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Introduction

The fabrication of a high-quality fixed dental prosthesis 
requires the expertise of the dentist all along the 
clinical pathway.[1,2] In addition, the choice of the 
impression technique seems to influence the accuracy 
of dental impressions, hence the fitting of the resulting 
restorations.[3] Digital impressioning procedures may 
be an approach to improve the accuracy of dental 
restorations as by their nature these processes 
eliminate the error-prone conventional impression 
and gypsum model casting and warrant a high degree of 
standardization and the information gathered by digital 
impressioning devices can be entered directly into the 

digital computer-aided design and computer-aided 
manufacturing (CAD/CAM) production chain.[4,5] In 
CAD/CAM, the transformation of the clinical situation 
into a three-dimensional dataset in the production 
process of dental restorations can be achieved by 
direct or indirect digitalization.[6] Indirect, extraoral 
digitalization starts with a conventional impression that 
is processed to a gypsum cast and then digitalized in the 
dental laboratory. In recent years, many new systems 
for direct, intraoral digitalization have been introduced 
to dentistry with the aim of digitalizing the workflow.[7] 
This digital workflow does not require the use of an 
impression material and trays, leading to improved 
patient comfort and reduced technique sensitivity. 

Original Article

A comparative analysis of marginal accuracy 
in restorations produced using digital and 
traditional fabrication techniques

A B S T R A C T

Background: Marginal fit of restorations constructed from conventional and digital 
impressions should be compared, especially with the advent of digital impression procedures, 
computer-aided design, and computer-aided manufacturing (CAD/CAM) to improve the 
accuracy of dental restorations.

Materials and Methods: Thirty extracted human molar teeth were divided into three groups 
– Group I: (10 samples) direct tooth scan using VITA Suprinity, Group II: (10 samples) die 
scan: using VITA Suprinity, and Group III: (10 samples) control group, used conventional 
impression that processed to IPS emax Press crowns by the conventional procedures. All 
tested specimens were examined under a scanning electron microscope. Captures for 
marginal fit were taken at magnification factor of 150×. Analysis of variance (ANOVA) test 
was performed to detect a significant interaction between different impression techniques 
regarding marginal adaptation.

Results: Difference between impression techniques in the same material (VITA Suprinity) 
regarding marginal fit, when VITA Suprinity crowns were compared with IPS emax press, 
they recorded 91.3245 µm for direct scan and 99.0060 µm for indirect scan; this result 
had better marginal fit than conventional technique (using IPS emax press) 123.0265 µm. 
Although within digital technique itself, the crowns made with direct scan had better marginal 
fit than the crowns made with indirect scan. However, regarding the ANOVA test, there was 
no statistically significant difference between tested groups I, II, and III F(p) = 2.481 (0.103).

Conclusion: The combination of the conventional impression and the indirect digitalization/
CAD/CAM produced better marginal fit than conventional impression and pressed crowns 
and the combination of the direct digitalization and VITA Suprinity produced the most 
accurate marginal fit.
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Using these scanners, an accurate representation of 
the soft and hard tissues is possible, and a virtual, 
three-dimensional model is directly produced. This 
three-dimensional stereolithography file can then be 
transferred to an automated production device.[8]

Some researchers suggest that the marginal openings 
≤120  µm are clinically acceptable.[9,10] When the 
marginal discrepancies are great, the cement material 
is exposed to the oral environment, and this leads to a 
higher rate of cement dissolution, which is caused by 
oral fluids and chemo-mechanical forces. Moreover, 
researchers also demonstrated a correlation between 
increased cement thickness and failure of ceramic 
restorations.[11,12]

The CEREC system (Sirona Dental Systems, Bensheim, 
Germany)[13] can be used with a chair-side milling 
machine, enabling direct, chair-side production of 
CAD/CAM restorations from industrially manufactured 
ceramic blocks.[14] The working principle is based on 
the triangulation of light, with the need for an opaque 
titanium dioxide powder placed on the tooth surface.[14] 
In 2000, the CEREC 3 was introduced and the three-
dimensional capability was added in 2003. In 2005, the 
new software enabled the automatic virtual occlusal 
adjustment.[15] VITA Zahnfabrik offers VITA Suprinity, a 
new generation of glass ceramic material products. With 
the aid of an innovative manufacturing process, the 
glass ceramic is enriched with zirconia (approximately 
10% by weight). The results are the world’s first 
zirconia-reinforced lithium silicate ceramic.[16] This 
study evaluated the marginal fit of CAD/CAM generated 
all ceramic single crowns made by VITA Suprinity 
fabricated with digital and conventional methods after 
direct and indirect digitalization (in vitro).

Materials and Methods

The thirty extracted human molar teeth with no caries 
or anatomical defects were obtained from Oral Surgery 
Clinic. Teeth were stored at 40˚C in 0.9% normal saline 
until they used for the study, teeth were cleaned, and 
their roots were embedded in an autopolymerizing 
resin block.[17] Then, the long axis of the teeth was 
set perpendicular to the surface of the block. A poly 
(vinyl siloxane) matrix was made for every tooth prior 
to any preparation and was sectioned in half in the 
buccolingual direction. The matrix was served as a 
guide to verify the amount of tooth reduction for each 
preparation. All preparations were performed by one 
investigator, and new diamond burs were used for each 

preparation.[17] Teeth were prepared for all ceramic 
crown fabrication, teeth preparation were following 
accepted guide lines set using a high-speed handpiece, 
occlusal reduction of 1.5–2 mm and axial reduction of 
approximately 1–1.5 mm were done, and about a 1 mm 
deep chamfer margin with 6–10 tapered.[18-20]

Teeth were divided into three groups, Group  I: 
(10 samples) direct tooth scan using VITA Suprinity. 
Direct scanning was made for the prepared tooth in 
block using the Cerec in lab scan (sirona), first design 
modes and restoration type was selected. Moreover, 
teeth on the visual cast were determined, unnecessary 
parts of the model were removed by selecting model 
tools then cut and discard parts. The preparation 
margins as well as the occlusal limits were identified, 
contoured, and marked with the software, and insertion 
axis was detected.[17,21,22]

The internal gap was set to 30 μm, internal gap setting 
between the prepared tooth and the internal surface of 
the crown to accommodate the thickness of the luting 
agent, while the marginal gap was adjusted to 0 µm.[18,19] 
Once the design of each crown was completed, block 
size and sprue position were selected, at non-functional 
cusp. The VITA Suprinity ceramic block (Williams, 
Ivoclar, Buffalo, NY, U.S.A.) was placed in position in 
milling unit, and the information was sent to the milling 
unit through a wireless connection to start milling. All 
crowns were sintered at 850˚C in a ceramic oven, and 
the completed crowns will be tried on the respective 
prepared teeth.[17,21,22] Group II: (10 samples) die scan: 
using VITA Suprinity. Ten custom-made trays were 
fabricated using acrylic resin.[17] Final impressions were 
taken with polyvinyl siloxane using custom trays. The 
master stone dies were fabricated by pouring the final 
impression; then, the master stone dies were scanned 
with (CAD/CAM) cerec in lab laser scanning. After that 
it was evaluated for clarity, data were stored through 
the computer software. The same computer software 
was used for designing each crown as same as group I. 
Group III: (10 samples) control group, used conventional 
impression that processed to IPS emax Press crowns 
by the conventional procedures. Outer surface of each 
crown in all groups was coated by a layer of glaze 
material and exposed to 1000°C temperature. The other 
surface was airborne particle abraded to obtain a fitting 
rough surface ready for bonding to dentin, then etched 
for 30 s with 5% hydrofluoric acid-etching, washed, 
and rinsed. Silane copling agent was then applied for 
60 s.[23,24]
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Cementation procedure

A Rely X Unicem capsule was inserted into the 
activator and the handle was pressed completely and 
held for 2–4 s, before insertion into the mixing device 
(amalgamator), for 15 s at the highest speed.[23] All 
crowns were cemented to their corresponding molars 
following specific manufacturer’s recommendations 
under a constant load of 5 kg, which was maintained 
for 10 min.[22,25] Then, teeth were split mesiodistally 
into two halves using a slow-speed saw under constant 
water cooling. All tested specimens were examined 
under a scanning electron microscope.[26,27] Captures for 
marginal fit were taken at magnification factor (×150) 
Figure 1.

Results

Analysis of variance (ANOVA) test was performed 
to detect a significant interaction between different 
impression techniques regarding marginal fit.

Comparison VITA Suprinity groups and 
conventional regarding marginal fit

Means and standard deviations of the marginal gaps 
of the studied groups using VITA Suprinity comparing 
digital impression (direct and indirect scanning) with 
conventional impression using IPS-emax Press as a 
control group are present in [Table 1].

Results of this study revealed that there was a difference 
between impression techniques in the same material 
(VITA Suprinity) regarding marginal fit, when VITA 
Suprinity crowns were compared with IPS e max 
press, they recorded 91.3245 µm for direct scan and 
99.0060 µm for indirect scan; this result had better 
marginal fit than conventional technique (using IPS 
e max press) 123.0265 µm. Although within digital 
technique itself, the crowns made with direct scan had 

better marginal fit than the crowns made with indirect 
scan. However, regarding the ANOVA test, there was 
no statistically significant difference between tested 
groups  I, II, and III F(p) = 2.481 (0.103), and all the 
results were within the clinically acceptable results.

Discussion

One major parameter for clinical success is the 
marginal fit of a restoration. The larger the marginal 
and internal discrepancy, the more rapid is the rate of 
cement dissolution and the higher is the risk of bacterial 
insult, causing pulpal inflammation and necrosis.[28,29] 
The null hypothesis has to be accepted, results from 
this study indicated that the direct scan with VITA 
Suprinity material produced the most accurate and 
acceptable results, for the marginal fit with direct scan 
(91.3245 µm) more than the indirect scan for the marginal 
fit (99.0060 µm). When compared with marginal fit of 
crowns fabricated by conventional method using IPS e 
max press as a control group and result was 123.0265 µm 
for marginal fit, these results show no difference and all 
the gap sizes for compared groups I, II, and III were found 
to be within clinically acceptable limits. These results 
agree with those found in a study by Seelbach et al.,[30] 
where a simplified tooth model was used to compare 
the internal and marginal fit of crowns fabricated by 
conventional and digital impression methods using 
CEREC scanning system. They also found that crowns 
fabricated by conventional and digital impression 
techniques have similar marginal and internal fit.

Another study done by Abdel-Azim et al.,[31] compared 
marginal and internal fit of lithium disilicate crowns 

Figure 1: Captures for marginal fit were taken at magnification factor (×150)

Table 1: Comparison VITA Suprinity groups and 
conventional regarding marginal Fit
Method Mean(µm) St. Deviation F(p)
Direct scan 91.3245 27.47107 2.481(0.103)
Indirect scan 99.0060 41.94638
Conventional 123.0265 28.16544
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AQ5(emax CAD) fabricated by CAD/CAM technology and 
using conventional impression and he concluded that 
the digital groups did not have a statistically significant 
difference in marginal and internal gap size compared 
with the conventional group. The conventional and 
digital groups had larger variance in average gap size by 
location. Another study for Jonathan and Ruse[32] who 
use emax CAD to evaluate marginal and internal fit of 
crowns fabricated by digital and conventional methods 
and he found that no difference would be found in the 
fit of ceramic crowns fabricated with a digital and with 
a conventional method, but it was smaller than that 
measured in crowns fabricated with the conventional 
method. However, the marginal and internal gap of 
both groups fell within clinically acceptable limits of 
marginal opening.

The increased marginal gap size of the conventional 
group could be the result of a number of factors 
influencing the accuracy of the impression and cast in 
the conventional impression workflow. The type of tray 
used can affect the quality of the resulting impression. 
Plastic or metal stock trays have been shown to increase 
dimensional inaccuracies when compared with custom 
trays. A custom tray offers an advantage by providing 
a uniform thickness of impression material, which 
improves the accuracy of the resulting cast.[33,34] In this 
study, custom trays were used to reduce the effect of 
bulk material on the impression accuracy. Additional 
factors that can influence the dimensional accuracy of 
an impression are that the impression is susceptible 
to dimensional changes over time because of possible 
instabilities in the tray itself and the impression 
material.[34] These effects could have influenced the 
accuracy of the impression and cast in the conventional 
group.

The use of the conventional method of crown 
fabrication needs careful selection of materials and 
meticulous fabrication procedures which are necessary 
to compensate for expansions and contractions of the 
different materials involved to create an accurately 
fitting crown. However, the impossibility of controlling 
all the variables, combined with a propensity for human 
error, can result in poor marginal and internal fit and 
even misfit.[32]

According to the present study, the crowns made from 
indirect scanning (group  II) and crowns made from 
conventional impression (groups  III) have a larger 
marginal gap than the crowns made from the direct scan 
(groups  I) that means that the combined techniques 

(conventional impression and indirect scan to the 
stone cast) were not as accurate as the direct digital 
impression. However, no significant difference was 
found between the CAD/CAM crowns made from the 
direct and indirect scanning and the crowns made by 
conventional method, indicating that both techniques 
had a similar accuracy.

On the other hand, Anadioti et al.[35] found that 
the crowns made from the digital impression had 
statistically significant larger marginal and internal 
gap than the crowns made from the conventional 
impression; he explains that the direct comparison 
between the pressed and the CAD/CAM fabrication 
techniques should be done with caution since the 
production methods are so different; in other words, 
since for the CAD/CAM crowns the dies were scanned, 
there was the possibility that any irregularities on the 
dies were “smoothed out” by the software to facilitate 
the crown fabrication. The reason why the marginal gap 
of the crowns fabricated by CAD/CAM was statistically 
larger than that of the crowns fabricated by conventional 
technique might be attributed to the overall fit of the 
crown, which may have been affected by the internal 
adaptation. However, according to the present study, 
the fabrication of either VITA Suprinity or emax press 
will result to almost similar marginal fit. Furthermore, 
results show that CAD/CAM crown margins and internal 
fit can be accurately produced when either a stone or 
tooth itself is scanned using CEREC3 scanner.

A suggestion for this occurrence was thought to be 
possible irregularities on the stone model surface as 
a result of the fabrication procedure that would not 
allow a uniform marginal and internal adaptation 
of the crowns. For the CAD/CAM crowns, the stone 
models were scanned, which could change the model 
surface either because of the resolution of the scanner 
or because of processing of the software that would 
eliminate any defects interfering with the CAD/CAM 
procedure.[35]

Another study done by Ahrberg and Lauer[29] which 
aimed was to evaluate the marginal and internal fit of 
CAD/CAM fabricated zirconia crowns resulting from 
direct versus indirect digitalization; he found that the 
mean of the marginal gap was 61.08 µm (±24.77 µm) 
for computer-aided impression which was statistically 
significant difference, the relevance of this difference is 
debatable because the mean, confidence interval, and 
maximum value is below the described threshold of 
120 µm, indicating acceptable clinical fit. This can also 



Massoud: Digital versus traditional fabrication: A marginal accuracy study

12 Journal of Contemporary Dental Sciences, Volume 1, Issue 1, 2024

be explained by the fact that no internal adjustments 
were necessary for any of the evaluated frameworks 
produced by digital or conventional impressions at 
the try-in session. The maximum of the gap values was 
nearly similar for digital and conventional impressions, 
with values of 104.65 and 115.76 µm, respectively.

This might be due to that in indirect digitalization 
where we need to produce a model made out of stone 
using conventional impression and in contrast, direct 
intraoral digitalization merges these steps into a 
digital workflow, this digital workflow eliminates the 
need for model to fabricate crowns, and this higher 
inaccuracies in the conventional workflow can be 
explained by the potential sources of error and the 
long process chain.[21] Contrary to these findings, the 
study of Seelbach et  al.[30] did not find a statistically 
significant difference between the marginal gap of 
crowns produced on the basis of digital (CEREC blue 
cam) and conventional method.

Conclusion

There was a difference in accuracy between the two 
impression techniques, conventional and digital, 
considering the marginal fit of the crowns fabricated 
by those methods. There was no difference in accuracy 
between the direct and indirect digitalization, 
considering the marginal fit of the crowns fabricated 
by those methods. There was an interaction between 
the impression technique (direct, indirect digitalization, 
and conventional) and crown fabrication method (press 
and CAD/CAM), considering the marginal fit of the 
crowns fabricated by any combination of those methods. 
The combination of the conventional impression and 
pressed crowns produced the least accurate marginal fit. 
The combination of the conventional impression and 
the indirect digitalization/CAD/CAM produced better 
marginal fit than conventional impression and pressed 
crowns. The combination of the direct digitalization 
and VITA Suprinity, marginal fit in vitro produced the 
most accurate results.
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