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Abstract: In modern dentistry, computer-based modeling and the digital manufacture of prosthetic restorations are
becoming increasingly widespread. This rapid adoption is primarily driven by the ability of these technologies to reduce
the number of clinical and laboratory stages while enabling the use of advanced materials with high aesthetic qualities and
long-term durability. Any computer-aided design and manufacturing (CAD/CAM) system consists of three core functional
components: a scanning module, a design module, and an automated manufacturing module.

The process of creating dental restorations follows several sequential stages. Initially, a digital impression of the tooth
is obtained and processed to reconstruct the tooth surface on a computer screen. Subsequently, a virtual model of the
future restoration is designed, after which automated manufacturing is performed. The diversity of CAD/CAM systems
and 3D-printing technologies used in dentistry is determined by three key factors: scanning methods for acquiring three-
dimensional models of the oral cavity, the variety of prosthetic designs and materials, and differences in clinical and
business implementation models. The development of these technologies is closely associated with the transition from
two-dimensional visualization to three-dimensional isometric modeling, allowing precise control and management of
the restoration process in a digital environment. In addition, innovative construction materials combining the aesthetic
properties of ceramics with the mechanical reliability of metals play a crucial role in the advancement of digital dentistry.

Key words: digital dentistry, 3D modeling, CAD/CAM, CEREC 2.

Annotatsiya: Zamonaviy stomatologiyada kompyuter modellashtirish va protez konstruksiyalarini ragamli ishlab
chigarish texnologiyalari tobora keng qgo‘llaniimogda. Ushbu texnologiyalarning jadal rivojlanishi klinik va laboratoriya
bosqichlari sonini gisgartirish, shuningdek, yuqori estetik ko‘rsatkichlar va uzoq muddatli mustahkamlikka ega innovatsion
materiallardan foydalanish imkoniyati bilan izohlanadi. Har ganday CAD/CAM tizimi uchta asosiy funksional moduldan
iborat: skanerlash moduli, loyihalash moduli va avtomatlashtirilgan ishlab chigarish moduli.

Tish restavratsiyalarini yaratish jarayoni ketma-ket bosgichlarda amalga oshiriladi. Dastlab, tishning ragamli golipi olinadi
va kompyuter ekranida uning sirtini qayta tiklash uchun qgayta ishlanadi. Keyinchalik, bo‘lajak restavratsiyaning virtual
modeli yaratiladi va yakuniy bosqgichda uning avtomatlashtirilgan ishlab chiqarilishi amalga oshiriladi. Stomatologiyada
go‘llanilayotgan CAD/CAM va 3D-printer tizimlarining xilma-xilligi uchta asosiy omil bilan belgilanadi: og‘iz bo‘shlig‘ining
uch o‘lchamli modelini olish usullari, protez turlari va materiallarining rang-barangligi hamda klinik amaliyotga joriy
etishning turli biznes modellari. Ushbu texnologiyalarning rivoji ikki oflchamli tasvirlardan uch o‘lchamli izometrik
modellashtirishga o'tish bilan chambarchas bog'liq bo'lib, bu restavratsiya jarayonini ragamli muhitda aniq boshqarish
imkonini beradi. Shuningdek, keramikaning estetik xususiyatlarini metallning mexanik ishonchliligi bilan uyg‘unlashtiruvchi
yangi konstruktsion materiallar ragamli stomatologiyaning rivojida muhim ofrin tutadi.

Kalit so‘zlar: ragamli stomatologiya, 3D modellashtirish, CAD/CAM, CEREC 2.
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AHHOTaLVs: B cOBpeMeHHON CTOMaTONOMMIN TEXHOMOTMN KOMMbIOTEPHOTO MOAENUPOBaHUS U LMGPOBOTO U3rOTOBMEHUS
OPTOMNEANYECKMX KOHCTPYKLIMIA MoMy4atoT Bce Bornee LMpoKoe pacrnpocTpaHeHue. VX akTBHOe BHeApeHWe 0BYCrNoBNEHO
BO3MOXHOCTbIO COKPALLEHNS KONMMYECTBA KIIMHUKO-NIabopaTopHbIX 3TarnoB, a Takke MPUMEHEHWEM WMHHOBALMOHHbIX
MaTepuarnoB, OTNINYAIOLMXCA BbICOKON 3CTETUYHOCTBIO M [OONTOBEYHOCTLI0. Jliobasi cuctemMa aBTOMaTU3MPOBAHHOTO
npoekTMpoBaHus 1 npoussoactea (CAD/CAM) BKMHOYaET TPY OCHOBHbIX (OYHKLMOHAmNbHbLIX KOMMOHEHTa: Mogyrb
CKaHMpOBaHWs, MOy b MPOEKTUPOBAHMS U MOAY b aBTOMATU3POBAHHOMO M3rOTOBIIEHUS.

[Mpouecc co3gaHnsi CTOMAaTONOrMYECKUX pecTaBpauuii OCyLLIECTBMseTCcs noartanHo. Ha nepsom aTtane dopmupyercs
unpoBor OTTUCK 3yba, KOTOpbIM 3aTeM obpabaTbiBaeTcA AN PEKOHCTPYKUMM MOBEPXHOCTM 3yba Ha akpaHe
komnbtotepa. [lanee pa3pabatbiBaeTcs BupTyanbHas mMoaenb Oyaylien pectaBpauun, NMocre Yero BbIMOSHAETCA ee
aBTOMaTM3MpoBaHHOe uarotoBneHve. MHoroobpasne CAD/CAM-cuctem u TexHonorui 3D-neyatn B CTOMaTonorum
onpefenseTca Tpemsi Kr4YeBbIMU (PakTopamMu: MeTOAaMu CKaHMPOBaHWS AONS MONyYeHUs TPexXMepHOW MOAenu
nornocTy pra, pasHoobpa3vem BUAOB NPOTE30B 1 MaTepmnarnos, a Takke pasnuinamMu B KIMHUYECKNX U BuaHec-mogensax
BHeApeHus. PasBuTne AaHHbIX TEXHOMOMMI TECHO CBA3aHO C MEePeXoAoM OT ABYXMEPHbIX N30OPaKeHUIN K TPEXMEPHON
N30METPUYECKON BU3yanusauum, YTo obecnevymBaeT BbICOKYH) TOYHOCTb MOAENWPOBAHWSA WM yMpaBieHUs NpPOLEeCCOM
pectaBpaumu B undpoor cpefe. CyLlecTBEHHYH porb TakKe UrpatoT MHHOBALMOHHBIE KOHCTPYKLMOHHbBIE Matepuansl,
coyeTaroLLme 3CTeTMYECKMEe CBOMNCTBA KepaMmKN C MEXaHUYECKOW HaAEXHOCTbIO MeTansos.

Kntoyesble cnoea: undposas ctomatonorus, 3D-mopaenvposanHne, CAD/CAM, CEREC 2.

INTRODUCTION

Conventional analog techniques are increasingly giving way to a fully integrated digital environment in
contemporary dental practice. The growing adoption of computer modeling and automated manufacturing is
driven by the need to use advanced materials that offer improved durability and aesthetics, as well as by the
objective of minimizing the number of prosthetic procedures. By reducing human error and enhancing patient
comfort, CAD/CAM technologies provide unprecedented control over the restorative process, facilitating the
transition from two-dimensional representations to three-dimensional isometric visualization. In the context
of the rapid expansion of chairside dentistry and the integration of artificial intelligence (Al) into diagnostic
workflows, analyzing the effectiveness and application of these digital methods is essential for establishing new
benchmarks in clinical outcomes and professional excellence.

LITERATURE REVIEW

Recent studies in dentistry emphasize the growing importance of advanced diagnostic and treatment
approaches aimed at improving clinical accuracy and patient safety. Makhmudovna T. M. et al., in their 2023
research, highlighted the need for precise diagnostic assessment and controlled clinical interventions in complex
pathological conditions, underlining the broader relevance of digital technologies for enhancing treatment
predictability. Similarly, the study by Shoxrux S., Shoxrux I., and Faxriddin C. published in 2022 demonstrated
that effective prevention and management of oral infections in denture wearers require systematic monitoring
and improved clinical protocols, which can be significantly supported by digital diagnostic and documentation
tools.

In the field of orthopedic and prosthetic dentistry, several authors have focused on evaluating treatment
outcomes and material performance. Qobilovna B. Z. and Nodirovich E. A. reported in 2023 that removable
dental prostheses remain a critical component of orthopedic treatment, particularly in patients with combined
pathologies, where treatment success depends on accurate planning and prosthesis adaptation. Complementing
these findings, Bakhtiyorovna M. U. in 2022 analyzed the causes of removable denture fractures and allergic
reactions, emphasizing that technological precision and material quality play a decisive role in reducing
complications, thereby supporting the integration of digitally guided fabrication methods.

Periodontal and restorative aspects of dental treatment have also been extensively investigated.
Anvarovich E. S. and Qobilovna B. Z., in their 2023 study, examined the influence of different retraction threads
on gingival recession, highlighting the importance of controlled clinical techniques to preserve soft tissue health.
Furthermore, Tohirovna M. L. and Qobilovna B. Z. demonstrated in 2023 that optimized complex treatment
methods significantly improve outcomes in inflammatory periodontal diseases. The effectiveness of restorative
techniques was further supported by the findings of Makhmudova U. B., who in 2022 confirmed the clinical
value of parapulpar pins in restoring defects of the frontal teeth. Collectively, these studies form a scientific
basis for the adoption of digital solutions, including CAD/CAM technologies, as tools for improving accuracy,
consistency, and overall treatment quality in modern dental practice.

https://ist-journal.uz t.me/scupus_IST2100
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RESEARCH METHODOLOGY

The procedures of computer-aided design and automated dental prosthesis manufacturing (CAD/
CAM systems), including their functional components—scanning modules, design software, and production
hardware—constitute the subject of this study.

The research focuses on the use of advanced construction materials, such as zirconia and lithium disilicate,
digital scanning techniques, three-dimensional (3D) modeling of tooth surfaces, and the development of clinical
protocols for digital tooth preparation.

The purpose of this study is to examine the evolution and operating principles of dental CAD/CAM systems
and to demonstrate the advantages of digital modeling and three-dimensional (3D) printing in enhancing the
precision, speed, and technical efficiency of dental restorations.

The research tasks include assessing the essential functional stages of dental restoration fabrication,
ranging from digital impressions to automated manufacturing; tracing the development of innovative systems
such as Duret, CEREC, and Procera in order to understand the fundamental principles of modern automation;
examining the influence of software-based tool-path management on restoration quality and the technical
requirements of tooth preparation; investigating the potential of additive manufacturing (3D printing) and novel
materials to improve surgical and orthopedic accuracy; and analyzing the prospects for integrating augmented
intelligence and machine learning into the modeling and diagnostic stages of dental care.

ANALYSIS AND RESULTS

A completely integrated digital ecosystem is progressively replacing conventional analog methods in
contemporary dental practice, which is undergoing a profound transformation. This body of scholarly evidence
highlights the key developments shaping modern dentistry, with particular emphasis on improving patient
outcomes, therapeutic effectiveness, and diagnostic accuracy.

The introduction of intraoral scanning (IOS) represents a central component of this digital transformation.
According to recent studies, digital impressions have, in many clinical situations, effectively replaced
conventional elastomeric impression materials. |OS technology not only improves patient comfort by eliminating
the gag reflex associated with traditional trays but also enhances the accuracy of data transmission to dental
laboratories. The real-time visualization provided by these scanners significantly reduces clinical errors and the
need for repeat appointments by allowing clinicians to immediately evaluate tooth preparations.

Building upon data obtained from scanning technologies, CAD/CAM (Computer-Aided Design and
Manufacturing) systems have fundamentally transformed restorative dentistry. The literature highlights a
growing shift toward “chairside” dentistry, in which crowns, inlays, and onlays are designed and fabricated
within a single clinical visit. Research indicates that materials commonly used in CAD/CAM workflows, such
as monolithic zirconia and lithium disilicate, demonstrate marginal fit and mechanical properties that are
comparable to, and often superior to, those of conventionally fabricated laboratory restorations. This transition
not only streamlines clinical workflows but also contributes to increased economic efficiency within modern
dental practices.

Additive manufacturing, or three-dimensional (3D) printing, has also emerged as a highly valuable
technology, particularly in orthodontics and implantology. Scholarly studies report that the use of 3D-printed
surgical guides has significantly improved the precision of dental implant placement, ensuring greater anatomical
accuracy and reducing surgical trauma. Moreover, the in-house production of transparent aligners and high-
resolution diagnostic models has enhanced both the accessibility and the level of customization available in
orthodontic treatment.

The integration of machine learning and artificial intelligence (Al) represents the most recent frontier
identified in the literature. Al-based algorithms are increasingly applied to the analysis of radiographs and
cone-beam computed tomography (CBCT) scans, enabling highly sensitive automated detection of pathologies
such as dental caries and alveolar bone loss. Through visualized diagnostic outputs, this form of “augmented
intelligence” supports clinicians in making more objective diagnostic decisions and facilitates improved
communication with patients.

Overall, the accumulated research evidence suggests that digital innovations—ranging from intraoral
scanning technologies to Al-driven diagnostic systems—are establishing a new standard of care in dentistry.
Although the initial financial investment and the associated learning curve remain topics of ongoing discussion,
the prevailing consensus in the literature is that these technologies result in more predictable, efficient, and
patient-centered dental treatments. As digital tools continue to advance, their routine integration into clinical
practice is expected to become a defining benchmark of professional excellence in the field.

260 t.me/scupus_IST2100 https://ist-journal.uz




1/2026 SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL

The application of digital technologies in dentistry encompasses all stages of treatment, from electronic
medical record management to complex clinical procedures. These technologies are employed in diagnostics
through radiovisiography, computed tomography, virtual articulators, and digital imaging systems. In addition,
computer-based models enable the simulation of diverse clinical scenarios. Current research focuses on the
development and orientation of three-dimensional (3D) computer models of individual teeth and complete
dentitions, as well as on methods for measuring tooth surface parameters—such as fissure depth, cusp
morphology, and slope geometry—and monitoring the tooth preparation process.

In recent years, dentistry has experienced rapid technological progress, particularly in the field of CAD/
CAM systems, which enable the computer-assisted design and fabrication of dental prostheses. The origins
of this technology can be traced back to the 1960s, a period characterized by the widespread introduction of
automated manufacturing across multiple industries. During this time, the foundational principles for classifying
automation systems were established. According to GOST standards, a CAD system (Computer-Aided Design)
is defined as a complex that employs information technologies to automate the design process. The primary
objectives of CAD systems include the optimization of labor resources through reduced design and production
time, cost minimization, and improvements in the quality and technical efficiency of manufactured products.
CAD/CAM systems represent a specialized application of this concept, integrating computer-aided design
with computer-aided manufacturing. In dentistry, these systems combine digital design processes with the
automated fabrication of restorative structures.

In the early 1980s, dental CAD/CAM systems were initially perceived as relatively simple to implement;
however, their practical development proved to be considerably more complex. To achieve widespread clinical
acceptance, these systems needed to offer solutions that were competitive in both cost and production time
while surpassing traditional fabrication methods in quality. High-quality restorations required extremely precise
scanning of the morphology of prepared abutment teeth, as well as adjacent and opposing dentitions. Early
scanning technologies faced significant challengesin accurately capturing thin preparation margins, necessitating
the development of high-precision hardware and specialized software. Dental restorations must not only fit the
prepared tooth accurately but also harmonize with natural tooth morphology and restore functional occlusion.
Given the brittle nature and complex geometries of ceramic materials, their processing requires delicate and
precise mechanical control. This, in turn, demands advanced CAM equipment equipped with software capable
of accurately regulating tool paths and feed forces. Furthermore, the physical dimensions of processing units
must remain compatible with standard clinical environments. Unlike mass-produced industrial components,
each dental restoration is unique, requiring substantial intellectual input and time investment. Despite these
challenges, CAD/CAM technologies have continued to gain recognition and acceptance within clinical dentistry.

By the late 1970s, dental CAD/CAM systems began to emerge with the objective of standardizing restorative
procedures, minimizing human error through digital modeling, and unifying dental materials via standardized
blanks. Early pioneers, such as Francois Duret, drawing upon Altschuler’s theoretical research on laser
holographic optics, played a decisive role in advancing this field. Beginning in 1971, Duret conducted research
aimed at producing crowns with precise occlusal morphology using laser scanning and computer numerical
control (CNC) milling. In 1983, he introduced a prototype that later evolved into the Sopha Bioconcept® system.
During the 1980s, Dr. W. Mérmann, in collaboration with engineer M. Brandestini, developed the CEREC®
system, which introduced the concept of “chairside” dentistry by enabling the fabrication of ceramic restorations
directly within the clinical setting. Subsequent system iterations, including CEREC-2 and CEREC-3, further
enhanced accuracy through improved three-dimensional visualization and advanced milling strategies.
Concurrently, material science advancements facilitated the development of the Procera® system by M.
Andersson and B. Bergman, which introduced an outsourcing-based manufacturing model for high-strength
titanium and ceramic frameworks.

CONCLUSION AND RECOMMENDATIONS

Today, CAD/CAM systems continue to evolve by incorporating both subtractive milling techniques and
additive manufacturing technologies, such as three-dimensional (3D) printing and selective laser sintering.
Contemporary systems integrate scanning, computer-aided design (CAD), and computer-aided manufacturing
(CAM) modules to process digital impressions and fabricate highly precise dental restorations. These systems
ensure high mechanical strength and optimal fit while adhering to traditional principles of tooth preparation that
have been adapted to digital clinical workflows.
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