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ABSTRACT

Introduction: Accuracy of definitive impressions determines
the quality of final prosthesis to a great extent. In conventional
impression, elastic impression materials are used to replicate
the anatomy and prosthesis is fabricated indirectly. Digital
impression on the other hand gains popularity due to the
advantages like 3D previsualisation, cost effectiveness and
decreased time consumption.

Aim: To review the existing reports, to bring forth the
comprehensive overview on the comparative superiority
of digital impression technique based on accuracy, patient
acceptance, operators preference and time effectiveness when
compared to conventional technique.

Materials and Methods: Search strategy for this review
was based on Population, Intervention, Comparison, and
Outcome(PICO) framework. An electronic search of articles
published from 1980 to 2017 in PubMed, Medline and Cochrane
via Ovid, along with additional hand searches were done.
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Data screening and extraction was performed in covidence
systematic reviews of tware. Clinical and preclinical studies and
randomised controlled trials which compared optical impression
with conventional impressions based on accuracy, patient
outcome and operator outcome were included in the study.

Results: A total of 36 articles that complied fully with the
inclusion criteria were evaluated. Among the 24 studies
which compared digital and conventional impressions based
on accuracy, 16 articles reported that digital impressions are
superior to conventional impressions; however no statistical
significance was mentioned. Based on patient preference, four
articles concluded digital impression as the preferred choice.
Eight articles assessed the operator preference and the outcome
was in favour of digital impressions.

Conclusion: This review has concisely summarised that digital
impressions are superior to conventional impressions, without
any statistically significant difference, based on assessment of
accuracy, patient preference and operator preference.
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INTRODUCTION

Definitive impressions play a vital role in the process of fabrication of
prosthesis. Quality of the final prosthesis to a large extent depends
on the accuracy of impression. Conventional Impression (Cl) making
with elastic impression materials is still the widely used technique for
replicating the intraoral anatomy and to transfer this information to
the dental laboratory for fabrication of indirect dental restorations.
Demand of fixed prosthesis is increasing and manufacturing of
Fixed Partial Denture (FPD) with intraoral Digital Impression (Dl)
techniques is now becoming an important part of Prosthodontics
[1-3]. Digital impressions are receiving an ever-increasing popularity
and acceptance from the clinicians when compared to conventional
impressions. Digital impressions present with a benefit of three-
dimensional pre-visualisation of the preparation, cost-effective and
reduced working time [2]. Other advantages include elimination
of tray selection procedure; minimising the risk of distortion
and material consumption during impression making, pouring,
disinfecting, and shipping to the dental laboratory; and enhanced
patient comfort and acceptance [3,4]. These impressions can be
stored electronically and communicated as digital information,
and later on retrieved without distortion [3,5]. Digital impressions
eliminate casts, wax-ups, investing, casting, and firing of ceramic
restorations [1,2,6]. The major challenge encountered by prosthesis
fabricated using digital impression technique is compromised
marginal fit that can lead to plaque retention causing secondary
caries, periodontal, and pulpal inflammation and washout of the
luting agent resulting in loss of axial retention and rotation stability.
As these possible consequences has to be considered, accuracy of
digital impressions and dental restorations manufactured in a fully
digitised work flow and CAD/CAM systems has to be evaluated
in both in-vitro and in-vivo conditions [1,2,5]. The accuracy of DI
and Cl were compared based on either internal fit or marginal fit or
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both internal and marginal fit. Other technical measures to compare
accuracy are superimposing virtual images of impressions and dies
and these techniques are evaluated based on patient acceptances,
operator preferences and time effectiveness [2,3,5].

The primary objective of this review was to generate a comprehensive
overview onthe comparative superiority of digitalimpressiontechniques
based on accuracy, patient acceptance, operators’preference and
time effectiveness. However, none of the studies in literature individually
provided comprehensive overview on all these parameters.

MATERIALS AND METHODS

This rapid review was performed in accordance with the
PICO(S) approach (Patient or Population, Intervention, Control
or Comparison, Outcome, and Study types). The Population,
Intervention, Comparison, Outcome, Study framework was used
to form the following search strategy. P=Edentulous and partially
edentulous patients, preclinical models; [=Digital impression
technique; C=Conventional impression technique; O=Accuracy,
patient preference, operator preference and time effectiveness and
S=Clinical and preclinical studies and flowchart was generated
following PRISMA guidelines [7].

Information Sources and Search Strategy

An electronic search of articles published in English literature between
1980 and 2017 was undertaken on 12 January 2018. Data bases
searched were PubMed, Medline and Cochrane via Ovid, along
with additional hand searches. MeSH terms used were: Dental
Impression Technique, accuracy, CAD CAM or Computer-Aided
Design/computer-aided manufacturing, digital impressions, optical
impression, CAD/CAM, intraoral scanner, impression scanner,
Cost-Benefit Analysis and economic analysis, patient preference,
operator preference [Table/Fig-1].
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1 Dental impression technique/or impression.mp.
2 Digital dentistry

3 CAD CAM.mp. or Computer-Aided Design/
4 Digital impressions

5 CAD CAM

6 Intraoral scanner

7 Optical impression

8 Impression scanner

9 Cost-Benefit Analysis/or economic analysis.
10 Operator preference

11 Patient preference

12 1and 2

13 1and 3

14 1and 5

15 1and 6

16 3and 9

17 4and 9

18 5and 9

19 6and 9

20 7 and 9

21 8and 9

[Table/Fig-1]: Search strategy.

Selection of articles was done using Covidence software. In the
first phase, two reviewers independently performed the titles and
abstracts screening. A third independent reviewer resolved the
conflicts present in first phase. Full text screening was performed by
the same two reviewers independently by employing the selection
criteria and another independent reviewer resolved the conflicts in
full text screening. The reviewers collected the required information
from the chosen articles. Following this, cross-checking procedure
was performed by another independent reviewer to assure the
completeness and precision of the collected information.

Study Eligibility Criteria
Inclusion criteria

e  (Clinical, preclinical studies and randomised controlled trials

e  Studies which compared accuracy, patient preference and
operator’s preference.

e  Articles published in English

Exclusion criteria

e  Articles published in languages other than English
e Expert opinion and narrative reviews

e Animal studies

e  Systematic reviews

Study Selection

Citations retrieved in the database searches were assessed in a two-
stage review process. Both authors verified the eligibility of the potentially
relevant articles and independently screened titles and abstracts to
evaluate the articles for full-text reading. Any conflicts arising during the
course of the procedure were resolved by a third reviewer.

Data Extraction

Data and information extracted from the included studies were:
author, country, year of publication, funding for the study, study
design, clinical or preclinical study, sample size, arch, jaw and type
of prosthesis, brand of optical impression system and brand of
conventional impression material, results, outcomes that is accuracy,
patient preference, operator preference and time effectiveness and
outcome measurement. Data collection was also done to assess
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the outcome. Outcome measurement included the mode of
measurement and the outcome which comprised accuracy, patient
outcome, operator outcome and cost.

RESULTS

Initial electronic and manual searches yielded 1322 articles. After
eliminating 157 duplicate references, 1165 studies were taken
for title and abstract screening. After resolving the conflicts, 1098
articles were rejected. Remaining 67 articles were screened through
full text among which 36 articles complied fully with inclusion criteria.
A total of 31 articles were excluded during this stage. Reasons for
exclusion were18 articles due to wrong outcome other than accuracy,
patient preference, and operator preference, 10 because of wrong
comparator where there was no comparison with conventional
impression technique and two as full text was not available and one
study was not about intraoral digital impression [Table/Fig-2].

Records identified through
database searching
(n=1322)

Duplicates removed
(n=157)

Records screened
(n=1165) Records excluded after

> title and abstract

screening.

(n=1098)

Full-text articles
excluded
(n=31})
18 Wong cutcome
10 Wrong comparator
2 Full text not available
1 Study not about intracral
digital impressi

Full-text articles assessed
for eligibility
(n=67) >

Y

Studies included in
qualitative synthesis
(n=36)

[Table/Fig-2]: PRISMA.

Description of Included Studies

a) Accuracy

This systematic review included 36 articles. Among these 24
articles compared the accuracy of conventional and digital
impressions. Three comparative studies were based on internal
fit of restorations [8-10] and six studies compared accuracy
based on marginal fit [11-16]. Six research studies assessed
accuracy based on both marginal fit and internal fit [17-22].
Remaining nine studies compared the accuracy by precision of
impressions and dies [3,5,23-29]. However, further assessment
of accuracy readings revealed variation in accuracy measurement.
Five of them compared accuracy using stereomicroscopy
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[8,11,12,15,16], four of them compared accuracy using replica
method and stereomicroscopy [14,19,21,22], three studies used
microscopic examination and computer software [9,17,20]. Dauti
R et al., assessed marginal fit using optical microscope followed
by scanning electron microscope [13]. Seelbach P et al., evaluated
marginal fit and internal fit with 3D-coordinate measuring system
using a traveling microscope with electronic data acquisition and
digital micrometer heads [20]. Eleven studies compared accuracy
based on superimposition of virtual images [3,5,10,18,23-29].
Among these twenty-four studies,16 of them reported that digital
impressions are superior to conventional impressions. Both
the techniques exhibited clinically acceptable level of accuracy
[Table/Fig-3].
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b) Patient Preferences

Five articles compared digital and conventional impressions based on
patient preference [30-34]. All of the massessed patient preference
based on Visual Analogue Scale (VAS) and questionnaires. Among
these five articles, four studies reported that digital impression was the
preferred choice [30,31,33,34]. Benic Gl et al., stated that both the
impression techniques were equally acceptable [Table/Fig-4] [30].

c) Operator’s Preferences

Eight articles compared digitalimpression and conventional impression
based on operator preference [30,32,35-40]. The variables used were
time, operator preference and operator difficulty. Joda T et al., and
Marti AM et al., compared conventional and digital impression based

Study/Specimen ID e Scan device and software Accuracy measurement Main Outcome
compared
Lee SJetal., [3] Precision | i-Tero; Cadent iTero TM, Superimposed with the STL data set and | Both showed
scaned impression data acceptable values
Papaspyridakos P Precision TRIOS: 3 shape, Superlmposed Wlth the STL data set and | Both showed
etal, [5] scaned impression data acceptable values
Stereomicroscopeat magnification factor
Berrendero S et al., [8] Internal fit Ultrafast Optical Sectioning technology x40, with a built-in charge-couple device | DI better than Cl
camera and Image analysis software
Cetik S et al., [9] Internal fit 3 shape trios Microscopic examination and computer | py; oo than C
software
Cho SH et al., [10] Internal fit Flex 3A; Otto Vision Technology Supenmposed W'th the STL data setand | Both showed
scaned impression data acceptable values
Abdel-AZim T et al., [11] | Marginal fit | trio Stereomicroscope DI better than ClI
Abdel-Azm T et al,, [12] | Marginal fit Lava COS (3M ESPE), and iTero (Cadent) Stereomicroscope DI better than ClI
Dauti R et al., [13] Marginal it Lava cos Optical microscope and a scanning Both showed
electron microscope acceptable values
- . ) , . . . . . Both showed
Ashtiani RE et al., [14] Marginal fit Trios 3 10S (3Shape), Ceramill map 400; Aman Gir back Replica technique, stereomicroscopy
acceptable values
Marginal o .
Pradi G et al., [15] gap Lava Chairside Oral Scanner, 3M ESPE Stereomicroscopy DI better than ClI
Zarauz C et al., [16] Marginal fit TRIOS Pod system (3Shape, Copenhagen, Denmark Stereomicroscope DI better than ClI
Almeida e Silva JS Margmallﬁt Lava COS (3 ESPE) Microscopic examination and computer Dl better than CI
etal, [17] Internal fit software
Marginal Extra oral scanner-dental wing serie 7, intraoral scanner-MHT | Superimposed with the STL data set and
Malaguti G et al., [18] gap 9 ’ penmp . DI better than ClI
scanner 3d progress scaned impression data
Internal gap
Rodiger M et al., [19] Margmallﬁt TRIOS system Rgzpllf:a technlque, camera integrated Both showed
Internal fit with light microscope acceptable values
3D-coordinate measuring system, with
Seelbach P et l., [20] Margmallﬁt Lava C.O.S., CEREC AC, and iTero a travellnglm!croscope Wlth. equtrpmc Both showed
Internal fit data acquisition and also with digital acceptable values
micrometer heads
SuTSetal, [21] mtag %glalitm Trios cart Replica method, and steriomicroscopy DI better than ClI
Yun MJ et al., [22] Margmallﬁt Tero Re;plloa method and measuring Dl better than CI
Internal fit microscope
Amin S et al., [23] Precision CEREC Omnicam, True Definition scanner 4.1., 3M ESPE Superimposition DI better than ClI
Basaki K et al., [24] Precision S.Shape Superimposition Both showed
trios acceptable values
CEREC Bluecam (CER; Sirona Dental Systems); CEREC
Omnicam (OC; Sirona Dental Systems); Cadent iTero Superimbosing using special diagnostic
Ender A et al., [25] Precision (ITE; Cadlten Ltc); Lava COS (LAV; 3M ESPE); True Definition | _-bo oPOSing Using s 9 Cl better than DI
Scanner (T-Def; 3M ESPE); 3 Shape Trios (TRI; 3 Shape); and
3 Shape Trios Color (TRC; 3 Shape)
CEREC Bluecam (CER; Sirona Dental Systems); CEREC ) )
Ender A et al., [26] Precision Omnicam (OC; Sirona Dental Systems) Cadent iTero (ITE; Sggfgmfnoﬁ:;g;hégteasn datasetand | p potier than CI
Cadten Ltd) Lava COS (LAV; 3M ESPE) P
True Definition Scanner (T-Def; 3 M ESPE); Lava COS Cadent ) .
Ender A et al., [27] Precision iTero 3Shape Trios, 3 Shape Trios Color, CEREC Bluecam, Sgapfgmpmoieei;g;hégteaSTL data set and Cl better than DI
and CEREC Omnicam (OC; Sirona Dental Systems). P
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Kamimura E et al., [28] Precision Lava COS, 3 M ESPE, Germany Supenmposed V.VIth the STL data set and DI better than ClI
scaned impression data

Marghalani A et al., [29] Pregision |08 (CEREC Omnicam; Dentsply Sirona), True Definition; 3 Supenmposed vyﬂh the STL data set and Dl better than Gl
M ESPE scaned impression data

[Table/Fig-3]: Summary of descriptive characteristics of articles with accuracy outcome.

Patient outcome

Main outcome
measurement tool

Study/Specimen ID Parameter compared Scan device and software

Lava (Lava COS; 3M ESPE),
iTero (Align Technology Inc), and
Cerec (CerecBluecam; Sirona
Dental Systems GmbH)

Benic Gl et al., [30] Comfort visual analog scales (VAS Both had similar results

Gag reflex, queasiness, difficulty to breathe,
discomfort, time perception, anxiety, experience
of the powder used for digital impressions.

Burhardt L et al., [31] CEREC Omnicam, Lava C.O.S. Perception Questionaire DI preferred

Patient’s subjective convenience level, anxiety,
bad oral taste, nausea sensation, pain sensation

(34]

effectivness and clinical outcome

Joda T etal, [32] during impression taking, patients’ satisfaction Trios 3 10S (3 Shape) VAS DI preferred
concerning convenience, speed
Preparation, Time involved Analogue, Taste, Bite

Wismeije D et al., [33] registration, Impression tray/scan head, Gag Cadent Itero Questionnaire DI preferred
reflex, Overall preference

Yuzbasioglu E et al., Patient perception, treatment comfort, CEREC Ormnicam, Sirona Questionnaire DI preferred

[Table/Fig-4]: Summary of descriptive characteristics of articles on the basis of Pateint's preferences.

Study/Specimen ID Parameter compared Scan device and software AT LR Main outcome
measurement tool
Lava (Lava COS; 3V ESPE), | Impression difficutly-VAS Cl preferred time
Impression difficulty, . ) ! ’ ) o ' For clinician perception of difficulty, the
. . iTero (Align Technology Inc), Time-From mixing to removal ) . . -
Benic Gl et al., [30] Time ” . . conventional impression and the digital
and Cerec (CerecBluecam; of impression from mouth, . . o
Operator comfort . impression with iTero revealed more favorable
Sirona Dental Systems GmbH) | Operator comfort-VAS A : ;
outcomes than the digital impression with Lava
Time efficency
Joda T etal, [32] Operator difficulty Trios pod VAS DI preferred
Operator preference
Time efficency
Lee SJ et al., [35] Operator difficulty | Tero cadent VAS DI preferred
Operator preference
Gielvold B et ., [36] Doty Trios 3108 (8Shape) VAS DI preferred
Joda T et al., [37] Time Trios 3 10S (3Shape) VAS DI preferred
Lee SJ et al., [38] Diffioulty level | Tero cadent VAS DI preferred
Operator preference
Level of difficulty
Zitzmann NU et al., [39] gfﬂcenlcy ofintraoral trios VAS DI preferred
canning,
Time
Marti AM et al., [40] Time LAVA COS VAS Both Cl and DI has similar results

[Table/Fig-5]: Summary of descriptive characteristics of articles based on operator’s preferences.

on time [37,40], Gjelvold B et al., assessed Cl and DI based on time
and operator difficulty [36]. Lee SJ et al., evaluated DIl and Cl based on
operator preference and difficulty [38] and the remaining four articles
compared all the three variables [30,32,35,39]. Seven articles reported
that digital impressions were preferred by the operator [Table/Fig-5].

DISCUSSION

The definitive impression plays a critical role in success and longevity
of restorations. Various impression techniques have been followed
to generate a definitive cast that ensures accurate clinical fit of
prosthesis [3,11,12,17,23,24,32,40]. The present review critically
evaluated the literature comparing the optical impression with
conventional impression based on accuracy, patient preference
and operator preference. The results show that the digital and
conventional impressions vary in accuracy, patient preference and
operator preference.

Accuracy
Accuracy of digital and conventional impressions can be measured
based on precision of impressions [5,23-28,31,41,42] as well as

precision of prosthesis which is fabricated from the impressions
[8,33]. Accuracy can also be assessed by evaluating the die which
has been made from the impression [9,10,30,32,40,43]. The
precision of prosthesis can be measured by measuring the marginal
fit [1-4,11,23,42], internal fit or both together. Various studies which
compared the accuracy of digital and conventional impressions
used stereomicroscopy, super imposition and replica technique for
measurement [13,14,25-27,44,45].

The factors that have been documented to influence the marginal
fit of a dental restoration are the preparation dimension, location
of the finish line whether subgingival or supragingival, restorative
material, fabrication method, impression material and technique.
The marginal fit is the oretically represented by a gap-free
transitionor a linear contact line between the restoration margin and
the preparation [43]. Thus, digital impressions show superior results
when compared with the conventional impressions.

According to literature, ideal marginal fit desirable for clinical
success of full crowns has been widely discussed as 120 ym or
less [46-52] whereas in CAD/CAM or copy-milling systems, the
marginal opening has been reported to range between 60 pm and
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300 um [52-55]. Wider marginal gaps would provide a niche for
oral pathogens and saliva, leading to complications like periodontal
inflammations, secondary caries and cement dissolution which in
turn reduce the lifespan of the restoration. The pressure generated
during the cementation and the cement space factors that affect
the fit of the prosthesis [18,28,29,38-40].

Among the 25 articles which compared digital impressions with
conventional impressions 16 articles reported that digital impressions
are superior to conventional impressions though all of them depicted
the clinically satisfactory values for both. Conventional impressions
reported slightly inferior values for internal fit; this could be due to the
work flow of this technique. It requires the model production, making
of restoration on it and then the actual processing. All these steps
are eliminated in digital impression. As every step in the work flow
contribute to error elimination of master model, coping fabrication
reduced the errors. Conventional impressions are also associated
with errors from contraction or expansion of impression and
model materials. The less accurate values for marginal fit of digital
impressions in comparison to internal fit mean values could be due
to the variations in the methodologies and measurement techniques.
Another reason could be due to the titanium powder accumulation
at the finish line region since these areas bear more susceptibility for
that.

Patient Outcomes

Evaluation of included studies which measured patient centered
outcomes revealed that, patient preference is more for digital impression
technique. Assessments were done based on VAS and customised
questionnaires. Criteria for the assessment was patient comfort, gag
reflex, queasiness, difficulty to breathe, discomfort, time perception,
anxiety, taste irritation, experience of the powdering procedure used for
digitalimpressions [16,34,35,37,44,46]. The VAS criteriaaddressed and
measured patient outcome successfully, but there is lack of uniformity
among studies. Validation of questionnaires was also not done.

Preference for digital impression is another indication that today’s
patients have more concern on comfort. This is because the
digital impressions are associated with reduced invasiveness [46].
Unacceptable conventional impressions require remaking of entire
impression. However, with digital impression technique missing and
unacceptable areas can be corrected by a segmental rescanning.
This reduces working time and increases patient comfort.

Operator Outcomes

Among all the included articles, which reported on operator outcome
preferred digital impression method [3,14,37,45]. The reasons
may be the reduced procedure time, reduction in procedure steps
and ease of use [16,39,40,41]. Operator centered outcome were
measured for digital and conventional impressions by assessing
working time, operator perception and procedure difficulty.
Assessment was done using VAS and questionnaires reported that
digital impressions require reduced time [3,37,40,45]. The work flow
of digital impression technique took reduced time. Even though
when a remaking was necessary, the time required for rescan of the
digital impression was significantly less. Rescans were done mainly
due to the difficulty in scanning the interproximal contact areas and
in areas of reflection from light source.

Operator perception was measured on the level of difficulty in
performing the procedure and was significantly lower for the digital
impression technique. Manipulation and learning curve for the intra-
oral scanner were less and they seem to be more user-friendly.
Operators perceived that missing and unacceptable area can be
corrected more easily with digital impressions while the conventional
technique demanded remaking of entire impression [35].

LIMITATION

The results of the present study have to be interpreted with caution
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because of its limitations. The quality of the included studies
varied greatly. Our electronic database search strategy identified
31 studies which were excluded after detailed review for various
reasons. The most common reasons for exclusion were that the
studies used wrong interventions other than digital impression
technique. Because these studies did not contribute to the review,
we may be missing important results. Due to heterogeneity of the
included studies, meta-analysis could not be performed. Most of
the studies had limited follow-up period and did not mention any
specific outcome calibration criteria.

CONCLUSION

Multiple clinical and preclinical comparative studies had been
reported on various aspects of DI and Cl techniques. It is of utmost
importance for the clinician to have a comprehensive overview
on both the techniques to choose the best technique based on
evidence. Compared to conventional impressions, digital impression
possessed superior accuracy without any statistically significant
difference. Patient and operator preference assessment favored
digital impression technique with a higher level of acceptance and
satisfaction.

REFERENCES

[1]1 Christensen GJ. Impressions are changing: deciding on conventional, digital or
digital plus in-office milling. J Am Dent Assoc. 2009;140(10):1301-04.

[2] Beuer F, Schweiger J, Edelhoff D. Digital dentistry: an overview of
recent developments for CAD/CAM generated restorations. Br Dent J.
2008;204(9):505-11.

[3] Lee SJ, Betensky RA, Gianneschi GE, Gallucci GO. Accuracy of digital vs.
conventional implant impressions. Clin Oral Implants Res. 2015;26(6):715-19.

[4] Giménez B, Ozcan M, Martinez-Rus F, Pradies G. Accuracy of a digital impression
system based on active triangulation technology with blue light for implants:
effect of clinically relevant parameters. Implant Dent. 2015;24(5):498-504.

[5] Papaspyridakos P, Gallucci GO, Chen C-J, Hanssen S, Naert |, Vandenberghe B.
Digital versus conventional implant impressions for edentulous patients: accuracy
outcomes. Clin Oral Implants Res. 2016;27(4):465-72.

[6] Christensen GJ. Will digital impressions eliminate the current problems with
conventional impressions? J Am Dent Assoc. 2008;139(6):761-63.

[7]1 Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. PLoS
Med. 2009;6(7):e1000097.

[8] Berrendero S, Salido MP, Valverde A, Ferreiroa A, Pradies G. Influence of
conventional and digital intraoral impressions on the fit of CAD/CAM-fabricated
all-ceramic crowns. Clin Oral Investig. 2016;20(9):2403-10.

[9] Cetik S, Bahrami B, Fossoyeux |, Atash R. Adaptation of zirconia crowns created
by conventional versus optical impression: in vitro study. J AdvProsthodont.
2017;9(3):208-16.

[10] Cho SH, Schaefer O, Thompson GA, Guentsch A. Comparison of accuracy and
reproducibility of casts made by digital and conventional methods. J Prosthet
Dent. 2015;113(4):310-15.

[11] Abdel-Azim T, Rogers K, Elathamna E, Zandinejad A, Metz M, Morton D.
Comparison of the marginal fit of lithium disilicate crowns fabricated with CAD/
CAM technology by using conventional impressions and two intraoral digital
scanners. J Prosthet Dent. 2015;114(4):554-59.

[12] Abdel-Azim T, Zandinejad A, Elathamna E, Lin W, Morton D. The influence
of digital fabrication options on the accuracy of dental implant-based
single units and complete-arch frameworks. Int J Oral Maxillofac Implants.
2014;29(6):1281-88.

[13] Dauti R, Cvikl B, Franz A, Schwarze UY, Lilaj B, Rybaczek T, et al. Comparison of
marginal fit of cemented zirconia copings manufactured after digital impression
with lava™ C.0.S and conventional impression technique. BMC Oral Health.
2016;16(1):129.

[14] Ashtiani RE, Khanlar LN, Mahshid M, Moshaverinia A. Comparison of dimensional
accuracy of conventionally and digitally manufactured intracoronal restorations.
Journal of Prosthetic Dentistry. 2018;119(2):233-38.

[15] Pradies G, Zarauz C, Valverde A, Ferreiroa A, Martinez-Rus F. Clinical evaluation
comparing the fit of all-ceramic crowns obtained from silicone and digital
intraoral impressions based on wavefront sampling technology. Journal of
Dentistry.2014;43(2):201-08.

[16] Zarauz C, Valverde A, Martinez-Rus F, Hassan B, Pradies G. Clinical evaluation
comparing the fit of all-ceramic crowns obtained from silicone and digital intraoral
impressions. Clin Oral Investig. 2016;20(4):799-806.

[17] Almeida e Silva JS, Erdelt K, Edelhoff D, Aratjo E, Stimmelmayr M, Vieira
LCC, et al. Marginal and internal fit of four-unit zirconia fixed dental prostheses
based on digital and conventional impression techniques. Clin Oral Investig.
2014;18(2):515-23.

[18] Malaguti G, Rossi R, Marziali B, Esposito A, Bruno G, Dariol C, et al. In vitro
evaluation of prosthodontic impression on natural dentition: a comparison



Sachin K Chandran et al., Digital Versus Conventional Impressions in Dentistry: A Rapid Review

)

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

between traditional and digital techniques. Oral Implantol (Rome). 2017;9(Suppl
1/2016 to N 4/2016):21-27.

Radiger M, Heinitz A, Blrgers R, Rinke S. Fitting accuracy of zirconia single
crowns produced via digital and conventional impressions-a clinical comparative
study. Clin Oral Investig. 2017;21(2):579-87.

Seelbach P, Brueckel C, Wéstmann B. Accuracy of digital and conventional
impression techniques and workflow. Clin Oral Investig. 2013;17(7):1759-64.
Su T-S, Sun J. Comparison of marginal and internal fit of 3-unit ceramic fixed
dental prostheses made with either a conventional or digital impression. J
Prosthet Dent. 2016;116(3):362-67.

Yun M-J, Jeon Y-C, Jeong C-M, Huh J-B. Comparison of the fit of cast gold
crowns fabricated from the digital and the conventional impression techniques. J
AdvProsthodont. 2017;9(1):01-13.

Amin S, Weber HP, Finkelman M, El Rafie K, Kudara Y, Papaspyridakos P. Digital
vs. conventional full-arch implant impressions: a comparative study. Clin Oral
Implants Res. 2017;28(11):1360-67.

Basaki K, Alkkumru H, De Souza G, Finer Y. Accuracy of digital vs conventional
implant impression approach: a three-dimensional comparative in vitro analysis.
Int J Oral Maxillofac Implants. 2017;32(4):792-99.

Ender A, Attin T, Mehl A. In vivo precision of conventional and digital
methods of obtaining complete-arch dental impressions. J Prosthet Dent.
2016;115(3):313-20.

Ender A, Mehl A. In-vitro evaluation of the accuracy of conventional and
digital methods of obtaining full-arch dental impressions. Quintessence Int.
2015;46(1):9-17.

Ender A, Zimmermann M, Attin T, Mehl A. In vivo precision of conventional and
digital methods for obtaining quadrant dental impressions. Clin Oral Investig.
2016;20(7):1495-504.

Kamimura E, Tanaka S, Takaba M, Tachi K, Baba K. In vivo evaluation of inter-
operator reproducibility of digital dental and conventional impression techniques.
Plos One. 2017;12(6):e0179188.

Marghalani A, Weber H-P, Finkelman M, Kudara Y, El Rafie K, Papaspyridakos P.
Digital versus conventional implant impressions for partially edentulous arches:
An evaluation of accuracy. J Prosthet Dent. 2018;119(4):574-79.

Benic GI, MUhlemann S, Fehmer V, Hammerle CHF, Sailer |. Randomized
controlled within-subject evaluation of digital and conventional workflows for the
fabrication of lithium disilicate single crowns. Part I: digital versus conventional
unilateral impressions. J Prosthet Dent. 2016;116(5):777-82.

Burhardt L, Livas C, Kerdijk W, van der Meer WJ, Ren Y. Treatment comfort, time
perception, and preference for conventional and digital impression techniques:
A comparative study in young patients. Am J OrthodDentofacialOrthop.
2016;150(2):261-67.

Joda T, Bragger U. Patient-centered outcomes comparing digital and
conventional implant impression procedures: a randomized crossover trial. Clin
Oral Implants Res. 2016;27(12):e185-89.

Wismeijer D, Mans R, Genuchten M van, Reijers HA. Patients’ preferences
when comparing analogue implant impressions using a polyether impression
material versus digital impressions (Intraoral Scan) of dental implants. Clinical
Oral Implants Research. 2014;25(10):1113-18.

Yuzbasioglu E, Kurt H, Turunc R, Bilir H. Comparison of digital and conventional
impression techniques: evaluation of patients’ perception, treatment comfort,
effectiveness and clinical outcomes. BMC Oral Health. 2014;14:10.

Lee SJ, MacArthur RX, Gallucci GO. An evaluation of student and clinician
perception of digital and conventional implant impressions. Journal of Prosthetic
Dentistry. 2013;110(5):420-23.

Gijelvold B, Chrcanovic BR, Korduner E-K, Collin-Bagewitz I, Kisch J. Intraoral
digital impression technique compared to conventional impression technique. a

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]
[54]

[55]

www.jcdr.net

randomized clinical trial. J Prosthodont. 2016;25(4):282-87.

Joda T, Lenherr P, Dedem P, Kovaltschuk |, Bragger U, Zitzmann NU. Time
efficiency, difficulty, and operator’s preference comparing digital and conventional
implant impressions: a randomized controlled trial. Clin Oral Implants Res.
2017;28(10):1318-23.

Lee SJ, Gallucci GO. Digital vs. conventional implant impressions: efficiency
outcomes. Clin Oral Implants Res. 2013;24(1):111-15.

Zitzmann NU, Kovaltschuk I, Lenherr P, Dedem P, Joda T. Dental Students’
Perceptions of Digital and Conventional Impression Techniques: A Randomized
Controlled Trial. J Dent Educ. 2017;81(10):1227-32.

Marti AM, Harris BT, Metz MJ, Morton D, Scarfe WC, Metz CJ, et al. Comparison
of digital scanning and polyvinyl siloxane impression techniques by dental
students: instructional efficiency and attitudes towards technology. Eur J Dent
Educ. 2017;21(3):200-05.

Serag M, Nassar TA, Avondoglio D, Weiner S. A Comparative study of the
accuracy of dies made from digital intraoral scanning vs. elastic impressions: an
in vitro study. J Prosthodont. 2018;27(1):88-93.

Ahlholm P, Sipila K, Vallittu P, Jakonen M, Kotiranta U. Digital versus conventional
impressions in fixed prosthodontics: a review. J Prosthodont Off J Am
CollProsthodont. 2018;27(1):35-41.

Tsirogiannis P, Reissmann DR, Heydecke G. Evaluation of the marginal fit of
single-unit, complete-coverage ceramic restorations fabricated after digital and
conventional impressions: A systematic review and meta-analysis. J Prosthet
Dent. 2016;116(3):328-335.€2.

Chochlidakis KM, Papaspyridakos P, Geminiani A, Chen C-J, Feng IJ, Ercoli C.
Digital versus conventional impressions for fixed prosthodontics: A systematic
review and meta-analysis. J Prosthet Dent. 2016;116(2):184-90.e12.

Gallardo YR, Bohner L, Tortamano P, Pigozzo MN, Lagana DC, Sesma N.
Patient outcomes and procedure working time for digital versus conventional
impressions: A systematic review. J Prosthet Dent. 2018;119(2):214-19.
Pommer B, Zechner W, Watzak G, Um C, Watzek G, Tepper G. Progress
and trends in patients’ mindset on dental implants. Il: implant acceptance,
patient-perceived costs and patient satisfaction. Clin Oral Implants Res.
2011;22(1):106-12.

McLean JW, von Fraunhofer JA. The estimation of cement film thickness by an in
vivo technique. Br Dent J. 1971;131(3):107-11.

Belser UC, MacEntee MI, Richter WA. Fit of three porcelain-fused-to-metal
marginal designs in vivo: a scanning electron microscope study. J Prosthet Dent.
1985;53(1):24-29.

Sulaiman F, Chai J, Jameson LM, Wozniak WT. A comparison of the marginal it of In-
Ceram, IPS Empress, and Procera crowns. Int J Prosthodont. 1997;10(5):478-84.
Beschnidt SM, Strub JR. Evaluation of the marginal accuracy of different all-
ceramic crown systems after simulation in the artificial mouth. J Oral Rehabil.
1999;26(7):582-93.

Janenko C, Smales RJ. Anterior crowns and gingival health. Aust Dent J.
1979;24(4):225-30.

Bader JD, Rozier RG, McFall WT, Ramsey DL. Effect of crown margins
on periodontal conditions in regularly attending patients. J Prosthet Dent.
1991;65(1):75-79.

Nakamura T, Dei N, Kojima T, Wakabayashi K. Marginal and internal fit of Cerec
3 CAD/CAM all-ceramic crowns. Int J Prosthodont. 2003;16(3):244-48.

Zarina R, Jaini JL, Raj RS. Evolution of the software and harware in CAD/CAM
systems used in dentistry. Int J PrevClin Dent Res. 2017;4(3):01-08.

Jaini JL, Krishnan V, Tony Thomas C, Manju V, Mathew A. Prosthetic rehabilitation
using chairside CAD/CAM: an insight into application challenges and future
trends. KDJ. 2013;36(4):273-77.

PARTICULARS OF CONTRIBUTORS:
Postgraduate Resident, Department of Prosthodontics, Amrita School of Dentistry, Amrita Institute of Medical Sciences, Amrita Vishwa Vidyapeetham, Kochi, Kerala, India.
2. Reader, Department of Prosthodontics, Amrita School of Dentistry, Amrita Institute of Medical Sciences, Amrita Vishwa Vidyapeetham, Kochi, Kerala, India.

3. Assistant Professor, Department of Prosthodontics, Amrita School of Dentistry, Amrita Institute of Medical Sciences, Amrita Vishwa Vidyapeetham, Kochi, Kerala, India.
4. Professor and Head, Department of Prosthodontics, Amrita School of Dentistry, Amrita Institute of Medical Sciences, Amrita Vishwa Vidyapeetham, Kochi, Kerala, India.
5. Chief of Clinical Informatics, Department of Clinical Informatics, Amrita Institute of Medical Sciences, Amrita Vishwa Vidyapeetham, Kochi, Kerala, India.

1.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Anil Mathew,

Professor and Head, Amrita School of Dentistry, Amrita Institute of Medical Sciences, Amrita Vishwa Vidyapeetham,
Kochi-682041, Kerala, India.

E-mail: prosthodonticsamrita@gmail.com

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Date of Submission: Sep 01, 2018
Date of Peer Review: Oct 11, 2018
Date of Acceptance: Feb 08, 2019

Date of Publishing: Apr 01, 2019

Journal of Clinical and Diagnostic Research. 2019 Apr, Vol-13(4): ZEO1-ZE06



