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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
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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 um (range: —18.9 to 0.9 um) and an internal gap
reduction of 15.6 um (range: —42.6 to 11.4 um) 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
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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 1. 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 pm for crowns
fabricated using digital impressions and 78 pum for those
created with elastomeric impressions. Furthermore,
the contour mismatch between the crown and the axial
wall ranged from 91 to 159 pum for digitally produced
crowns, and from 109 to 181 pum 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 um, whereas crowns fabricated via intraoral
scanning showed reduced values of 89.8 + 254 um
and 89.6 + 30.1 um, 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, Rddiger 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 um in laboratory settings and
0.93 to 0.24 pum 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 um in crowns fabricated using elastomeric
impressions and 80.9 + 31.9 pum 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 pum, consistent across anterior and
posterior teeth. Nevertheless, axial deviations often
exceeded 100 pm, necessitating additional clinical
adjustments [23].
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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, 1500, and CS3600 scanners had marginal
fits closer to the clinically acceptable threshold of
100 pum [24, 25].

Sarafidou K. et al. concluded that all impression
methods — elastomeric, digital, or hybrid — produced
clinically acceptable results (<120 um). 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 pm [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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Pe3rome

OCOBNMUBOCTI TOYHOCTI MPUMACYBAHHA OPTOMEONYHUX KOHCTPYKLIA BUrOTOBNEHKX 3A LIUOPOBUM
TA AHATNIOrOBUM MPOTOKONAMU

tOpii P. CHiryp', Metpo A. Mactok!, Ceprin I'. 3y64eHko? [imutpo B. KanawHikos?, TeTsiHa B. MNepensonoBa?,

IpnHa B. BogHapuyk!'

"TepHONiNbCbKMiA HaLioHaNbHIUA MeanYHKIA YHIBepeuTeT iMeHi |. A. FTopbayeBcbkoro MiHicTepcTBa 0XOpPOHY 300pOB's:
Ykpaihu, M. TepHoninb, YkpaiHa
TlonTaBCbKWI AEPXaBHUN MELUYHWIA yHIBEpCUTET, M. MonTaea, YkpaiHa

Beryn. ToyHicTh npunacyBaHHA OpTONEeAMYHUX KOHCTPYKLIN [0 BiIpernapoBaHOl ONOPY € OGHUM i3 NpeJUKTOpPIB
ix ycnimHoro ¢GyHKLiOHYBaHHs B KJIiHIYHMX yMOBaX, MpHU LbOMY, B HAyKOBil JiiTepaTypi Aoci BigMiualoTbcs Aelno
BapiaTUBHi MOKa3HUKH IIOAO0 TOYHOCTI NpUNACYBaHHS OPTONEJUYHUX KOHCTPYKLiH, BUTOTOBJEHUX 3a LUPPOBUM
Ta aHaJIOrOBUM NPOTOKOJIAMHM, 3a AAaHUMH INyOJlikalili pi3HOro piBHA [0Ka30BOCTi. 3a AaHUMHU PaHAOMi30BaHOTO
KOHTPOJIbOBAHOT'0 KJIIHIYHOrO JOCJHi/P)KeHHS, BUKOPHUCTAHHS KJACUYHUX €JaCTOMEPHUX BifOUTKIB y BHUNAJKax
BUIOTOBJIEHH HEe3HIMHHMX OpPTONEJWYHMX KOHCTPYKLiH 3 Omopolw Ha yciX HagBHUX 3yb6aX XapaKTepHU3yBasloCsd
MEHILIMMH BUTpPATaMHU 4Yacy Ta BUINMM piBHeM edeKTHBHOCTI 3 TOYKHM 30py oprasisanii po6o4yoro mpouecy, aHix
3aCTOCYBaHHA 3 L[i€}0 METO IHTpaopa/ILHOrO CKaHepa.

MeTa. Ha ocHOBI orisay JiTepaTypHUX JKepes HNPOBECTH AeTaJbHUN aHasi3 i cucTeMaTHsalilo NpUNACyBaHHS
OpTONeJUYHUX KOHCTPYKLiH BUTOTOBJIEHUX 33 IUPPOBUM Ta aHAJIOTOBUM NPOTOKOJIAMHU.

Marepianu Ta MeToau. Orisy JiTepaTypy NPOBOAUBCS 3a AonoMorow 6a3 gaHux Scopus, Web of Science, PubMed,
Crossref, Google Scholar 3 2014 poky no 2024 pixk.

Pe3ysbTaTu Ta 06roBopeHHs. [[poBe/ieHUI aHaJli3 HAYKOBUX JKEPEJT 3aCBiJYMB, 110 HA AAHUHK Yac B OPTONEUYHIN
cToMaToJIorii BifMiuaeTbcsl BUpaXkeHa TeH/eHLlisl 0 36i/blIeHHs 06CATY 3aJy4eHOCTi HUPPOBUX TEXHOJIOTIH B XOA1
OKpeMHUX eTalliB JiKyBaHHS CTOMATOJIOT{YHUX NALiEHTIB Ta BUTOTOBJIEHHS OPTONEJWYHUX KOHCTPYKLiH, 30KpeMa
BCe MOLIMPEHIIMMH CTalOTh MeTOJU OTPHUMAaHHS BiIGUTKIB i3 3aCTOCyBaHHSI TEXHOJIOTII iHTpaoOpa/JbHOIO CKaHy-
BaHHS, NiAX04U A0 [UGPOBOro MOZENI0BAHHS KapKaCHUX YaCTUH NMPOTETHYHHUX PecTaBpaLii abo X TaKUX B LiJIOMY
3 MOXIMBICTIO MozanbLoro ix ¢pesepyBaHHA ab60 TPpOXMipHOro NpUHTHUHTY. CYKyNnHICTh JaHUX 3MiH acoliiioBaHa
i3 3poCcTaHHAM YaCTKH 3aCTOCYBAaHHS OPTONEAMYHUX KOHCTPYKLiH, BUTOTOBJIEHHS SIKUX MOXe 6YyTH ONTHMi30BaHe
caMe 3a paxyHOK iMiuieMeHTauii [udpoBHUX TEXHOJIOTIH B Mpoliec JiKyBaHHS, a caMe CyLiJIbHOLIMPKOHIEBUX Ta Cy-
LIJIbHOKepaMi4YHUX OPTONEeAUYHUX pecTaBpaLii.

BUCHOBKM. Pe3y/ibTaTu NIpOBeIEHOT0 aHa/Ii3y JKepeJl JliTepaTypy J0BOJATH, 1110 PO3po6/IeHUH NiAxif, i 3anponoHoBaHi
KpuTepil MOBHHHI 6YyTH KJIIHIYHO-OPIEHTOBAaHHWMHY, CHPHUSAIOYM TAaKHUM YMHOM OG'€KTHBIi3alii NMPOrHO3y YCHiIIHOCTI
OpPTONEANYHOro JIIKYBaHHA y pi3HiA 4YacoBid mepcHneKkTHBi, a TakoX - crpaTudikanii BHOGOpy MeToAy JIiKyBaHHS
B IPUHIINIII, 3Ba’Kal0YX Ha 6i0MeXxaHIYHUI NPOrHo3 3y6a 4y rpynu 3y6iB K OIOp MPOTETUYHUX pecTaBpariii.

Kawouosi cnosa: oproneaudHi KOHCTpPYKNii, iHTpaopaibHe CKaHyBaHHs, HUQPOBi TexHoJorii, HMPpoBUI
NpoToKoJ1, 3D NpUHTHUHT
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