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3D Printing in Dentistry
Hashir Ather

ABSTRACT

Modern dentistry has been revolutionized by the intro-
duction of 3D printing. This has been made success-
ful by enhancements in precision, patient-centered
treatment solutions, and efficiency. The article high-
lights 3D printing and its incorporation into the field of
dentistry by exploring its evolution over the years, its
implementation in the field of dentistry, the benefits
it has provided to the field of dentistry, and its limita-
tions, which are meant to be considered thoroughly.

The study thoroughly examines the close relation-
ship between CAD/CAM technology and 3D printing. It
highlights how both have made great advancements in
the field of dentistry. It provides the origin of this tech-
nology, how this technology made its debut in the field
of dentistry, and how it has shaped dental procedures,
thereby making such procedures more reliable and pa-
tient-friendly.

The study also highlights the contributions made by
3D printing, providing groundbreaking advancements
in the field of dentistry. Along with that, key benefits
such as reduced patient time, cost-effectiveness, per-
sonalized patient care, and reduction in treatment time
are also highlighted.

The challenges and limitations faced by this tech-
nology are also discussed in detail. Biocompatibil-
ity concerns and the steep learning curve associated
with CAD/CAM technology are of greatest concern. The
study addresses these concerns as its top priority and
highlights the fact that they must be resolved for suc-
cessful results provided by this technology.

Keywords: 3D printing in dentistry, Biocompatible
dental materials, CAD, CAM technology, Digital dental
workflows, Personalized dental prosthetics

Introduction

In recent years, dentistry has encountered innovations
in terms of technology and materials science. By re-
placing traditional craftsmanship, digital workflows
have significantly enhanced precision, efficiency, and
patient comfort. Modifications in orthodontic and
prosthodontic treatments have been observed since
modern dentistry came into being in the form of com-
puter-aided manufacturing/computer-aided design
(CAD/CAM) and 3D printing.'

Improvements in the digital design of dental prosthe-
ses have been made possible by CAD/CAM technology.
This has made the procedure of crafting a dental pros-
thesis more efficient and accurate than conventional
methods. Predictable treatment outcomes were made
possible due to reduced human error and increased fit
and aesthetics of dentures.” CAD/CAM technology does
not require any patient molds, which has improved pa-
tient comfort to a great extent.’

3D printing has changed the dynamics of dentistry
by introducing cost-effective and rapid production of
dental models, aligners, surgical guides, and biocom-
patible prosthetic components.” Treatment options
have become customized, which in turn has advanced
personalized oral healthcare.” Personalized dental
implants and tissue engineering are inventions of bi-
oprinting, which have introduced new possibilities in
regenerative dentistry.®

However, such modern technology comes with
limitations like those found in terms of production
cost and steep learning. They occur as an obstacle to
widespread adoption. Research is being undertaken to
make this technology applicable for long-term use.” It
is important to address such concerns in order to make
full use of this technology.

Reduction in chairside time, optimization of re-
sources, and creation of more durable and aesthetic
restorations are the advancements introduced by the
integration of 3D printing in dentistry.® These advance-
ments have completed the objectives of minimally in-
vasive dentistry along with preserving natural tooth
structures.’ The future of dentistry is shaped to a great
extent, thanks to the integration of cutting-edge tech-
nologies. Modern technology has not only provided
more successful treatments but has also reinforced the
importance of continuous technological progress in
the field (Figure 1)."°

History
3D printing was introduced in the world of dentistry in
the early 1900s. This technology was used to produce
dental models and surgical guides.'' Such models pro-
vide a realistic image of a patient’s oral cavity, which
has become useful for physicians. An improvement
in surgical outcomes and treatment planning was ob-
served because of this. 3D printing has reduced the
difficulty level of doing complex dental procedures to
a great extent. It has reduced the margin for error and
has increased the level of satisfaction among patients.
Metal-based printing materials and biocompatible
resins have paved the way for developments in dental
3D printing. With such advancements, it is easier to
construct permanent dental restorations like crowns,
bridges, and implants in no time."” Enhancements in
biocompatibility and durability of dental prostheses
have produced wonders. The introduction of CAD/
CAM and its synergy with 3D printing has popularized
dentistry to a great extent." It has undoubtedly intro-
duced modern dentistry to the world. Such advance-
ments have revolutionized the characteristics of dental
procedures and have made them more accurate and
efficient.
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The dental sector has been affected positively by a
strong synergy of 3D printing and CAD/CAM technolo-
gy. A precise 3D picture of a patient’s dentition can be
taken in no time, thanks to CAD/CAM technology. This
3D picture can be given to design a required prosthesis
with the help of a 3D printer. This has led to a well-con-
structed prosthesis that meets the patient’s anatomical
landmarks. Human error has been reduced, and more
accurate dental restoration can be performed with this

Fig 1| A 3D printer

Fig 2 | CAD/CAM dentistry

technology. This has led to a more effective, econom-
ical, and readily available dental procedure, thereby
modernizing dental procedures to a great extent.

Patient specificity in dental procedures is a great
wonder introduced by 3D printing. Additionally, same-
day restorations and customized orthodontic devices
offer significant benefits to patients. Now, it is easy to
make restorations, like crowns and veneers on-site in
dental offices."* Patient visits have undergone a reduc-
tion thanks to this. It has brought convenience to pa-
tients. Technology has improved orthodontics by intro-
ducing customized retainers and clear aligners. Such
innovations have benefited both patients and dental
practitioners to a great extent.

Animprovement in dental treatment outcomes is ob-
served by integrating CAD/CAM technology. This is be-
cause of the ongoing progress in material science and
software capabilities. Biofabrication and multi-mate-
rial printing are new concepts introduced by modern
dentistry." Such concepts have paved the way for more
advanced dental solutions like tissue engineering and
personalized dental implants. An increase in success
rates and patient experiences is also observed by the
integration of new technology with dental care, as pre-
cision, effectiveness, and accessibility of dental care
are enhanced to a great extent (Figure 2).'

Conceptualization of 3D Printing and Its Implementation
One can say that 3D printing has fulfilled the demand
for a more effective, accurate, and economical method
to produce dental restorations. Even if outdated meth-
ods were effective, they are no match to 3D printing or
new modern technology in terms of time management.
These methods required numerous patient visits and
manual adjustments. However, modern technology
helps in finishing a dental in a short time span, with
more accuracy and precision. Digital fabrication has
evolved dentistry by introducing simplified dental pro-
cedures.” They have ousted the conventional method
by producing a more reliable method in a short time
span and with fewer patient visits.

3D printing has brought realities to dentistry by in-
troducing more advanced dental hardware, software,
and materials. Biocompatible photopolymers and
ceramic-based composites are advancements in res-
in-based material brought by modern dentistry.'® Such
advancements have increased the range of printed
dental applications. Dental restorations like crowns,
bridges, etc., have attained increased longevity thanks
to such advancements." Top dental firms have brought
advancements in 3D printing systems. Advanced print-
ers and dental materials have been introduced to the
market due to collaboration between dental profes-
sionals, IT firms, and academic institutions. The evo-
lution of the concept of tissue-engineered restorations
and customized implants is being studied thoroughly
to provide more advanced dental procedures to pa-
tients (Figure 3).

Design procedures and personalization are im-
proved by 3D modeling and scanning software, which
has improved dental procedures. 3D printing has
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Fig 3| 3D dental printing

brought the concept of in-office manufacturing, which
has saved dental professionals time and has made den-
tal procedures less time-consuming to a great extent.
Decreases in such turnaround times have enhanced
patient happiness and satisfaction scale.

Formlabs, Stratasys, and 3D Systems are top dental
firms that have provided advancements in the field of
dentistry by introducing 3D printing technology.”® Fur-
thermore, bioprinting research has paved the way for
modern dentistry in terms of bone graft materials and
artificial gum tissues.

They have impacted periodontal care positively.
Stem cell technology and bioinks have produced pa-
tient-specific tissues that can blend with the natural
colors of the oral cavity. Modern technology has impro-
vised the implant procedure and bone grafting meth-
ods to a great extent. They have enhanced success rate
of such procedures.

3D printing has improved the precision of dental pro-
cedures by attaining control over the microarchitecture
of tissues being produced. This has increased success
rates by improving the durability, biocompatibility, and
strength of such artificial tissues. Functional oral tis-
sues are being produced that have attained maximum
functionality and match the aesthetics of the mouth to
a great extent, making their use successful.”!

The range of treatment plans has also increased due
to the integration of 3D printing in dentistry. This is be-
cause of the use of new materials that have enhanced
durability and biocompatibility, thereby allowing revo-
lutionary developments in the field of dentistry. Al-driv-
en design optimization and automation have enhanced
treatment plans, as they have reduced costs and in-
creased accessibility.”” Cloud-based technologies have
done wonders by introducing more advanced dental
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restorations, which have been produced by collabora-
tion between dental practitioners and laboratories.”

Pros and Cons

Advantages

Enhanced Precision and Accuracy in Dental Procedures
3D printing has customized dental appliances and
restorations. They are more precise in terms of fitting
and have enhanced functionality. On the other hand,
traditional methods used to produce dental prosthetics
often require multiple adjustments, which in turn in-
creases treatment time and discomfort for the patients.
3D printing has enhanced the precision of dental im-
pressions and fabrications to a great extent. In short,
3D printing has made the fitting of dental appliances
more efficient, which has reduced the need for modi-
fications.”

In the case of prosthetics and implants, reduction
in error can only be attained by fabricating highly ac-
curate dental models. This has been made possible by
the introduction of 3D printing in dentistry. An exact
replica of a patient’s oral structures can be generated
with the use of 3D scanning and digital workflows. En-
hancements in the effectiveness of many dental treat-
ments, such as dental crowns, bridges, and dentures,
have been made possible by integrating 3D printing,
leading to better long-term outcomes.”

Improvements in 3D printing in terms of precision
have enhanced patient comfort and treatment out-
comes. It has reduced the need for modifications and
remakes. Nowadays, fewer complaints have been
received by patients regarding ill-fitting dental res-
torations. The success rate in treatments has been
increased because of this. Function and aesthetics of
dental prosthesis have been increased as an accurate
prosthesis made by 3D printing looks more natural and
more aesthetically pleasing.

Time and Cost Efficiency in Dental Practices

With the integration of 3D printing in dentistry, patients
now experience shorter wait times. Dental implants,
crowns, and orthodontic devices can be constructed
efficiently, and their procedural time has been reduced
to a great extent. This technology has surpassed the
conventional methods, which require a multiple-step
approach and outsourcing. A convenient environment
is established for both patients and dentists, as this
technology has made possible the construction of den-
tal restorations in a single visit.

In dental clinics, operational costs and labor-inten-
sive tasks have been reduced due to digital workflows.
Reliance on extensive manual labor is now a thing of
the past, as design automation and additive manu-
facturing processes have changed the fate of modern
dentistry. This evolution in efficiency has made den-
tists able to focus more on patient care rather than the
production of dental restorations.

Among all the wonders of 3D printing, reduction
in material wastage is of prime importance as well.
3D printing has introduced additive manufacturing
to the field of dentistry, which has reduced wasting
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of materials and made more cost-effective treatments.
This is because, in 3D printing, dental restorations are
made layer by layer, and only the necessary amount
of material is used.”® This is not found in traditional
methods, in which restorations are made by carving
solid blocks of material. Such optimization introduced
by 3D printing has introduced more economical and
resource-efficient dental care.

However, challenges persist in standardization,
reproducibility, and long-term clinical validation of
3D-printed dental restorations. Variable materials can
affect treatment predictability to a great extent. Fur-
thermore, there is no universally accepted manufac-
turing protocol that implements a significant hurdle.
There are concerns that need to be addressed regard-
ing post-processing complexities and quality control.
Such concerns are of utmost importance in terms of the
widespread adoption of this technology.

Revolutionizing Patient Care with Personalization
Effective treatment has been made possible by integrat-
ing 3D printing, which has provided tailored solutions
to match unique patient anatomy. Traditional methods
cannot fulfill individual needs, as each patient has dis-
tinct oral structures and traditional methods involve
standardization. Precise conformation to the patient’s
morphology in terms of customization of prosthetics,
aligners and implants has been made possible by use
of 3D printing.

3D printing has made improvements in patient
planning and execution by providing custom prost-
hodontics, orthodontics, and surgical guides. This
technology has so far provided improvements in effi-
ciency and success rates of procedures by introducing
personalized designs. Such level of customization has
enhanced functional outcomes along with patient sat-
isfaction.

Patient care has become more personalized, thanks
to 3D printing. This technology provides digital proto-
types, which can be studied and assessed by both pa-
tient and dental practitioners. The integration of CAD/
CAM with 3D printing has made this possible.” It has
improved decision making, increased trust between
patient and dental practitioner, as transparency is es-
tablished by utilizing this modern technology.

Challenges and Limitations
High Initial Cost and Maintenance of Equipment
3D printing undoubtedly increases the success rate
of various dental procedures. However, a huge invest-
ment is required to make this technology a tool for
completing dental procedures. Many dental clinics,
whether small- or medium-sized, have to face this fi-
nancial burden. To make sure that 3D printers are be-
ing used effectively, the required software and material
must be available, which is costly.?® Maintaining such
devices is also challenging. Software updates and ma-
terial refills are also a burden to the financial budget of
any uprising dental clinic.

Furthermore, 3D printers have different require-
ments for their optimal performance. These include
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cleaning and calibration. The maintenance protocols
for 3D printers are mandatory. Without following such
protocols, the accuracy and reliability of dental resto-
rations produced by printers could be compromised.
This has a negative effect on patient outcomes. In addi-
tion, replacement parts of such printers are costly, and
for many dental clinics, they are not bearable. Also,
not everyone is well-trained to handle such devices
properly. Therefore, a well-trained and skillful staff is
required as well. This can be achieved by proper edu-
cation and skill development.

For sustainable use of 3D printing technology, en-
vironmental considerations must be addressed, such
as proper disposal of used materials and energy con-
sumption. Such environmental considerations are
mandatory. However, appropriate management and
investment in maintenance and training protocols is
required to ensure the efficiency and precision of a 3D
printer.

Material Limitations and Biocompatibility Concerns
A limited variety of dental-grade materials are suitable
for different applications in the field of dentistry. Some
materials are durable, while others are not. Some ma-
terials are excellent in terms of aesthetics, others are
not. Many procedures have a limited range because
of this, and as a result, they cannot benefit from 3D
printing to a great extent. For example, in molar resto-
rations, not all materials are suitable to bear high-load
masticatory forces, and therefore, such materials are
limited to anterior teeth.

Another major concern is of biocompatibility. Strict
regulatory protocols are implemented while dental
materials are selected for 3D printing. This is done to
ensure patient safety. Achieving certification and reg-
ulatory approval for new materials is a lengthy and
expensive process.” This, in turn, affects the develop-
ment and adoption of innovative materials. A compli-
cation is found by manufacturers while introducing a
dental material, i.e., different countries have different
regulatory protocols. This complicates the process and
creates more challenges when introducing a new ma-
terial to the market. Furthermore, prolonged clinical
trials and biocompatibility testing induce delays in ad-
vancements in material science.

In addition, the long-term performance of such ma-
terials is questioned. Many factors contribute to the
long-term performance of such materials. These in-
clude wear resistance, color stability, and resistance
to bacterial adhesion.*® A thorough evaluation of these
factors is required to ensure the longevity of dental
restorations. Issues of discoloration and reduced me-
chanical strength over time have been reported by ear-
ly adopters of 3D-printed dental materials. Such issues
have highlighted the fact that there is still room avail-
able for future refinement of these dental materials in
order to achieve better treatment outcomes. Thorough
research is being conducted focusing on advanced
composites and hybrid materials. These research ef-
forts come with a vision to enhance the durability and
functionality of printed dental prosthetics.
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Despite limitations in the materials required for den-
tal procedures, innovation can be driven by research
and collaboration between material scientists, den-
tal professionals, and manufacturers. Furthermore,
next-generation dental materials are more likely to
have superior mechanical properties and biocompat-
ibility. This is due to advancements in nanotechnol-
ogy and polymer chemistry. Such advancements are
more likely to expand the adoption of 3D printing in
dentistry to a great extent, thereby providing more
long-lasting and reliable solutions for patients.

Steep Learning Curve and Technical Expertise
Several challenges arise while maintaining and op-
erating a 3D printer. Such challenges require special
attention. To make sure that the printer shows peak
performance and enhanced functionality, regular cal-
ibration, cleaning, and troubleshooting must be done.
If such things are not done on time, then there is a
chance of many issues. These issues include misalign-
ment, material contamination, and software malfunc-
tions.”* They can lead to inaccuracies in printed dental
restorations. In the worst-case scenario, such inaccu-
racies pave the way for compromising the fit, strength,
and overall quality of dental prosthetics, which in turn
affects patient outcomes. Material waste, equipment
downtime, and the need for reprints can lead to a rise
in operational costs, which occurs if routine mainte-
nance is neglected.

Additionally, staff training is also very important
for enhanced efficiency of dental 3D printers. This can
only be achieved if a proper maintenance schedule is
followed, along with continuous technical education
given to dental professionals. It can reduce risks, there-
by enhancing the reliability of 3D printers, along with
making a cost-effective tool in modern dental practices.

Conclusion

One cannot deny the fact that 3D printing has trans-
formed the field of dentistry into what it is now. The
functionality and aesthetics of dental care have been
revolutionized by this technology. The construction
of dental restorations has been improved in terms of
accuracy and functionality. Apart from this, an im-
provement in patient time and treatment satisfaction
is also observed. Such improvements have cleared the
road toward biocompatible materials and regenerative
applications.

However, many concerns arose when this technol-
ogy became applicable. Scalability and cost-effective-
ness are issues that need to be addressed. Also, smaller
clinics or dental setups cannot bear the financial bur-
den imposed by this technology as well. Acquiring 3D
printing comes with a high maintenance cost, and this
has made such technology unable to be used in small-
er dental practices, thereby limiting its acceptability.
Clinician training, software advancements, and inte-
gration are essential for the smooth operation of this
technology, and they cannot be done if a person does
not meet the necessary requirements. In order to max-
imize the potential of 3D printing, it is mandatory to
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make advancements in materials, software integration,
and training of clinicians.

3D printing has undoubtedly revolutionized the
field of dentistry, but its widespread acceptability can
only be attained if concerns regarding its cost and ex-
pertise are dealt with great concerns. If such concerns
are dealt with thoroughly, then this technology can do
more wonders than it is doing nowadays.
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