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Abstract

Over the years, mechanical articulators have been widely used to design and fix prosthodontics. The mechanical articulators have had some challenges which have
prompted dentists to use virtual articulators. Notably, virtual articulators utilize virtual application programs to capture occlusal movements for interocclusal records and
fixed prosthodontics. The mechanical articulators have had their fair share of challenges in that it has been a challenge to capture occlusal movements while the design
of the machines changed often. The materials, commonly used in mechanical articulators to register occlusal details, have often decomposed hence posing trouble for
patients regarding the quality of bite. Therefore, the registration materials used to capture occlusal materials are critical in ensuring that dentists fit prosthodontics per-
fectly. The literature review analyzes secondary data on virtual articulators' various features. Also, the research paper focuses on the challenges dentists face when
using occlusal registration materials and mechanical articulators. The study further looks at the solutions brought forth by the virtual articulators regarding registering
occlusal records. Key words: Virtual articulators, prosthodontics, mechanical articulators, interocclusal records, and virtual reality.

AncTpakT

[lonr roauHy, MexaH4KuTe apTUKyNaTopu Ce LUNPOKO KOPUCTEHY 32 AM3ajHUpare 1 (hUKeHpatbe BO MpoTeTvkaTta. MexaHuuKiTe apTvkynaTopy uMaa Hekow Mpeaviaey-
LV KOWLLTO TV HaTepaa CTOMATonoauTe fja KopUCTaT BUPTYENH apTUKyNaTopi. BUpTyenHuTe apTikynatopy KopucTaT nporpamit 3a BUPTYeNHa annvkaLyja co Lien Aa
3aGenexar okny3anHuTe [IBIKetba 3a MHTEPKOKIY3amHy 3anucy Bo mpoTeTukaTa. MexaHuukuTe apTvkynaTopu UMaa roniemo y4ecTBo BO Mpeau3suuute Aa ce peru-
CTpupaart oKny3anHuTe 3abenexyBarba 1 MOKpaj YECTOTO MeHyBatbe Ha AU3ajHOT. MaTepujanuTe LUTO HajYecTo Ce KOpUCTaT Kaj MexaHUKUTE apTvkynaTopu 3a feTany
Ha OKNy3anHOTO PErUCTpUPatLE, CO Tek Ha BPEME MPETpMyBaaT MPOMEHH, LITO NpeTcTaByBa Npobrem BO OOHOC Ha KBANMTETOT Ha 3arpusoT. 3atoa, MaTepujanuTe 3a
pervcTpaLja Ha oknyaujaTa ce Of KIyuHO 3Hauetbe 3a Aa Ce ocurypa Aeka CTOMaTomno3nuTe CoBPLUEHO M U3paBoTyBaaT npoTeTuukuTe uapaboTki. Mpernenor Ha nuTe-
partypara v aHanuaupa CekyHnapHuTe MofaToLy 3a pasnuyHInTe KapaKTepUCTUKY Ha BIUPTYENHUTE apTukynaTopu. VcTo Taka, TpyAOT ce dhokycupa Ha NpesusBuLuTe Co
KO Ce COOuyBaaT CTOMATONO3TE KOra Ce KOpUCTAT OKITy3arHu PErVCTPaLMOHI MaTepujank 1 MexaHuukin apTukynatopu. CTyavjaTa noHatamy rv pasriiesyBa peLieHvjara
JIOHECEHY Of3 BUPTYENHWTE apTiKynaTopy BO BPCKA CO PErUCTpUpatbe Ha Okiy3anHuTe 3abenexysarba. KnyuHu 36opoBu: BupTyenHi apTukynatop, npoteTuka, Mexa-
HIYKV @pTUKyNaTOpH, MHTEPKOKITY3aITH 3aMNCK U BUPTYENHA PeanHocT.

Introduction

There have been technological transformations in the
21 century, such as the introduction of virtual articula-
tors in fixed prosthodontics'. The medicine field, to be
specific, the branch of dentistry, has introduced virtual
articulators to improve hygiene and dental health in
fixed prosthodontics™. Notably, mechanical articulators
have been widely used to register interocclusal and
design prosthodontics used to fix artificial teeth®.
However, mechanical articulators have had many chal-
lenges emanating from capturing accurate details and

interocclusal records, which are critical in designing and
manufacturing artificial mouth components™.

The adoption and application of virtual articulators
has been slow but steady. In the west, specifically in the
US, dentists and clinics are adopting virtual reality in
fixed prosthodontics™. DentCam technology is the most
common type of virtual articulators widely used in the
west due to their efficiency and cost of operating virtual
reality in designing and fixing prosthodontics’. On the
contrary, developing countries in Africa are slow in
applying virtual articulators due to the lack of trained
human resources'. Additionally, most hospitals in rural
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areas lack electricity which is essential in powering
computing devices and components of virtual reality' ",

Objective

There are several aims that the literature review
strives to meet. Firstly, the paper aims to discuss the var-
ious problems and challenges associated with mechani-
cal articulators. Secondly, the research focuses on the
difficulties related to the use of interocclusal data
records registered by mechanical articulators. Thirdly,
the paper outlines some of the robust solutions that vir-
tual articulators are associating with the use of mechan-
ical articulators. Some of the solutions include: register-
ing accurate occlusal impressions, designing, and manu-
facturing prosthodontics that are custom made. Fourthly,
the review gives the benefits of using virtual articulators
as an effective technological tool in fixed prosthodontics.

Material and methods

The research paper utilizes numerous journal articles
and books to build the hypotheses of the paper. The jour-
nal articles are peer-reviewed by teams of scholars who
have robust knowledge in medicine and, by extension,
dentistry'*"*. The paper leverages several books online to
discuss the importance of virtual articulators in registering
static and dynamic occlusal records'*"”. The paper synthe-
sizes journal articles and books to give detailed research
on the effectiveness and parts of virtual articulators in reg-
istering occlusal records in designing and fixing prostho-
dontics'"”. The criteria used are that the journal articles
and books should be scientific, containing primary and
secondary data**. Secondly, the study done by a research
material should be around virtual articulators, prostho-
dontics, interocclusal records, dentistry, and dynamic
occlusion based on the human population.

Thirdly, the materials are supposed to be in English
since the primary language of research is English.
Fourthly, the research contained in the material should be
authentic and based on science”?. Fifthly, the material
should have been written and published within the last
decade, that is, from 2011 to 2021 to ensure that the data
is updated and features technological advances such as
virtual reality. The sixth criteria is that the material should
be well written, organized”* coherent and interesting in
addressing the issues of virtual articulators, interocclusal
records, and artificial teeth.

Discussion

Over the years, there have been widespread com-
plaints from dentists related to wear and tear nature of
mechanical articulators. Studies have shown that the pro-

longed use of mechanical articulators interferes with reg-
istering interocclusal records”. Some of the mechanical
articulators rust, making it difficult to get the exact size of
occlusal in the maxilla and mandibular®*. In addition, an
overused mechanical articulator is prone to plastering
excess cast on the occlusal®. The failure of mechanical
articulators to plaster the correct amount of cast on the
maxilla and mandibula further the bite problem of a
patient by interfering with the interocclusal records.

The use of mechanical articulators has, on numerous
occasions, reduced the effectiveness of fixed prosthodon-
tics. As a result of decomposing materials that generate
interocclusal data, there is the problem of casting on
occlusal impressions that form the outer part of prostho-
dontics®'. Consequently, the cast impression leaves spaces
in the prosthodontics, which creates extra dental prob-
lems. The spaces left by mechanical articulators affect the
quality of the bite. A patient may not be able to chew food
effectively, especially if it is made up of hard contents®.
Also, the use of mechanical articulators contributes to
manufacture of prosthodontics with a poor orientation that
may lower a person's self-esteem. Besides, mechanical
articulators use excessive plasters that are detrimental to
an artificial tooth's stability due to the excess weight on
the mandibular and maxilla. Subsequently, the numerous
challenges associated with mechanical articulators create
the need to have an effective, durable, and accurate device
for recording details of mouth components®.

A virtual articulator uses software designed to
improve interocclusal records and prosthodontics' out-
come and effectiveness®. Virtual articulators are banked
on virtual reality that entails using a computer-generated
simulation program that allows a dentist to interact with
3D objects registered by using specially made face bow
devices. In other words, a dentist is literally placed in
another world where they interact with 3D images simu-
lated in computers®. Virtual articulators give a dentist a
room to explore different possibilities of designing, man-
ufacturing, and fixing prosthodontics before commencing
the clinical work. Besides, virtual articulators play an inte-
gral role in verifying the interocclusal records registered
before setting prosthodontics to determine the artificial
tooth's effectiveness.

Furthermore, virtual articulators have revolutionized
the practice of restorative dentistry**. Unlike mechanical
articulators that are time-consuming and difficult to clone
and customize prosthodontics, virtual articulators have
made it possible for dentists to customize prosthodontics
according to the patient's specification obtained from a
virtual articulator’s registry*’. Prosthodontics' customiza-
tions is a growing technology that has continued to put
smiles on millions of people. It is important to note that
the use and application of virtual articulators has faced
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several challenges. One of the difficulties has entailed the
training of dentists. Most dentists trained in the 20" centu-
ry lack the necessary skills to generate computer-simulat-
ed 3D images from virtual articulators®. The number of
dentists that have gone back to the university to study the
use of virtual reality in restorative dentistry is minimal,
depending on the number of people that require prostho-
dontics.

The other challenge of virtual articulators relates to
virtual reality technology's initial and maintenance costs.
As compared to mechanical articulators, virtual articula-
tors are slightly expensive as they require installing infor-
mation systems such as computers, the internet, and stor-
age to aid the simulation of objects®. Virtual articulator
technology requires continuous updates and verification
to prevent unauthorized personnel from accessing the
software. Maintaining virtual technology is expensive
since it requires professionals, both trained and experts, in
dentistry and information technology. The price of periph-
eral devices such as digital face bow is costly for hospitals
and dentists to buy, and requires a budgetary allocation to
facilitate the procurement of complementary technology
like software.

Despite some of the challenges associated with virtual
articulators, the advantages outweigh the shortcomings.
Virtual articulators can give real-time data critical in
improving the accuracy of interocclusal data®. The data
generated from mechanical articulators takes a certain
amount of time to register data, increasing the amount of
time required to design and manufacture fixed prostho-
dontics. It is imperative to underscore that as virtual artic-
ulators transmit real-time data, the dental arches’ images
captured are not clear. However, the jaw movements are
captured and used to determine a prosthodontics' dental
arching.

Nevertheless, virtual articulators improve the quality
of dentures produced through enhanced communication.
The virtual reality used in fixing artificial teeth provides a
fundamental platform where both the dentist and the den-
tal technician can access data on interocclusal seamlessly.
The use of virtual articulators enables dentists to send 3D
simulations of interocclusal movements to dental techni-
cians efficiently”. The technology has an option of shar-
ing data and information from one party to another, which
enhances the practice of sharing data with different peo-
ple. Besides, the patient can also be enlightened on how
virtual articulators are capable of improving their prostho-
dontics by showing them a simulation of jaw movements
on the screen.

The new applications in dentistry have been instru-
mental in bolstering good dental health and efficient
restorations. However, there have been minimal journal
articles, books, and publishing that have provided credible

and updated data on the application of virtual articulators
and interocclusal records in fixed prosthodontics®. One of
the fundamental contributions relates to the features of
virtual articulators. Different types of virtual articulators
are applied in the world depending on the country, cost,
and technology used in developing the articulators. In
western countries such as the United States of America
and the UK, DentCam virtual articulators have been wide-
ly used as the standard virtual reality technology* The
adoption of DentCam as the standard virtual articulator
has been informed by the fact that DentCam offers real-
time data on simulation movement of jaws and occlusal.
DentCam virtual articulators have four essential features
that register interocclusal records in fixing artificial
teeth*. Virtual articulators' features are the rendering win-
dow, slice window, smaller window, and occlusion win-
dow.

The rendering window registers interocclusal records
of the mandibular and maxilla from angles that capture the
cusps of the occlusal. Additionally, the rendering widow
plays an integral role in showing how antagonistic move-
ments of teeth occur®. The second feature of DentCam is
the slice window that shows the dental arch's frontal part,
which makes it easy to balance jaw movements. Thirdly,
the occlusion windows illustrate the mandibular and max-
illa jaws' occlusion that show the statistic and dynamic
occlusion. The fourth feature is the smaller window that
shows temporomandibular movements' features with
respect to occlusal, which gives a transversal angle.

Nonetheless, virtual articulators require well-detailed
images of 3D representation of jaws. The 3D images are
registered using virtual reality technology*. The data
about the patient's jaw movement are required to ascertain
occlusal movements. It is imperative to underscore that
jaw and occlusal movements differ from one person to
another depending on the dental formula and the quality
of the bite. After presenting 3D images and jaw move-
ments, virtual articulators simulate the jaw movements to
show a dentist how a visual image of occlusion is going to
come into contact’. The simulation may be presented in
terms of a video or an image, depending on the type of
data the dentist requires.

Patients have different occlusal and jaw movements.
When designing and manufacturing prosthodontics, there
is some force applied on a mechanical articulator to adjust
the interocclusal records of a patient. The process of
adjusting the mechanical articulator to produce the
prosthodontics' desired design affects the setting of the
articulator by reducing the accuracy of customizing the
right size of occlusal and jaw movements*.

Unlike mechanical articulators, virtual articulators
enable a dentist to edit interocclusal records by kinematic
analysis to ensure that the design of artificial teeth match-
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es the records and settings of a patient®. The virtual artic-
ulator tool allows an individual to virtually adjust the
positions of occlusal simulations. On the other hand, a
dentist has to adjust the settings of a mechanical articula-
tor, which increases the chances of wear and tear. When it
comes to casting, a dentist is forced to manually fix the
cast on a prosthetic which may take a long time when per-
forming a full mouth restoration. However, virtual articu-
lators enable dentists to virtually fix cast and perform a
mouth rehabilitation by applying the CAD systems™.

Research patterns and principles

The research on virtual articulators and mechanical
articulators follows certain principles and patterns to
ensure that the conducted research meets the required
threshold. The hypothesis behind the study is that virtual
articulators are considered to be more effective than
mechanical articulators, especially when it comes to reg-
istering static and dynamic occlusion data. The study is
structured in a manner that either confirms or disapproves
the hypotheses of the research. Subsequently, the research
paper synthesizes primary and secondary data to help in
identifying how virtual articulators help in the process of
designing, manufacturing, and fixing prosthodontics. The
clinical measurements of both dynamic and static occlu-
sion are factored in to inform the researchers on how dif-
ferent occlusion generates different data in terms of inte-
rocclusal records®'.

The research applies the principle of using quantitative
data to generate and analyze statistics that relate to the use
of virtual articulators and mechanical articulators. There
are numerous secondary sources of data that contain data
on the dynamic and static occlusion records with regard to
articulators. The data provided by other scientific journals
form a fundamental base of analysis with the data gener-
ated from the research”. In other words, secondary data
plays a huge role in asserting or disapproving that virtual
articulators are more effective than mechanical articula-
tors.

Furthermore, the research leverages on secondary data
to look at the trends associated with the use of virtual
articulators. The research data collated shows that as
much as there is still use of mechanical articulators, virtu-
al articulators are slowly gaining traction among dentists.

The increasing trend in the use of virtual articulators is
bolstering the provision and fixing of high-quality and
customized prosthodontics. In countries such as the
United States of America and the United Kingdom, the
number of people seeking prosthodontics is constantly
increasing®. The increase in the number of people seeking
prosthodontics services is a clear indication that patients
have a positive attitude and trust towards the use of virtu-

al articulators in improving interocclusal records registers,
and fixing artificial teeth.

Suggestions for further research

The future of dentistry is greatly hinged on virtual
articulators. However, there is a need to perform further
research on the future and effectiveness of virtual artic-
ulators over mechanical articulators®. One of the sug-
gestions for future research is to find out the level of
training of dentists with regard to the use of virtual artic-
ulators. The current studies show that the number of den-
tists that have the knowledge to operate and use virtual
articulators is still minimal. Further research should be
conducted to examine the strides made in training den-
tists on the use of technology such as virtual reality,
robotics, and artificial intelligence.

Likewise, future research should be conducted on the
standardization of virtual articulators. The use of tech-
nology is revolutionizing dentistry, but there is a need to
standardize the use of virtual articulators®. Future
research should be conducted to ascertain what dentistry
boards and agencies are doing to ensure that the virtual
articulators that come to the same market have a certain
level of efficacy. The study on standardization will give
dentists an overview of the virtual articulators in the
market and how effective they are. Currently, DentCam
is the standard articulator that is used widely®*. More
research is necessary to analyze the effectiveness of
other virtual articulators with regard to simulating inte-
rocclusal data in generating 3D images and occlusal
movements®.

Comparatively, more research should be done on
how to improve the effectiveness of virtual articulators.
Research should be conducted to examine how virtual
articulators can handle more prosthodontics*. The points
of focus should be on how to simulate more than one
interocclusal movement and 3D images by using virtual
reality technology”. In addition, the privacy of the
patient’s data is an aspect that should be extensively
researched. Data privacy is a major issue in most coun-
tries. More studies should be done on how to secure the
data handled by virtual articulators to ensure that no
unauthorized person has access to the data®.

Conclusion

For quite a long time prosthodontics has been
defined by the use of mechanical articulators which have
posed numerous problems. Mechanical articulators have
had challenges such as destroying occlusal materials that
are used in registering dentures. However, virtual articu-
lators are defining dentistry by offering solutions to chal-
lenges posed by mechanical articulators, and improving
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the design and manufacturing of fixed prosthodontics.
Virtual articulators are improving the quality of life of
people by improving their mouth components with defi-
nite fixed prosthodontics. The use of virtual articulators
improves the effectiveness of registering interocclusal
records by enabling dentists to capture different angles
of occlusion in the mandibula and maxilla. Nevertheless,
there is a need to conduct more research to improve the
number of interocclusal records that virtual articulators
can register simultaneously.
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