patients
can be effectively educated about the intricacies of the
treatment plan. These 3D models enable patients to grasp the
complex treatment procedures involved in achieving
successful regeneration of periodontal tissues.[36]

Gingivectomy Surgical Guide:

Using a surgical guide for gingivectomy and smile design is a
typical usage of 3D printing in periodontics. Intraoral
scanning and computer-aided design (CAD) tools enable the
creation and printing of a surgical guide customized for each
patient during an aesthetic gingivectomy.[37]

Socket Preservation:

3D-printed scaffolds have shown potential in socket
preservation of the alveolar ridge following tooth extraction.
A study conducted by Goh et al,[39] evaluated the efficacy of
aprefabricated 3D PCL scaffold, printed using FDM in socket
preservation and showed integrity of the alveolar ridge over a
period of 6 months.[38]

Fenestration Defects:

The use of 3D-printed scaffolds extends to the treatment of
fenestration defects as well. Park and Coworkers evaluated
the effectiveness of the 3D-printed amorphous and fiber-
guided PCL scaffolds in the regeneration of surgically created
fenestration defects on the buccal side of the mandible in rats
and concluded that fiber-guided 3D-printed scaffolds
promoted the successful regeneration of lost periodontal
tissues.[39]

Peri Osseous Defects:

Peri-osseous deformities can also be managed with the use of
3D-printed scaffolds. These scaffolds aid in the creation of
tailored structures whose size, shape and architecture exactly
match those of the peri-osseous deficiencies. The impact of a
3D-printed PCL scaffold made via SLS on the treatment of
peri-osseous defects was investigated by Rasperini et al.
(2015).[40]

Sinus Augmentation:

The utilisation of 3D-printed scaffolds in sinus augmentation
techniques has demonstrated as a potential workable
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replacement for bone implants. With this method, full bone
regeneration was achieved along with a significant
osteoconductive impact. Even though, there is now just
animal research to support the use of 3D-printed alloplastic
block grafts for ridge augmentation, this idea has great
potential.[41]

Customized Containment Shells:

The only material that has been used to date for this
application is titanium, for the manufacturing of a Ti-mesh,
while no true 3D-printed absorbable alloplastic shell
materials have been manufactured.[42]

3D Printed Bioresorbable Scaffold For Guided Bone
And Tissue Regeneration:

The most recent development in tissue engineering is the
creation of 3D printed scaffolds. These multiphasic scaffolds
are mechanically competent for both the periodontium's hard
(cementum and bone) and soft (gingiva and PDL)
components. These scaffolds' primary purpose is to
encourage the growth of bone, PDL, cementum, and the
restoration of their connections.[36]

3D Printing In Implant Placement:

Guided implant placement with fabrication of surgical guides
by 3D printing can provide a positive outcome which will also
help in accurate 3D placement of implant henceforth
preventing any unwanted damage to anatomic structures and
can reduce time.Ciocca et al (2015)presented a case report
demonstrating a step-by-step procedure for digital alveolar
ridge reconstruction to facilitate prosthetically-driven
implant placement.[43]

3D Printing For Alveolar Bone Reduction:

A novel concept was developed in 2002 and published for the
first time in 2006, which combined the use of 3D printed
stereolithographic models with pre-operative virtual planning
steps to improve the accuracy of both guided implant
osteotomies and bone reduction mandibular edentulous
ostectomy in order to achieve the desired amount of bone
reduction.[44]

3D Printing For Oral Soft Tissue Regeneration:

By addressing the heterogeneity in the soft tissue shape, inner
architecture, thickness, volume, mechanics and function
associated with the position in the oral cavity, 3D printing
may shouuyoung to be an ideal method for producing
scaffolds for soft tissue augmentation. Crucially, the
application of the "digital workflow" made possible by 3D
printing, would enable the creation of patient-tailored
grafts.[45]

Advantages and Disadvantages of 3D Printing
A) Advantages of 3D Printing
e Timesaving

e  Accurate details and scan reproduction that produce
high-quality work and reliable results

e [t is feasible to print intricate geometric forms and
interlocking components that don't need to be
assembled.

e  Reduction of production-related material loss

e  Single items can be produced in small quantities for
quick delivery.

B) Disadvantages of 3D Printing
e (Costand availability of the material
e Requiresindividual training
e  Finishing of final product is time consuming and
requires skill
e An inherent weakness is literally built into the
design.

e Depending on the material, it may still need
additional treatment to reach full strength.[46]

Future Prespective:

Even though the previously mentioned applications are
equitably futuristic and some have only been tested on
animals, some like image-based customized fiber scaffold
preparation, can be incorporated into mainstream
regenerative periodontology once 3D printing technology
becomes more efficient, user-friendly and quick.

There are currently initiatives underway to use 4D printing in
the dentistry industry. With the use of 4D printing technology,
materials that are 3D printed can respond to environmental
stimuli like pressure, heat, light or humidity to change their
physical characteristics over time and even after the printing
process is finished.[47]

Limitations:
e  Highcostof 3D printers;

e Need to optimize printing process for
biocompatibility;

e  Possesses lowresolution
e Needto develop appropriate biomaterials;
e Inadequate mechanical properties of the scaffolds;

e Difficulties in preserving cell viability within the
printed scaffolds.
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Conclusion:

Nowadays, regeneration periodontology is looking forward
to the anticipated technological advancement of 3D printing
in dentistry. The cost of the equipment and materials, the
upkeep and operation of the machineries and the requirement
for a trained operator have made 3D printing technology less
accessible and less readily available. This technology has the
potential to significantly alter the future of not only
periodontology but also other dental specialties.
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