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MEDICAL SCIENCES

DIGITAL TECHNOLOGIES IN PROSTHODONTICS
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The development of new materials and additive technologies represents a cutting-edge scientific direction in
dentistry. The demand for these technologies is driven by the high quality of dental prostheses and restorations,
including: aesthetic appeal, precise control over thickness and spatial dimensions, and geometric accuracy of crit-
ical design and technological elements of the prosthetic structure.

Additive digital technologies reduce material consumption, decrease the need for personnel, and significantly
shorten the time required to transfer information from the patient to the dental technician, as well as the overall

fabrication time of prostheses.

Dentists need to be aware of the full range of possibilities offered by digital technologies to provide a person-
alized approach to each clinical situation. Timely training of specialists fully proficient in digital workflows is a
key condition for ensuring high-quality prosthodontic care.

Keywords: additive digital systems and technologies; prosthodontics.

Rapid Development of Digital Technologies in
Dentistry

The global dental industry is advancing at a pace
far exceeding other areas of medicine. A major break-
through in dentistry has been driven by digital technol-
ogies, which are now widely used at all stages of pros-
thodontic treatment. Among these, CAD/CAM systems
(Computer Aided Design / Computer Aided Manufac-
turing) are the most prevalent [1-6].

Thanks to the rapid development of computer
technologies, new opportunities for applying auto-
mated systems in dentistry emerge every year. Today,
almost all leading global manufacturers of dental
equipment offer their own CAD/CAM systems [7—10].

The use of dental CAD/CAM systems is not lim-
ited to the fabrication of prostheses. Several
CAD/CAM systems have been developed for surgical
applications. For example:

e SURGI GUIDE (MATERIALISE, Belgium)
is used to produce individual surgical templates that fa-
cilitate accurate placement of dental implants during
surgery.

o NOBELGUIDESOFTWARE
(NOBELBIOCARE, Sweden) enables the fabrication
of a restoration immediately after implant placement.

Both systems utilize data from computed tomog-
raphy (CT), specialized CAD software to determine op-
timal restoration placement, and CAM technologies for
manufacturing templates or working models [11-14].

Open vs. Closed CAD/CAM Systems

CAD/CAM systems are categorized as open or
closed. An open system allows replacement of any of
its modules with a compatible module from another
manufacturer, and integration with other systems is rel-
atively seamless. Openness can be considered at vari-
ous levels of the software and hardware hierarchy of the
system or its components. In some cases, system open-
ness refers to compliance with modern industry stand-
ards, enabling integration with other open systems.

CAD/CAM systems can also be classified accord-
ing to the method of optical scanning into clinical (in-
traoral) systems and dental laboratory systems. In clin-
ical systems, intraoral scanning is performed directly in
the patient’s mouth, and the data is transmitted as a dig-
ital file. In dental laboratory systems, scanning is per-
formed on gypsum models [15].

Subtractive vs. Additive Methods

CAD/CAM technologies are divided based on the
manufacturing method into:

1. Subtractive methods — involve material re-
moval processes such as milling and grinding to
achieve the desired prosthetic shape. This method is
called the subtractive method because the material is
“taken away” (English: subtractive).

2. Additive methods — involve material addition
processes, including stereolithography, 3D printing, se-
lective laser sintering, and direct injection printing [16].
These methods are alternatives to subtractive tech-
niques and are referred to as additive methods (English:
additive).
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Additive manufacturing, also known as 3D print-
ing or fabber technologies, is sometimes called rapid
prototyping (RP). It is based on converting CAD mod-
els into solid physical objects using specialized digital
fabrication devices called fabbers.

Currently, 3D printing is especially effective for
creating metallic components of removable prostheses
[17]. It is also suitable for producing larger or more
complex structures such as facial prostheses or skeletal
models, which are difficult to fabricate using traditional
CAD/CAM methods that are better suited for smaller
components. Additive manufacturing allows the use of
materials with varying properties and consistencies
[18].

In Russia, there is no unified classification of ad-
ditive technologies. Methods are typically categorized
based on materials used, the presence or absence of a
laser, layer formation techniques, energy delivery, etc.

Two main additive manufacturing technologies
are used:

Laser-based technologies:

o Laser polymerization — a UV laser gradually
hardens a liquid photopolymer, either directly or
through a photomask, layer by layer, forming a durable
plastic object.

e Laser sintering — a laser selectively fuses pow-
der (e.g., from light-alloy plastics) layer by layer to
form the contour of the desired part.

Inkjet-based (jetting) technologies will likely fol-
low in the next section.

Additive Manufacturing: Jetting Technologies and
Laser History in Dentistry

Laminating (Laser-Based Additive Method)

e The part is built from multiple layers of mate-
rial, which are gradually stacked and fused together. A
laser traces the contour of each cross-section of the fu-
ture object. After processing, excess powder is re-
moved from the finished part.

Jetting (Inkjet-Based) Technologies:

1. Material solidification upon cooling — a dis-
pensing head deposits droplets of heated thermoplastic
onto a cooled base platform. The droplets quickly so-
lidify and bond together, forming layers of the object.

2. Powder bonding or sintering — similar to laser
sintering, but here the powder is bonded with a liquid
adhesive from a jetting head. This method can also re-
produce colors by using binders of different shades
[19].

History of Lasers in Dentistry:

e The first laser was invented in 1960 by Theo-
dore Maiman, using a ruby crystal to produce an intense
red light, with no medical application initially.

e In 1964, Goldman proposed using lasers in
dentistry, specifically for caries treatment. For safety in
the oral cavity, pulsed lasers were later introduced.
With growing experience, the anesthetic effect of lasers
was discovered.

e In 1968, CO: lasers were first used for soft tis-
sue surgery.

Modern dental lasers are increasingly used in en-
dodontics, periodontology, surgery, orthodontics, and
implantology, gradually replacing scalpels, electrosur-
gical tools, and some medicinal approaches due to their

high clinical efficacy and ease of use. Lasers allow for
minimally invasive, virtually painless procedures that
meet high clinical standards.

Fused Deposition Modeling (FDM) and 3D Print-
ing:

e FDM, invented by S. Scott Crump and pa-
tented in 1988, creates 3D forms by extruding heated
thermoplastic layer by layer, without using a laser.

e In 2000, PolyJet photopolymer jetting technol-
ogy was developed, where a printer head deposits pho-
topolymer layers that are cured with UV light.

e The term “3D printing” was coined in 1995 by
Jim Bredt and Tim Anderson, who modified a flatbed
inkjet printer to produce three-dimensional objects in-
stead of images on paper [20].

e One of the rapid prototyping methods used in
dentistry is laser stereolithography (SLA). The term
“stereolithography” was introduced in 1986 by Charles
W. Hull, who patented the method and device for pro-
ducing solid physical objects by sequentially layering a
photopolymer material. The method is based on the
photo-initiated polymerization of a light-sensitive pho-
topolymer composition (PPC) using laser radiation.

e Using this technology, a computer-designed
3D object is synthesized from liquid PPC in consecu-
tive thin layers (0.05-0.2 mm) formed by laser expo-
sure on a movable platform [21, 22]. Typically, the pro-
cessor for generating horizontal cross-sections first
converts the 3D model description in STL format into
a series of layer cross-sections with the required layer
thickness. This array is saved in an SL1I file, which con-
tains 2D vector data to sequentially control the laser
beam orientation via mirrors, laser activation com-
mands, platform movement, and other operations [23—
25].

o Next, the laser is activated to cure the polymer
in areas corresponding to the object walls. After this,
the platform is lowered by the thickness of one layer.
At this stage, a special brush wets any areas that might
remain dry due to surface tension. Upon completion of
the object’s construction, it is immersed in a bath with
special solutions to remove excess material and clean
the part. Finally, it undergoes intense UV exposure for
complete curing. Like many other 3D prototyping
methods, SLA requires support structures, which must
be manually removed after fabrication [26].

e The 3D printing process saves considerable
costs and significantly improves the quality of surgical
procedures, such as dental implantation. In addition to
producing prostheses, crowns, and bridges, 3D printing
allows for the fabrication of orthodontic aligners. Teeth
are scanned, a 3D model is created based on the scan,
and the aligners are subsequently printed [27, 28].

e Laser stereolithography enables rapid transi-
tion—from a design or engineering idea to a finished
model—in just a few hours to a few days. Selective la-
ser sintering (SLS) is another technology used to man-
ufacture ceramic or metal dental restorations. Examples
include the Medifacturing system (BegoMedical AG,
Germany) and DigiDent (Hint-ELs, Germany). In this
method, the computer calculates the tool path, similar
to other CAD/CAM systems, but instead of milling, the
laser sintering fuses the material layer by layer.



Norwegian Journal of development of the International Science No 167/2025 81

puana, JABWraschb N0 3aJaHHOH TPAaeKTOPUH
BHYTPH €M-KOCTH, 3aIlI0JIHIEMOU MOCIOIHO Kepamude-
CKMM WM Me-TaJUIMYECKUM mopomkoM. Kaxaplil no-
CIICYIONIMIA CIION criamBaeTcs ¢ npeasiaymmmM [31]. B
CTOMATOJIOTHU CTe-peonnTorpadus HalIa cBOE€ MpHU-
MEHCHHE B OPTOIICANH, OPTOIOHTHH, UMILIAHTOJIOTHHI
W YeITIOCTHO-HIeBOH Xu-pypruu [30-35].Takum 00-
pa3oM, U(POBBIC TEXHOJOTMH B HACTOAIICEC BpEMs
Pa3BUBAIOTCS U COBEPIICHCTBYIOTCS, OOECIICYH-Bas
Bpaucii-CTOMATOIOrOB HOBBIMU OoJiee 3(h(HhEeKTUBHBIMU
BO3MOKHOCTSIMH JIJIS JICUCHHsI MAIIMeHTOB. BocTpebo-
BaH-HOCTh TEXHOJIOTHH 00YCIIOBJICHA BBHICOKHM Kaue-
CTBOM H3-TOTOBJICHHSI 3yOHBIX IIPOTE30B M pecTaBpa-
IUH: 3CTETHY-HOCTHIO, TIOJTHBIM KOHTPOJIEM TOJIIMHEI
W TIPOCTPAHCTBA, TEOMETPHICCKONH TOYHOCTHIO pa3Me-
POB OTBETCTBEHHBIX KOHCTPYKTOPCKO-TEXHOJIOTHYEC-
CKUX 3JIeMEHTOB H (opMmbl m3nemnus. Kpome toro, aa-
TUTHBHBIC NH(POBBIE TEXHOJIOTHH CHIKAIOT PACXO]l
MaTEepPHAJIOB, YMCHBIIIAIOT KOJHYECTBO HE-00X0JUMOTO
MepcoHaia U CYIIECTBEHHO COKPAIIAIOT CPOKH Tepe-
Jauv MHpOpMalMHU OT MalKeHTa 3yOHOMY TEXHUKY U
CPOKH U3rOTOBJICHUS MPOTe30B. COXpaHECHUE TaHHBIX B
dpoBoM (opmare MO3BOJSAET MOBTOPHO BOCIPOU3-
BECTH MPOTE3 B cllyyae MOJOMKHU. Pa3paboTka HOBBIX
MaTEepHaJIOB U aJINTUBHBIX TEXHOJOTUH SABISACTCS HO-
BEIM HayYHBIM Ha-TIpaBICHHEM B CTOMATOJIOTHH.
Bpaun-cromaTonorun qoK-HBI OBITH OCBEIOMIICHBI O
CHEKTPE BO3MOXKHOCTEH, MPEIO-CTaBISIEMBIX IH(PO-
BEIMH TeXHONOTHAMH. CBOEBpEMEHHAsI ITOATOTOBKA
CHCIHANNCTOB, B MOJHOW Mepe BIamelomuX IHdpo-
BbIMU TE€XHOJIOTUAMHU, IPOTrPAMMHBIM O6CCHC‘~ICHI/I-CM,
ABJIACTCA BAXXKHBIM YCJIOBUEM o6ecnequHﬂ KadyecTBa
CTOMATOJIOTMYECKOI MOMOLTU
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