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ABSTRACT

This article explores the variousfactors affecting
3D-printed full-coverage dental restoration’s
dimensional accuracy, a critical aspect for ensuring
the quality and longevity of dental prosthesis. The
study examines the impact of key variables,
including printing technology (e.g.,
stereolithography,  digital  light  processing),
material properties (such as resin type and
viscosity), print resolution, build orientation, and
post-processing techniques on the final dimensions
of restorations. Additionally, the article discusses
the interplay between printer calibration,
environmental conditions, and operator expertise in
achieving optimal accuracy. By analyzing existing
literature and presenting experimental findings, the
article aims to provide valuable insights into the
optimization of 3D printing processes for the
production of precise, high-quality dental
restorations. The findings are intended to guide
clinicians and dental laboratories in selecting
appropriate materials and techniques to improve
patient outcomes.

KEYWORDS: Dental restoration, 3D printed
dimensional accuracy, DLP, Photopolymerization,
Polycaprolactone.

I. INTRODUCTION

When it comes to the effectiveness of full-
coverage dental restorations, dimensional precision
is an essential component. This is because
differences can result in an inappropriate fit, minor
gaps, and a reduction in the restoration's lifetime.
On the other hand, the dimensional fidelity of the
printed restorations is affected by a number of
different parameters during the printing and post-
processing steps [1]. In 1986, inventor Charles Hull
demonstrated 3D printing technology. The industry
has produced diverse manufacturing techniques
employed in several industries. 3D printing offers
numerous benefits, including reduced material
waste and the capacity to print multiple materials
simultaneously [2]. Failures of temporary

restorations are frequently caused by fractures.
Fractures can still happen even though restorations
are meant to prevent them, it may result in the
patient experiencing discomfort and suffering
financial losses [3]. When evaluating the clinical
success of temporary restorations, the mechanical
characteristics of the materials are essential.

In spite of the fact that the fundamental
technology that is utilized in 3D printing,
techniques has for the most part, remained
unchanged in recent years, the most recent
technical breakthroughs have resulted in the next
generation of 3D printers, which are more compact,
relatively affordable, and more effective.In order to
maintain aesthetics and stabilize the surrounding
tissue, temporary restorations are prosthetics used
to replace missing teeth or shield teeth during
dental procedures. They protect the teeth against
injury, leakage, chemical irritation, and plague
accumulation prior to the creation of the final
prosthesis. When surrounding teeth move,
inadequate interim restoration fabrication might
induce gingival irritation or alter the occlusion [4],
which can pose serious issues with the placement
of the final restoration. Therefore, it is essential to
guarantee the efficacy of interim restorations.
Dental prostheses have lately been made via 3D
printing due to the rapid advancement of digital
dentistry [5]. A significant amount of laboratory
work is replaced by 3D printing, which is
considered to be more patient-friendly than making
temporary repairs using conventional techniques
[6]. Pre-planning, adjustment, and simulation
throughout the process are made possible by the
digitization of patient data, which increases
efficiency [7]. New methods like DLP (digital light
processing) and LCD (liquid crystal display)
printers are being investigated as 3D printing gains
popularity.

The DLP approach uses UV light to
photo-polymerize acrylic or epoxy-based resin in a
tank, resulting in a prosthesis.DLP printing is a
quick and accurate technology [8]. The cost and
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limited availability of small-sized versions are the
main drawbacks. Like DLP, LCD technology is
based on photopolymerization, but it uses liquid
crystals for imaging instead of a light projector [9].
Compared to other 3D printing methods, the LCD
approach is affordable, has good resolution, and
has a short service life [10]. Research on the
accuracy of 3D printing is lacking, although it is
essential  for producing precise temporary
restorative materials. The cytocompatibility and
speed offabrication of very viscous temporary
crowns of 3D-printed temporary restorations have
not been extensively studied. [11] [12].Because of
their superior mechanical, thermal, and physical
properties, composite polymers are frequently used
as restorative materials [13]. Composite resins have
been the subject of years of intensive research and
have many advantages [14]. There may be several
benefits to using composite materials for accurate
3D printing [14]. In clinical settings, improving
printing conditions can have a big impact,
especially for 3D printing and temporary
restorations.

Il. MATERIALS
The materials used in 3D printing for temporary
restorations are -
Photopolymer resins
Acrylic based resins
Polycaprolactone
Nylon (Polyamide)
Silicon-based
Composite resins

RN S

The material used in 3D-printed dental
restorations has a major impact on their
dimensional correctness.According to Samantha
Khawa et al (2018). Among the materials most
frequently used in dental 3D printing are metal
alloys, ceramics, and photopolymer resins. Each
material has unique properties that can influence
the final result of the repair [15].

1.Photopolymer Resins

Photopolymer  resins have exceptional
precision and detail resolution, which are crucial
for dental restorations. They are wused in
orthodontic  devices, veneers, bridges, and
temporary crowns. It also shows fast processing
and little post-curing which can be designed to
complement teeth's natural look. Itassures a
pleasing combination of transparency, color,
printing and post-processing that are comparatively
simple. Its inability to withstand extended use due
to the possibility of brittleness and degradation is
one of its drawbacks in addition to it being less

durable than metal or ceramic and is more likely to
discolor or yellow with time [16].

2. Resins based on acrylic

Resins based on acrylic have applications
in denture bases for short-term or transitional
prostheses, as well as temporary crowns and
bridges. The advantages are more robust and long-
lasting than photopolymer resins. It may be
polished to a smooth finish and has good aesthetic
qualities, matching the color of real teeth. The
disadvantages are to get maximum strength, post-
processing, including curing, is necessary, in
comparison to photopolymer resins, there is less
detailed resolution. After prolonged use some
acrylic resins are more likely to wear down and
alter color [16].

3. Polycaprolactone (PCL)

Polycaprolactone (PCL) has orthodontic
appliances, bridges, and temporary crowns. The
advantages are good mechanical qualities for short-
term restorations, it is biodegradable and
biocompatible, sturdy and adaptable, perfect for
making temporary gadgets that might be moved
around or worn down. The disadvantages include
that it has less translucency and is less aesthetically
pleasing than materials based on resin, its usage in
longer-term restorations is limited since it is less
long-lasting than ceramics or acrylic resins [17].

4. Nylon (Polyamide)

Nylon (Polyamide) have applications as
models and surgical guides, temporary crowns and
bridges. It has following advantages as robust and
long-lasting with strong resilience to deterioration.
It has an excellent dimensional stability,
guaranteeing precise fit for short-term repairs, it is
useful for temporary surgical guidance since it may
be sanitized. There are disadvantages such as less
translucency and lower aesthetic quality when
compared to acrylics or resins. It needs a specific
3D printer that can print nylon. It is less frequently
utilized for cosmetic purposes like temporary
crowns [18].

5. Materials Based on Silicone

Materials Based on Silicone has
applications as veneers and temporary restorative
shells, as well as temporary impression materials.
The advantages of it are as they are adaptable and
flexible, perfect for making temporary restorations
based on impressions, offers excellent detail and
accuracy for short-term repairs, non-reactive,
biocompatible, and patient-comfortable. They
exhibit disadvantages as less resilient for long-term
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repairs which are unsuitable for

high-stress

situations, such as occlusion zones, it is more
expensive than materials made of resin [19].

6. Resin Composites

Resin composites have applications in
temporary fillings and crowns. It has advantages as

tooth's natural hue and allows for translucency
adjustment, which is easy and efficient for short-
term in-office repairs. It has the ability to be highly
polished, enhancing its visual appeal. The
disadvantages are that it is less robust than metals
or ceramics, which are more lasting materials and
that it’s usage in long-term applications may be

good strength-to-aesthetic ratio, provides the limited due to wear over time [20].
. Strength & . .
Material Durability Aesthetic Quality ||[Ease of Use Cost
. ||[Moderate, brittle||High, customizable||Easy to print, quick
Photopolymer Resins over time color/clarity post-processing Moderate
Acrylic Resins Stronger than(|Good, can match||Requires post-curing Moderate

photopolymers

natural teeth

& polishing

Polycaprolactone

Moderate flexibility

Lower

Biodegradable &

aesthetic flexible, but not very

Low to Moderate

& strength quality durable
. Lower aesthetic||Requires specific 3D .
Nylon (Polyamide) ||Strong & durable quality orinter Moderate to High
- Not durable long-|{|High accuracy for||Flexible, .
Silicone-based term impressions biocompatible High
Composite Resins Moderate, wear over|High, customizable Simple, in-office use ||Moderate

time

for color

11l. TECHNIQUES USED IN 3D
PRINTING

1. Stereolithography (SLA) involves curing light-
sensitive polymer layer by layer with a
scanning laser in a vat of liquid polymer.

2. Photojet printing involves applying light-
sensitive polymer to a build platform using an
inkjet printhead. The polymer is then cured
layer by layer on an incrementally decreasing
platform.

3. DLP (Digital Light Processing). A projector
light source cures liquid resin in layers. The
object is constructed upside-down on a
progressively increasing platform.

4. A powder binder is a cement-like compound
that is set with colored water from an 'inkjet'
printer head. The object is constructed layer by
layer in a powder bed on a lowering platform.

5. Sintered powder selective laser sintering (SLS)
for polymers. Object is constructed layer by
layer in a powder bed. A heated build chamber
elevates the temperature of the material to just
below the melting point. The scanning laser
sinters powder layer by layer in a decreasing
bed.

6. Electron beam melting (EBM; Arcam). Heated
construction chamber. Powder is sintered layer
by layer using a scanning electron beam on a
descending construction base.

7. Thermoplastic-Fused Deposition Modeling
(FDM) was the first 3DP technology
predominantly used in ‘home' printers. It

creates a 3D object by melting thermoplastic
filament and extruding it layer by layer
through a nozzle onto a build platform [6].

The resolution of the finished product is
determined by layer height, which is the thickness
of each individual printed layer. Although they take
longer to print, smaller layer heights typically
result in better accuracy. Although they help speed
up production, higher layer heights occasionally
cause visible lines and minor errors [21].

IV. POST-PROCESSING STEPS-

For 3D-printed dental restorations to have
dimensional precision, post-processing is an
essential step. Cleaning, curing, and occasionally
polishing or finishing are all part of the post-
processing stage. The final fit of the restoration
may be impacted by the variability introduced by
each of these processes.
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Curing Process: Resin-based materials
undergo post-curing exposure to ultraviolet
radiation, which may cause further shrinkage.
Dimensional distortions could be made worse by
inaccurate or irregular cure times. Standardized
post-curing procedures are therefore necessary to
preserve the required degree of accuracy [3]. The
curing process needs to be carefully managed. The
overall dimensional accuracy may be impacted by
warping or inadequate material hardening caused
by either over curing or under curing [22].

Cleaning and Removal of Support
structures are frequently needed during 3D printing
in order to keep the restoration from deforming. If
not done correctly, the removal of these supports
may result in small errors. Furthermore,
contamination that compromises the restoration's
structural stability may result from inadequate
cleaning of extra material.

Finishing and Polishing: Often used on
resin and metal restorations, finishing techniques
like sanding or polishing can potentially change the
printed object's size. Excessive polishing could
unintentionally thin the surface or change its
texture, which would affect the restoration's fit and
appearance [3].

V. INFLUENCE OF ENVIRONMENTAL
FACTORS

e Temperature: Changes in  temperature
throughout the printing process can affect the
material's flow, shrinkage, and hardening, all
of which can affect the accuracy of the printed
restoration.Additionally, materials such as
resins may absorb moisture due to high
humidity,  changing  their  mechanical
characteristics and resulting in dimensional
irregularities [3] [15] [23].

e Storage Conditions: The way that 3D-printed
dental restorations are kept before being placed
in a patient's mouth has an impact on their
endurance over time. Particularly for resin-
based materials, exposure to extremes of

temperature and  humidity can cause
dimensional alterations [15] [23].

VI. COMPARISON OF MATERIALS
USED IN 3D PRINTING

The method of full coverage restoration
has been revolutionized by the introduction of 3D
printing, which has provided solutions that are very
accurate, adaptable, and cost-effective. This
particular revolution has occurred in the world of
dentistry and medical applications. Operations that
are referred to as full coverage restoration are those
in which a component or structure (such as a tooth,
crown, or implant) is entirely returned to its
original or desired shape. These operations
frequently make use of advancements in 3D
printing technology. In the process of 3D printing
full coverage restorations, there are a number of
various materials that are utilized. Each of these
materials possesses unique features that make them
suited for particular purposes. Materials such as
metals, ceramics, resins, and composites are
included in this category of materials. Varying
resins shrink at varying rates, which might lead to
erroneous dimensions. Resins are often utilized for
dental restorations because of their versatile nature.
In the process of solidifying, photopolymer resins
typically exhibit shrinkage when they are subjected
to light-curing circumstances [24]. Materials for 3D
printing that are based on ceramics offer greater
precision and better dimensional stability when
compared to resins [25]. Materials that are based on
metals, such as titanium and cobalt-chromium, are
widely used for 3D printing procedures in order to
create restorations that are more durable. Despite
the fact that these materials require more complex
printing setups, there is not much of a difference in
their dimensions [26].

When it comes to selecting materials for
full coverage restorations utilizing 3D printing,
there are a number of factors that need to be taken
into  consideration. These factors include
biocompatibility, durability, strength, and strength.
Photopolymer resins are widely used for detailed,
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temporary restorations due to their high precision
and flawless surface finish [27]. This is despite the
fact that photopolymer resins are brittle and cannot
be used for long-term use in high-stress
environments. Acrylic-based resins are often used
for temporary crowns and dentures because of their
superior mechanical properties [28]. Acrylic-based
resins are more likely to discolor and wear with
time, but they are nevertheless used because of
their superior mechanical capabilities. According to
Zhang et al. (2020), the use of polycaprolactone
(PCL), a biodegradable thermoplastic, is limited in
permanent restorations due to its low strength and
opacity [10]. Despite the fact that PCL is flexible
and suitable in applications that are only
temporary, its use in permanent restorations is
restricted. Nylon (polyamide) is recommended for
its strength, durability, and impact resistance,
which makes it suitable for functional restorations
such as frameworks and orthodontic devices [29].
Despite the fact that it does not have the same
visual appeal as resins or ceramics, nylon is
preferred. Silicone-based resins due to their
decreased strength, are not suitable for permanent
restorations [30]. This is because silicone-based
resins are biocompatible and have a high degree of
flexibility, making them ideal for temporary
restorations or soft tissue modeling. Composite
resins, which are widely used for crowns and
veneers, offer a compromise between durability
and beauty. This is the last option, but it is certainly
not the least important. On the other hand, they are
not as resistant to discoloration as ceramics and
metals, and they are less resilient than ceramics and
metals [12]. Depending on the specific
requirements of the restoration, each material can
be utilized in a range of clinical settings due to the
fact that each material possesses its own set of
advantages and disadvantages.

The selection of the material to be used for
full coverage restorations in 3D printing is
significant since it influences the comfort,
biocompatibility, and visual appeal of the
restoration, in addition to its functional longevity.
In the case of interim restorations such as crowns
and bridges, photopolymer resins are commonly
the material of choice. This is due to the fact that
these resins are capable of producing immaculate
surface finishes and high-precision details. Because
they may be easily adapted to match the color of
teeth, these resins are ideal for use in cosmetic
applications. The fact that they are fragile and have
a poor mechanical strength, on the other hand, is
their primary drawback, which makes them
unsuitable for long-term use in high-stress areas
such as the molars [27]. Acrylic resins, which are

used extensively in dental and medical
applications, are more durable and stronger than
photopolymer resins. These resins are also used in
a wider variety of applications. It is common
practice to use them for temporary crowns,
dentures, and bridges because they are inexpensive
and require relatively little processing. Although
acrylic-based resins are more resistant to wear, they
are not as suitable for permanent restorations as
other materials, such as metals or ceramics,
because they are more prone to discoloration and
staining over time and are not as durable as other
materials  [28]. PCL, also known as
polycaprolactone, is a thermoplastic substance that
is Dbiodegradable and is well-known for its
versatility as well as its ease of modification after
printing. In light of this, it is suitable for use in
temporary applications such as orthodontic
equipment or splints. However, the use of PCL for
long-term restorations that are subjected to high
loads is restricted due to the fact that it does not
possess the same level of mechanical strength and
transparency as other materials [10]. On the other
hand, nylon, also known as polyamide, is a material
that is well-known for its resistance to wear,
impact, and deterioration. Particularly effective in
situations where strength is required to build
functional restorations, such as orthodontic
apparatus or dental frames, it is extremely helpful.
The aesthetic quality of nylon is inferior to that of
ceramics or photopolymer resins, and the fact that
it is opaque makes it less suited for visible repairs
[29]. Despite the fact that nylon possesses excellent
mechanical properties, its aesthetic quality is lower.
Because silicon-based resins are so flexible, they
are ideal for applications that do not require a high
level of mechanical strength. Some examples of
these applications include doing temporary
restorations or imprinting on soft tissue. For a
variety of items, including orthodontic aligners and
dental splints, these biocompatible materials are
widely used. Comfort and flexibility are two of the
most important factors to consider when designing
these products. According to Singh et al. (2021),
silicon-based resins are not suitable for permanent
full-coverage restorations in areas thatare prone to
severe biting forces. This is because the durability
of these resins is poorer than that of other materials
[30]. Composite resins, which are made by
combining resin with filler components such as
glass or silica, provide an excellent compromise
between the mechanical strength of the material
and its visual attractiveness. They are widely used
for anterior crowns, inlays, onlays, and veneers
because composite resins can be color-matched to
natural teeth and provide a decent amount of
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durability. Additionally, composite resins can be
used to create veneers. On the other hand,
composite resins have a greater propensity to wear,
stain, and discolor over time, and they might not
last as long as ceramics or metals [12]. Because
every material has its own set of benefits and
drawbacks, the selection of the most suitable
material must be determined by the specific
requirements of the restoration. These requirements
may include the mechanical qualities that are
necessary, the longevity that is desired, and the
aesthetic factors that must be taken into account.
According to Lucian Toma Ciocan et al, 2024, out
of all the 3D printers that were analyzed, the J5
Dentajet and Form 3B were found to be the most
accurate, with consistent distortions than the Creo
C5, and finally the Asiga Max and Anycubic Mono
X 6Ks [31].

VIlI.  CONCLUSION

For larger restorations, 3D printing of
temporary restorations on both DLP and LCD
printers was less accurate. Larger restorations
showed less error with DLP printing compared to
LCD printing. The most accurate 3D printing was
achieved with a DLP printer for short-unit
restorations, with minimal deviation and shrinkage.
LCD printing produced uniform results for smaller
restorations, while DLP printing caused deviations
that were typically skewed to one side. DLP
printing restorations were less likely to shrink,
especially on occlusal surfaces. Photopolymer
resins and acrylic resins are the most often used
temporary restoratives because of their mechanical
qualities, balance of aesthetics, and simplicity of
usage. Though it provides a flexible and
environmentally friendly substitute,
polycaprolactone lacks the long-term durability
required for many dental uses. While their uses
may be restricted in terms of aesthetics and
durability for permanent usage, nylon and silicone-
based materials offer specific choices for some
situations. The particular needs of the temporary
restoration patient comfort, aesthetics, and
estimated lifetime of use determine the suitable
material. Numerous elements, such as material
characteristics,  printing  technology,  post-
processing methods, and environmental
circumstances, affect the dimensional accuracy of
3D-printed  full-coverage dental restorations.
Achieving precise, high-quality restorations that
satisfy dentalpatient’s clinicalneeds requires an
understanding of how these components interact.
Many of these problems will likely be resolved by
future developments in 3D printing technology,
improving the precision and reliability of dental

restorations created using these methods. Future
developments in 3D printing technology, such as
the creation of more stable materials and better
printing techniques have considerable potential to
increase the dependability and quality of dental
restorations.According to statistics, the least
expensive 3D printers—the Elegoo Mars and
Anycubic printers—are economically equivalent to
the more costly models, like the Envisiontec and
Asiga Max UV printers, or even to the mid-range
models, like Ackuretta and Formlabs. However, in
terms of precision, the Ackuretta Sol, Asiga Max
UV, Envisiontec One, and D4K Pro were
statistically better. There is no single type of printer
technology that is more accurate than the others,
despite the fact that these printers use a range of
printing methods. The precision of the current
range of 3D printers is clinically acceptable. 3D
printers can create dependable, reproducible
models. Printing intricate and tiny elements on
dental arches and restorations is a tough task that
requires additional exploration.
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