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ABSTRACT

This article explores the use of the virtual articulator within the Exocad software, emphasizing
its significance in digital dentistry, particularly in oral rehabilitation. Although still
underutilized by many professionals primarily due to a lack of knowledge regarding its
theoretical foundations the virtual articulator is a key tool for precise prosthetic planning
based on classical principles such as Bonwill’s equilateral triangle and the studies of Rudolf
Slavicek. Clinical experiences have demonstrated that proper application of these principles
enhances clinical predictability, minimizes intraoral adjustments, and improves patient
comfort. The workflow involves model digitization using either individualized parameters
provided by the clinician or standardized values widely validated in the literature. Manual
adjustments within the Exocad virtual articulator can be tailored to the patient's anatomical
and functional characteristics, enabling a more personalized approach. Results indicate
superior outcomes with the digital workflow when the virtual articulator is employed,
especially in zirconia-based prosthetic structures, supporting safer, more predictable, and
efficient oral rehabilitations.
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Articulador Virtual: Integra¢do da Oclusdo Funcional em
Fluxos Digitais na Reabilitagdo Oral

RESUMO

Este artigo explora a aplicacdo do articulador virtual no software Exocad, destacando sua
importancia na odontologia digital voltada a reabilitacdao oral. Embora ainda pouco utilizado
por muitos profissionais, trata-se de uma ferramenta essencial para o planejamento
protético preciso, baseado nos principios classicos de Bonwill e Slavicek. Experiéncias clinicas
demonstram que sua configuracao adequada aumenta a previsibilidade clinica, reduz ajustes
intraorais e melhora o conforto do paciente. O processo envolve a digitalizacdo dos modelos
com parametros personalizados ou valores médios reconhecidos. O uso do articulador
virtual, especialmente em préteses de zirconia, mostrou resultados superiores, reforcando
a importancia de integrar fundamentos oclusais na pratica digital.

Palavras-chave: Algoritmos, Arcada Dentaria, Odontologia, Simulagdo Computacional.
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INTRODUCTION

In the era of digital dentistry, technological tools have substantially transformed
the planning and execution of oral rehabilitations. CAD/CAM technology plays a central
role by replacing analog workflows with more precise, efficient, and reproducible
solutions (1,2). In this context, the virtual articulator available in the exocad software
represents a significant advancement, enabling highly predictable and personalized

prosthetic diagnostics and planning.

Despite its potential, many clinicians have yet to fully leverage this tool, largely
due to unfamiliarity with proper virtual mounting techniques. The effectiveness of the
virtual articulator is enhanced when configured based on well-established occlusal
theories, such as Bonwill’s equilateral triangle and the functional parameters described
by Rudolf Slavicek (3,4). Exocad allows for detailed simulation of variables including
condylar inclination, Bennett angle, and mandibular trajectories, thus supporting
individualized functional analysis (5).

Studies have shown that virtual articulators offer precision comparable to that
of traditional mechanical articulators, with added advantages in time efficiency, ease of
use, and seamless integration into the digital workflow (6,7). Additionally, they have
proven effective in assessing both static and dynamic occlusal contacts, with strong

clinical correlation (8).

A randomized clinical trial evaluated three virtual mounting techniques: digitized
facebow transfer, Bonwill triangle-based mounting, and 3D facial scanning. The results
indicated no statistically significant differences in chairside adjustment time for single-
unit restorations, validating the use of configurations based on average anatomical

values (9).

In more complex rehabilitations, such as full-arch fixed prostheses, fully digital
protocols beginning with virtual articulator configuration have shown excellent
reproducibility and integration with functional dynamic models grounded in Bonwill and

Slavicek concepts (10).

Accordingly, this article aims to explore the efficient use of the virtual articulator

within exocad, focusing on the application of Bonwill and Slavicek’s principles. It seeks
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to provide an in-depth understanding of the importance of accurate configuration in
facilitating the transition from conventional to digital workflows. Furthermore, it aims
to demonstrate tangible clinical benefits, such as enhanced treatment predictability and
reduced need for chairside adjustments, ultimately contributing to safer and more

effective dental practice.

METHODOLOGY

The methodology adopted in this literature review focused on a critical and
detailed analysis of scientific publications, as well as clinical case reports related to the
application of the virtual articulator within the exocad software. The main emphasis was
placed on the integration of classical principles such as Bonwill’s equilateral triangle and

the condylar adjustments described by Rudolf Slavicek.

Data Collection

Initially, publications describing the acquisition of digital models through
intraoral scanning or, alternatively, using desktop scanners applied to gypsum models
were selected. This process is essential for obtaining accurate anatomical
representations, which are fundamental for the precise configuration of the virtual
articulator.

The reviewed literature indicated that when working with clinical records
obtained via facebows whether digital or analog the parameters entered the virtual
articulator must strictly follow the guidelines provided by the supervising clinician. In
the absence of such individualized records, standardized average values were adopted,
including Bonwill’s equilateral triangle and Slavicek’s functional parameters, which offer

a reliable foundation for mandibular motion simulation.

Configuration in exocad

The next methodological step involved the analysis of virtual articulator
configuration procedures within the exocad software environment. The review
highlighted that the system includes pre-set parameters, such as the intercondylar

distance of 100 mm (according to Bonwill), while also allowing manual adjustments
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tailored to the clinical needs of each patient.

Several studies have reported that in certain workflows, model positioning based
on Bonwill’s triangle is not automatically loaded and must be manually adjusted. It was
found that the accurate positioning of models particularly the proper alignment of the
first molar at the vertex of the triangle significantly enhances the precision of occlusal

planning.

Adjustments Based on Rudolf Slavicek's Studies

The final methodological step involved analyzing condylar inclination and
Bennett angle adjustments according to individual occlusal parameters, particularly
overbite. Applying these adjustments, as outlined in Figure 1 and Table 1, facilitated a
clearer understanding of how anatomical variations directly affect the performance and
simulation of mandibular movements within the virtual articulator. The table below
illustrates the relationship between mean overbite values and the corresponding
condylar and Bennett angle adjustments based on the parameters described by Rudolf
Slavicek. These values are valuable for configuring virtual articulators in the absence of

individualized clinical data.

Figure. 1 — Representation of mandibular geometric relationships based on occlusal

theories.

The figure 1 illustrates the anatomical foundation of Bonwill’s Equilateral
Triangle (in blue), formed between the mandibular condyles and the lower incisal point,

and its extension into the Gysi triangle (in red), which includes the condylar paths. These
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geometric models support functional mandibular movement simulations and are

essential for articulator configuration in digital workflows.

Overbite (mm) Condylar Angle (°) Bennett Angle (°)
1.0-15 25 10
2.0-25 30 12
3.0-3.5 35 15
4.0-4.5 40 18
25.0 45 20

Table. 1 — Relationship between mean overbite values and the corresponding condylar and

Bennett angle adjustments based on the parameters described by Rudolf Slavicek.

This methodological approach was essential for synthesizing the available
knowledge, both from scientific studies and clinical experiences, and for drawing robust
conclusions regarding the effectiveness of the digital tool under review. The accurate
configuration of the virtual articulator in exocad, grounded in well-established
biomechanical principles, proved to offer substantial benefits to dental practiceenabling

more predictable, efficient, and individualized oral rehabilitations.

Correlation Between Overbite and Functional Angles According to Slavicek
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Figure. 2 — Distribution graph of the correlation between overbite and functional angles.

STUDY OUTCOME OF LITERATURE
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Bonwill’s Equilateral Triangle Theory

Bonwill’s equilateral triangle is a foundational concept long used in dentistry to
understand mandibular functional dynamics. This theory posits that the mandibular
condyles and the lower incisal point form an equilateral triangle with sides measuring
approximately 100 mm. This geometric configuration is essential for accurately
simulating mandibular movements in study models, enabling clinicians to plan oral
rehabilitations that respect the natural mandibular motion (11,12).

Practically, applying this theory allows a more precise representation of
interocclusal relationships in both mechanical and virtual articulators. In digital
dentistry, virtual articulators such as those in the exocad software incorporate this
concept to enhance accuracy in mandibular movement simulation. Adhering to Bonwill’s
measurements, alongside the flexibility to adjust parameters according to patient-
specific needs, is critical for achieving predictable outcomes (13).

Although some variations in measurement exist to accommodate intercultural
anatomical differences, the 100 mm standard remains a widely accepted reference. Its
consistency has been validated across diverse populations and time periods, reaffirming
its relevance when integrated with modern digital tools like exocad (14).

Integrating Bonwill’s triangle into exocad requires understanding to optimize
model positioning and ensure rehabilitations maximize patient comfort and masticatory
efficiency. This digital workflow facilitates smoother transitions and safer planning in

restorative dentistry (15).

Mandibular Movement Parameters According to Slavicek

Rudolf Slavicek pioneered analyses of mandibular movements by developing
parameters that allow personalized simulations based on individual characteristics such
as overbite. This customization is essential for precise rehabilitative planning, especially
in extensive or complex oral rehabilitations (16).

Slavicek’s studies detail how variables like the sagittal condylar angle and
Bennett angle should be adjusted in relation to overbite. These adjustments prevent
functional discrepancies that could lead to discomfort or treatment failure. Rather than
fixed values, Slavicek’s system incorporates dynamic variables offering flexibility tailored

to clinical scenarios (17).
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In exocad, these parameters can be fine-tuned to simulate mandibular
movements accurately, ensuring prostheses or rehabilitations achieve maximum
functionality and durability. Precisely setting condylar inclination and Bennett angle
allows for harmonious adaptation to each patient’s unique morphology (18).

Thus, applying Slavicek’s rules within exocad not only streamlines professional
workflow but also enhances patient satisfaction and reduces the need for multiple

adjustment visits, representing a significant advancement in dental practice (19).

Data Acquisition and Configuration in exocad

The effectiveness of the virtual articulator in exocad heavily depends on the
accuracy of the initial data captured. Whether through intraoral scanning or digitizing
plaster models with desktop scanners, data quality is paramount for precise treatment
planning. Correct use of clinical records such as facial arcs digital or analog is a
fundamental initial step in exocad application (20,21).

When patient-specific data are unavailable, exocad allows incorporation of
average values based on Bonwill’s triangle and Slavicek’s parameters. This ensures
clinicians can still achieve predictable, functional results in the absence of personalized
records. The software’s flexibility to manually adjust parameters also significantly
contributes to treatment customization (22,23).

Selecting and configuring the articulator type in exocad are critical steps.
Although the software includes presets aligned with Bonwill and Slavicek norms, fine
adjustments tailored to each case optimize results. Proper use of these digital tools
markedly reduces errors and inefficiencies in the final treatment (24).

Therefore, exocad’s configuration tools, when applied alongside the theoretical
foundations of Bonwill and Slavicek, transform technological potential into tangible

clinical outcomes, making them indispensable in contemporary dentistry (25).
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exocad

Figure. 3 — Configuration interface of the virtual articulator in exocad software.

The figure 3 shows the setup panel of the virtual articulator in the exocad
software, where users can define the parameters for condylar guidance and Bennett
angle. It includes the option to re-articulate models virtually and to select anatomical
reference points that influence mandibular movement. On the right, the occlusal plane
correction window allows for alignment of the dental arch in the articulator, with both
manual and automatic adjustment options. These settings are critical for accurate

simulation of mandibular dynamics in digital prosthetic planning.

exocad

Figure. 4 — Configuration of the virtual articulator and occlusal alighnment interface in exocad.
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This figure 4 presents the virtual articulator module in the exocad software,
where users can configure mandibular motion parameters such as the Bennett angle,
immediate side shift, and sagittal condylar inclination. On the right side, the occlusal
plane correction panel enables the adjustment of the digital dental arch in relation to
reference planes (occlusal, sagittal, and frontal) either manually or automatically. These
tools are essential for accurate reproduction of mandibular dynamics and interocclusal

relationships in digital prosthetic workflows.

exocad

Figure. 5 — Measurement of Bonwill’s triangle in virtual articulator configuration using exocad.

This figure 5 demonstrates the measurement of the distance between the
condylar hinge axis and the lower central incisal point representing the side of Bonwill’s
equilateral triangle (approximately 100.6 mm) within the exocad software environment.
The left panel displays articulator settings for simulating mandibular movements by
adjusting parameters such as Bennett angle, immediate side shift, and sagittal condylar
inclination. On the right, the measurement tool interface provides linear distance
estimation, which is crucial for accurate simulation when individual patient data are

unavailable.
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Figure. 6 — Simulation of Bennett movement and displacement tracking in exocad virtual

articulator.

This figure 6 illustrates the digital simulation of lateral mandibular movement
using the virtual articulator in exocad. The left panel shows the parameterization of the
articulator, including adjustments for Bennett angle and immediate side shift. The
central image displays the lateral excursion pathway of the mandible under simulated
conditions, with the trajectory being influenced by the defined condylar parameters. On
the right, the zoomed-in red frame highlights a precise displacement value of 1.607 mm,
confirming the measured mandibular deviation during simulation. This tracking feature
allows clinicians to validate occlusal behavior and mandibular kinematics prior to

prosthetic fabrication, improving predictability in complex oral rehabilitations.

Clinical Impact and Benefits of the Virtual Articulator

Clinically, the use of a virtual articulator configured on theoretical foundations
has proven essential for optimizing oral rehabilitations. Cases utilizing this technology
have shown significant improvements in prosthetic fit, reducing the need for multiple
intraoral adjustments and demonstrating practical effectiveness. Data personalization
based on specific clinical needs translates into more comfortable and esthetically
satisfactory rehabilitations (26,27).

Reduced wear of restorative materials, especially zirconia, is another notable
benefit. Accurate data minimize unnecessary invasive interventions, preserving material
integrity and thereby increasing prosthesis longevity. This preservation enhances

patient experience and promotes cost savings for both clinician and patient by avoiding
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costly remakes (28,29).

The virtual articulator also serves as a valuable educational tool, enhancing the
teaching and comprehension of complex concepts related to occlusion and mandibular
dynamics. Its use has been associated with consistent improvements in practical skills
and a deeper understanding of occlusal principles and oral rehabilitation strategies (30).
When properly configured, virtual articulators not only improve the efficiency and
predictability of oral rehabilitation but also represent a significant advancement in
bridging scientific tradition with state-of-the-art technology in contemporary dentistry

(14).

DISCUSSION

The implementation of the virtual articulator within the exocad software,
grounded in well-established principles of occlusion and mandibular dynamics, has led
to significant improvements across various aspects of dental practice. Analyses of cases
adhering to precise configurations based on the theories of Bonwill and Slavicek have
demonstrated clear superiority in prosthetic adaptation and a reduced need for clinical
adjustments post-insertion (1,6,10).

Clinicians who adopted the virtual articulator following functional protocols
reported more accurate prosthetic fittings, resulting in increased patient comfort and
fewer adjustment sessions. This reduction is particularly important for materials such as
zirconia, whose structural integrity can be compromised by repeated wear from
adjustments (2,5,8).

Moreover, the predictability of clinical outcomes improved with the use of
personalized data, adjusting condylar inclination and Bennett angle according to the
parameters proposed by Slavicek. This customization enhanced clinicians’ confidence in
treatment planning and execution, yielding more effective and satisfactory experiences

for both practitioners and patients (3,9).

Negative outcomes were confined to cases in which the virtual articulator was
used without proper configuration based on studied principles. In such instances,
frequent rework and multiple adjustments were necessary, underscoring the

importance of adherence to evidence-based protocols (4,12).
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Broadly speaking, the use of the virtual articulator in exocad, when optimized by
the application of Bonwill’s and Slavicek’s concepts, stands out as an indispensable tool
for modern digital dentistry. Its benefits extend beyond simple reduction of clinical time,
adding layers of safety and precision particularly critical in extensive and complex
rehabilitations (5,7).

Proper recognition of the benefits provided by the virtual articulator should thus
be prioritized in continuing professional education, maximizing the potential of
technological advances in dentistry. Consequently, dentistry progresses towards safer,
more effective, and outcome-driven practices, benefiting both patients and

professionals alike (6,11,13).

FINAL CONSIDERATIONS

The integration of the virtual articulator within the exocad software when
grounded in classical dental principles such as Bonwill’s theory and Slavicek’s guidelines
proves to be an essential tool in contemporary digital dentistry. Proper configuration
not only enhances the predictability of clinical outcomes but also significantly reduces
the need for chairside adjustments. This technological advancement benefits both
clinicians, by improving efficiency and precision, and patients, by providing greater
comfort and treatment security. The positive impact of training and the incorporation
of foundational occlusal concepts highlight the transformative potential of aligning
theory with clinical practice. Embracing and promoting the correct use of the virtual
articulator in platforms like exocad is therefore crucial to meeting the evolving demands

of the field and ensuring high-quality, long-lasting oral rehabilitations.

FINANCIAL SUPPORT AND SPONSORSHIP

This work was supported by the Sdo Paulo Research Foundation (FAPESP — grant
numbers 2019/24903-6 and 2021/11499-2).

DATA AVAILABILITY

All data analyzed during this study are available from the corresponding author

Brazilian Journal of Implantology and Health Sciences
Volume 7, Issue 7 (2025), Page 787-803.



Virtual Articulator: Integration of Functional Occlusion in Digital Workflows for Oral
Rehabilitation
Matos et. al.

upon reasonable request.

DISCLAIMER OF LIABILITY AND DISCLOSURE

All data analyzed during this study are available from the corresponding author

upon reasonable request. The authors report no conflicts of interest regarding any of

the products or companies discussed in this article.

REFERENCES

10.

Miyazaki T, Hotta Y, Kunii J, Kuriyama S, Tamaki Y. A review of dental CAD/CAM:
current status and future perspectives. J Prosthodont Res. 2009 Jan;53(1):1-11.
doi:10.1016/j.jpor.2008.11.002.

Fasbinder DJ. Digital dentistry: innovation for restorative treatment. Compend
Contin Educ Dent. 2010;31 Spec No 4:2-11.

Slavicek R. The Masticatory Organ: Functions and Dysfunctions. Volume I: The
Stomatognathic System. Klosterneuburg: GAMMA Medizinisch-
Wissenschaftliche Fortbildungs-AG; 2009.

Bonwill WGA. The geometrical and mechanical laws of the articulation of the
human teeth. Dent Cosmos. 1885;27:541-4.

exocad GmbH. Virtual Articulator [Internet]. Darmstadt, Germany: exocad; 2024
[cited 2025 Jul 9]. Available from: https://exocad.com/our-products/exocad-
dentalcad/virtual-articulator/

Resende CC, Barbosa GA, Araujo G, das Neves FD, Lemos CA, Pellizzer EP.
Comparison of virtual and conventional facebow mounting techniques: a
systematic review. J Prosthet Dent. 2021 May;125(5):785.e1-785.e7.
doi:10.1016/j.prosdent.2020.03.032.

Salmi M, Paloheimo KS, Tuomi J, Wolff J, Makitie A. Accuracy of medical models
made by additive manufacturing (rapid manufacturing). J Cranio-Maxillofac Surg.
2013 Jul;41(7):603-9. doi:10.1016/j.jcms.2012.11.041.

Correia FM, de Oliveira RP, Ribeiro RF, do Prado CJ, Almeida EO, Leles CR.
Reliability and accuracy of virtual articulators in the simulation of mandibular
movements: a systematic review. J Prosthet Dent. 2022;128(6):1050-7.
doi:10.1016/j.prosdent.2021.09.005.

Kalberer N, Mehl A, Himmerle CHF, Sailer I, Thieringer FM, Mihlemann S.
Evaluation of virtual mounting methods for the fabrication of single crowns using
avirtual articulator: a randomized controlled trial. ) Dent. 2023 May;134:104570.
doi:10.1016/j.jdent.2023.104570.

Souza ROA, Machado CM, Bonachela WC. Digital workflow in full-arch implant-
supported rehabilitation: from diagnosis to delivery. Int J Esthet Dent.
2021;16(3):370-81.

Brazilian Journal of Implantology and Health Sciences
Volume 7, Issue 7 (2025), Page 787-803.


https://exocad.com/our-products/exocad-dentalcad/virtual-articulator/
https://exocad.com/our-products/exocad-dentalcad/virtual-articulator/

11

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Virtual Articulator: Integration of Functional Occlusion in Digital Workflows for Oral
Rehabilitation
Matos et. al.

. Miller AW. Functional anatomy and biomechanics of the temporomandibular
joint. J Prosthet Dent. 1995;74(1):5-12.

Christensen LV. The Bonwill triangle revisited. J Prosthodont. 2001;10(4):243-7.
Johnston WM, McNeill C. Virtual articulators in dental CAD/CAM systems. J
Prosthet Dent. 2004;91(1):1-5.

Okeson JP. Management of Temporomandibular Disorders and Occlusion. 7th
ed. St Louis: Mosby; 2013.

Gongalves TMS, Silva R, Souza RC. Digital workflows in prosthodontics:
application of Bonwill’s triangle in virtual articulators. Int J Prosthodont.
2018;31(6):590-6.

Slavicek R. Functional occlusion: The analysis of mandibular movements.
Quintessence Int. 1979;10(11):13-21.

Koc D, Dogan A. Adjustments of condylar and Bennett angles for overbite
variations. Eur J Dent. 2005;3(4):223-7.

Kim JH, Park SJ, Lee SH. Simulation of mandibular movements in virtual
articulators based on patient-specific parameters. J Dent. 2019;81:24-31.
Miyawaki S, Nakagawa K, Tamura Y. Benefits of personalized virtual articulator
parameters in prosthetic treatment. J Prosthodont Res. 2017;61(1):52-8.

Patel N, Singh A, Arora S. Accuracy of digital records for virtual articulators. J Clin
Diagn Res. 2020;14(6):ZC01-ZCO05.

Lee YJ, Kim YS, Choi JK. Facial arc registration techniques for virtual articulator
setup. Clin Oral Investig. 2021;25(3):1575-83.

Gomes CM, Silva T, Costa A. Customizing articulator settings for digital
workflows. J Prosthodont. 2019;28(2):e544-e551.

Chen Z, Wang H, Li J. Virtual articulator adjustment and its clinical impact.
Comput Biol Med. 2022;141:105042.

Zhao H, Zhang W, Liu Q. Optimization of articulator selection in CAD/CAM
prosthodontics. J Dent. 2018;72:42-9.

Torres LG, Hernandez M, Perez F. Integration of theoretical occlusion concepts
in digital dentistry. J Prosthodont. 2023;32(1):12-9.

Mendes E, Oliveira F. Clinical outcomes of virtual articulator use in complex
rehabilitation. J Prosthet Dent. 2019;121(4):632-8.

Silva RR, Lima JC, Souza ML. Effectiveness of virtual articulators in prosthodontic
rehabilitation. Int J Oral Maxillofac Implants. 2021;36(2):369-76.

Kawai Y, Tanaka H, Okabe T. Wear resistance of zirconia prostheses with
optimized articulator settings. Dent Mater J. 2017;36(3):402-9.

Lee YK, Park JH. Cost-effectiveness of virtual articulator-guided prosthodontics. J
Prosthodont Res. 2020;64(3):280-7.

Mendes E, Oliveira F. Educational benefits of virtual articulator training in
dentistry. Eur J Dent Educ. 2022;26(3):537-44.

Brazilian Journal of Implantology and Health Sciences
Volume 7, Issue 7 (2025), Page 787-803.



