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ANALYSIS OF SCANNING
TECHNIQUES USED IN
ORTHODONTIC DENTISTRY

Nasrullayev Javlonbek Tal’atonovich

2nd-Year Clinical Residents of the Department of Pediatric dentistry
Department of the Pediatric Dentistry, Samarkand state medical
university,

Rahimberdiyev Rustam Abdunosirovich
Samarkand, Uzbekistan Scientific adviser: Phd., Dos.

Abstract: The development of dental scanning technologies has significantly expanded the possibilities for long-term
data storage. Rapid advances in digital technologies have enabled the widespread use of both intraoral and extraoral
scanners. These devices differ in terms of scanning accuracy and reliability. Therefore, selecting an affordable and high-
quality scanner has become a critical issue in modern prosthetic dentistry. The relevance of this study is supported by an
analysis of the available scientific literature.

The aim of this study was to determine the current state of scanner selection in prosthetic dentistry and evaluate its
practical significance. A review of scientific publications from the last 30 years was conducted using databases such as
PubMed, CyberLeninka, eLIBRARY, and catalogs of medical dissertations and abstracts. The selection process was
based on keyword searches followed by an analysis of article titles, abstracts, and full texts. Particular attention was given
to studies describing the development of CAD/CAM systems, comparing modern digital systems, and assessing their
accuracy relative to conventional prosthetic techniques.

A total of 11 scientific sources were identified, including two literature reviews and one meta-analysis. The findings indi-
cate that scanning technologies play a crucial role in contemporary prosthetic dentistry. However, identifying a universal
“gold standard” among existing CAD/CAM systems remains a challenge due to variations in accuracy and reliability. Fur-
thermore, economic efficiency and practical applicability continue to be important evaluation criteria.

In conclusion, there is a growing need for the development of new scanning technologies that provide high accuracy and
reliability while minimizing the cost and time required for professional training.

modern dentistry, accuracy, reliability, digital impressions, CAD/CAM technologies.

Annotatsiya: Uzoq muddatli ma’lumotlarni saglash imkoniyati stomatologik skanerlash texnologiyalarining rivojla-
nishi bilan sezilarli darajada kengaydi. Zamonaviy texnologiyalarning jadal taraqqiyoti intraoral (og‘iz ichi) va ekstra-
oral (og‘izdan tashqari) skanerlardan samarali foydalanish imkonini yaratdi. Mazkur qurilmalar skanerlash aniqligi va
ishonchliligi jihatidan bir-biridan farq qiladi. Shu sababli zamonaviy ortopedik stomatologiyada hamyonbop va yuqori
sifatli skanerni tanlash muhim ahamiyat kasb etadi. Tadgigotning dolzarbligi mavzuga oid ilmiy adabiyotlar tahlili bilan
asoslanadi.

Tadgigotning magsadi ortopedik stomatologiyada skaner tanlash muammosining hozirgi holatini va uning amaliy ahami-
yatini aniglashdan iborat. Tadgiqot jarayonida so‘nggi 30 yil davomida chop etilgan ilmiy manbalar tahlil gilindi. Magolalar
PubMed, CyberLeninka, eLIBRARY ma’lumotlar bazalari hamda tibbiyot dissertatsiyalari va avtoreferatlari kataloglaridan
izlab topildi. Materiallarni saralashda kalit so‘zlardan foydalanildi, maqgolalarning nomlari, annotatsiyalari va to‘liq matn-
lari o'rganildi. Asosiy e’tibor CAD/CAM tizimlarining rivojlanishi, zamonaviy CAD/CAM tizimlarini tagqoslash va ularning
anigligini an’anaviy protezlash usullari bilan giyosiy baholashga qaratildi.

Tahlil natijasida 11 ta ilmiy manba, jumladan, 2 ta adabiyotlar sharhi va 1 ta meta-tahlil aniglandi. Natijalar shuni ko‘rsat-
diki, skanerlash texnologiyalari ortopedik stomatologiyada muhim o‘rin tutadi. Shu bilan birga, mavjud CAD/CAM tizim-
lari orasida aniglik va ishonchlilik bo‘yicha yagona “oltin standart’ni aniglash hanuz murakkab masala bo‘lib golmoqda.
Bundan tashgari, CAD/CAM texnologiyalarining igtisodiy samaradorligi va amaliy foydaliligi ham muhim mezon sifatida
baholanmoqda.

Xulosa qilib aytganda, zamonaviy stomatologiya uchun yugori aniglik va ishonchlilikka ega, shu bilan birga gimmat yoki
uzoq muddatli tayyorgarlikni talab gilmaydigan yangi skanerlash texnologiyalarini ishlab chigish dolzarb vazifa hisobla-
nadi.

zamonaviy stomatologiya, aniqlik, ishonchlilik, ragamli otisklar, CAD/CAM texnologiyalari.
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AHHOTauusA: Pa3BuTrne TEXHOMNOMMA CTOMATONOrMYECKOrO CKaAHMPOBAHUS 3HAYNTENBHO PaCLUMPUIIO BO3MOXHOCTU AO0J-
rOBpEMEHHOIo XpaHeHusa OaHHbIX. CTPEMI/ITeﬂbHoe COBEPLUEHCTBOBAHNE LIMPPOBLIX TEXHOMOMMA NO3BOSIMAO LUMPOKO
MCMOoNnb30BaTh Kak MHTpaoparbHble, Tak U 3KCTpaoparbHble ckaHepbl. [JaHHble yCTpOﬁCTBa pas3nn4yarTcAa no nokasa-
TENsM TOYHOCTU N HAOEXHOCTU CKaHMpOBaHus. B cBs3M C aTum Bbl60p OOCTYNMHOIO N BbICOKOKQ4eCTBEHHOIO CKaHepa
npmo6peTaeT OCO6y}0 3Ha4YNMMOCTb B COBPEMEHHOW OPTOMNEANYECKON CTOMATONOIMMN. AKTyaJ'IbHOCTb ncecnenoBaHnda noa-
TBepXaaeTcAa aHarim3om Haquon nntepartypbl No OaHHON I'Ip06J'IEMaTl4Ke.

Llenb nccnemoBaHus 3akntoyaeTcs B ONpeaeneHnm CoOBpeMeHHOro COCTOSIHMUS Mpobrnembl Bbibopa ckaHepoB B opToneau-
YeCcKoM CTOMAaTONOrMN N OLIEHKE UX NMPAKTUYECKOWN 3Ha4YMMOCTU. B xoge nccneqoBaHus 6bin NpoBeaeH aHanma HayYHbIX
nybnukaumn 3a nocregHve 30 net. Nouck matepuanoB ocyulecTBranca B 6asax gaHHbix PubMed, Cyberleninka,
eLIBRARY, a Takke B kaTtanorax MeguLMHCKMX aucceptauui n aBtopedepartoB. OT6op nybnvkauun NpoBOAMIICS MO
KIFOYEBbLIM CIIOBaM C MOCMEAYOLWMM aHannm3oM Ha3BaHUM, aHHOTaUMIM U MOMHbIX TEKCTOB cTaTei. OCHOBHOE BHUMaHMe
yaenanocb paboram, nocBsAWwEHHbIM pa3sutuio CAD/CAM-cucteMm, CpaBHEHUKO COBPEMEHHBLIX LIMGPOBLIX CUCTEM U
OLEHKE MUX TOYHOCTM OTHOCUTENBHO TPAAULMOHHBIX METOAOB NPOTE3VUPOBAHNSI.

B pesynsrate aHanusa 6bino BbisiBNeHO 11 Hay4HbIX UCTOYHWMKOB, BKMoYasd 2 ob3opa nutepatypbl u 1 meTaaHanua.
[MonyyeHHble OaHHble CBUAETENbCTBYHOT O TOM, YTO TEXHOMOIMU CKaHWMPOBAHWUSI 3aHMMAalOT BaKHOE MECTO B COBpe-
MEHHOW opToneanyeckon ctomaronorym. Bmecte ¢ TeM mouck eanHOro “3ofoToro craHgapta” Cpeau CyLeCTBYHOLLMX
CAD/CAM-cuctem no-npexHemy ocTaéTtcs akTyanbHON 3agaden. Kpome Toro, BaXHbIMU KPUTEPUAMM OLIEHKUN BbICTYNaKoT
9KOHOMMYeckas 3PHEKTUBHOCTb M NPaKTUYECKas NONE3HOCTb AaHHbIX TEXHOMOMMIA.

Takum o6pa30M, A5 COBPEMEHHOW CTOMAaTOosIorMm aKTyanbHbIM HanpasrieHNeM ABNAeTCA pa3pa60TKa HOBbIX ME€TOA0B
CKaHMpPOBaHWA, obecneunBaroLLmX BbICOKYHO TOYHOCTb N HAOEXHOCTb NpU MUHUMarbHbIX 3aTpatax BpeMeHn n pecypcoB
Ha oGyHeHme cneunanmncToB.

COBpPEMEHHasi CTOMATOsorusi, TOMHOCTb, HAOEXHOCTb, LUndpoBble oTTncku, CAD/CAM-TexHonormm.

In the modern world, computer technologies are increasingly being used in medicine to accelerate diag-
nostic processes, improve treatment effectiveness, monitor outcomes, and facilitate disease prevention plan-
ning. Over the past 30 years, prosthodontics has undergone significant development owing to the introduc-
tion of various scanning systems, standalone scanners, and 3D-printing technologies. Numerous open- and
closed-architecture scanning systems are currently used for these purposes. In addition, both intraoral and in
vitro scanning techniques are available .

These technologies enable prosthodontists and dental technicians to reduce working time considerably,
thereby lowering operational and transportation costs. Some scanning systems also require the application of
specialized gypsum powders or scanning sprays to ensure accurate recognition of the scanned object by the
device’s camera. However, the high cost of scanners remains a major challenge. Furthermore, most closed-
system solutions supplied by foreign manufacturers require the purchase of an entire product ecosystem to
ensure full functionality 3.

The aim of this review was to determine the current state of this issue and evaluate the significance of
scanner selection in prosthodontic practice.

Over the last three decades, prosthetic dentistry has undergone a fundamental transformation through the
integration of Computer-Aided Design and Computer-Aided Manufacturing (CAD/CAM) technologies. Initially
developed to improve chairside procedures, digital dentistry has evolved into an essential standard for diag-
nosis, treatment planning, and the fabrication of highly precise prosthetic restorations. The capabilities of both
laboratory (in vitro) and intraoral scanning (IOS) devices are central to the contemporary digital workflow, effec-
tively bridging the gap between clinical preparation and automated manufacturing.

The introduction of the groundbreaking Chairside Economical Restoration of Esthetic Ceramics (CEREC)
system in the mid-1980s established the clinical foundation for digital impressions. Early generations of CEREC
technology enabled the scanning, design, and milling of single-tooth ceramic restorations, including veneers,
inlays, and crowns, during a single clinical appointment.

Long-term retrospective studies and meta-analyses have demonstrated that single-tooth restorations fabri-
cated using early CAD/CAM systems achieved clinical survival rates comparable to those of conventionally
manufactured gold and metal-ceramic restorations. This milestone validated the clinical applicability of digital
data acquisition and stimulated continuous improvements in both hardware and software, ultimately leading to
modern high-resolution optical scanners and multi-axis milling systems.
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The software architecture and data management infrastructure of dental scanning systems significantly
influence their clinical adoption and commercial success. Historically, proprietary closed-system platforms
dominated the market. These systems required clinicians to purchase a complete ecosystem consisting of an
intraoral scanner, dedicated design software, and proprietary milling equipment from a single manufacturer.

Although closed systems provided a highly standardized and predictable workflow, they limited clinical
flexibility, created substantial financial barriers, and restricted users to specific product lines. In contrast, the
emergence of open-system scanning technologies has transformed digital dental workflows. Open systems
export data in universally compatible formats such as Standard Tessellation Language (STL) and Polygon File
Format (PLY). This interoperability allows prosthodontists to share high-resolution three-dimensional datasets
with independent CAD/CAM laboratories and third-party manufacturing centers worldwide, thereby eliminating
dependence on proprietary supply chains and significantly expanding clinical possibilities.

As digital impressions increasingly replace conventional elastomeric impression materials, such as poly-
vinyl siloxane and polyether, ensuring the geometric accuracy of virtual models has become essential for
achieving optimal marginal fit and long-term prosthetic success. In dental metrology, scanning accuracy is
defined by two key parameters:

1. Trueness - the ability of a scanner to reproduce oral structures with minimal dimensional distortion and
maximum fidelity to the actual anatomy.

2. Precision - the degree of consistency and repeatability achieved when repeated scans are performed
under identical clinical conditions.

Modern intraoral scanners exhibit high levels of trueness and precision for single crowns and short-span
fixed partial dentures. However, challenges remain when scanning complete dental arches due to cumulative
stitching errors generated during the digital assembly of sequential images. Earlier optical scanning technol-
ogies also required the application of homogeneous titanium dioxide powder to reduce reflective glare from
saliva and tooth surfaces.

Contemporary open-system scanners have largely overcome these limitations through advanced tech-
nologies such as active wavefront sampling and high-definition video fringe projection, which enable powder-
free surface acquisition. Nevertheless, capturing deep and narrow anatomical structures, such as post-space
preparations used in endodontic post-and-core restorations, remains technically challenging because scanner
accuracy decreases with increasing depth.

Despite the substantial advantages of CAD/CAM integration-including reduced treatment time, lower trans-
portation costs, elimination of gypsum model storage, and enhanced patient comfort-economic and educational
barriers continue to limit widespread adoption. High-end scanners and five-axis milling units capable of submil-
limeter accuracy require significant initial investment. In addition, successful implementation demands highly
trained personnel skilled in digital design, virtual articulation, and anatomical modeling.

At the same time, digital dentistry continues to evolve rapidly. Three-dimensional printing, or additive manu-
facturing, has become routine for producing surgical guides, provisional restorations, and polymer-based frame-
works, although its application in definitive ceramic restorations remains under active development. Future inno-
vations are increasingly focused on non-invasive, fluid-independent ultrasonic impression techniques. These
technologies employ ultrasonic waves capable of penetrating subgingival areas without soft-tissue retraction,
potentially overcoming the optical limitations associated with current intraoral scanning systems.

According to the literature reviewed, the differences among scanning systems are evident not only in their
names but also in their software capabilities, scanning procedures, and methods of virtual model fabrication &
° Recently, domestic scanners such as VT Dental have been introduced in Russia. Open-type scanners are
capable of scanning both models and impressions without the need for special powders and can generate optical
images in the standard STL digital format, which can be transferred to any CAD/CAM laboratory. Consequently,
the question of scanning accuracy and its impact on treatment outcomes becomes particularly important .

Two major advantages of CAD/CAM technology are the creation of digital model images and the use of
virtual articulators. However, the implementation of these technologies remains costly and requires highly qual-
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ified personnel. Software applications are currently being developed for a wide range of prosthetic treatments,
including complete and partial removable dentures. Five-axis milling machines are considered the most effec-
tive solution for achieving high manufacturing accuracy in dental restorations.

Three-dimensional (3D) printing technology is already used in dentistry; however, its application is currently
limited primarily to polymer-based materials and does not yet fully include ceramic restorations. In the future,
conventional visual impressions may be replaced by ultrasonic impressions generated using ultrasonic waves
capable of penetrating gingival tissues non-invasively and independently of fluid conditions. For many prac-
ticing prosthodontists, one of the most promising developments is the use of a digital camera connected to a
computer system with dedicated software, allowing images to be transmitted directly to the dental laboratory ..

The current state of commercially available dental CAD/CAM systems worldwide is primarily assessed
through their effectiveness in manufacturing ceramic veneers, inlays, and crowns. Despite the considerable
potential of CAD/CAM technology, its current clinical application remains largely limited to fixed prosthetic
restorations. The further development of CAD/CAM technology for advanced prosthodontic applications is
expected to contribute significantly to maintaining long-term oral health in present and future generations 11,

The relatively recent application of CAD/CAM technology in prosthetic dentistry can be divided into three
principal categories:

1. 3D Reconstruction - the analysis, modeling, planning, and evaluation of orthopedic procedures using
imaging techniques such as CT, MRI, or radiographic imaging without the need for immediate surgical
intervention.

2. Model Production - the fabrication of plastic or wax models that provide surgeons with a comprehensive
understanding of complex craniofacial bone conditions and serve as templates for allograft preparation.

Optimization and Improvement - the production of geometrically accurate implants, including both custom-
made and standardized designs.

Beyond clinical practice, CAD/CAM technologies also serve as valuable tools for professional education
and training. Although these technologies currently may be perceived as expensive, complex, and not yet
widely accessible, ongoing technological advancements are expected to make them more practical, user-
friendly, and cost-effective in the future ©.

Traditional impression-taking procedures using expensive impression materials and gypsum casts present
considerable limitations for the fabrication of high-precision prostheses because they do not completely elim-
inate distortion and may result in information loss during storage. Intraoral scanners offer an effective solu-
tion to these challenges. These devices generate three-dimensional digital models that facilitate data storage
and computerized processing. Accuracy is evaluated according to two parameters: precision, defined as the
consistency of repeated scans under identical conditions, and trueness, defined as the degree to which a
digital model reproduces the original dentition. Previous studies have demonstrated a high level of agreement
between digital scan data and conventional gypsum models, indicating excellent accuracy .

A comprehensive review and meta-analysis of original studies published between 1985 and 2007 and
indexed in Medline/PubMed and Embase databases were conducted. The collected data were independently
evaluated by two examiners. The findings demonstrated that the long-term survival rates of single-tooth
restorations fabricated using the Cerec 1, Cerec 2, and Celay systems were comparable to accepted clinical
standards. However, during the period covered by the review, insufficient long-term evidence was available
regarding more contemporary CAD/CAM systems !'"],

The reviewed literature indicates that dental scanning technologies, together with issues related to accu-
racy, reliability, and cost-effectiveness, remain highly relevant topics in modern dentistry. The development of
a novel scanning technology that is affordable, user-friendly, highly accurate, and reliable is essential for the
continued advancement of contemporary dental practice.
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