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ABSTRACT

Aim: This study aimed to compare the efficacy, of 4 different intra-oral scanners and a 
conventional impression technique, to produce marginal and internal adaptation of indirect 
restorations.

Materials and Method: A total of 25 lower right acrylic second molar models were selected 
for the preparation of standardized MOD inlay cavities.  Prepared acrylic molar models were 
divided into 5 groups according to digital or conventional impression used: Group I: CEREC 
Primescan, Group II: Medit i700, Group III: Smart scan 3D version 2, Group IV: Aoralscan 3, 
Group V: Flexceed additional silicone impression. Inlay restorations were milled from E-max 
blocks. Inlays were cemented in corresponding cavities using self-adhesive resin cement (Panavia 
SA). The restored teeth models were cut in buccolingual and mesiodistal directions. Measurement 
of the gap at buccal, lingual, and pulpal tooth-restoration interfaces was performed using a stereo 
microscope. Image analysis software was used to assess internal adaptation. Results were obtained 
and statistically analyzed. 

Results: Group I had significantly the least average gap (39.17 ± 2.08 µm), followed by Group 
II (43.82 + 1.82 µm) which was insignificantly different from Group V (46.92 + 2.77 µm). Group IV 
had a significantly wider gap (55.66 + 2.99 µm) than Group V, while Group III had a significantly 
wider gap (60.21 ± 1.66 µm) than all the other groups. 

Conclusion:  Primescan is the most efficient system, while Smart scan 3D version 2 is the least 
accurate system.
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INTRODUCTION 

Marginal adaptation, biocompatibility, good es-
thetics, and sufficient mechanical strength are the 
main requirements for successful dental restora-
tions.1 Inadequate marginal accuracy can result in 
plaque accumulation and subject the abutment teeth 
to a high risk of caries.2-5

Although direct restorations have shown supe-
rior restoration integrity, indirect restorations are 
usually superior in strength, and precision of fab-
rication, and allow for a wider variety in the choice 
of material. Investigations in long-term studies de-
tect no significantly lower failure rates of ceramic 6 
or composite 7 inlays compared to direct composite 
restorations. 

Moreover, the increased awareness of benefits of 
conservation of tooth structure in modern societies 
has led to the increased popularity of the inlay-
retained fixed dental prosthesis (IRFDP) for the 
replacement of missing posterior teeth.8 

Adequate marginal and internal adaptation of 
dental restorations requires an accurate impression 
of the prepared abutment teeth. Even though the 
entire procedure is performed meticulously, a 
restoration will theoretically never fit perfectly to 
the preparation margin. Microscopical gaps of a few 
microns between the restoration and the tooth will 
always be present. Marginal gaps ranging from 25 
to 40 μm were considered proper by the ADA No. 
8.9.  Previous studies revealed that when the gap 
between the tooth and restoration exceeds 120 µm, 
should be unaccepted.9-14

The benefits of using digital intraoral scanners 
compared to traditional impressions include; better 
accuracy, reduced chair time, improved patient 
comfort, enhanced communication, increased 
flexibility, and enhanced visualization. Different 
models of Intra-oral scanners are provided with 
a variety of options including; scanning speed, 

scanning flow, scanner size, various ease of use, and 
have a wide range of prices. 15

This study aimed to compare the marginal and 
internal accuracy of inlay restorations obtained with 
4 different intra-oral scanners and a conventional 
elastomeric impression technique. The first null 
hypotheses tested in the current study was that 
there would be no differences in marginal and 
internal adaptation of inlay restorations, obtained 
with different intraoral scanners. The second null 
hypothesis was that convectional elastomeric 
impression technique would be less accurate than 
intraoral scanners.

MATERIALS AND METHODS 

Ethical approval: This in vitro study was 
approved by the Research Ethics Committee (REC), 
Faculty of Dentistry, Ain Shams University number 
( FDASU-Rec ER 022331).

Sample size calculation: According to a previ-
ous study by Çise Özal et al, 202116 (as reference), 
sample size calculation was done. According to this 
study, the accepted sample size was 5 per group, 
when the response of each subject group had a nor-
mal distribution with a standard deviation of 19.2, 
the estimated mean difference was 40 when the 
power was 80% & type I error probability was 0.05. 
PS Power 3.1.6 was used to calculate the sample 
size.

A total of 25 acrylic models of lower right second 
molars (Nissin dental model, Japan) were selected 
for the preparation of standardized MOD inlay 
cavities. Medium coarseness blue labeled tapered 
diamond stones with flat ends (TF -12 Mani Japan) 
were used with a high-speed handpiece mounted 
in a paralleling device (NOUVAG AF30 milling 
machine, Switzerland). Preparation design was 
made following the guidelines for ceramic inlay 
preparation as described in Table 1. 17,18

https://en.wikipedia.org/wiki/Inlays_and_onlays#cite_note-4
https://en.wikipedia.org/wiki/Inlays_and_onlays#cite_note-CompositeIndirectVsDirect-5
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TABLE (1) Preparation parameters:

Cavity depth 2mm +/- 0.2 

Degree of taper of buccal lingual and axial walls 10-12 degrees

Isthmus portion width 2 mm

Internal line angles Rounded 

Cavo-surface angles 90 degrees

Prepared models were divided into 5 groups 
(n=5) according to the type of scanner or impression 
used for data capturing into the following: 

Group I: CEREC Primescan (Dentsply, Sirona. 
USA)

Group II: Medit i700 (MEDIT corporation, 
Seoul, Republic of Korea)

Group III: Smart scan 3D version 2 (Runyes 
Medical Instrument Co., Ningbo, China)

Group IV: Aoralscan 3 (SHINING 3D Tech Co., 
Ltd Zhejiang, China)

Group V: Flexceed additional silicone (GC 
Japan

For group V; the impressions were poured with 
type IV dental stone (Elite Dental Stones Zhermack, 
Italy), then the stone cast models have scanned with 
a lab extraoral scanner (DOF Edge 3 Dental scanner 
Seoul, Korea). 

The scanned images were manipulated with the 
corresponding software for each system and inlay 
restorations were milled from E-max CAD blocks 
(Ivoclar Vivadent) using a milling machine (Cori 
Tech 350i 5-axis, Germany). 

The internal surfaces of restorations were 
cleaned with air-water spray, air-dried, treated for 
60 seconds with 4% buffered hydrofluoric etchant 
acid (Porcelain etchant, Bisco, Inc., Schaumburg, 
IL), washed by air-water spray for 1 minute and air 
dried. After that, silane coupling agent (Monobond 
plus, Ivoclar Vivadent) was applied on the fitting 
surfaces of the restorations for 1 minute using a 

micro-brush and then air dried. Each restoration 
was cemented in its corresponding cavity using 
self-adhesive resin cement (Panavia SA cement 
universal). Materials used and their composition are 
shown in Table 2. 

During cementation, the prepared acrylic 
teeth models were held vertically in the lower 
compartment of the universal testing machine and 
immediately after the seating of the restoration 
by finger pressure, a 3 Kg load was applied at the 
central fossa of the restoration by a special rod 
attached to the upper compartment of the universal 
testing machine (Instron model 3345 England) and 
the load was kept till hardening of the cement. 

The restored teeth models were embedded in a 
slow-curing transparent epoxy resin (Kemapoxy, 
150 RGL Egypt) with the aid of a pre-constructed 
silicon mold, 19 and the assemblies were fixed in 
the vice of the low-speed precision diamond saw 
(Isomet 4000 Buehler USA) by the tightening screws 
to standardize the sectioning site, two perpendicular 
cuts, for each restored tooth model, as shown in fig 
(1) in buccolingual and mesiodistal axes were made 
by the device diamond disk (Isomet blade 10LC, 
0.3mm thickness) under water cooling.

Restoration/cavity interfacial gap was assessed 
at buccal, lingual, and pulpal walls at 4 equally dis-
tant points for each wall 20, using a stereo micro-
scope (MA 100 Nikon Japan at magnification 70 X). 
Image analysis software (Ominmet Buehler USA) 
was used to assess internal adaptation.

Fig. (1)  Location of buccolingual and mesiodistal cuts
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Statistical analysis was done using SPSS 16 
(Statistical Package for Scientific Studies). Analysis 
of the given data was done using the Shapiro-
Wilk test and the Kolmogorov-Smirnov test for 
normality. This revealed that data were obtained 
from nonparametric data. Comparing different 
intervals was done by using One Way ANOVA test 
followed by Tukey’s Post Hoc test.

RESULTS

Comparison of the obtained measurements of 
the tooth-restoration gap between different groups 
was done using One Way ANOVA test (Table 3) 
(Fig. 2, 3) the differences were considered signifi-
cant at P<0.05. This was followed by Tukey`s Post 
Hoc test for multiple comparisons. Statistical analy-
sis revealed that:  

The gap at the buccal margin

Group I had a significantly lower marginal gap 
(35.7±6.66µm) than all other Groups, followed 
by Group II (44.57±4.41µm) and Group V 

(50.73±7.09µm) with insignificant difference 
between them, while Group III (61.15±4.72µm) 
scored the highest marginal gap but was not 
significantly higher than Group IV (53.75±4.47µm).

The gap at the buccal wall

Group, I scored the lowest gap at the buccal 
wall (43.79±3.01 µm) which was not significantly 
higher than Group II (45.64±3.65 µm) and Group 
V (49.59±5.04 µm). Group IV had a significantly 
higher gap (57.38±6.28µm) than Group I and 
II but insignificantly higher than Group V 
(49.59±5.04µm). Group III scored a significantly 
higher gaps (61.6±3.56µm) than all the other groups 
except for Group IV which was not significantly 
lower than group III.

The gap at the lingual margin

Group, I had the lowest marginal gap 
(37.91±5.19µm) which was not significantly 
lower than group II (43.03 ± 4.67 µm) and Group 
V (42.36 ± 2.02 µm). Group III had significantly 

TABLE (2)  Showing materials used and their composition  

Trade name Scientific name Composition Company Bach no.

IPS e.max 
CAD

Lithium disilicate 
glass-ceramic CAD/
CAM blocks.

>57% SiO2, Li2O, K2O, P2O5, ZrO2, ZnO, Al2O3, 
MgO, pigments.

Ivoclar Vivadent,
Schaan,
Liechtenstein.

R51558

IPS ceramic 
etchant gel 

Ceramic etching gel 5% hydrofluoric acid, water, thickener, surfactant Ivoclar Vivadent,
Schaan,
Liechtenstein.

V37045

Monobond 
plus

Silane coupling 
agent

Silane methacrylate, phosphoric methacrylate, and 
sulfide methacrylate.

Ivoclar Vivadent,
Schaan,
Liechtenstein.

Panavia 
SA cement 
universal

Self-adhesive resin 
cement

Paste A: Monomer (10-MDP,Bis-GMA, TEGDMA, 
HEMA, another methacrylate monomer), filler (si-
lanated barium glass filler, silanated colloidal sili-
ca),  initiator, pigment, others Paste B: Methacrylate 
monomer, filler (silanated barium glass filler, alumi-
num oxide, silanated sodium fluoride), accelerator, 
pigment, silane coupling agent, others

Kuraray Noritake 
Dental

A80067

Abbreviations: Bis-GMA: bis-phenol A di glycidylmethacrylate. UDMA: urethane dimethacrylate, TEGDMA: tri 
ethylene glycol dimethacrylate, Bis-EMA: Ethoxylated bisphenol-A dimethacrylate HEMA: hydroxyl ethyl methacrylate,  
CQ: camphorquinone. 
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higher gaps (61.49±6.57 µm) than the other groups 
except for Group IV (58.12±4.71 µm) which was 
not significantly lower than Group III.

The gap at the lingual wall

Group, I had the lowest gap at the lingual wall 
(39.14 ±2.01 µm) which was not significantly lower 
than Group II (43.37 ± 3.57 µm) but significantly 
lower than all the other groups. Group V had a 
non-significantly wider gap (47.22 ±1.73 µm) 
than Group II. Group III had the widest gap (60.54 
±2.8µm) which was not significantly wider than that 
of Group IV (55.57±6.53 µm). Both Groups III and 

IV had significantly wider gaps than all the other 
groups.

The gap at the pulpal floor

Group, I had the lowest gap at the pulpal floor 
(39.33±2.55 µm) which was not significantly low-
er than group II (42.47±1.88 µm) but significant-
ly lower than all the other groups. Group V had a 
non-significantly wider gap (44.69 ±1.16 µm) than  
group II.  Group III had the widest gap (56.27 ± 2.01 
µm) which was not significantly wider than that of 
group IV (53.49 ±2.28 µm).  Both groups III and 
IV had a significantly wider gaps than all the other 
groups.

TABLE (3) Mean and standard deviation of all surfaces of all groups. Also, a comparison between all groups 
was done by using One Way ANOVA test:

Group
Buccal Lingual

floor Average gap
Margin Wall Margin Wall

M SD M SD M SD M SD M SD M SD
Group I 35.70 a 6.66 43.79 a 3.01 37.91 a 5.19 39.14 a 2.01 39.33 a 2.55 39.17 a 2.08
Group II 44.57 b 4.41 45.64 a 3.65 43.03 a 4.67 43.37 ab 3.57 42.47 ab 1.88 43.82 b 1.82
Group III 61.15 c 4.72 61.60 c 3.56 61.49 b 6.57 60.54 c 2.80 56.27 c 2.01 60.21 d 1.66
Group IV 53.75 c 4.47 57.38 bc 6.28 58.12 b 4.71 55.57 c 6.53 53.49 c 2.28 55.66 c 2.99
Group V 50.73 bc 7.09 49.59 ab 5.04 42.36 a 2.20 47.22 b 1.73 44.69 b 1.16 46.92 b 2.77

P value <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001*

M: mean           SD: standard deviation
P: probability level which is significant at P ≤ 0.05
Means with the same superscript letters along each column were insignificantly different as P > 0.05.
Means with different superscript letters along each column were significantly different as P <0.05.

Fig. (2) Tooth-restoration gaps; a: Gp I (Primescan), b: Gp II 
(Medit), c: Gp III (Smartscan), d: Gp IV (Aoralscan), e: 
Gp V (conventional impression)

Fig (3): Bar chart showing means of tooth-restoration gaps in 
all groups
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The average gap all over the restoration-cavity 
interface

Group, I had a significantly lower average gap 
(39.17±2.08 µm) than the other groups, followed by 
Group II (43.82+1.82 µm) which was insignificantly 
lower than Group V (46.92+2.77 µm). Group IV 
had significantly wider gaps (55.66 + 2.99 µm) than 
Group V, while Group III had a significantly wider 
gap (60.21±1.66 µm) than all the other groups. 

DISCUSSION

The transition to digital dentistry simplified the 
dental practice with the wide acceptance by dental 
practitioners. Digital three-dimensional imaging has 
gained great interest in dentistry as means to gener-
ate an imprint of the oral cavity.21 While the accu-
racy of intra-oral scanner (IOS) systems appears to 
be promising and comparable to conventional meth-
ods, they are still vulnerable to inaccuracies.22 Four 
of the commercially available and most commonly 
used intra-oral scanners were selected in this study 
to assess their influence on the precision of fit of the 
final restoration. Identical acrylic teeth models were 
selected for preparation of standardized MOD for 
the elimination of variation of natural teeth shape, 
size, and difficulty in the reproduction of adjacent 
contacts, as the geometry of the scanned surfaces is 
one of the factors that affect the scanning accuracy. 
21,22 Manufacturing of the restoration was done by 
CAD/CAM technology and the cementation proto-
col was standardized for all groups.

The results of this study showed that differences 
between acquisition systems have a statistically 
significant influence on marginal and internal fit 
which is in agreement with Alexis et al., 2019 22 
and Vahap Çin et al., 2023 23. The least average gap 
was obtained with primescan system which was 
significantly lower than the other systems. This 
result comes in accordance with Zimmermann et 
al., 2020 24 and Adam Brian, 2021 25 who found 
significantly higher accuracy with primescan 
compared with other intra-oral scanning systems. 

The technology of primescan includes a struc-
tured light–confocal microscopy including smart 
pexil sensor. A high-precision Smart Pixel Sensor 
captures the data at a high resolution and assesses 
the contrast in each pixel. For every 3-D image, 
primescan consolidates more than 50,000 images 
and captures up to one million 3-D points per sec-
ond, thereby offering a level of scanning outstand-
ing precision. Calculation of the 3-D points is done 
by an optical high-frequency contrast analysis, re-
sulting in an increased level of accuracy. 26-29 

Medit i700 system uses 3D full-color streaming 
imaging technology with 10.9 µm + 0.98 accuracy 
in full arch scanning as stated by the manufacturer. 
Although, it achieved a significantly wider average 
gap than primescan group, the average gap was less 
than that obtained with Flexceed additional silicone 
impression but with a non-significant difference. This 
result comes in accordance with Rafael, et al, 2021 
30 who found similar prosthodontic outcomes for 
workflows implementing conventional impression 
and intra-oral scanners, and in agreement with 
Sang J et al., 2020 31 who found superior accuracy 
of extra-oral scanners than intra-oral scanners. This 
comes in disagreement with Fernando et al., 2020 

32 who found that, the intraoral scanner produced 
better trueness and precision than scanning the 
polysulfide impressions or the stone casts with a 
laboratory scanner.

Aoralscan 3 is a recently introduced system, it 
affords contactless scanning with structured light, 
at a relatively low cost. The system automatically 
filters out unnecessary soft tissue data, and has a 
scanning depth of up to 22 mm. Aoralscan group 
scored an average gap a significantly wider than 
groups Primescan, Medit, and Flexceed additional 
silicone impression, but had a significantly smaller 
average gap than Smart scan group. 

Smart scan 3D version 2 system has optical 
continuous video collection imaging technology, 
with 20 µm accuracy. Nevertheless, Smart scan 
group had significantly wider average gap than 
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the other groups, it is still within the acceptable 
range.33-35 It is to be mentioned that the marginal 
gap of all groups ranged from 35.7 to 61.49 μm and 
internal fit ranged from 39.14 to 61.6 μm which is 
considered clinically acceptable (< 120 μm) 16, 31-35

The first null hypotheses of this study was rejected 
as there was significant differences in marginal and 
internal adaptation of inlay restorations obtained 
by tested intraoral scanners, and the second null 
hypotheses was also rejected as the accuracy of the 
conventional elastomeric impression technique was 
not inferior to all tested scanners.

CONCLUSION

Under the limitations of the current study, it can 
be concluded that Primescan is the most efficient 
system, followed by both Medit i700 system and 
Flexceed additional silicone impression, while 
Smart scan 3D version 2 is the least accurate system 
followed by Aoralscan 3 system.
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