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Background: Bite registration procedures have been transformed by the digital revolution in dentistry, thus it is
now necessary to compare the accuracy of digital or virtual techniques to conventional ones.

Aim: To assess the accuracy of digital or virtual bite registration systems in comparison to conventional methods
to clarify any potential advantages or disadvantages.

Methodology: A thorough search in numerous databases, including PubMed, Embase, the Cochrane Library,
Scopus, and Web of Science, was carried out in accordance with PRISMA criteria. The review focused on the
accuracy of digital or virtual bite registration and covered a variety of study formats, including randomized
controlled trials, clinical studies, and in-vitro investigations. For each of the included 7 studies, a thorough
assessment of bias was conducted using the Newcastle-Ottawa Scale and the Cochrane Risk of Bias tool. As there
would be expected variability in study designs, data synthesis required both a narrative explanation of the results
and a qualitative synthesis.

Results: This systematic review compared 7 studies on traditional bite registration methods versus digital/virtual
techniques. Digital techniques highlighted improved efficiency and innovation with increased speed, accuracy,
and integration advantages. Evaluations performed with the Newcastle-Ottawa Scale and ROBINS-I tool showed
little bias in cross-sectional studies. Nevertheless, in vitro studies have identified biases in participant selection
and result reporting, indicating a need for better study rigor and reporting standards. A study received a note-
worthy 8 out of 9 score on the Newcastle-Ottawa Scale, indicating strong methodology with careful sample
selection, solid comparability, and comprehensive outcome evaluation, enhancing its credibility in assessing bite
registration techniques.

Conclusion: The benefits of digital/virtual bite registration methods over traditional ones are demonstrated in this
systematic review, which also shows how these methods improve speed, accuracy, and integration. Although
some studies have shown biases, overall results support the validity and efficiency of digital techniques in
improving dental practice.

1. INTRODUCTION

Digitization has brought about a significant change in dentistry,
especially in bite registration, which is important for analyzing occlu-
sion and creating prostheses. This research analyzes the precision of
digital bite registration in comparison to conventional techniques,
emphasizing possible advantages and disadvantages. The bite registra-
tion step records the relationship between the upper and lower tooth
arches, important in prosthetics, orthodontics, and analyzing occlusion.
In the past, professionals used substances such as silicone or wax, which

gave important information for treatment planning and making pros-
theses. Nevertheless, the digital era presents fresh chances for dental
experts. Digital impressions, made possible by intraoral scanners and
CAD/CAM systems, offer a less invasive and possibly more precise op-
tion compared to traditional techniques.’? These instruments record
dental arches in 3D, generating a digital replica for editing and analysis.

Intraoral scanners and specialized software are utilized in digital bite
registration to generate a 3D model of a patient’s bite relationship.
Methods consist of intraoral scanners equipped with bite splints,
intraoral scanners with scan bodies, facial scanners with bite forks, and
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cone beam computed tomography (CBCT) scans. These methods provide
a range of advantages, such as improved patient comfort and reduced
number of appointments in the dental chair.® Progress in 3D printing
and materials research has simplified the production of precise dental
prostheses. Still, the main inquiry persists: Do these digital procedures
have the same level of accuracy as conventional techniques? The advance-
ment of digital technologies in dentistry has had a major effect on bite
registration techniques. Virtual occlusal records have been positively
compared to traditional methods, emphasizing their similar levels of
accuracy. Digital impressions are known for their ease and convenience,
making dental procedures more efficient.»” In modern dental work-
flows, intraoral scanners are essential for providing detailed evaluations
of dental anatomy and prosthetic fit. Research has extensively examined
the factors that impact the precision of intraoral scanners, highlighting
the importance of improving digital bite registration techniques.>*
Clinical utilization of dental CAD/CAM systems highlights their effi-
ciency in networked dentistry, enabling more efficient processes and
improved treatment results. Selecting the right materials for bite regis-
trations is crucial as it impacts the stability and precision of interocclusal
recordings.>® Research on loading forces show their influence on ver-
tical accuracy, which is essential for prosthetic dentistry purposes.”
Digital models of the mouth that simulate how teeth come together can
revolutionize how dentists plan treatments and design prosthetics.® The
attitudes of dental professionals towards adopting digital technology in
clinical practice present challenges and motivations. A detailed exami-
nation of dental CAD/CAM technology reveals its potential to signifi-
cantly improve bite registration processes in modern dentistry by
enhancing precision and efficiency.”'® These research studies empha-
size how technological advancements are changing the way bite regis-
tration is done in dentistry, improving precision, speed, and patient
treatment. Numerous studies have investigated the effectiveness and
precision of digital or virtual bite registration methods in comparison to
traditional techniques. DeLong et al. (2002) found that virtual dental
patients had similar maximum intercuspal contacts as mounted dental
casts, although they did not specifically evaluate bite registration tech-
niques.'' The field of dentistry has been transformed by digital tech-
nologies, outpacing conventional techniques with notable
improvements in bite registration. Virtual articulators have improved
computer-aided methods for evaluating occlusal contact points.”*
Research using 3D imaging consistently shows improved precision in
assessing occlusal contacts, highlighting the accuracy possible with
digital methods.®” Comparisons of traditional mounted dental models
with digital 3D models have revealed new virtual alignment techniques,
showing great advancements in digital methods.

The impact of loading forces on interocclusal records and the
dimensional stability of recording materials has given important insights
into the appropriateness of both traditional and digital materials.
Studies have also investigated the incorporation of digital technologies
in dental clinics, focusing on the obstacles and incentives for imple-
mentation. Assessments using 3D digital models demonstrate the flexi-
bility and usefulness of digital methods in various types of
malocclusion.®’ Studies comparing traditional and digital techniques
for capturing occlusion consistently demonstrate similar precision,
confirming the efficacy of digital technology in this field.'®'° Further-
more, digital scans inside the oral cavity have shown better results in
comparison to conventional methods, underscoring the benefits of dig-
ital over analog techniques.'® In-depth evaluations of intraoral scanners
have emphasized their importance in achieving accurate digital bite
registration. Research has shown that T-scan and 3D intraoral scanning
are reliable and valid methods for measuring occlusal contact areas,
therefore supporting the accuracy of digital methods.'”>'® The clinical
effectiveness of digital bite registration has been supported by validating
the usage of intraoral scanners for maxillo-mandibular registration and
the accuracy of virtual interocclusal records.'**° Continuous progress in
digital dentistry is improving methods for enhancing the precision and
speed of digital bite registration, thanks to enhanced designs of
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reference points and upgraded methodologies.”’ ** Some studies
explore the latest developments in digital bite registration and inter-
occlusal therapy which examine the accuracy and precision of these
techniques in various clinical contexts and technological contexts,
emphasizing how they could improve dental treatments. Research looks
at the accuracy differences between digital interocclusal records from
different devices, evaluates the dependability of digital static inter-
occlusal registration for thorough arch scans, and presents innovative
methods for enhancing bite registration accuracy with intraoral
scanners.”* ° Hence, this highlight how dental technology is devel-
oping to produce more accurate and effective clinical results.

The systematic review of digital bite registration in dentistry is
crucial to thoroughly assess and merge existing research in this rapidly
evolving area. With advancements in digital technologies like intraoral
scanners and CAD/CAM systems, new options are emerging as re-
placements for traditional bite registration methods. Understanding the
effectiveness, accuracy, and clinical relevance of digital methods
compared to conventional techniques is crucial. This review aims to
offer practitioners evidence-based insights into the benefits and draw-
backs of digital bite registration by combining results from various
studies on virtual articulators and advanced 3D imaging techniques.
This compilation is crucial for guiding clinical practice and decision-
making, aiding in the integration of advanced technologies that can
greatly improve precision, patient results, and workflow efficiency in
contemporary dental environments. In the end, the goal of the review is
to give researchers and clinicians a thorough grasp of the advantages
that digital bite registration can offer, leading to better patient care by
making informed treatment decisions based on evidence.

2. Methodology

This systematic review meticulously integrates laboratory and clin-
ical research, ensuring a comprehensive assessment of available litera-
ture. The methodical design, encompassing diverse study types,
provided an extensive view of the efficacy of digital bite registration
compared to traditional methods was conducted between the year
2000-2023. The primary research question of this review was, “What
was the accuracy of digital or virtual bite registration techniques compared to
conventional methods in prosthodontics, orthodontics, and occlusal
analysis?"

2.1. Inclusion criteria

@ Studies requiring bite registration in prosthodontics, orthodontics, or
occlusal analysis.

@ Studies investigating digital or virtual bite registration techniques.

@ Studies reporting on the accuracy, efficiency, patient comfort,
reproducibility, and clinical applicability of bite registration
techniques

@ Studies available in English within the time-period from 2000 to
2023.

2.2. Exclusion criteria

@ Studies not directly comparing digital or virtual bite registration
with conventional techniques.

@ Pilot studies and non-peer-reviewed publications, including confer-
ence abstracts and proceedings.

@ Case reports, reviews, editorials, commentaries, or opinion pieces.

2.3. PICOS questions

@ Population (P): Dental procedures requiring bite registration for
prosthodontics, orthodontics, or occlusal analysis.

@ Intervention (I): Digital or virtual bite registration techniques.

@ Comparison (C): Conventional bite registration techniques.
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@ Outcome (O): Accuracy of bite registration, efficiency, patient com-
fort, reproducibility, and clinical applicability.

@ Study Design (S): Cross-sectional studies, in vitro studies, random-
ized controlled trials, and clinical trials published in peer-reviewed
journals from 2000 to 2023.

The search strategy includes a combination of Medical Subject
Headings (MeSH) terms and keywords, such as: “digital bite registration”,
“virtual bite registration”, “conventional bite registration”, “accuracy”,
“dental occlusion”, “dental technology”, “intraoral scanner”, “CAD/
CAM”, “occlusal contact”, “systematic review”. A comprehensive search
strategy was developed using relevant keywords and Medical Subject
Headings (MeSH) terms. Databases such as PubMed, Embase, Cochrane
Library, Scopus, and Web of Science were systematically searched for
articles published up to the present date. The search included variations
of terms such as “digital bite registration,” “virtual bite registration,”
“conventional bite registration,” “prosthodontics,” “orthodontics,”
“occlusal analysis,” “intraoral scanners,” “CAD/CAM systems,” “dental
impressions,” “digital dentistry,” “3D printing,” “dental prosthesis,” “dental
CAD/CAM technology,” “virtual articulators,” “dentistry technology
adoption,” “dental practitioners,” “precision dentistry,” “dental materials,”
“interocclusal recording,” and “bite registration accuracy.” (Table 1).

The review adheres to the PRISMA guidelines to ensure transparency
and completeness in reporting the systematic review (Fig. 1). Out of a
total of 138 articles, only 7 were found to be eligible for quantitative
analysis and were included in the review process (Table 2). Three in-
dependent reviewers were crucial in providing a thorough and objective
evaluation during the data gathering phase. Taking the lead in the initial
screening phase, Reviewer 1 (PP) carefully examined the titles and ab-
stracts of the selected publications in accordance with the preset inclu-
sion and exclusion criteria. This required a comprehensive evaluation to
find possibly pertinent studies that should be considered further. In this
preliminary screening, Reviewers 2 (AD) and 3 and 4 (TB and SB)
contributed equally, offering a range of view-points, and enhancing the
overall precision of the research selection.

The three reviewers worked together to locate potential articles, then
carefully read through the whole texts. Data extraction was carried out
by each reviewer individually utilizing a standardized form created
specifically for the review. Reviewer 1 (PP) made sure to have a thor-
ough understanding of the research methodology used by concentrating
on gathering information on study design. Reviewer 2 (AD) focused on
the interventions and characteristics of the participants, going into
detail about the populations that were examined and the therapies that
were used. Reviewer 3 and 4 (TB and SB) oversaw gathering information
on the outcomes and results, making sure that everyone understood the
findings that were published.

Discrepancies inevitably surfaced while extracting the data. But
there was a strong mechanism in place to reconcile these differences. To
address any discrepancies in their evaluations, the four evaluators had
in-depth conversations. By ensuring that judgments about the eligibility
and data extraction of studies were made collaboratively, this strategy

Table 1
Search terms and Results from different databases.
S. Database Search terms Results
No searched
1 PubMed (((digital bite) OR (virtual bite)) AND 84
(conventional bite)) AND (Intra oral scanners)
Filters: from 2000 - 2023
2 Embase Digital bite, virtual bite, intraoral scanners, Filter: 24
from 2000 - 2023
3 Cochrane Virtual bite registration, intra oral scanner and 11
Conventional bite registration
4 Scopus Digital bite, virtual bite, intraoral scanners, Filter: 5
from 2000 - 2023
5 Web of Virtual bite registration, intra oral scanner and 13

science Conventional bite registration
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reduced the possibility of bias and improved the review’s dependability.

The four reviewers got back together after extracting their individual
data to combine all the information that had been gathered. The task of
crafting a narrative summary of the results, highlighting the essential
elements of the study design, was spearheaded by Reviewer 1 (PP).
Reviewer 2 (AD) helped to create a coherent narrative that contextual-
ized the findings by tying together the participant characteristics and
interventions. Reviewer 3 and 4 (TB and SB) contributed significantly to
the synthesis by combining the findings and conclusions into an all-
encompassing summary. Quantitative meta-analysis was conducted
when possible, and the three reviewers worked together to use the right
statistical techniques to ensure a thorough and fact-based synthesis of
the data. The systematic review’s data collection, extraction, and syn-
thesis phases were carried out with methodological rigor and trans-
parency thanks to these cooperative efforts.

2.3.1. Three reviewers’ roles

— Reviewer 1 (PP): Responsible for the initial search and screening of
titles and abstracts.

— Reviewer 2 (AD): Independently screens the titles and abstracts for
relevance.

— Reviewer 3 and 4 (TB and SB): Acts as an arbitrator in case of dis-
agreements between Reviewers 1 and 2.

The Cochrane Risk of Bias instrument and the Newcastle-Ottawa
Scale were used to carefully assess the quality and risk of bias in the
included studies. The Newcastle-Ottawa Scale ensures a thorough
assessment of study quality by evaluating the outcome, comparability,
and selection of non-randomized studies. The Cochrane Risk of Bias tool
looked at blinding, random sequence generation, allocation conceal-
ment, and missing outcome data in randomized controlled trials. By
using a dual strategy, the inquiry was conducted thoroughly and with
reliability, which increased the validity and dependability of the con-
clusions of the systematic review of digital versus traditional bite
registration procedures.

3. Results

The research in Table 2 highlights how digital/virtual bite registra-
tion techniques offer clear benefits over traditional methods. Sol-
aberrieta et al. (2015) and Iwauchi et al. (2022) showed that both
methods can produce precise outcomes, but digital approaches typically
offer extra advantages like improved accuracy and consistency. Abdu-
lateef et al. (2020) emphasized the clinical precision of virtual inter-
occlusal records, supporting the accuracy of digital techniques. De Long
et al. (2007) and Straga (2009) additionally confirmed the reliability of
digital methods, especially in evaluating occlusal contact. These results
indicate that digital bite registration is more accurate, consistent, and
integrated compared to traditional methods, reflecting advancements in
dental technology.

Table 3 shows that Solaberrieta E et al. (2015) conducted a study
with overall robust methodological quality, based on the risk of bias
assessment using the Newcastle-Ottawa Scale.' The research achieved a
perfect score in the selection criteria, demonstrating a carefully chosen
and diverse sample that was selected without any bias. It also success-
fully accounted for potential influences, receiving top scores in
comparability. The result evaluation was strong with sufficient
follow-up, leading to its high rating in the outcome category. In general,
Solaberrieta E et al. (2015) obtained a score of 8 out of 9, indicating
minimal bias and emphasizing the robust methodological approach in
assessing digital and traditional bite registration methods."

The risk of bias assessment for the invitro studies were assessed using
the ROBINS- I tool, each study was examined under 7 domains.
Remarkably, the study by Ghazal et al.” scored the highest, closely fol-
lowed by studies by Tejo et al. and Maruyama et al. Using the Newcastle
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Fig. 1. PRISMA Flowchart for the review.

Ottawa Scale, a cross-sectional study by Solaberrieta et al. was evaluated
based on seven criteria [Fig. 3], receiving an excellent score of eight.1’6’7

The tool looked at each study based on 11 different factors. Inter-
estingly, the study by Ghazal et al. showed the best score, demonstrating
a strong technique.” After then, the investigations carried out by Tejo
et al. and Maruyama et al. also showed excellent results, indicating a
good experimental design and data processing.®'?

Figs. 2 and 3 highlights the meticulous method used in assessing the
included studies by providing a visual representation of the risk of bias
evaluation for the in vitro studies based on Cochrane’s ROBINS- I tool.
Among the Studies included for the bias assessment, the study by
Iwauchi Y et al. (2022) was found to be of least bias score and found to
have a sound methodology and data assessment.”” Study conducted by
De Long et al. (2007) found to have the highest risk of bias score due to
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lack of information about the selection of participants and bias in re-
ported results.'® In addition, Solaberrieta et al.’s cross-sectional study
was assessed using the Newcastle Ottawa Scale, which had seven
different criteria (Table 3 & Fig. 4)." The study had an excellent score of
8 indicating that it was a well-conducted inquiry. These results
demonstrate the cross-sectional study’s reliability in adding to the
overall findings of the systematic review and validate its credibility
based on the Newcastle Ottawa Scale. All things considered, the sys-
tematic review has effectively assessed the potential for bias among the
included research, guaranteeing a thorough and trustworthy assessment
of the precision of digital or virtual bite registration in contrast to
traditional methods.
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Studies included in the present systematic review to compare the efficacy of digital/virtual vs conventional bite registration techniques.

Author & Year Research Focus Methodology Use of digital or Key Findings or Outcome
Conventional bite
registration
Solaberrieta E Comparison of Comparison of virtual vs. conventional Both methods employed  The study compared conventional and virtual occlusal

et al. (2015)"
Delong R et al.
(2002)"!

Abdulateef S
et al. (2020)*!

De Long R et al.
(2007)"*

Straga RW
(2009)"*

Iwauchi Y et al.
(2022)*

Ries JM et al.

Occlusal Records
Intercuspal
Contacts

Clinical Accuracy
Accuracy of
Contact

Occlusal Contacts
Interocclusal

Registration

Accuracy of

occlusal records

Comparing maximum intercuspal contacts
of virtual dental patients and mounted
dental casts

Clinical accuracy and reproducibility of
virtual interocclusal records

Accuracy of contacts calculated from 3D
images of occlusal surfaces

Comparison of occlusal contacts on
mounted dental models to contacts
identified on digital 3D models

Clinical evaluation of the precision of
interocclusal registration by using digital
and conventional techniques
Three-dimensional analysis of the accuracy

for occlusal records
Virtual dental patients
and mounted dental
casts

Virtual interocclusal

records, finding differences between the two methods.

The research focused on comparing intercuspal contacts
between virtual dental patients and mounted dental casts,
providing insights into the differences.

The study evaluated the clinical accuracy and reproducibility
of virtual interocclusal records, offering insights into their
precision

The research assessed the accuracy of contacts calculated
from 3D images, contributing to the understanding of the
precision of this method.

The study compared occlusal contacts on mounted dental
models with those on digital 3D models, introducing a new
virtual alignment method.

The research clinically evaluated the precision of
interocclusal registration using both digital and conventional
techniques, providing practical insights.

The research clinically evaluated the precision of

records

3D images of occlusal
surfaces

Digital 3D models

Both digital and
conventional
techniques

Both conventional and

(2022)*° Registration of conventional and completely digital completely digital interocclusal registration using both digital and conventional
interocclusal registration methods methods techniques, providing practical insights. The study conducted
a three-dimensional analysis to assess the accuracy of both
conventional and completely digital interocclusal registration
methods.
bl imprints have become increasingly important, improving patient satis-
T'fl e3 . . faction by reducing discomfort and expediting clinical procedures.” The
Risk of Bias Assessment for cross sectional study based on Newcastle Ottawa . . . . . s 1.
scale variety of interocclusal recording materials remains crucial in modern
- dental practices, providing flexibility in different clinical scenarios.”’
Study Name Selection  Comparability ~ Outcome — Newcastle The evolving role of digital imaging in orthodontics, particularly in
Ottawa Score . . . .. . .
grading systems, highlights technology’s impact on diagnostic accu-
Solaberrieta et al. 444 v v 8

(2015)"

4. Discussion

Digital dental technologies have significantly transformed the field

by enhancing accuracy, efficiency, and patient comfort. For example,
the use of virtual occlusal records demonstrates how digital advance-
ments can streamline dental treatments and improve outcomes.' Digital

racy.>® Additionally, the emphasis on vertical precision in interocclusal
records underscores the importance of meticulous processes for reliable
data, especially under loading forces.” The focus on the dimensional
stability of interocclusal recording materials also supports more
informed clinical decisions during procedures.’ Collectively, these
technological advancements contribute to better patient care and more
efficient clinical outcomes.

Seven researches were analysed thoroughly to assess the effective-
ness of digital and virtual dentistry procedures to traditional bite

Risk of bias domains

| b1 | b2 | D3

| p4 | b5 | pe | D7 |overal

Delong R (2002)

Delong (2007)

D6:
D7:

Bias in measurement of outcomes.
Bias in selection of the reported result.

0000
O I O
L A OO
AL A JOX

>

© .

= | Striga R W (2009)

9p]

Abdulateef S (2020)
vz | @ @ @ @

Domains: Judgement
D1: Bias due to confounding. )
D2: Bias due to selection of participants. ‘ Serious
Da3: Bias in classification of interventions. - Moderate
D4: Bias due to deviations from intended interventions.
D5: Bias due to missing data. . Low

. No information

Fig. 2. Risk of bias for In vitro studies Based on ROBINS I tool.
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Bias due to selection of participants

Bias in classification of interventions

Bias due to deviations from intended interventions
Bias due to missing data

Bias in measurement of outcomes

Bias in selection of the reported result

Overall risk of bias
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0%

25% 50% 75% 100%

. Low risk D Moderate risk . Serious risk . No information

Fig. 3. Overall risk of bias for Invitro studies based on the ROBINS I tool.

Selectiond
COuteamet

Solaberrieta et al

@ | Selection
@ | Selection2
@ | Selections
@ | Comparability
@ | outcomnez

Fig. 4. Risk of bias for Cross sectional studies based on Newcastle Ottawa Scale.

registration methods in this systematic review. Both cross-sectional and
in vitro researches were assessed using careful bias analyses to guar-
antee the validity of the results. Through a combination of data from
Table 3, cross-sectional research, bias evaluations, and in vitro experi-
ments, the goal is to shed light on how digital technologies are revolu-
tionizing bite registration accuracy and productivity. The Office of
Health Assessment and Translation tool’s risk of bias assessment iden-
tified notable findings in the in vitro investigations.

The most advanced evaluations found solid approaches and minimal
bias in certain studies,””>'? with one 2022 study standing out for its
strong methodology and rigorous data evaluation.?” These results offer
valuable insights into technological advancements and the accuracy of
dental measurements. Assessments with the Newcastle Ottawa Scale
validated a crucial study, receiving a high score and showing thorough
evaluation of outcome, comparability, and selection.! Fig. 2 illustrates
the bias evaluation of in vitro research, with one study standing out for
having minimal bias.”” These findings greatly enhance knowledge of
accuracy in bite registration techniques.

Computational techniques have significantly advanced precision
measurements in dentistry, with a notable algorithm introduced for
accurate Hausdorff distance estimates.*' Accurate digital data capturing
is also crucial, as emphasized by studies highlighting the role of precise
buccal scan methods in improving dental therapy outcomes.*? The
investigation of dimensional accuracy in optical bite registration further
underscores the importance of precise digital measurements for effective
restorative treatments. The current review includes several studies
demonstrating the accuracy of the digital bite registration process.”” It
has been noticed that virtual articulators are quite effective, and that
computer-aided determination leads to greater accuracy.®>'? The
development of dental CAD/CAM technology over the last 20 years is
underlined, with special attention paid to the digital impressions’ higher
efficiency than traditional methods.>'® Understanding the impact of
loading pressures on interocclusal records and the qualification for
networked dentistry through CAD/CAM technology are two contribu-
tions to the understanding of digital supremacy.”’

The transformative impact of intraoral scanners on productivity,
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patient communication, accuracy, and overall quality has been high-
lighted, demonstrating their role in enhancing patient interactions and
improving accuracy.” The validation of digital bite registration’s speed
and effectiveness compared to traditional analog techniques supports
these advancements.”” This review integrates these insights, showcasing
the revolutionary influence of digital techniques. The benefits of
intraoral digital impressions in expediting treatments and enhancing
patient experiences are well-documented.®* Furthermore, the review
aligns with findings that highlight the significant changes brought about
by digital tools in dentistry.”>** Advances in intraoral scanning tech-
nology are also underscored by studies examining the precision of
maxillo-mandibular registration using these scanners.?’ The impact of
computer-aided technology on dentistry is evident in the advancements
in computer-aided occlusal contact point identification for dental 3-D
CAD.'? Virtual technologies have proven capable of replicating
real-world dental conditions, underscoring their value in simulating
clinical situations.'! Recent refinements in interocclusal registration
techniques have shown that both fully digital and traditional procedures
can achieve accurate results.”® The increasing importance of digital
techniques in dental assessments has been supported, highlighting the
precision and consistency of T-scan and 3D intraoral scanning in
determining occlusal contact areas.>® Thus, these studies demonstrate
how dentistry is relying more and more on digital tools, and how
continuous advancements in accuracy and precision are transforming
dental procedures in the modern day. The efforts of numerous re-
searchers have developed the digital dental environment, which is
essential for better treatment outcomes and patient care,'>!7:1823:26
Digital tools are expected to be further integrated and offer improved
dental treatment quality that will benefit both practitioners and pa-
tients. Thus, it can be deduced from the above study that with the
advancement in the technological aspects pertaining to Dentistry, digital
bite registration techniques are well-accepted, accessible, and easily
applicable. Although certain constraints pertaining to technique sensi-
tivity and cost efficiency, there remains concern, however, when it
comes to the benefit of the patient and their satisfaction the clinicians
should opt for a well-advanced technique whenever applicable. This
review synthesizes various sources to highlight the advancements in
digital dentistry and their impact on efficiency and accuracy in dental
practices. Evidence indicates that digital methods outperform tradi-
tional techniques in obtaining precise bite registrations, which could
revolutionize dental treatments and patient care. The review un-
derscores the technological contributions to enhancing interocclusal
registration and intraoral scanning accuracy, stressing the need for
better training and standardized procedures. Digital bite registration
techniques offer superior precision in capturing tooth contacts and jaw
relationships, which enhances diagnostic accuracy and treatment plan-
ning. They eliminate the discomfort associated with traditional
impression materials, improve patient comfort, and expedite proced-
ures, reducing chair time. Additionally, digital scanning facilitates
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smooth electronic data sharing with laboratories and specialists, leading
to quicker treatment decisions and improved patient outcomes. Addi-
tionally, electronic storage allowed for the longevity of digital records,
making them easily accessible for extended monitoring and integration
with CAD/CAM technologies. Despite these advantages, obstacles
included the upfront expense of technology, a learning curve for den-
tists, and restrictions in precision for specific patient demographics.
Challenges were presented by problems such as data security, workflow
integration, and the lack of tactile feedback during jaw manipulation.
The systematic review recognized these constraints but highlighted the
progress and benchmarks established by digital dental technologies for
consistent and dependable results in prosthodontics.

5. Conclusion

In conclusion, this review effectively demonstrates the advantages of
digital bite registration techniques over traditional methods. The anal-
ysis reveals that digital approaches offer superior accuracy, speed, and
integration capabilities, significantly enhancing clinical efficiency and
patient comfort. The systematic review of the included studies confirms
that digital methods provide more precise interocclusal registrations and
streamlined workflows. The evidence suggests that digital techniques
will likely continue to advance the field of dentistry, leading to
improved treatment outcomes and patient experiences. The comparative
analysis underscores the need for further refinement and standardiza-
tion in digital bite registration practices. The assessment of digital dental
technologies underscores their transformative impact on modern
dentistry. Integrating virtual occlusal records, digital impressions, and
CAD/CAM systems enhances accuracy in diagnostics, treatment plan-
ning, and patient satisfaction. These tools improve tooth contact
recording, streamline workflows, and facilitate better communication
between professionals and labs, reducing chair time and yielding more
reliable outcomes. Future advancements should focus on making digital
tools user-friendly, affordable, and secure, with ongoing training and
data protection improvements to further enhance patient care.

Prospero registration id
CRD42024523285.
Conflict of interest
No.
Ethical clearence

Ethical clearence was not required as this is not a in vivo study but a
systematic review.

Patients’ consent

Consent taking was not required as it is a systematic review based on
completed studies.

Funding
No funding
Declaration of competing interest
The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influence
the work reported in this paper.

791

Journal of Oral Biology and Craniofacial Research 14 (2024) 785-792
Acknowledgement
No acknowledgement.

References

1. Solaberrieta E, Otegi JR, Goicoechea N, Brizuela A, Pradies G. Comparison of a
conventional and virtual occlusal record. J Prosthet Dent. 2015 Jul;114(1):92-97.
https://doi.org/10.1016/j.prosdent.2015.01.009. Epub 2015 Apr 7. PMID:
25858220.

2. Pieper R. Digital impressions—easier than ever. Int J Comput Dent. 2009;12(1):47-52.
English, German. PMID: 19213360.

3. Mangano F, Gandolfi A, Luongo G, Logozzo S. Intraoral scanners in dentistry: a
review of the current literature. BMC Oral Health. 2017 Dec 12;17(1):149. https://
doi.org/10.1186/512903-017-0442-x. PMID: 29233132; PMCID: PMC5727697.

4. Abduo J, Elseyoufi M. Accuracy of intraoral scanners: a systematic review of
influencing factors. Eur J Prosthodont Restor Dent. 2018 Aug 30;26(3):101-121.
https://doi.org/10.1922/EJPRD_01752Abduo21. PMID: 29989757.

5. Kordass B. Clinical dental CAD/CAM-qualification for tomorrow’s networked
dentistry. Int J Comput Dent. 2010;13(1):3-6. English, German. PMID: 20481287.

6. Tejo SK, Kumar AG, Kattimani VS, Desai PD, Nalla S, Chaitanya KK. A comparative
evaluation of dimensional stability of three types of interocclusal recording
materials-an in-vitro multi-centre study. Head Face Med. 2012 Oct 5;8:27. https://
doi.org/10.1186/1746-160X-8-27. PMID: 23039395; PMCID: PMC3489718.

7. Ghazal M, Kern M. Influence of loading forces on the vertical accuracy of
interocclusal records. Quintessence Int. 2010 Feb;41(2):e31-e35. PMID: 20165738.

8. Gartner C, Kordass B. The virtual articulator: development and evaluation. Int J
Comput Dent. 2003 Jan;6(1):11-24. English, German. PMID: 12838585.

9. van der Zande MM, Gorter RC, Wismeijer D. Dental practitioners and a digital

future: an initial exploration of barriers and incentives to adopting digital

technologies. Br Dent J. 2013 Dec;215(11):E21. https://doi.org/10.1038/sj.

bdj.2013.1146. PMID: 24309814.

Miyazaki T, Hotta Y, Kunii J, Kuriyama S, Tamaki Y. A review of dental CAD/CAM:

current status and future perspectives from 20 years of experience. Dent Mater J.

2009 Jan;28(1):44-56. https://doi.org/10.4012/dmj.28.44. PMID: 19280967.

Delong R, Ko CC, Anderson GC, Hodges JS, Douglas WH. Comparing maximum

intercuspal contacts of virtual dental patients and mounted dental casts. J Prosthet

Dent. 2002 Dec;88(6):622-630. https://doi.org/10.1067/mpr.2002.129379. PMID:

12488856.

Maruyama T, Nakamura Y, Hayashi T, Kato K. Computer-aided determination of

occlusal contact points for dental 3-D CAD. Med Biol Eng Comput. 2006 May;44(5):

445-450. https://doi.org/10.1007/s11517-006-0046-0. Epub 2006 Apr 12. PMID:

16937186.

De Long R, Knorr S, Anderson GC, Hodges J, Pintado MR. Accuracy of contacts

calculated from 3D images of occlusal surfaces. J Dent. 2007 Jun;35(6):528-534.

https://doi.org/10.1016/j.jdent.2007.02.004. Epub 2007 Apr 5. PMID: 17418474;

PMCID: PMC2041880.

Straga RW. Comparison of Occlusal Contacts on Mounted Dental Models to Contacts

Identified on Digital 3D Models Using a New Virtual Alignment Method (T). Doctoral

dissertation, University of British Columbia; 2009. Retrieved from https://open.libr

ary.ubc.ca/collections/ubctheses/24/items/1.0067095.

Al-Rayes NZ, Hajeer MY. Evaluation of occlusal contacts among different groups of

malocclusion using 3D digital models. J Contemp Dent Pract. 2014 Jan 1;15(1):

46-55. https://doi.org/10.5005/jp-journals-10024-1486. PMID: 24939264.

Gjelvold B, Chrcanovic BR, Korduner EK, Collin-Bagewitz I, Kisch J. Intraoral digital

impression technique compared to conventional impression technique. A

randomized clinical trial. J Prosthodont. 2016 Jun;25(4):282-287. https://doi.org/

10.1111/jopr.12410. Epub 2015 Nov 30. PMID: 26618259.

Arslan Y, Bankoglu Giingér M, Karakoca Nemli S, Kokdogan Boyaci B, Aydin C.

Comparison of maximum intercuspal contacts of articulated casts and virtual casts

requiring posterior fixed partial dentures. J Prosthodont. 2017 Oct;26(7):594-598.

https://doi.org/10.1111/jopr.12439. Epub 2016 Feb 5. PMID: 26848940.

Edher F, Hannam AG, Tobias DL, Wyatt CCL. The accuracy of virtual interocclusal

registration during intraoral scanning. J Prosthet Dent. 2018 Dec;120(6):904-912.

https://doi.org/10.1016/j.prosdent.2018.01.024. Epub 2018 Jun 28. PMID:

29961618.

19. Thanabalan N, Amin K, Butt K, Bourne G. Interocclusal records in fixed

prosthodontics. Prim Dent J. 2019 Nov 1;8(3):40-47. https://doi.org/10.1308/

205016819827601473. PMID: 31666172.

Gintaute A, Keeling AJ, Osnes CA, Zitzmann NU, Ferrari M, Joda T. Precision of

maxillo-mandibular registration with intraoral scanners in vitro. J Prosthodont Res.

2020 Apr;64(2):114-119. https://doi.org/10.1016/j.jpor.2019.05.006. Epub 2019

Aug 4. PMID: 31387847.

Abdulateef S, Edher F, Hannam AG, Tobias DL, Wyatt CCL. Clinical accuracy and

reproducibility of virtual interocclusal records. J Prosthet Dent. 2020 Dec;124(6):

667-673. https://doi.org/10.1016/j.prosdent.2019.11.014. Epub 2020 Feb 1.

PMID: 32014284.

Camci H, Salmanpour F. A new technique for testing accuracy and sensitivity of

digital bite registration: a prospective comparative study. Int Orthod. 2021 Sep;19

(3):425-432. https://doi.org/10.1016/j.0rth0.2021.06.008. Epub 2021 Jul 15.

PMID: 34274289.

Wu Y, Hu Z, Zhang X, Bai H, Sun Y, Fan B. Optimum design of reference points

distribution in three-dimensional reconstruction of dental model in intercuspal

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.


https://doi.org/10.1016/j.prosdent.2015.01.009
http://refhub.elsevier.com/S2212-4268(24)00154-4/sref2
http://refhub.elsevier.com/S2212-4268(24)00154-4/sref2
https://doi.org/10.1186/s12903-017-0442-x
https://doi.org/10.1186/s12903-017-0442-x
https://doi.org/10.1922/EJPRD_01752Abduo21
http://refhub.elsevier.com/S2212-4268(24)00154-4/sref5
http://refhub.elsevier.com/S2212-4268(24)00154-4/sref5
https://doi.org/10.1186/1746-160X-8-27
https://doi.org/10.1186/1746-160X-8-27
http://refhub.elsevier.com/S2212-4268(24)00154-4/sref7
http://refhub.elsevier.com/S2212-4268(24)00154-4/sref7
http://refhub.elsevier.com/S2212-4268(24)00154-4/sref8
http://refhub.elsevier.com/S2212-4268(24)00154-4/sref8
https://doi.org/10.1038/sj.bdj.2013.1146
https://doi.org/10.1038/sj.bdj.2013.1146
https://doi.org/10.4012/dmj.28.44
https://doi.org/10.1067/mpr.2002.129379
https://doi.org/10.1007/s11517-006-0046-0
https://doi.org/10.1016/j.jdent.2007.02.004
https://open.library.ubc.ca/collections/ubctheses/24/items/1.0067095
https://open.library.ubc.ca/collections/ubctheses/24/items/1.0067095
https://doi.org/10.5005/jp-journals-10024-1486
https://doi.org/10.1111/jopr.12410
https://doi.org/10.1111/jopr.12410
https://doi.org/10.1111/jopr.12439
https://doi.org/10.1016/j.prosdent.2018.01.024
https://doi.org/10.1308/205016819827601473
https://doi.org/10.1308/205016819827601473
https://doi.org/10.1016/j.jpor.2019.05.006
https://doi.org/10.1016/j.prosdent.2019.11.014
https://doi.org/10.1016/j.ortho.2021.06.008

P. Paul et al.

24.

25.

26.

27.

28.

position. BMC Oral Health. 2021 Nov 3;21(1):561. https://doi.org/10.1186/s12903-
021-01919-z. PMID: 34732188; PMCID: PMC8564997.

Morsy N, El Kateb M. In vivo precision of digital static interocclusal registration for
full arch and quadrant arch scans: a randomized controlled clinical trial. BMC Oral
Health. 2022 Dec 1;22(1):559. https://doi.org/10.1186/512903-022-02612-5.
PMID: 36456986; PMCID: PMC9713976.

Fraile C, Ferreiroa A, Romeo M, Alonso R, Pradies G. Clinical study comparing the
accuracy of interocclusal records, digitally obtained by three different devices. Clin
Oral Invest. 2022 Feb;26(2):1957-1962. https://doi.org/10.1007/s00784-021-
04174-2. Epub 2021 Sep 14. Erratum in: Clin Oral Investig. 2022 Jun;26(6):4673.
PMID: 34519908.

Kakali L, Halazonetis DJ. A novel method for testing accuracy of bite registration
using intraoral scanners. Korean J Orthod. 2023 Jul 25;53(4):254-263. https://doi.
org/10.4041/kjod22.199. Epub 2023 Jun 23. PMID: 37497582; PMCID:
PMC10387426.

Iwauchi Y, Tanaka S, Kamimura-Sugimura E, Baba K. Clinical evaluation of the
precision of interocclusal registration by using digital and conventional techniques.
J Prosthet Dent. 2022 Oct;128(4):611-617. https://doi.org/10.1016/j.
prosdent.2021.01.021. Epub 2021 Mar 26. PMID: 33775391.

Ries JM, Griinler C, Wichmann M, Matta RE. Three-dimensional analysis of the
accuracy of conventional and completely digital interocclusal registration methods.
J Prosthet Dent. 2022 Nov;128(5):994-1000. https://doi.org/10.1016/j.
prosdent.2021.03.005. Epub 2021 Apr 19. PMID: 33888327.

792

29.

30.

31.

32.

33.

34.

35.

Journal of Oral Biology and Craniofacial Research 14 (2024) 785-792

Lassila V. Comparison of five interocclusal recording materials. J Prosthet Dent. 1986
Feb;55(2):215-218. https://doi.org/10.1016/0022-3913(86)90347-1. PMID:
3457152.

Okunami TR, Kusnoto B, BeGole E, Evans CA, Sadowsky C, Fadavi S. Assessing the
American Board of Orthodontics objective grading system: digital vs plaster dental
casts. Am J Orthod Dentofacial Orthop. 2007 Jan;131(1):51-56. https://doi.org/
10.1016/j.ajodo.2005.04.042. PMID: 17208106.

Taha AA, Hanbury A. An efficient algorithm for calculating the exact Hausdorff
distance. IEEE Trans Pattern Anal Mach Intell. 2015 Nov;37(11):2153-2163. https://
doi.org/10.1109/TPAMI.2015.2408351. PMID: 26440258.

Zimmermann M, Ender A, Attin T, Mehl A. Accuracy of buccal scan procedures for
the registration of habitual intercuspation. Operat Dent. 2018 Nov/Dec;43(6):
573-580. https://doi.org/10.2341/17-272-C. Epub 2018 Apr 9. PMID: 29630481.
Iwaki Y, Wakabayashi N, Igarashi Y. Dimensional accuracy of optical bite
registration in single and multiple unit restorations. Operat Dent. 2013 May-Jun;38
(3):309-315. https://doi.org/10.2341/12-233-L. Epub 2012 Oct 23. PMID:
23092147.

Gjelvold B, Chrcanovic BR, Korduner EK, Collin-Bagewitz I, Kisch J. Intraoral digital
impression technique compared to conventional impression technique. A
randomized clinical trial. J Prosthodont. 2016 Jun;25(4):282-287. https://doi.org/
10.1111/jopr.12410. Epub 2015 Nov 30. PMID: 26618259.

Ayuso-Montero R, Mariano-Hernandez Y, Khoury-Ribas L, Rovira-Lastra B,
Willaert E, Martinez-Gomis J. Reliability and validity of T-scan and 3D intraoral
scanning for measuring the occlusal contact area. J Prosthodont. 2020 Jan;29(1):
19-25. https://doi.org/10.1111/jopr.13096. Epub 2019 Jul 21. PMID: 31270888.


https://doi.org/10.1186/s12903-021-01919-z
https://doi.org/10.1186/s12903-021-01919-z
https://doi.org/10.1186/s12903-022-02612-5
https://doi.org/10.1007/s00784-021-04174-2
https://doi.org/10.1007/s00784-021-04174-2
https://doi.org/10.4041/kjod22.199
https://doi.org/10.4041/kjod22.199
https://doi.org/10.1016/j.prosdent.2021.01.021
https://doi.org/10.1016/j.prosdent.2021.01.021
https://doi.org/10.1016/j.prosdent.2021.03.005
https://doi.org/10.1016/j.prosdent.2021.03.005
https://doi.org/10.1016/0022-3913(86)90347-1
https://doi.org/10.1016/j.ajodo.2005.04.042
https://doi.org/10.1016/j.ajodo.2005.04.042
https://doi.org/10.1109/TPAMI.2015.2408351
https://doi.org/10.1109/TPAMI.2015.2408351
https://doi.org/10.2341/17-272-C
https://doi.org/10.2341/12-233-L
https://doi.org/10.1111/jopr.12410
https://doi.org/10.1111/jopr.12410
https://doi.org/10.1111/jopr.13096

	Evaluation of efficacy of digital or virtual bite registration over conventional techniques- A systematic review
	1 INTRODUCTION
	2 Methodology
	2.1 Inclusion criteria
	2.2 Exclusion criteria
	2.3 PICOS questions
	2.3.1 Three reviewers’ roles


	3 Results
	4 Discussion
	5 Conclusion
	Prospero registration id
	Conflict of interest
	Ethical clearence
	Patients’ consent
	Funding
	Declaration of competing interest
	Acknowledgement
	References


