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3D Printing in Dentistry: Revolutionizing Oral Prosthetics and Implants
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prosthodontics, The purpose of this study was to compare the clinical performance of implant-supported restorations
dental implants, and 3D-printed prostheses to traditional fabrication methods and CAD-CAM milling in a hospital
CAD-CAM, setting.

additive Methodology

manufacturing

Three groups of 50 patients were randomly assigned: 15 patients received CAD-CAM, 15 received
conventional techniques, and 20 patients received 3D printing. Marginal fit, fabrication time, patient
satisfaction, and complication rate during a 12-month follow-up were among the outcomes that were
measured.

Results

Outperforming CAD-CAM and traditional methods, 3D-printed restorations demonstrated the best
results with the lowest marginal discrepancy (52.7 pm), shortest fabrication time (4.2 h), highest
patient satisfaction (VAS 9.2), and lowest complication rate (5%).

Conclusion

Compared to CAD-CAM and traditional fabrication, 3D printing showed better accuracy, efficiency,
and patient-centered results. One dependable substitute for contemporary restorative workflows is
additive manufacturing.

Background revolutionary developments in contemporary dentistry.
The technology makes it possible to fabricate surgical
instruments and highly customised dental prosthetics
with a degree of precision and repeatability that

Additive manufacturing, commonly referred to as three-
dimensional (3D) printing, has become one of the most
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conventional techniques frequently fall short of. Its
potential to transform patient care by decreasing
chairside time, improving prosthetic precision, and
expediting clinical workflows was highlighted in early
investigations into its dental applications (Dawood et al.,
2015) [1]. These early realisations positioned 3D printing
as a disruptive force that could transform dental practice,
rather than just as an additional tool. The use of
polymeric materials for the creation of dental prostheses
has greatly increased in the prosthodontics field as a
result of advancements in additive manufacturing.
According to Revilla-Leén and Ozcan (2019) [2], these
materials have expanded the range of prosthetic
applications, enabling clinicians to offer treatment
options that strike a balance between functional
performance and cost-effectiveness. In contrast to
conventional subtractive manufacturing, additive
methods allow for more design flexibility and less
material waste, which supports sustainable clinical
practices. This change has also created new opportunities
for digital workflows, combining 3D printing, computer-
aided design (CAD), and intraoral scanning into a
smooth clinical process. 3D printing has also had a
significant impact on implant dentistry. According to
Revilla-Ledn et al. (2020) [3], 3D-printed polymer-based
components improve functional predictability and design
accuracy, especially in surgical guides and temporary
restorations. These developments enhance patient-
specific  treatment outcomes, decrease surgical
invasiveness, and increase implant placement accuracy.
Furthermore, these applications show how digital
implant planning and additive manufacturing work
together to create a fully integrated digital workflow
from diagnosis to rehabilitation. However, the factors
that affect accuracy and clinical performance are just as
important to the success of 3D printing in dentistry as the
technology itself. Variables like printer type, printing
resolution, and post-processing methods were
emphasised by Tian et al. (2021) [4] as crucial factors
that affect the final product's quality. Their results
highlight the necessity of optimisation and
standardisation to guarantee reliable clinical results.
With the accuracy that 3D printing provides, clinical
protocols have also changed to become more patient-
specific and minimally invasive. According to Prasad et
al. (2018) [5], the use of additive manufacturing in
dentistry has made it easier to create customised
treatment plans, improving patient comfort and treatment
effectiveness. These methods are in line with the more
general objectives of contemporary dentistry, which
prioritise better patient satisfaction, shorter treatment
times, and the preservation of natural tissues. More
recently, 3D printing has been used for definitive
restorations in addition to temporary and experimental
prosthetics. Rezaie et al. (2023) [6] showed that
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improved mechanical performance and marginal
adaptation are two new clinical advantages of using
additive manufacturing to fabricate dental prostheses.
These results represent a significant shift from
experimental application to broad clinical adoption. At
the same time, Huang et al. (2023) [7] found that additive
manufacturing was a promising addition to oral implant
clinics, offering enhancements in clinical precision and
workflow efficiency. The growing acceptance of 3D
printing as a dependable and essential part of
implantology is highlighted by their review. All of these
advancements highlight how crucial 3D printing will be
in determining the direction of dental implantology and
prosthetics in the future. 3D printing has developed from
a cutting-edge invention into a vital component of
modern dentistry by incorporating digital workflows,
improving customisation, and assisting patient-centered
treatment plans.

Methodology

From January 2024 to May 2025, the Department of
Prosthodontics hosted this prospective hospital-based
clinical study. Assessing the precision, effectiveness, and
patient-centered results of 3D-printed prostheses and
implant-supported restorations in contrast to traditional
fabrication methods was the main goal. Prior to
inclusion, all participants gave their informed consent,
and the institutional review board granted ethical
clearance. The following inclusion criteria were used to
enrol 50 patients who needed fixed dental prostheses or
crowns supported by a single implant: they had to be at
least 18 years old, require one or more fixed restorations,
and have good oral hygiene and sufficient bone support
for implant placement. Patients with parafunctional
behaviours like bruxism, uncontrolled systemic
conditions, or poor compliance with oral hygiene were
excluded. Three groups of patients were chosen at
random. Prostheses made with CAD-CAM milling were
given to Group A (n = 15). Prostheses made with
traditional lost-wax or heat-pressed ceramic methods
were given to Group B (n = 15). Prostheses made with
3D printing were given to Group C (n = 20), which
included definitive zirconia/titanium restorations and
provisional restorations made of resin. Groups A and C
had digital impressions taken with an intraoral scanner,
whereas Group B had traditional impressions taken.
Every restoration was made in accordance with
established procedures. Marginal fit, fabrication time,
complication rate, and patient satisfaction were the main
outcome measures. The silicone replica technique was
used to assess marginal  adaptation, and
stereomicroscopy at x40 magnification was used for
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examination. From the time an impression was taken to
the delivery of the finished restoration, the fabrication
time was calculated. A 10-point Visual Analogue Scale
(VAS) was used to measure patient satisfaction one week
and one month after delivery. Over the course of a 12-
month follow-up, complications like debonding,
fracture, or surface wear were noted. One-way ANOVA
was used for the statistical analysis, and p < 0.05 was
chosen as the significance level.

Results

At the conclusion of the 12-month follow-up period, all
50 patients had finished the study and been assessed. The
results showed that, in a number of parameters, 3D
printing (Group C) performed noticeably better than both
CAD-CAM miilling and traditional fabrication methods.
In comparison to CAD-CAM (78.5 = 12.4 pm) and
traditional methods (96.2 £ 14.1 pm), the 3D printing

group had the lowest mean marginal discrepancy (52.7 +
9.8 um). In addition, the 3D-printed group's fabrication
time was significantly shorter (4.2 + 0.9 hours) than that
of the CAD-CAM (8.6 = 1.2 hours) and traditional
methods (12.4 + 1.5 hours). With a mean VAS score of
9.2, the 3D-printed group had the highest patient
satisfaction ratings, whereas the CAD-CAM and
conventional groups had lower scores of 7.8 and 6.9,
respectively. Compared to CAD-CAM (10%) and
conventional fabrication (15%), the 3D printing group
experienced the fewest clinical complications (5%).
Table 1 provides a clear summary of these results,
demonstrating that 3D-printed restorations outperformed
the other two groups in terms of accuracy, turnaround
time, patient-reported outcomes, and complications. The
data demonstrate additive manufacturing's increasing
clinical potential as a dependable substitute for
conventional restorative workflows.

Table 1. Comparison of outcomes among different fabrication techniques

Parameter Group A: CAD-CAM||Group B: Conventional||Group C: 3D Printing
Milling (n=15) Technique (n=15) (n=20)

Mean marginal discrepancy
78.5+ 124 96.2 + 14.1 52.7+9.8

(nm)

Mean fabrication time 86412 124215 424009

(hours)

Patient satisfaction (VAS, 78406 6.9+ 0.7 92405

0-10)

Complication rate (%) 10% 5%

Discussion implantology. Beyond implant placement, 3D printing

Clinical workflows in dentistry have changed as a result
of the introduction of three-dimensional (3D) printing
technologies, especially in prosthodontics and
implantology. Numerous studies have examined the
accuracy of 3D-printed surgical guides, and the findings
indicate that they improve implant placement accuracy
when compared to traditional freehand or template-based
techniques. According to Yeung et al. (2020) [8], 3D-
printed guides guarantee uniform implant placement,
reducing operator-dependent variability. This accuracy
results in better osseointegration, fewer postoperative
complications, and predictable clinical outcomes. These
results are further supported by Rouzé I'Alzit et al. (2021)
[9], who found that commercial 3D printers produce
surgical guides with high accuracy, confirming the
technology's status as a vital instrument in contemporary
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has a broad range of uses in dentistry, including
treatment planning, prosthetic fabrication, and diagnostic
applications. According to Oberoi et al. (2018) [10],
additive manufacturing facilitates every step of the care
process, from virtual design and digital scanning to the
delivery of the finished prosthetic. Dentistry has been
able to transition from conventional analogue techniques
to more effective, patient-centered digital workflows
thanks to this thorough integration. 3D printing has made
it possible to create biomimetic scaffolds for tissue
regeneration in regenerative dentistry, another area with
emerging applications. According to Zhao et al. (2024)
[11], dental tissue engineering requires precise control
over scaffold architecture, which additive manufacturing
offers. The potential of bioprinting in alveolar tissue
regeneration was also highlighted by Ostrovidov et al.
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(2023) [12], where cell-rich constructs might promote
bone and periodontal regeneration. These regenerative
uses show that 3D printing can affect both mechanical
and biological results, extending its use beyond
prosthetics. 3D-printed full dentures have been studied
as an alternative to traditional prosthodontic techniques.
Patients reported good comfort, function, and
appearance, according to Abdelnabi and Swelem (2024)
[13], confirming 3D-printed dentures as a trustworthy
substitute. These results demonstrate that additive
manufacturing offers special advantages like quicker
turnaround times and greater customisation rather than
just replicating traditional workflows. However, printer
technology and material quality affect how accurate 3D-
printed guides and restorations are. In their comparison
of several printers, Moron-Conejo et al. (2024) [14]
found notable variations in accuracy, highlighting the
importance of choosing the right tools for clinical use.
Similar to this, Refaie et al. (2024) [15] showed that
zirconia crowns can be produced with remarkable
precision using digital light processing (DLP) printing,
providing a good substitute for subtractive CAD-CAM
techniques. These results highlight how crucial it is to
optimise technology in order to guarantee clinically valid
results. Looking at more general patterns, Chander and
Gopi (2024) [16] noted that 3D printing is becoming
more and more accepted by clinicians and incorporated
into standard prosthodontics. This long-term trend
reflects both the advancement of technology and the
change in professional perspectives regarding digital
workflows. By talking about the additive manufacturing
of metallic implant components, which enables
previously unheard-of customisation and biomechanical
performance, Revilla-Leon et al. (2020) [17] expanded
on this viewpoint. These results were confirmed by
Duplak et al. (2025) [18], who emphasised that additive
manufacturing is turning into a key component of
implant manufacturing because of its adaptability in
design and capacity to produce patient-specific solutions.
Randomised controlled trials have also confirmed the
clinical effectiveness of 3D-printed crowns. According
to Cai et al. (2025) [19], 3D-printed zirconia crowns are
a dependable option for restorative dentistry because of
their exceptional fit, stability, and longevity. These
findings were corroborated by Holban et al. (2025) [20],
who emphasised how 3D printing enhances
prosthodontic ~ workflows, increasing productivity
without sacrificing quality. Similar to this, Jun et al.
(2025) [21] noted that 3D printing has clinical uses in a
variety of dental fields, despite ongoing restrictions like
material standardisation and regulatory issues. More
complex protocols and improved printable materials
have been especially helpful for implant dentistry.
According to Alqutaibi et al. (2024) [22], these
advancements help ensure better integration of implants
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and prostheses through precision-based rehabilitation.
Additionally, in vitro research by Elsayed et al. (2025)
[23] demonstrated that 3D-printed zirconia crowns have
a better marginal fit than milled counterparts, providing
increased accuracy that is essential for long-term clinical
success. When choosing a crown, wear resistance is still
crucial, particularly for posterior teeth that are subjected
to high occlusal forces. In their investigation of 3D-
printed nano-hybrid resin crowns, Ghabchi et al. (2025)
[24] discovered encouraging wear resistance in both
primary and permanent molars. Their results suggest that
3D-printed crowns can withstand clinical stresses while
maintaining functionality and aesthetics. Compared with
CAD-CAM zirconia and ceramics, the nano-hybrid resin
crowns showed competitive performance, reinforcing
their potential as cost-effective yet durable restorative
options. When combined, these results show that 3D
printing is no longer limited to specialised or
experimental uses. Instead, it is rapidly establishing itself
as a mainstream approach in implantology,
prosthodontics, and regenerative dentistry. While
challenges such as material consistency, long-term data,
and clinical standardization remain, the evidence
strongly supports its transformative role in dental
practice. The convergence of accuracy, efficiency, and
patient satisfaction underscores the promise of 3D
printing as a cornerstone of future dental care.

Conclusion

In comparison to CAD-CAM and traditional techniques,
this hospital-based study showed that 3D-printed
prostheses and implant-supported restorations offer
better marginal accuracy, shorter fabrication times, and
greater patient satisfaction.
Its clinical reliability was confirmed by the fact that the
3D printing group experienced the fewest complications.
These results demonstrate how additive manufacturing
has the potential to revolutionise restorative dentistry. As
a practical substitute for conventional workflows, 3D
printing guarantees effectiveness and better patient-
centered results.
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