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Purpose: This study was performed to evaluate the effect of different methods of digital impression techniques on the
marginal adaptation of monolithic zircon crown restorations. Materials and Methods: Three groups of zirconia crowns,
10 crowns in each group, were as follows:1)First group (G1) :Optical scanningof the stainless steel die (represent the
natural tooth) using Zirkonzahn S600 ARTI®.optical scanner after it is sprayed with scanning spray gave us an optical
impression from which we fabricated zirconium crowns directly. 2)Second group (G2): Polyvinylsiloxane impression
material was used for fabrication of the conventional impression then digitized by optical scanning, then CAD/CAM
was used to get zirconium crowns. 3)Third group (G3): Dental stone die, was scanned to produce the zirconium crowns.
Results: The marginal gap (M * S.D., ym) of zirconia crowns fabricated using the digital impression for the master die
(G1) was 21.62 * 9.62, those fabricated from scanning the conventional impression (G2) was 22.13 * 8.48, and those
fabricated from scanning the stone die (G3) was 18.30 £ 7.18. A one-way ANOVA test was used to compare the marginal
gaps of the three groups, where the P value was 0.09. It was considered that there is no-significant difference between
them. While there was no significant difference, the highest marginal gap was observed in the crowns fabricated from
conventional impression scanning (Group II), and the lowest gap was observed in the crowns fabricated from stone die
scanning (Group III). Research hypotheses: HO:There is no difference in the marginal fit of the three groups of crown
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ABSTRACT

restorations. HA:Thereisa difference in the marginal fit of the three groups.

INTRODUCTION:

Impression is defined as a negative likeness or copy in
reverse of the surface of an object; an imprint of the teeth and
adjacent structures for use in dentistry”. Impression
procedure is the key for a successful restoration. Inaccurate
impression can affect the fabrication of a fitting dental
restoration. The accurate impression will represent the oral
anatomy upon which the final restoration will be
placed.Impression materials have passed throw a long series
of modifications and enhancements to reach the maximum
accuracy.1-5

Many dental materials have been used as an impression
material as plaster of paris,zinc oxide —eugenol, modeling
compound, hydrocolloids and rubber impression materials.

These materials supported the fabrication of dental
restorations for many years and each of them is suitable for
specific restorations and specific mouth anatomy .*”

The development of impression procedures was driven by the
increasing variety of dental restorations. Hydrocolloids and
rubber base impression materials was the first choice as an
impression material for many years especially it is suitable for
most dental restorations

However, several disadvantages may occur during this
procedure, such as deficiencies on impressions and stone
casts; dimensional changes of impressions and stone casts
during disinfection, storage and transportation; partial or
extensive separation of the impression material from the tray;
the effects of surface moisture on details accuracy of the
impressions”

In addition, conventional impression-taking may cause
patients' discomfort like nausea, unpleasant taste, breathing
difficulty and teeth sensitivity. "’

With the introduction of the digital workflow in dentistry
digital impression appeared in the mid 1980s as the solution
which can overcome all the drawbacks of conventional
impression technique.

|

Digital impression technique is also an access to the
CAD/CAM workflow that abutment and arch information are
captured directly in patients' mouth by intraoral scanning.

Intraoral scanning proved to have higher efficiency , more
patient comfort ,decreased the time needed for fabrication of
the dental restorations, facilitate the storage of data and it
improved the communication between the clinician, the
technician and the patient because the design of the
restoration may starts immediately after the capture of the
impression."™*

Yuzbasioglu et al, evaluated the difference between digital
and conventional impression techniques regarding patients'
perception, treatment comfort, effectiveness and clinical
outcomes.The digital impression was superiorin all aspects.'

There are two methods for digital scanning ,optical scanners
and mechanical scanners. In optical scanning, there is a light
source (light or laser) and a receptor unit then the computer
calculate a three dimensional data set from the image on the
receptor unit. Examples of optical scanners on the dental
market: Lava scans ST (3M ESPE, white light projections),
Everest scan (kavo, white light projections). While there are
some drawbacks as complicated mechanics, very expensive
and long processing time. *"

While in mechanical scanning ,the master cast is red
mechanically line-by-line by means of a ruby ball and the
three dimensional structure measured.The Procera Scanner
from Nobel Biocare (Goéteborg) is the only example for
mechanical scanners in dentistry'**

All dental 3D scanners are constructed on the same basic
principle. Fundamentally, a 3D scanner consists of a light
source, one or more cameras, and a motion system
supporting several axes for positioning the scanned
object towards the light source and camera(s).

The light source projects well-defined lines into the
surface of the object, and the camera(s) acquire images of
the lines. Based on the known angle and distance between
camera and light source (jointly called the scan head), the
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3D position(s) where the projected light is reflected can
be calculated using trigonometry.

This measurement-principle is known as “triangulation”.
The basic principle works with one camera only, but two
cameras improve scan speed, accuracy and scan coverage. *

CEREC was the first commercially available digital
impression system for use in the field of dentistry. Now
systems like 3M Lava C.O.S., Cadent iTero, E4D Dentist, and
3Shape Trios are available. Each has a specific technique for
making impressions for example. Some scanning systems,
like 3M Lava C.O.S. and CEREC Bluecam, require the
application of a titanium dioxide or magnesium oxide
powder to the abutment teeth before scanning them in
order to eliminate reflection and create a measurable
surface.This powder has a thickness of 13-85 m.So other
systems, like E4D Dentist, CEREC Omnicam, 3 Shape Trios,
and Cadent iTero, do notrequire this powder layer because
the scanner software can capture the shiny surfaces. Another
CAD/CAM method does not involve intraoral scanning, by
using scan the conventional impressions without the need
for stone master models. This is done by scanning the
impression and replicate them in digital form; examples of a
devices capable of doing this are the lab scanners 3Shape
D900 and ZirkonzahnS600 ARTI .this method eliminated the
interference which my occur by the patients movement, saliva
and blood contamination and limited mouth opening. '**

In the mid 1990s, Nobel Biocare introduced the first all-
ceramic product with ( CAD/CAM) substructure. The core
consisted of 99.9% alumina on which a feldspathic ceramic
was layered.’ The substructure or full-contour restoration is
milled from a solid block of ceramic material. Available
materials for the subtractive CAD/CAM processing include
silica-based ceramics, infiltration ceramics, lithium-disilicate
ceramics, and oxide high-performance ceramics.While there
is another strong material for fabrication of fixed restoration
as Zirconium (Zr), it is a metal with the atomic number 40, first
discovered in 1789 by the chemist MartinKlaproth. The
material has a density of 6.49 g/cm?, amelting point of 1852 °C

and a boiling point of 3580 °C.It has a hexagonal crystal
structure and is grayishin color.

Three types of zirconia products and their milling/grinding
technology:Milling at green stage (non-sintered):Cercon
base, Cercon (Degudent, Frankfurt, Germany) ,Lava
Frame;Lava (8M ESPE, Seefeld, Germany), Hint-ELs Zirkon
TPZ-G, DigiDent (Girrbach, Pforzheim, Germany)
ZirkonZahn, Steger (Steger, Brunneck, Italy) Xavex G 100
Zirkon, Etkon (Etkon, Grafelfingen, Germany).* ™

Marginal Fit Of Dental Restorations

The more accurate the impression, the more fitting of the final
restoration. Accurate marginal fit is a very critical factor that
can affect the longevity of the restoration .This can be
explained well when we see the problems which happens
with ill fitting restorations such as luting agent dissolution),
caries hypersensitivity and periodontal inflammation .Caries
have been shown to be the most common reason (36.8%) for
crown failure according to a 3-year clinical survey study by
Schwartz etal.””

There are many method for evaluation of the marginal and
internalfit ofthe restoration.

In vitro methods, Replica Technique (RT).This technique can
be used in vivo and in vitro by using a light body silicone to fill
the space between the crown and the tooth After removal
from the crown restorations, the replicas were segmented,
and measurements of the film thickness were performed with
a light microscope. It is a very simple technique but its
limitation is the possible distortion of silicone during
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examination steps.’"™*

Sectioning of the specimens ;this technique is used by
sectioning the specimens and then studying them under an
optical microscope The advantage of this technique is the
accurate measurements; but the limitation of this method are ;
sectioning of the specimens therefore, duplicates will be
made and the sections have a minimum thickness and this
will decrease the area to be evaluated.”™

Stereomicroscope ; Tan et al; *° used a stereomicroscope to
evaluate the marginal discrepancies of restorations produced
by different techniques.They took a 1:1 photograph of each of
four sides of the die using a digital camera mounted on a
tripod. Calibrated digital measurement software was used to
measure the marginal openings. Although this technique can
be considered very reliable but its limitations are;[any
change in the camera angle may change the measurement
.Overhanged restoration can not be evaluated because the
microscope is set perpendicular to the margin of the
restoration so the vertical overlap of the margin will show no
vertical gap™

Computerized tomography (CT); Pelekanos et al. used CT
multiple projections of a crown restoration were taken as the
source rotated around it . A computer software used to analyze
the projections and produce a 3dimensional image (3D) .This
technique can offer images of the internal surface of the
crowns and the margins with different angulations but its
drawbacks are many like ;limited accuracy of CT
microtomography compared to electron microscope and the
difficulty to define the materials that have similar coefficients
ofabsorption.”

3D fit assessment for dental restorations; Holst et al.
developed a new triple-scan protocol; using a non-contact
scanner, three scans were performed: 1) Coping 2) Master
cast and 3) Coping placed on master cast in a clinically
correct final position .The coping and master dies were
digitized, surface tessellation/triangulation language (STL)
were generated with a scanner software for both the coping
and the master cast then fitting of both (STL) of coping and
master cast will be made assisted by the previously scanned
position of coping placed on master cast. Then the same
software will determine the misfit between the cast and the
coping.

This triple scan technique eliminated the disadvantages of 2D
measurements as it increased the accuracy of evaluation by
reaching every point in the interface between the restoration
and the die™*

Evaluations of the quality of zirconium crowns fit have been
carried out by comparing different types of materials and
CAD/CAM manufacturing systems . Although some studies
have been already conducted, there isno solid evaluation of
the accuracy of digital impression and its resulting marginal
and internal fits. Accordingly, the aim of this study was to
assess the precision of fit of different techniques for digital
scanning either the prepared abutment or its impression, or
the die by evaluating marginal fit of monolithic zirconium

crowns.***

The null hypothesis is that the zirconium crowns fabricated
directly from intraoral digital impression (group GI) show
equal or higher values for marginal fit than the crowns from
scanning conventional impressions (group G2) and scanning
stone die (group G3) . The alternative hypothesis is that the
crowns from (group GI)show lower values for marginal and
internal fit than the other groups. *"**

MATERIALS:
VenilePolysiloxane impression material :Imprint™ IIPenta™
Heavy Body used incombination with Imprint I Garant ™light
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body manufactured by 3M®.Type four dental stone and
zirconium block for milling:Prettau® Zirconia manufactured
by Zirkonzahn®

METHODS:

A standardized Computer Numerical Control machine (CNC)
was used to fabricate a stainless steel master die simulating a
prepared crown with an occluso-gingival height of 6 mm, a
taper of 6° and 1 mm shoulder circumferentially. The overall
diameter of the die at the base is 8.5 mm8.

Three groups of zirconium crowns 10 crowns per each as
follow:

1)First group (G1) :Optical scanningof the stainless steel die
(represent the natural tooth) using Zirkonzahn S600
ARTI®.optical scanner after it is sprayed with scanning spray
gave us an optical impression from which we fabricated
zirconium crowns directly . [figure 1]

Fig.1

2) Second Group (G2): Polyvinylsiloxane impression
material was used for fabrication of the conventional
impression then digitizedby optical scanning then
CAD/CAM was used to get zirconium crowns .[fig 2]

r

Fig.2
3) Third Group (G3): dental stone die, was scanned to
produce the zirconium crowns.Fig.3

Fig.3

After CAD of the crowns is obtained using Zirkonzahn
software, the crowns of all groups were milled from semi-
sintered zirconia, by Zirkonzahn®Milling Unit M3.[fig.4]

After milling, all the frameworks were sinteredto full density,
in a special sintering furnace (LavaTMFur-nace 200) at a
temperature of 1.500 °C. Once they had been delivered, all
frameworks were examined for deformity and debris.

|

Fig.4

Marginal Gap Evaluation:

Holding device: [fig.5]

A specially designed device was machined from wood in
order to aid in specimen holding during gap evaluation. It
consisted of 2 parts (A-B)

A:Fixed base portion; rectangular in shape (10 cm length of
1.2 cm height and 2.3 cm width). The stainless steel die will
rest on this portion.

B:Upper movable portion rectangular in shape (10 cm length
of 1.2 cm height and 2.3 cm width). This portion is connected
to the base portion through 2 metallic rods surrounded by
spring wire to control the compressibility of the upper portion
and fixed by tightening plastic caps. Also it is lined by rubber
sheet to prevent friction that may cause any damage to the
specimen

o

Fig.5

Each specimen was photographed using USB Digital
microscope with a built-in camera (Scope Capture Digital
Microscope, Guangdong, China) connected with an IBM
compatible personal computer using a fixed magnification of
45X. [fig.6]

Fig.6

A digital image analysis system (Image ] 1.43U, National
Institute of Health, USA) was used to measure and qualitatively
evaluate the gap width. Within the Image ] software, all limits,
sizes, frames and measured parameters are expressed in
pixels. Therefore, system calibration was done to convert the
pixels into absolute real world units. Calibration was made by
comparing an object of known size (a ruler in this
study)(figure 4) with a scale generated by the Image ]
software. Specimens were held in place over their
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corresponding dies using a specially designed and
fabricated holding device (Figure ).Shots of the margins were
taken for each specimen. Then morphometric measurements
were done for each shot [8 equidistant landmarks along the
cervical circumference for each surface of the specimen
(Mesial, buccal, distal, and lingual). Then the data obtained
were collected, tabulated and then subjected to statistical
analysis.

RESULT

The data obtained were collected, tabulated in Table I that
showed the meanst standard deviation of the marginal gap of
the fabricated crown.

The marginal gap M £ S.D (um) of zircon crown that fabricated
from digital impression for the master die (gpl) was
21.6173+9.615629 ,fabricated from scanning the
conventional impression (G2) was 22.1335 * 8.482116 while
fabricated from the stone die scanning (G3) was 18.2960 *
7.177245

One way ANOVA test was used to compare between the
marginal gap of the three gps. Where P value was 0.09 .It was
considered that there is no-significant difference between
them.

While there is no significance but still the higher marginal
gap was detected in the crown fabricated from conventional
impression scanning, group II and the lower gap in the crown
fabricated from the stone die scanning group III.[table 1]

Table:1
Group N Mean Std. F P-
Deviation value
Direct master die |40 21.6173 |9.615629 |2.410|.094

gpl Conventional
Impression gpll

Stone die gplIl 40 |22.1335 |8.482116

40 [18.2960 |7.177245
Total 120 |20.6823 |8.583667
DISCUSSION

Accuracy of digital impression and its effect on marginal fit of
crown restoration was evaluated in many studies before,
Svanborg et al, compared marginal and internal fit of Cobalt-
Chromium fixed bridge restoration made using digital and
conventional Impression technique, The results indicated that
the digital impression technique is more exact and can
generate 3-unit FDPs with a significantly closer fit compared
to the VPS technique.”

Su TS et al, Compared marginal and internal fit of 3-unit
ceramic fixed dental prostheses made with either a
conventional or digital impression and the mean marginal fit
values of the digital group (64 £16 m) were significantly
smaller than those of the conventional group (76 +18 m)
(P<.05).The mean internal fit values of the digital group (111
+34 m) were significantly smaller than those of the
conventional group (132 *44 m) (P<.05) so he concluded
that CAD-CAM 3-unit zirconia FDP frameworks fabricated
from intraoral digital and conventional impressions showed
clinically acceptable marginal and internal fit. The marginal
and internal fit of frameworks fabricated from the intraoral
digital impression system were better than those fabricated
from conventional impressions.(40)

Pedroche et al, evaluated marginal and internal fit of zirconia
copings obtained using different digital scanning
methods,including direct scanning ,scanning of impression
and scanning of stone cast. The gap was evaluated at specific
points, (1)marginal gap (MG): perpendicular distance from
the internal surface at the margin of the coping to the
prepared tooth. (2)axial wall (AW): discrepancy between the

prepared tooth and internal surface of the coping at the mid-
axial wall. (3) axial-occlusal angle (AO): discrepancy
between the prepared tooth and internal surface of the
coping in the region of the axial-occlusal edge, at the point of
intersection of two straight lines: one parallel to the occlusal
plane and the other parallel to the axial wall.(4)centro-
occlusal area (CO): discrepancy between the prepared tooth
and internal surface of the coping in the center of the
occlusalregion.Therefore, 16 measurements were obtained
for each replica, i.e. four measurements for each point. The
data showed statistically significant differences based on the
digital scanning methods for MG, AO and CO. There was no
statistically significant difference among the gap values for
AW.

Regarding MG, intraoral digital scanning showed lower gap
values and gypsum model scanning showed higher gap
values. Polyvinyl siloxane impression scanning showed
intermediate misfit values. Regarding AO and CO, intraoral
digital scanning also showed lower gap values. Polyvinyl
siloxane impression scanning and gypsum model scanning
showed higher gap values and were statistically similar.(41)
the longevity of indirect restoration is highly related to the
smallest marginal gap.the acceptable marginal gap shouldn't
exceed 120pm( 43)

In the present study ,USB Digital microscope with a built-in
camera (Scope Capture Digital Microscope, Guangdong,
China) connected with an IBM compatible personal computer
using a fixed magnification of 45X.was use for marginal gap
evaluation as this method is reliable and accurate because it
eliminates interference of the clinician as in the Replica
technique which is more suitable for internal gap evaluation .
Trifkovicetal; evaluated the application of electron
microscope and Replica technique in marginal and internal
gap measurements they found that electron microscope is
reliable regarding marginal gap evaluation.(44)

The present study used three different scaning techniques:
direct scanning ,sanning of impression an scanning of the
model. the degree of reflection of each surface to be scanned
is different so in scanning of the stainless steel die and
scanning of the PVS impression it was a must to use a scanning
spray while in scanning of the stone model we did not have to
use scanning spray because of the dull surface of the stone.So
it was important to understand the prerequisite for each
technique in order to achieve the most accurate results.

The intraoral and laboratory scanners may not have captured
the data with the same degree of accuracy.In this study direct
impression is made using Zirkonzahn S600 ARTI® optical
scanner whichisalaboratory scanner,so the results can show
some degree of difference if it was in vivo study using
intraoral scanner, the accuracy of intraoral and extraoral
scanners was evaluated by Flugge TVetal;concluded that the
intraoral scanner was less precise, because of the conditions
of the oral cavity, such as the presence of saliva and limited
access by the scanner.(42)This result should be taken into
consideration when analyzing our results, because this was a
laboratory study that was not subject to the influence of such
factors

CONCLUSION:

The results of the present research, concluded that digital
scanning for monolithic zircon crowns provided a lower
marginal gap value measurement in stone casts scanning, in
comparison with conventional impressions and

direct scanned tooth with a standard bench top scanner

REFERENCES

1. Lv, PJ.; Sun, Y.C. The past, present and future of CAD/CAM.]. Peking Univ.
Health Sci.2010,42,14-19. (In Chinese)

2. Miyazaki, T.; Hotta, Y.; Kunii, J.; Kuriyama, S.; Tamaki, Y. A review of dental
CAD/CAM: current status and future perspectives from 20 years of
experience.Dent. Mater.].2009,28,44-56.

|

H e |

| www.worldwidejournals.com F



PARIPEX - INDIAN JOURNAL OF RESEARCH | Volume - 13 | Issue - 12 | December - 2024 | PRINT ISSN No. 2250 - 1991 | DOI : 10.36106/paripex

3.

10.
11.

12.
13.

14.
15.
16.

17.

20.

21.

22.
23.

24.
25.
26.
27.

28.
29.
30.
31.
32.
33.
34.
35.
36.

317.

38.

39.

{ www.worldwidejournals.com |

Nassar, U.; Chow, A.K. Surface Detail Reproduction and Effect of Disinfectant
and Long-TermStorage on the Dimensional Stability of a Novel Vinyl
Polyether Silicone Impression Material.]. Prosthodont. 2014, doi:10.1111/
jopr.12244.

Nassar, U.; Oko, A.; Adeeb, S.; El-Rich, M.; Flores-Mir, C. An in vitro study on the
dimensionalstability of a vinyl polyether silicone impression material over a
prolonged storage period.]. Prosthet.Dent.2013,109, 172-178.

Johnson, G.H.; Lepe, X.; Aw, T.C. The effect of surface moisture on detail
reproduction of elastomeric impressions.]. Prosthet. Dent. 2003,90,354-364.
Heshmati, R.H.; Nagy, W.W.; Wirth, C.G.; Dhuru, V.B. Delayed linear expansion
ofimproved dental stone.]. Prosthet. Dent.2002,88,26-31.

‘Wadhwani, C.P.; Johnson, G.H.; Lepe, X.; Raigrodski, A.]. Accuracy of newly
formulated fast-setting

Ayad MF. Effects of tooth preparation burs and luting cement types on the
marginal fit of extracoronal restorations. ] Prosthodont. 2009 Feb;18(2):145-
51.

Seelbach P, Brueckel C, Wostmann B. Accuracy of digital and conventional
impression techniques and workflow. Clin Oral Investig.2012 Oct 21.

Plourde ], Harsono M, Fox L, Hill T], Finkelman M, Kugel G. Marginal and
internal fit of E4D CAD/CAM all-ceramic crowns. ] Dent R.
2011;90(A):Abstract # 638..

Matthes ], Silva N, Wolff MS, Witek L, Zavanelli RA, Conciatori L, et al. Marginal
microscopic analysis of CAD/CAM all ceramic crown. ] Dent R.
2011;90(A):Abstract #3200.

Denry I, Holloway ]. Ceramics for dental applications: A review. Materials
[Internet].2010;3(1):11 January 2010,351-368.

Kelly JR. Dental ceramics: Current thinking and trends. Dent Clin North Am.
2004 Apr;48(2):viii,513-30.

Holden JE, Goldstein GR, Hittelman EL, Clark EA. Comparison of the marginal
fit of pressable ceramic to metal ceramic restorations. ] Prosthodont. 2009
Dec;18(8):645-8.

Romeo E, Iorio M, Storelli S, Camandona M, Abati S. Marginal adaptation of
fullcoverage CAD/CAM restorations: In vitro study using a non-destructive
method. Minerva Stomatol. 2009 Mar;58(3):61-72

Holden JE, Goldstein GR, Hittelman EL, Clark EA. Comparison of the marginal
fit of pressable ceramic to metal ceramic restorations. ] Prosthodont. 2009
Dec;18(8):645-8.

Lee KB, Park CW, Kim KH, Kwon TY. Marginal and internal fit of all-ceramic
crowns fabricated with two different CAD/CAM systems. Dent Mater J. 2008
May;27(3):422-6.

Evanthia A ,Steven A.David G ,Fang Q. 3D and 2D Marginal Fit of Pressed and
CAD/CAM Lithium Disilicate Crowns Made from Digital and Conventional
Impressions.] Prosth2014 :23:8pg610-7

McLaren EA, Terry DA. CAD/CAM systems, materials, and clinical guidelines
for all-ceramic crowns and fixed partial dentures. CompendContinEduc
Dent.2002 Jul;23(7):637-53.

Baig MR, Tan KB, Nicholls JI. Evaluation of the marginal fit of a zirconia ceramic
computer-aided machined (CAM) crown system. ] Prosthet Dent. 2010
Oct;104(4):216-27.

Stappert CF, Chitmongkolsuk S, Silva NR, Att W, Strub JR. Effect of mouth-
motion fatigue and thermal cycling on the marginal accuracy of partial
coverage restorations made of various dental materials. Dent Mater. 2008
Sep;24(9):1248-57.

Anusavice K, editor. Philips' science of dental materials. 10thed.; 1996.
Powers JM SR, editor. Craig's restorative dental materials.12th ed. Elsevier;
2006.

SerkanSaridag, OnjenTak, GamzeAlniacik.Basic properties and types of
zirconia: An overview.World ] Stomatol2013 August 20;2(3):40-47

Campagni WV, Wright W, Martinoff JT. Effect of die spacer on the seating of
complete cast gold crowns with grooves. ] Prosthet Dent. 1986 Mar;55(3):324-8.
EamesWB, O'Neal S], Monteiro ], Miller C,Roan JD,Jr, Cohen KS.Techniques to
improve the seating of castings.] Am Dent Assoc. 1978 Mar;96(3):432-7.
Grajower R, Lewinstein I. A mathematical treatise on the fit of crown castings.]
ProsthetDent. 1983 May;49(5):663-74.

Romeo E, Iorio M, Storelli S, Camandona M, Abati S. Marginal adaptation of
fullcoverage CAD/CAM restorations: In vitro study using a non-destructive
method. Minerva Stomatol. 2009 Mar;58(3):61-72.

Tan PL, Gratton DG, Diaz-Arnold AM, Holmes DC. An in vitro comparison of
vertical marginal gaps of CAD/CAM titanium and conventional cast
restorations.] Prosthodont.2008 Jul;17(5):378-83.

Gonzalo E, Suarez M], Serrano B, Lozano JF. Comparative analysis of two
measurement methods for marginal fit in metal-ceramic and zirconia
posterior FPDs. Int ] Prosthodont. 2009 Jul-Aug;22(4):374-1.

Hung SH, Purk JH, Tira DE, Eick JD. Accuracy of one-step versus two-step putty
wash addition silicone impression technique. ] Prosthet Dent. 1992
May;67(5):583-9.

Mishra S, Chowdhary R. Linear dimensional accuracy of a polyvinyl siloxane
of varying viscosities using different impression techniques. J InvestigClin
Dent.2010;1:37-46.

Valderhaug ], Floystrand F. Dimensional stability of elastomeric impression
materials in custom-made and stock trays. ] Prosthet Dent. 1984
Oct;52(4):514-7.

Rueda L], Sy-Munoz JT, Naylor WP, Goodacre CJ, Swartz ML.The effect of using
custom or stock trays on the accuracy of gypsum casts. Int ] Prosthodont. 1996
Jul- Aug;9(4):367-73.

Dixon DL, Breeding LC, Brown JS. The effect of custom tray material type and
adhesive drying time on the tensile bond strength of an impression
material/adhesive system.Int] Prosthodont. 1994 Mar-Apr;7(2):129-33.5.
Thongthammachat S, Moore BK, Barco MT,2nd, Hovijitra S, Brown DT, Andres
CJ. Dimensional accuracy of dental casts: Influence of tray material,
impression material,and time.] Prosthodont. 2002 Jun;11(2):98-108

Coli P, Karlsson S. Fit of a new pressure-sintered zirconium dioxide coping. Int
JProsthodont.2004 Jan-Feb;17(1):59-64.

Nakamura T, Tanaka H, Kinuta S, Akao T, Okamoto K, Wakabayashi K, et al. In
vitro study on marginal and internal fit of CAD/CAM all-ceramic crowns. Dent
Mater].2005 Sep;24(3):456-9..

Per Svanborg ,HenrikSkjerven, Pablo Carlsson, Alf Eliasson , StigKarlsson,
and Anders Ortorp .Marginal and Internal Fit of Cobalt-Chromium Fixed
Dental Prostheses Generated from Digital and Conventional Impressions.Int

|

40.

41.

42.

43.

44.

JDent.2014;2014:534382

Su TS, Sun J.Comparison of marginal and internal fit of 3-unit ceramic fixed
dental prostheses made with either a conventional or digital impression.]
ProsthetDent.2016 Sep;116(3):362-7

Pedroche LO, Bernardes SR, Ledo M1, Kintopp CC, Correr GM, Ornaghi BP,
Gonzaga CC Marginal and internal fit of zirconia copings obtained using
different digital scanning methods.Braz.oral res.2016 Oct;30(1):113

Flugge TV, Schlager S, Nelson K, Nahles S, Metzger MC. Precision of intraoral
digital dental impressions with iTero and extraoral digitization with the iTero
and amodel scanner.AmJ OrthodDentofacialOrthop.2013;144(3):471-8
McLean JW, von Fraunhofer JA. The estimation of cement film thickness by an
invivo technique.BrDent].1971;131(8):107-11.

B. Trifkovic, I. Budak, A. Todorovic, J. Hodolic, T. Puskar, D. Jevremovic, D.
Vukelic Application of Replica Technique and SEM in Accuracy Measurement
of Ceramic Crowns Measurement.Science Review 2012 Jan.12(3):90-97




