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Abstract

Introduction. The accuracy of fitting orthopedic constructions to the hardened support is one of the 
predictors of their successful functioning in clinical conditions, while the scientific literature still notes 
somehow divergent indicators regarding the accuracy of fitting orthopedic constructions made according 
to digital and analog protocols as reported in studies with varying levels of methodological refinement. 
According to a  randomly controlled clinical study, the use of classical elastomeric prints in cases of 
manufacturing non-removable orthopedic constructions based on all available teeth was characterized by 
spending less time and providing a higher level of efficiency in terms of workflow organization than the 
use of an intraoral scanner with the same purpose.
Aim. To conduct a  detailed analysis and systematization of fitting orthopedic constructions produced 
according to digital and analog protocols, on the basis of a literature review.
Materials and methods. The literature review was conducted using databases such as Scopus, Web of 
Science, PubMed, Crossref, and Google Scholar for the period 2014‑2024 years.
Results and discussion. The analysis of scientific sources showed that nowadays there is a pronounced 
tendency toward increasing the amount of digital technologies involvement during certain stages 
of dental patients treatment and the manufacture of orthopedic constructions, in particular, using 
intraoral scanning technology methods for obtaining prints, approaches to digital modeling of frame 
parts of prosthetic restorations or those in general with the possibility of their further milling or three-
dimensional printing is becoming more and more common in orthopedic dentistry.
The totality of these changes is associated with an increase in the share of the use of orthopedic 
constructions, the production of which can be optimized precisely with the implementation of digital 
technologies in the treatment process, such as all-zirconium and all-ceramic orthopedic restorations.
Conclusions. The literature analysis reveals that the attention should be paid to the fact that both the 
developed approach and the proposed criteria should be clinically oriented, thus contributing to the 
objectification of the orthopedic treatment success prognosis in different time perspectives, as well as 
to the stratification of the treatment method choice in particular, taking into account the biomechanical 
prognosis for the tooth or group of teeth as supports in prosthetic restorations.
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INTRODUCTION

The precision with which fixed prosthodontic 
constructions adapt to the prepared abutment remains 
a key determinant of their long-term success under clinical 
conditions. While this factor is widely acknowledged in 
prosthodontic literature, published data continue to reflect 
a degree of variability – sometimes substantial – regarding 

the fit accuracy of restorations fabricated through digital 
versus conventional analog protocols  [1,  2,  3]. These 
discrepancies are often attributable to differences in 
study design, scanning systems, materials, operator 
skill, and evaluation methodologies. Nevertheless, 
a general consensus holds that a marginal discrepancy of 
approximately 100 microns remains within the clinically 
acceptable threshold for ensuring the predictable function 
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and biomechanical stability of crowns. However, 
what remains insufficiently elucidated is the exact 
influence of the fabrication method – whether digital or 
analog – on the variability and reproducibility of such 
adaptation accuracy, particularly across different clinical 
environments and prosthetic materials [4, 5].

In a  pivotal 2018 systematic review, Nagarkar  S. 
et  al. conducted a  meta-analysis comparing crowns 
produced from intraoral digital scans versus those 
obtained from traditional elastomeric impressions. 
The authors quantified the differences in adaptation 
parameters and found that restorations derived from 
digital workflows exhibited a  marginal gap reduction 
of 9.0 µm (range: –18.9 to 0.9 µm) and an internal gap 
reduction of 15.6 µm (range: –42.6 to 11.4 µm) compared 
to conventional methods. Moreover, appropriate proximal 
contact integrity was achieved in 88.5% of restorations 
fabricated via intraoral scanning, whereas only 51.5% of 
those generated from elastomeric impressions met similar 
standards. Notably, digital impressions also demonstrated 
improved accuracy in the reproduction of occlusal contact 
morphology and spatial relations [6]. While such findings 
might appear modest in absolute values, their cumulative 
effect may contribute meaningfully to improved 
prosthetic longevity and patient comfort. Importantly, 
these differences, although statistically significant, did 
not translate into major clinical discrepancies; thus, the 
authors concluded that digital impression techniques not 
only meet but can even exceed the levels of precision 
traditionally associated with analog workflows [7, 8].

AIM

The objective of this study is to conduct an in-depth 
analysis and systematic synthesis of available scientific 
data concerning the fit accuracy of fixed orthopedic 
(prosthodontic) constructions fabricated using digital and 
conventional (analog) workflows, based on a comprehensive 
review of contemporary literature. The study seeks to 
elucidate comparative advantages, limitations, and clinical 
implications associated with each protocol.

MATERIALS AND METHODS

This literature review was conducted through 
a structured and comprehensive analysis of peer-reviewed 
publications obtained from internationally recognized 
electronic databases, including Scopus, Web of Science, 
PubMed, Crossref, and Google Scholar. The primary 
objective was to identify, analyze, and synthesize studies 
focused on the marginal and internal fit of orthopedic 
(prosthodontic) constructions fabricated using digital and 
analog protocols.

The search strategy encompassed publications 
published between 2014 and 2024, representing a 10‑year 
time frame. The following search terms and Boolean 

combinations were employed: «orthopedic constructions,» 
«intraoral scanning,» «digital technologies,» «digital 
protocol,» and «3D printing.» The initial screening phase 
involved an assessment of titles and abstracts to determine 
relevance to the research question.

The analysis included full-text articles, systematic 
reviews, and original research papers that addressed 
fit accuracy, methodological comparisons, or clinical 
outcomes associated with different impression techniques. 
Particular attention was paid to studies reporting clinical 
or laboratory measurements of marginal and internal 
gaps, as well as reports on complications associated with 
the manufacturing protocols. From an initial pool of 86 
sources, 43 publications were deemed relevant based on 
inclusion criteria, which prioritized thematic alignment and 
methodological rigor. General scientific methods – namely, 
analysis, synthesis, comparison, and critical appraisal – 
were applied throughout the review process.

Exclusion criteria comprised publications that did not 
correspond to the scope of the review or were published in 
languages other than English or Ukrainian. Studies focusing 
solely on implant-related complications without addressing 
impression protocols were also excluded.

The review protocol was approved by the Bioethics 
Commission of I.  Horbachevsky Ternopil National 
Medical University, Ministry of Health of Ukraine 
(Protocol No. 80, January 10, 2025).

RESULTS

A  randomized controlled clinical trial employing 
a  split-mouth design demonstrated that the median 
marginal gap in the chamfer area was 60 μm for crowns 
fabricated using digital impressions and 78 μm for those 
created with elastomeric impressions. Furthermore, 
the contour mismatch between the crown and the axial 
wall ranged from 91 to 159 μm for digitally produced 
crowns, and from 109 to 181 μm for those fabricated 
using polyvinyl siloxane materials. Clinical evaluations 
conducted at 6- and 12‑month follow-ups revealed no 
statistically significant differences in the setting accuracy 
between the two fabrication methods, as confirmed by 
both visual inspection and probing [9].

Laboratory-based comparisons utilizing typodont 
models indicated that crowns derived from elastomeric 
impressions exhibited an average marginal gap of 
112.3  ±  35.3 μm, whereas crowns fabricated via intraoral 
scanning showed reduced values of 89.8  ±  25.4 μm 
and 89.6  ±  30.1 μm, respectively  [9]. Although the 
observed differences were clinically negligible, the lack 
of simulation of oral environment variables in vitro limits 
the generalizability of these findings  [10, 11]. Moreover, 
variability in measurement protocols and a  lack of 
methodological standardization across studies further 
complicate the interpretation and comparison of results [12].
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In zirconia-based restorations, Rödiger  M. et  al. 
reported comparable accuracy between crowns fabricated 
via digital and analog methods. However, statistically 
significant improvements in marginal and occlusal fit were 
observed in the digital workflow  [13]. Chochlidakis  K. 
et  al., in their 2016 systematic review, concluded that 
digital and elastomeric impressions produced similar fit 
accuracy, although restorations fabricated using gypsum 
models exhibited greater deviations in marginal and 
internal contours [14].

A  2024 meta-regression analysis confirmed that 
single-unit full-contour zirconia restorations manufactured 
via digital impressions demonstrated superior accuracy 
compared to their analog counterparts  [15]. Nonetheless, 
the overall technique of prosthesis fabrication had limited 
influence on the final fit, provided that protocol adherence 
was maintained – a conclusion largely based on laboratory 
findings [16, 17].

Lithium disilicate crowns were similarly analyzed. 
The majority of both in vivo and in vitro studies indicated 
a  positive impact of digital workflows on crown 
adaptation, although due to methodological heterogeneity, 
the authors emphasized comparability rather than 
superiority  [18]. Hasanzade  M. et  al. conducted a  meta-
analysis that revealed marginal adaptation differences 
ranging from –1.23 to 0.29 μm in laboratory settings and 
0.93 to 0.24 μm in clinical conditions, favoring digital 
impressions in vitro but not in vivo [19].

A  systematic review and meta-analysis by 
Bandiaky  O. et  al.  (2022) found mean marginal gaps of 
92.1  ±  35.4 μm in crowns fabricated using elastomeric 
impressions and 80.9  ±  31.9 μm in digitally produced 
crowns, though these differences lacked statistical 
significance. Notably, digital impression methods were 
more favorably received by patients due to greater 
comfort, despite requiring similar chairside time [20].

A  randomized controlled study found that 
conventional impressions offered greater time efficiency 
and workflow simplicity when manufacturing full-
arch restorations, though digital impressions showed 
statistically significant advantages in certain subgroups. 
These discrepancies may stem from early-generation 
intraoral scanners requiring scanning powder, as well as 
persistent limitations in occlusal registration in full-mouth 
digital workflows [21, 22].

Considerable variability was observed in marginal 
fit accuracy across intraoral scanners using distinct 
imaging technologies (e. g., active triangulation, confocal 
microscopy, wave-front sampling, and photogrammetry). 
For example, wave-front sampling yielded a  marginal 
fit of 48.65  ±  29.45 μm, consistent across anterior and 
posterior teeth. Nevertheless, axial deviations often 
exceeded 100 μm, necessitating additional clinical 
adjustments [23].

DISCUSSION

Several studies underscored the higher precision of 
laboratory scanners in capturing the finish line and tooth 
morphology, particularly when compared to intraoral 
scanners. Lee J. H. et al. (2020) confirmed that although 
laboratory digitization of elastomeric models yielded 
acceptable results, crowns based on intraoral scans from 
EZIS PO, i500, and CS3600 scanners had marginal 
fits closer to the clinically acceptable threshold of 
100 μm [24, 25].

Sarafidou  K. et  al. concluded that all impression 
methods – elastomeric, digital, or hybrid – produced 
clinically acceptable results (≤120 μm). However, digital 
workflows were preferred for single-unit or short-span 
restorations, whereas longer-span prostheses (>6 units) 
demonstrated more consistent adaptation when fabricated 
from elastomeric impressions [26‑29].

Yun  M.  J. et  al. showed that gold crowns created 
via digital impressions presented larger occlusal gaps, 
although axial adaptation remained comparable between 
the two methods  [30‑32]. Lim  J.  H. found that digital 
and analog impressions were equivalent for ceramic 
restorations, but elastomeric impressions offered superior 
accuracy for metal crowns, thus emphasizing the 
importance of material-specific protocol selection [33‑35].

A  2021 comparative study identified production 
method – casting, milling, or 3D printing – as another 
variable influencing marginal adaptation in metal 
restorations, with accuracy ranging from 92.15 to 
111.85 μm  [36]. Importantly, many so-called «analog» 
workflows were in fact hybrid models, involving digital 
scanning of gypsum models derived from elastomeric 
impressions [37‑39].

Consequently, a  significant portion of the 
literature compared digital workflows not against 
purely analog protocols, but rather against hybridized 
analog-digital approaches or various digital workflow 
modifications  [40,  41]. The fabrication of metal-ceramic 
crowns offers a  rare opportunity to isolate protocol-
based differences, given their compatibility with both 
fully analog and partially digital (CAD/CAM-assisted) 
manufacturing processes [42, 43].

The collective findings from clinical and laboratory 
studies suggest that digital impression techniques 
provide marginal and internal fit accuracy that is at least 
comparable – and in several cases, superior – to that of 
conventional elastomeric impressions. While numerical 
differences in gap measurements were often small and 
statistically insignificant, trends consistently favored 
intraoral scanning for single-unit restorations.

However, the evidence also underscores important 
limitations, including the reduced performance of 
digital workflows for long-span prostheses and the 
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need for operator training and equipment calibration. 
Inconsistencies in measurement protocols and the hybrid 
nature of many analog workflows further complicate 
direct comparisons. Moreover, many conclusions are 
derived from in vitro studies, necessitating caution when 
extrapolating to clinical settings.

Overall, the literature supports the clinical viability 
of digital workflows, especially for single crowns and 
short bridges, but emphasizes that protocol selection 
should remain individualized based on case complexity, 
material type, and available equipment.

CONCLUSIONS

The analysis of scientific sources showed that 
nowadays there is a  pronounced tendency toward 
increasing the amount of involvement of digital 
technologies during the treatment of dental patients and 
the manufacture of orthopedic structures, in particular, 
using intraoral scanning technology methods for obtaining 
prints, approaches to digital modeling of frame parts 
of prosthetic restorations or those in general with the 
possibility of their further milling or three-dimensional 
printing are becoming more and more common in 
orthopedic dentistry.

The integration of digital technologies into the 
workflow of prosthodontic treatment – particularly 
intraoral scanning and CAD/CAM-based modeling – 
has become increasingly prevalent, especially in the 
fabrication of all-ceramic and all-zirconia restorations.

Despite significant technological progress, the 
application of digital workflows for the fabrication 
of metal-ceramic prosthetic constructions remains 
methodologically underexplored and insufficiently 
validated in comparative studies.

There is a  critical need for standardized 
methodologies that objectively evaluate the efficiency and 
accuracy of digital versus analog protocols in the context 
of metal-frame-supported prostheses.

Comprehensive evaluation of digital technology 
implementation must extend beyond technical precision 
to include clinical efficiency, long-term functional 
predictability, and patient satisfaction.

Perspectives for further research. Future 
investigations should aim to establish unified and 
clinically relevant criteria for assessing the efficacy of 
digital technologies in the rehabilitation of patients with 
metal-ceramic prosthetic constructions. These criteria 
should incorporate biomechanical, esthetic, and functional 
parameters, measured through advanced digital tools such 
as three-dimensional scanning systems.

Moreover, there is a  need for longitudinal, 
multicentric clinical studies that stratify patients according 
to prosthesis design complexity, support structure, 
and occlusal load. Such studies would facilitate the 
development of prognostic models for treatment planning 
and support a  more individualized, evidence-based 
selection of digital or analog workflows in prosthodontics.
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Резюме

ОСОБЛИВОСТІ ТОЧНОСТІ ПРИПАСУВАННЯ ОРТОПЕДИЧНИХ КОНСТРУКЦІЙ ВИГОТОВЛЕНИХ ЗА ЦИФРОВИМ 
ТА АНАЛОГОВИМ ПРОТОКОЛАМИ
Юрій Р. Снігур1, Петро А. Гасюк1, Сергій Г. Зубченко2, Дмитро В. Калашніков2, Тетяна В. Перепьолова2, 
Ірина В. Боднарчук1

1Тернопільський національний медичний університет імені І. Я. Горбачевського Міністерства охорони здоров’я 
України, м. Тернопіль, Україна
2Полтавський державний медичний університет, м. Полтава, Україна

Вступ. Точність припасування ортопедичних конструкцій до відпрепарованої опори є одним із предикторів 
їх успішного функціонування в  клінічних умовах, при цьому, в  науковій літературі досі відмічаються дещо 
варіативні показники щодо точності припасування ортопедичних конструкцій, виготовлених за цифровим 
та аналоговим протоколами, за даними публікацій різного рівня доказовості. За даними рандомізованого 
контрольованого клінічного дослідження, використання класичних еластомерних відбитків у  випадках 
виготовлення незнімних ортопедичних конструкцій з  опорою на усіх наявних зубах характеризувалося 
меншими витратами часу та вищим рівнем ефективності з  точки зору організації робочого процесу, аніж 
застосування з цією метою інтраорального сканера.
Мета. На основі огляду літературних джерел провести детальний аналіз і  систематизацію припасування 
ортопедичних конструкцій виготовлених за цифровим та аналоговим протоколами.
Матеріали та методи. Огляд літератури проводився за допомогою баз даних Scopus, Web of Science, PubMed, 
Crossref, Google Scholar з 2014 року по 2024 рік.
Результати та обговорення. Проведений аналіз наукових джерел засвідчив, що на даний час в ортопедичній 
стоматології відмічається виражена тенденція до збільшення обсягу залученості цифрових технологій в ході 
окремих етапів лікування стоматологічних пацієнтів та виготовлення ортопедичних конструкцій, зокрема 
все поширенішими стають методи отримання відбитків із застосування технології інтраорального скану-
вання, підходи до цифрового моделювання каркасних частин протетичних реставрацій або ж таких в цілому 
з можливістю подальшого їх фрезерування або трьохмірного принтингу. Сукупність даних змін асоційована 
із зростанням частки застосування ортопедичних конструкцій, виготовлення яких може бути оптимізоване 
саме за рахунок імплементації цифрових технологій в  процес лікування, а  саме суцільноцирконієвих та су-
цільнокерамічних ортопедичних реставрацій.
Висновки. Результати проведеного аналізу джерел літератури доводять, що розроблений підхід і запропоновані 
критерії повинні бути клінічно-орієнтованими, сприяючи таким чином об’єктивізації прогнозу успішності 
ортопедичного лікування у  різній часовій перспективі, а  також – стратифікації вибору методу лікування 
в принципі, зважаючи на біомеханічний прогноз зуба чи групи зубів як опор протетичних реставрацій.

Ключові слова: ортопедичні конструкції, інтраоральне сканування, цифрові технології, цифровий 
протокол, 3D принтинг
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