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DENTAL IMPRESSIONS AND GYPSUM MODEL 
SCANNING ACCURACY USING A LASER 
SCANNER ARE COMPARED

Akhmadov Inomjon Nizomitdinovich
Samarkand State Medical University
Independent researcher
Email:  inomjonakhmadov1994@gmail.com
ORCID: 0009-0001-7521-2441

Matchanov Boburbek Ulug‘bekovich
Samarkand State Medical University
Independent researcher

Abstract: This article presents a comparative analysis of the dimensional accuracy of digital models obtained through 
direct laser scanning of silicone impressions and scanning of Type IV and Type V gypsum models used in prosthetic 
dentistry. A calibrated Johanssen gauge block with a nominal reference distance of 7 mm was employed as the 
experimental standard. The results demonstrate that digital models derived from Type IV super-gypsum (Elite Rock) 
exhibit the highest dimensional accuracy. Direct scanning of impressions showed slightly greater deviations, primarily 
attributed to the application of anti-glare spray required for optical scanning of reflective silicone surfaces. While direct 
impression scanning is clinically viable and offers workflow efficiency, its accuracy remains marginally inferior to gypsum-
based digitization for high-precision prosthetic applications. The findings emphasize the importance of material selection 
and scanning methodology optimization in modern CAD/CAM dental workflows.

Key words: prosthetic dentistry, digital impression, CAD/CAM, A-silicone, super-gypsum, laser scanning, dimensional 
accuracy.
Annotatsiya: Mazkur maqolada ortopedik stomatologiyada qo‘llaniladigan raqamli va an’anaviy qolip olish texnologiyalarining 
o‘lcham aniqligi qiyosiy tahlil qilinadi. Tadqiqot doirasida A-silikon asosidagi qoliplarni bevosita lazerli skanerlash orqali 
olingan raqamli modellar hamda IV va V turdagi super-gips modellarini skanerlash natijalari o‘rganildi. O‘lchov aniqligini 
baholash uchun 7 mm etalon masofaga ega Johanssen bloki eksperimental obyekt sifatida qo‘llanildi. Natijalar shuni 
ko‘rsatdiki, IV turdagi super-gips (Elite Rock) asosida olingan raqamli modellar eng yuqori aniqlikni namoyon etdi, 
bevosita qolip skanerlash esa nisbatan yuqori og‘ishlarga ega bo‘ldi. Aniqlikdagi farqlar asosan qolip yuzasiga qo‘llanilgan 
yorug‘likni so‘ndiruvchi sprey bilan izohlanadi. Tadqiqot natijalari zamonaviy CAD/CAM texnologiyalarida material tanlash 
va raqamlashtirish usullarini optimallashtirish zarurligini asoslaydi.

Kalit so‘zlar: ortopedik stomatologiya, raqamli qolip, CAD/CAM, A-silikon, super-gips, lazerli skanerlash, o‘lcham aniqligi.
Аннотация: В данной статье представлен сравнительный анализ точности цифровых моделей, полученных 
путем прямого лазерного сканирования силиконовых оттисков и сканирования гипсовых моделей IV и V 
классов, применяемых в ортопедической стоматологии. В качестве экспериментального эталона использовался 
калиброванный блок Йохансена с номинальным расстоянием 7 мм. Полученные результаты свидетельствуют о 
том, что цифровые модели, изготовленные на основе супергипса IV класса (Elite Rock), обладают наибольшей 
размерной точностью. Прямое сканирование оттисков демонстрирует несколько более высокие отклонения, 
что связано с необходимостью нанесения антибликового спрея на поверхность силиконового материала. 
Исследование подтверждает клиническую применимость прямого сканирования оттисков, однако указывает 
на его ограничения при высокоточных ортопедических конструкциях. Полученные данные имеют практическое 
значение для оптимизации цифровых рабочих процессов в CAD/CAM-стоматологии.

Ключевые слова: ортопедическая стоматология, цифровой оттиск, CAD/CAM, А-силикон, супергипс, лазерное 
сканирование, размерная точность.
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I N T R O D U C T I O N
Obtaining a high-precision impression is one of the primary objectives of prosthetic dental treatment [1, 

3, 4, 6, 11]. The ideal impression should accurately mimic the topographical features of the prosthetic bed 
and exhibit outstanding dimensional stability [1, 5, 7]. To ensure that impressions meet these criteria, efforts 
are being made to develop and use new impression materials [2, 10]. In therapeutic settings, silicone- and 
polyether-based impression materials are most often used. In addition to the type of material employed, the 
process used to obtain the impression influences its dimensional accuracy [2, 3, 7, 11].

The most popular dental impression techniques for making fixed prosthetic restorations are the one-
step single-phase method, the one-step dual-phase (monophase) methodology, and the two-step dual-phase 
technique [4, 7]. One of the most recent modern methods for collecting impressions is intraoral laser scanning 
of the dentition, which produces digital imprints [4, 8].

These days, CAD/CAM technology is an essential component of a prosthodontist’s workflow. These 
innovative technologies are supported by scanners and other digital diagnostic instruments. Three-dimensional 
scanners capable of processing dental impressions and gypsum models have become more common in recent 
years. Laboratories and clinics have a significant opportunity to reduce costs and processing time by directly 
scanning impressions. However, there are conflicting expert opinions regarding the efficacy of this strategy and 
a dearth of independent research on the subject.

R E V I E W  O F  L I T E R A T U R E  O N  T H E  S U B J E C T
The rapid evolution of CAD/CAM technology has fundamentally transformed prosthetic dentistry, moving 

from traditional manual workflows to highly precise digital systems. A critical debate in contemporary literature 
centers on whether direct scanning of dental impressions can replace the traditional process of scanning 
gypsum models. According to research by Akhmadov et al. (2024), while scanning gypsum models remains the 
“gold standard,” direct impression scanning offers significant advantages in terms of clinical time management 
and cost reduction by bypassing the laboratory phase of model casting.

The accuracy of these digital models is often evaluated using standardized units of length, such as the 
Johanssen block (gauge block). The literature suggests that material properties play a decisive role in the final 
precision. A-silicone (polyvinyl siloxane) materials, such as Hydrorise, are frequently cited for their excellent 
dimensional stability. However, when these materials are scanned directly, a common challenge identified is 
the reflective nature of the silicone surface. Most current laser scanners, such as the Zirkonzahn S600, require 
the application of an anti-glare or opaquing spray to ensure a readable surface. Studies indicate that this spray 
layer, although thin, can introduce a slight volumetric increase, leading to minor inaccuracies in the digital 
model compared to the physical original.

Comparative studies consistently show that Type IV and Type V super-gypsum models (e.g., Elite Rock, 
Elite Master) yield higher accuracy than direct scans of impressions. The literature attributes this to the inherent 
“matte” surface of gypsum, which allows for more precise point-cloud generation by the laser without the need 
for additional coatings. As demonstrated in experimental trials, gypsum models often reach accuracy levels near 
6.916 ± 0.015 mm for a 7 mm reference, while direct impression scans may show a slightly higher deviation.

Furthermore, the integration of different dental materials impacts the digital outcome. The choice of 
gypsum (e.g., Elite Rock vs. Elite Master) can result in subtle but statistically significant differences in stability 
and detail reproduction. Recent trends in the literature advocate for the development of “scannable” or non-
reflective impression materials that would eliminate the need for anti-glare sprays. In conclusion, while current 
evidence supports the clinical viability of direct impression scanning for most prosthetic applications, gypsum 
model scanning remains superior for high-precision requirements. Future advancements in material science 
and reflected-light scanning technologies are expected to close this accuracy gap, making the fully digital 
workflow even more efficient.

R E S E A R C H  M E T H O D O L O G Y
A-silicone materials, namely Zhermack’s (Italy) Hydrorise Light (low-viscosity wash) and Hydrorise Putty 

(high-viscosity foundation), were used to generate one-step, double-layer imprints. A Johanssen block with a 
normalized dimension of 7 mm between measurement planes used as the experimental model. The impression 
ingredients were mixed, placed on a rigid plastic tray, and applied to the trial model in accordance with the 
manufacturer’s instructions. After applying pressure continuously for 30 seconds, the impression disappeared 
after six minutes. Seven days later, the impressions were treated with a photosensitive 3-D Laserscanning 
Anti-Glare Spray (Helling, Ukraine) and scanned using the Zirkonzahn S600 arti apparatus.Next, ten models 
were cast, five of which were made of Elite Master resin-reinforced super-gypsum (Zhermack, Italy) and five 
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of which were built of Elite Rock super-gypsum. Gypsum was mixed with distilled water and a vacuum mixer. 
After a day without anti-glare spray, the gypsum models were scanned since these materials are made for CAD/
CAM.In order to get 150 measurements for the impression group and 150 for the gypsum groups (75 for each 
kind of gypsum), each digital model was measured 15 times in increments of 1 mm. To determine the mean 
measurement error of the scanner, the original experimental model was also measured and scanned fifteen 
times. The data was processed using Excel’s variational statistics feature. 

A N A LY S I S  A N D  R E S U LT S
The analytical phase of this study focused on a comparative assessment of dimensional accuracy obtained 

through three different digitalization pathways: direct scanning of A-silicone impressions, scanning of Type IV 
super-gypsum models, and scanning of resin-reinforced Type V super-gypsum models. The objective was not 
merely to identify numerical deviations from the reference standard, but to interpret these deviations within the 
context of material behavior, scanner limitations, and workflow-related variables that influence the reliability of 
CAD/CAM-based prosthetic fabrication.

Prior to evaluating experimental outcomes, the intrinsic accuracy of the scanning system itself was verified. 
The reference Johanssen block with a certified interplanar distance of 7.000 mm was scanned fifteen times 
under identical conditions. The resulting mean scanner deviation of 8 μm fell well within the manufacturer’s 
stated tolerance range of 8–12 μm. This confirmation is critical, as it establishes that observed discrepancies 
in subsequent measurements can be attributed primarily to material properties and scanning conditions rather 
than to systemic equipment error. In methodological terms, this step ensures internal validity and allows for 
meaningful comparison across experimental groups.

The first experimental group consisted of digital models generated through direct scanning of A-silicone 
impressions fabricated using a one-step double-layer technique. The mean measured distance for the nominal 
7 mm reference was 6.885 ± 0.012 mm at a confidence level of p = 0.95. Although this deviation appears 
numerically small, its systematic nature indicates a consistent underestimation of the reference dimension.

This finding aligns with existing literature that identifies surface reflectivity as a primary limitation of direct 
impression scanning. A-silicone materials, despite their excellent elastic recovery and dimensional stability 
over time, possess a smooth and light-reflective surface that interferes with laser-based optical acquisition. 
The application of a photosensitive anti-glare spray was therefore necessary to enable adequate point-cloud 
generation. However, even an ultrathin spray layer introduces an artificial surface modification, effectively 
increasing surface thickness and altering the true spatial relationship between reference planes.

From a metrological perspective, this spray-induced layer does not merely add material; it introduces 
variability depending on spray uniformity, angle of application, and drying behavior. Although the impressions 
were sprayed following standardized protocols, absolute homogeneity cannot be guaranteed. The resulting 
dimensional contraction observed in the digital model may reflect compensatory scanning algorithms attempting 
to reconcile reflective artifacts, thereby producing a slightly reduced virtual geometry.

Clinically, the magnitude of this deviation remains within acceptable limits for many fixed prosthetic 
restorations, particularly single-unit crowns and short-span bridges. Nevertheless, for restorations requiring 
maximal precision—such as implant-supported frameworks or long-span fixed partial dentures—even minor 
systematic inaccuracies may accumulate and compromise passive fit.

The second experimental group comprised digital models derived from Type IV super-gypsum (Elite Rock). 
These models yielded a mean measured distance of 6.916 ± 0.015 mm at p = 0.95, representing the closest 
approximation to the reference standard among all tested groups.

Several factors contribute to the superior performance of Elite Rock models. First, Type IV gypsum exhibits 
low setting expansion and high compressive strength, ensuring minimal dimensional distortion during setting 
and subsequent handling. Second, the inherently matte surface texture of gypsum is ideally suited for laser 
scanning, allowing for consistent reflection patterns and dense point-cloud acquisition without the need for 
surface treatment.

The absence of anti-glare spray eliminates an entire source of variability present in direct impression 
scanning. As a result, the scanner can capture surface geometry directly, relying solely on the physical 
characteristics of the model. This contributes to the observed stability and reproducibility of measurements 
across repeated scans.

From a workflow standpoint, these findings reinforce the long-standing perception of gypsum model 
scanning as the benchmark for digital accuracy. Although this approach involves additional laboratory steps—
casting, setting, and storage—it provides a high degree of confidence in the dimensional fidelity of the resulting 
digital model. For complex prosthetic cases where precision outweighs time efficiency, this method remains 
highly justified.
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The third experimental group included models fabricated from Type V resin-reinforced super-gypsum (Elite 
Master). The mean measured value of 6.890 ± 0.019 mm demonstrated intermediate accuracy, outperforming 
direct impression scans but not matching the precision achieved by Elite Rock.

Type V gypsum materials are designed to offer increased strength and resistance to abrasion, particularly 
for implant and high-load applications. However, these advantages may come at the expense of slightly 
increased setting expansion or altered surface microstructure due to resin reinforcement. While these changes 
are clinically beneficial in terms of durability, they may introduce subtle geometric variations that affect optical 
scanning accuracy.

The slightly higher standard deviation observed in this group suggests greater variability between individual 
models. This may reflect sensitivity to mixing ratios, vacuum mixing efficiency, or environmental conditions 
during setting. Although all models were prepared under controlled conditions, resin-modified systems are 
inherently more complex than conventional gypsum, which may explain the observed dispersion.

Importantly, the results do not indicate a fundamental inadequacy of Type V gypsum for digital workflows. 
Rather, they highlight the need for careful material selection based on clinical priorities. Where maximal strength 
and durability are required, minor compromises in dimensional precision may be acceptable. Conversely, in 
cases demanding extreme accuracy, Type IV gypsum may remain preferable.

When comparing all three groups, a clear hierarchy of dimensional accuracy emerges: Type IV gypsum 
models demonstrated the highest fidelity, followed by Type V gypsum models, with direct impression scans 
exhibiting the greatest deviation from the reference standard. However, the absolute differences between 
groups were relatively small, underscoring the overall maturity and reliability of modern digital prosthodontic 
workflows.

It is essential to interpret these results within a clinical context. The deviations observed in direct impression 
scanning, while statistically significant, may not translate into clinically detectable discrepancies in many 
routine cases. The advantages of direct scanning—reduced processing time, elimination of casting errors, and 
streamlined digital workflows—are substantial and align with the broader trend toward chairside CAD/CAM 
solutions.

Nevertheless, the findings also underscore a critical limitation: current laser scanning systems are not 
fully optimized for reflective elastomeric surfaces. The reliance on anti-glare sprays introduces an avoidable 
source of error that undermines the theoretical advantages of direct impression scanning. This limitation is 
technological rather than conceptual and points toward future innovation rather than methodological failure.

The results of this study support ongoing research into the development of “scannable” impression 
materials with inherently matte or light-diffusing surfaces. Such materials would eliminate the need for surface 
coatings, thereby preserving the true geometry of the impression and enhancing scanning accuracy.

Additionally, advancements in scanning technology—particularly structured-light and hybrid optical 
systems—may reduce sensitivity to surface reflectivity. Improved software algorithms capable of compensating 
for reflective artifacts without geometric distortion would further narrow the accuracy gap between direct and 
indirect scanning methods.

Future studies should also explore long-span geometries, undercut regions, and complex anatomical 
forms to assess whether the trends observed in standardized reference models persist under clinically realistic 
conditions. Multicenter trials and cross-platform scanner comparisons would further strengthen the evidence 
base.

C O N C L U S I O N S  A N D  S U G G E S T I O N S
The experiment’s results demonstrate that scanning impressions may provide results with a high degree of 

accuracy. The modest drop in accuracy compared to gypsum models is likely due to the photosensitive spray, 
which creates a thin film on the impression surface. The development of reflecting imprint materials would 
eliminate the need for such sprays and increase the precision and effectiveness of direct scanning for usage in 
modern healthcare settings.
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