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Effect of imaging powder and
CAD/CAM stone types on the
marginal gap of zirconia crowns
ABSTRACT

Objective. To compare the marginal gap using different types of die
stones and titanium dies with and without powders for imaging.
Methods. A melamine tooth was prepared and scanned using a labora-
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tory 3-shape scanner to mill a polyurethane die, which was duplicated into
different stones (Jade, Lean, CEREC) and titanium. Each die was sprayed
with imaging powders (NP, IPS, Optispray, Vita) to form 15 groups. Ten of
each combination of stone/titanium and imaging powders were used to mill
crowns. A light-bodied impression material was injected into the intaglio
surface of each crown and placed on the corresponding die. Each crown was
removed, and the monophase material was injected to form a monophase
die, which was cut into 8 sections. Digital images were captured using a
stereomicroscope to measure marginal gap. Scanning electron microscopy
was used to determine the particle size and shape of imaging powders and
stones.
Results. Marginal gaps ranged from mean (standard deviation) 49.32
to 91.20 micrometers (3.97-42.41 mm). There was no statistical difference
(P > .05) in the marginal gap by any combination of stone/titanium and
imaging powders. All of the imaging powders had a similar size and rounded
shape, whereas the surface of the stones showed different structures.
Conclusions. When a laboratory 3-shape scanner is used, all imaging
powders performed the same for scanning titanium abutments. However,
there was no added value related to the use of imaging powder on die stone.
It is recommended that the selection of stone for a master cast be based on
the physical properties.
Practical Implications. When a laboratory 3-shape scanner is used, the
imaging powder is not required for scanning die stone. Whenever scanning
titanium implant abutments, select the least expensive imaging powder.
Key Words. Scanner; zirconia; marginal fit; impression; imaging powder.
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M argin adaptation is an
important parameter in the
longevity of an indirect
restoration on a natural

tooth because large marginal gaps may
initiate microleakage1 and plaque depo-
sition,2 which can lead to recurrent
caries.3 Generally, increasing the number
of units in a fixed partial denture makes
marginal adaptation to the anchoring
teeth a challenge, and it may contribute
to larger marginal gaps.4

Microleakage as related to recurrent
caries is not a concern for the adapta-
tion of an implant prosthesis to the
abutment, but it is imperative to have a
precise adaptation (passive fit), espe-
cially for a multiunit prosthesis (implant
bars). Misfit may lead to loosening,
bending, and fracturing of the prosthetic
parts as well as increased bone loss
around implants, which will contribute
to implant failure.5 Furthermore, the
misfit can be exaggerated by higher
occlusal forces.6 Fernández and col-
leagues7 reported that there was a
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TABLE 1

Commercial names and manufacturers of materials
and equipment.
MATERIALS/EQUIPMENT COMMERCIAL NAME COMPANY NAME

Materials Jade stone (conventional stone) Whip Mix Corporation

Lean Rock XL5 (CAD/CAM
type IV stone)

Whip Mix Corporation

CEREC stone BC (CAD/CAM
type IV stone)

Sirona Dental Systems GmbH

IPS contrast powder
(imaging powder)

Ivoclar Vivadent Inc

Optispray powder
(imaging powder)

Sirona Dental Systems GmbH

Vita powder scan powder
(imaging powder)

Vident

Polyurethane (master die) Wieland Dental þ Technik
GmbH & Co KG

Argen (monolithic zirconia
crown)

Argen Corporation

Duplicating material (Gingi-Pak,
SuperBody 530)

Gingi-Pak, A Division of
Belport Co Inc

Melamine tooth (artificial tooth) Model R861; Columbia
Dentoform Corp

Bard-Parker Aspen Surgical Products

Light body (impression material) Aquasil Ultra LV Smart Wetting
Regular Set Impression Material,
Dentsply International Inc

Monophase (impression material) Aquasil Ultra Monophase Smart
Wetting Regular Set Impression
Material, Dentsply International Inc

Equipment Three-shape scanner
(dental scanner)

Model D900, 3Shape

Parallelometer Parrallel-A-Prep, Dentatus USA Ltd

Third-party milling center Perryman Company Corporate

Roland (milling unit) Roland DGA Corporation

Scanning electron microscope Quanta FEG 650, FEI Corporate
Headquarters

Software Software used to measure
marginal gap

Image-Pro Plus version 7.0 Media
Cybernetics Inc

ABBREVIATION KEY. Al: Aluminum. Au: Gold. C: Carbon.
CAD/CAM: Computer-aided design and computer-aided
manufacturing. Cu: Copper. Fe: Iron. K: Potassium. LED:
Light-emitting diode. O: Oxygen. Pd: Palladium. SEM: Scan-
ning electron microscope or scanning electron microscopy.
TiO2: Titanium dioxide. Zn: Zinc.
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strong correlation between the roughness on the mat-
ing surfaces of cobalt–chromium alloy abutments and
the microgap width, where the milled abutments
possessed a connection geometry with defined edges
and a mean roughness of 29 micrometers. Sintered
abutments showed a blurred but functional connection
with a roughness of 115 mm, and cast abutments showed
a connection with a loss of axial symmetry and a
roughness of 98 mm. Furthermore, significant differ-
ences in the marginal fit of single-implant-retained
crowns were found among different digitizing tech-
niques and the presence of antirotational features.8

Santos and colleagues9 reported that the clip material
and the cross section of the bar framework influenced
the stress distribution in overdentures retained by a
bar–clip system that could influence vertical misfit.
Additionally, there was a higher marginal gap for a
titanium abutment with metal framework (79.4 mm)
112 JADA 146(2) http://jada.ada.org February 2015
compared to a zirconia abutment
with zirconia framework (51.4
mm).10 Other studies have devel-
oped a method for more accurate
orthogonal radiographs11 to
monitor the changes in bone
architecture associated with
prosthetic misfit around the
connection of implant abut-
ments, with the intention of
enhancing the longevity of the
implants through a decrease in
the number of failures.

The marginal gap can be
affected by several other factors.
For example, better marginal fit
values were obtained for zirconia-
based and lithium disilicate
crowns when milled with an
Everest computer-aided design
and computer-aided manufac-
turing (CAD/CAM) technique
compared to the CEREC inLab
system.12 Katsoulis and col-
leagues13 reported that CAD/
CAM titanium bars had a higher
precision of fit than zirconia bars
and soldered gold bars. Asavapa-
numas and Leevailoj14 reported
that tooth preparation with a 5-
millimeter abutment finish line
curvature for ceramic restorations
(Cercon and Lava zirconia cop-
ings) exhibited greater marginal
gap width values compared to 3-
mm and 1-mm abutment finish
line curvatures. A supragingival
margin design was recommended
to reduce the degree of finish line curvature of the
abutment teeth. However, there was no statistical dif-
ference in the marginal fit of e.max crowns fabricated by
pressing when compared to a CAD/CAM fabrication
technique.15 Additionally, there was a comparable
marginal fit in the CAD/CAM-generated 4-unit zirconia
fixed dental prostheses fabricated from either a digital
impression (Lava COS system) or a conventional
impression (polyether impression of the master model
with Impregum).16
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ADVANCED SETTINGS
The properties of the die interface are specified under Advanced Settings.

(1) Cement gap is the amount of offset in the area of the margin line.
(2) Extra cement gap is the amount of offset in the upper part of the interface.

1

1

2

2

4

3

3

4

Figure 1. The offset areas at margin line and the upper area of interface during designing of dental restoration.
Comp.: Composition. Dist.: Distance. mm: Millimeters.
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With advanced
dental scanners, the
master die can be scan-
ned and the restoration
or pattern milled from a
solid block of ceramic,
metal, or resin. This
technology may save
time in the fabrication
of the restoration
because there is no
requirement for manual
processing of wax pat-
terns with subsequent
casting or pressing of
ceramic to the die.
Additionally, it has been
documented that the
digital impression can
be a substitute for a
conventional impres-
sion.17 The manufac-
turers of conventional
dental scanners recom-
mend the application of
imaging powder to
TABLE 2

Classification of experimental groups
according to powder and die material
to form 15 groups (10 samples per
group) to fabricate 150 zirconia
crowns.
DIE MATERIAL POWDER TYPE ABBREVIATION OF DIE

MATERIAL/POWDER TYPE

CEREC Stone No powder CER/NP

CEREC Stone IPS contrast powder CER/IPS

CEREC Stone Optispray powder CER/Opti

CEREC Stone Vita powder CER/Vita

Lean Rock
XL5 Stone

No powder Lean/NP

Lean Rock
XL5 Stone

IPS contrast powder Lean/IPS

Lean Rock
XL5 Stone

Optispray powder Lean/Opti

Lean Rock
XL5 Stone

Vita powder Lean/Vita

Jade Stone No powder Jade/NP

Jade Stone IPS contrast powder Jade/IPS

Jade Stone Optispray powder Jade/Opti

Jade Stone Vita powder Jade/Vita

Titanium IPS contrast powder Ti/IPS

Titanium Optispray powder Ti/Opti

Titanium Vita powder Ti/Vita
enhance the reflectivity of a traditional stone. In this
regard, a special CAD/CAM stone has been released in
the dental market as an alternative to the technique of
spraying an imaging powder directly on conventional
stone. Studies of the laboratory 3-shape scanner (model
D900) using a blue light-emitting diode (LED) light
with multiple cameras have shown more detailed
colored images where the scan of the master cast,
composed of any stone material, did not necessitate the
use of imaging powder, except for titanium abutments.

However, marginal adaptation has not been sys-
tematically investigated relative to the effects of spraying
powder on conventional stone, special CAD/CAM
stone, or a combination of both stone and powder.
Furthermore, many propose that there is a tremendous
need to have a passive fit of a multiunit prosthesis on
titanium abutments, and thus a possible need exists for
spraying with imaging powders before scanning. Re-
views indicate that the effect of powder composition
and particle shape on the marginal gap has not been
studied in detail, especially when considering implant
abutments.

One of the most common chemical compounds in
the composition of imaging powder is titanium dioxide
(TiO2), which is an opaque powder that reflects light
and minimizes the light scattering from the substrate.
Studies have shown that both the imaging powder
and substrate might affect marginal integrity, and
one study reported that there was a difference in the
JADA 146(2) http://jada.ada.org February 2015 113
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Figure 2. The locations of the marginal gap measurements: 2 measurements per surface (mesial, distal, buccal,
and lingual) for the total of 8 measurements per sample.

TABLE 3

Mean, standard deviation, and 95%
confidence intervals of mean for
15 experimental groups.
GROUP* MEAN

(MICROMETERS)
STANDARD
DEVIATION

LOWER
95%
MEAN

UPPER
95%
MEAN

CER/NP 58.08 15.25 47.17 68.99

CER/IPS 91.20 39.10 63.23 119.17

CER/Opti 65.64 23.56 48.79 82.50

CER/Vita 71.69 31.17 49.39 93.99

Lean/NP 63.46 21.75 47.90 79.02

Lean/IPS 62.29 19.29 48.48 76.09

Lean/Opti 64.45 19.41 50.57 78.33

Lean/Vita 76.12 23.26 59.48 92.76

Jade/NP 58.81 13.44 49.19 68.42

Jade/IPS 66.68 21.64 51.21 82.16

Jade/Opti 76.54 42.41 46.21 106.88

Jade/Vita 49.43 10.15 42.17 56.69

Ti/IPS 84.22 38.37 56.77 111.66

Ti/Opti 63.13 7.83 57.53 68.74

Ti/Vita 60.84 3.97 58.00 63.68

* See Table 2 for group definitions.
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marginal gap when Vita imaging powder was sprayed
on a natural tooth and resin die.18 Another study
showed that marginal adaptation was not affected by
different brands of imaging powders.19

The objectives of this study were to compare
the marginal gap of conventional stone to special
CAD/CAM stones with no use of imaging powder;
study the effect of different imaging powders on the
114 JADA 146(2) http://jada.ada.org February 2015
marginal gap of tita-
nium and a selected
stone; and study the
effect of the same im-
aging powder on the
marginal gap with a
titanium die and diff-
erent die stones. The
hypotheses were as
follows: there is a dif-
ference in the marginal
gap between conven-
tional stone and special
CAD/CAM stones
without the use of im-
aging powders; there is
an effect of different
types of imaging pow-
ders on the marginal
gap of titanium and
the same stone type;
and there is an effect of
the same imaging powder type on the marginal gap of
titanium and different types of stones.

METHODS
Sample preparation and fabrication. A melamine
mandibular left first molar was prepared for placement
of zirconia crowns using a parallelometer to ensure
accurate replication of the preparation parameters. The
preparation design included a 1.0-mm rounded shoul-
der around the entire circumference, an occlusogingival
height of 4 mm, and a 12� total convergence angle. An
occlusal reduction of 1.5 mm was prepared in the area
of the occlusal surface. The prepared melamine tooth
was scanned and designed using a laboratory 3-shape
scanner (model D900) to mill a resin die using poly-
urethane material with the Roland milling machine to
fabricate a polyurethane master die. The commercial
names of all materials and equipment used in this study,
along with the corresponding manufacturers, are listed
in Table 1.

The polyurethane die was duplicated into 3 types
of stone dies and one titanium die. The stone dies were
duplicated by creating a mold of the original milled
polyurethane die and then pouring the mold using the
prescribed die stone. The titanium die was milled by
a third-party milling center using the raw STL file. Each
die was then scanned with the 3-shape scanner. The
dental restoration was designed to be a fully contoured
crown with 35 mm offset in the area of the margin line
and 65 mm offset in the upper area of the interface,
as illustrated in Figure 1. The dies were scanned again
after spraying with a uniform method: the opaquing
powder was sprayed to obtain a uniform layer with an
optimal thickness of 32 mm to visualize the internal line

http://jada.ada.org
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Figure 3. The combination effect of different imaging powders and die materials on the mean marginal gaps.
The error bars signify the upper and lower 95% confidence intervals.

TABLE 4

ORIGINAL CONTRIBUTIONS
angles of the preparation
and to define the cavosur-
face margin.20 To ensure
accuracy and uniform
powder distribution, the
cannula tip of the disper-
sant was held 1 cm from
the die surface at a 45�
angle to the long axis of
the die while slowly
dispensing the powder in a
rotating manner to avoid
clumping. This ensured
even distribution, resulting
in a uniform opacity of the
die surfaces, as well as
uniformity of the cavosur-
face margin and the inter-
secting planes of the
preparation. The visual
criteria of homogenous
opaqueness, along with
defined margins and line
angles, were confirmed by
an optical scan of the final
powder application until
an image was obtained that
was focused and clear, with
visible corners and mar-
Two-way analysis of variance analysis
of marginal gap by die stone and
imaging powder.*
SOURCE DF† TYPE III

SUM OF
SQUARES

MEAN SQUARE F VALUE P
VALUE

Stone 3 1557.900161 519.300054 0.81 .4924‡

Powder 3 4812.445257 1604.148419 2.49 .0627‡

SOURCE DF SQUARES MEAN SQUARE F VALUE P
VALUE

Model 6 6504.54791 1084.09132 1.68 .1293

Error 143 92113.63373 644.15128

Corrected
Total

149 98618.18164

* Marginal gap assessed by die stone for 4 levels (CER, Lean, Jade, Ti)
and imaging powder for 4 levels (NP, IPS, Opti, Vita).

† DF: Degree of freedom.
‡ No statistical difference among the 15 groups.
gins, without powder dark areas or spike, using 3
different types of imaging powders to form 15 groups (10
samples per group), except for the titanium die, which
was not scanned without the use of imaging powder.
The digital file of each optical impression was trans-
ferred to the Roland milling unit, and 150 monolithic
zirconia crowns were milled from presintered blocks,
then sintered according to the manufacturer’s instru-
ctions. The distributions of the 15 groups using a
combination of 3 types of die stones and the titanium
die with 3 types of imaging powders are illustrated in
Table 2.

Replica technique and gap measurement. The pre-
pared tooth had a uniform defined cavosurface margin
and 12� of taper for relative parallelism of the axial
walls in order to comply with acceptable clinical stan-
dards for resistance form. The crowns were milled with
a thin die spacer thickness of 35 mm. The fit of each
crown on the corresponding die was verified using 2
different colors (green and blue) of pinpoint permanent
markers. The blue marker was used to mark a point on
the die of the corresponding crown on the buccal side,
and the green marker was used in the same way on the
lingual side. A light-bodied impression material was
injected into the intaglio surface of each crown, and the
restoration was then positioned on the corresponding
die with the same procedure as that described in the
literature14,21,22 to control the amount of injected ma-
terial into the intaglio surface of the crown. The crown
was loaded with a force of 50 Newtons directed along
the occlusal aspect for 5 minutes (the setting time of the
monophase impression material) and positioned to
align exactly with the predetermined reference points
JADA 146(2) http://jada.ada.org February 2015 115
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Figure 4. Scanning electron microscopy images for the microstructure of different imaging powders
(1000�) and stones (10,000�). The IPS contrast powder (A), Optispray powder (B), and Vita powder (C)
have rounded particles with similar particle size. However, the CEREC stone (D) has particles bonded
together, whereas Lean Rock stone (E) and Jade stone (F) have long crystals.
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on the buccal and lingual surfaces. This was then fol-
lowed by full seating of the zirconia crowns on their
respective dies by using a digital caliper to stabilize the
crown until the distance between the crown and die
could not be changed, and a tine of a sharp explorer
was used to ensure complete seating of the cervical
interfacial crown–die margins while confirming the
exact alignment of the previously placed reference
marks, so as to thereby control the amount of light-
bodied impression expressed at the margins for all
116 JADA 146(2) http://jada.ada.org February 2015
samples of the study. After
complete polymerization of the
light body material, the crown
was removed from the corre-
sponding die. The light body
material, which represented the
marginal misfit, remained
attached to the intaglio surface of
the crown. Monophase impres-
sion material was then injected
on top of the light body in the
crown. The monophase die was
thereby fabricated and separated
from the crown after complete
polymerization. The monophase
die was sectioned perpendicular
to its surface with a sharp No. 25
Bard-Parker blade into 8 sec-
tions: 2 buccal, 2 lingual, 2
mesial, and 2 distal (Figure 2).
The blade was changed every
5 samples to maintain the
sharpness of the blade for precise
cutting of the monophase die.
Digital images of each section of
the monophase die were
captured using a stereomicro-
scope at �40 magnification. Im-
age analysis software was used to
measure the marginal gap on
each image. Therefore, a total of
8 measurements were made for
each crown, then averaged to
obtain the mean marginal gap
values.

Scanning electron micro-
scopy. Scanning electron micro-
graphs (SEM) were obtained
using a high-vacuum mode on
a Quanta SEM device with an
accelerating voltage of 30 kilo-
volts. The samples were fixed to
aluminum sample holders and
then sputter coated with gold–
palladium. The sputter coater
used was a Denton Vacuum
Desk II sputtering system. This was done to determine
the particle size and shape for each imaging powder
and stone. Energy-dispersive spectroscopy was con-
ducted for elemental analysis of each imaging powder.

Statistical analysis. No power analysis was per-
formed, and the sample size was based on the previous
literature.23

Means, standard deviations, and 95% confidence
intervals of the mean of the 15 specimens for each
combination of stone type and powder were calculated.

http://jada.ada.org


Figure 5. Scanning electron microscopy images for the microstructure of the titanium die at 2
different magnifications: 1000� (A) and 10,000� (B). The titanium die has a typically metallic
machined surface.

ORIGINAL CONTRIBUTIONS
The primary data analysis used a
2-factor analysis of variance
model, including main effect
terms for stone, with 4 levels
(CER, Lean, Jade, Ti) and pow-
der, with 4 levels (NP, IPS, Opti,
Vita). If the hypothesis was
rejected at the .05 level, then the
post hoc test was used to test the
pairwise comparisons to deter-
mine which groups were statisti-
cally different from one another
at P ¼ .05. The software used was
SAS version 9.3 (SAS Institute,
Cary, NC).

RESULTS
Means, standard deviations, and

upper and lower 95% confidence intervals for the mean
values of the margin gaps for the 15 groups are shown in
Table 3 and Figure 3. Marginal gaps ranged from mean
(SD) 49.32 to 91.20 mm (3.97-42.41 mm). There were no
significant main effects or interactions (P > .05) in
2-way analysis of variance analysis. No post hoc tests
were performed because the initial results were not
significant (Table 4).

The SEM micrographs of the imaging powders and
stone surfaces are shown in Figure 4. The imaging
powder particles had a similar size and a rounded shape.
In all cases, an organic carrier was present. The surface
of the stones showed different structures; the CEREC
stone surface showed particles bonded together, but the
surfaces of the Lean and Jade stones showed long
acicular crystals. The titanium look like typically
metallic machined surfaces (Figure 5).

Energy-dispersive spectroscopy (Figure 6) of the
3 imaging powders showed that many different ele-
ments (titanium, oxygen, potassium, gold, palladium,
iron, copper, and zinc) were present in their compo-
sitions. The gold and palladium were due to the
sample coating for SEM examination. Trace elements
may have been due to the organic carrier or the
analysis substrates. However, the IPS contrast powder
was predominately titanium (48.98 weight percent [wt
%]) and oxygen (48.31 wt%), whereas Optispray
powder and Vita powder both contained a lower
percentage of titanium (Optispray powder ¼ 11.62 wt
%, Vita powder ¼ 13.38 wt%) and oxygen (Optispray
powder ¼ 16.49 wt%, Vita powder ¼ 18.03 wt%)
with larger amounts of aluminum (Optispray
powder ¼ 27.47 wt%, Vita powder ¼ 24.49 wt%). It
is likely that the particles in the IPS contrast powder
are TiO2 and that the other powders are composed of
an aluminium-titanium-oxygen (Al-Ti-O)
combination.
DISCUSSION
The combinations of different imaging powders, die
stone materials, and the titanium die used in this study
resulted in the construction of zirconia crowns with
clinically acceptable margins (below 100 mm), which is
similar to that of laboratory-fabricated restorations and
consistent with values reported in other studies.14,15

However, the mean marginal gaps obtained in this
study were different compared to other studies because
of the difference in the accuracy of the scanner, milling
equipment, uniformity and thickness of the powder
spray, setting expansion of the stones, and method of
determining the gap width.

Effect of no spray on different die stones. There was
a difference in the apparent particle shape between the
3 stone types as shown in the SEM images; Jade and
Lean stones showed long acicular crystals, and the
CEREC stone showed particles bonded together. The
particles bonded together would be expected to scatter
less light, whereas the long acicular crystals would
scatter more light. However, the 3-shape scanner uses
4 cameras, which are claimed to have the ability to
detect both low and high light-scattering rates equally
from different stones and to have a similar resolution on
the detector. This study showed statistically insignificant
(P > .05) marginal gap differences between the various
stone dies. Therefore, there was no statistical difference
in the marginal gaps when different stone types were
scanned without imaging powders, regardless of the
stone type. Also, the particle shape of the stone die had
no effect on the results of the measurements of the
respective marginal gaps. The hypothesis was that there
is an effect of the same imaging powder type on the
marginal gap of different types of stones. Therefore, this
hypothesis was rejected.

Effect of the same imaging powder on different die
stones. When different stone dies were sprayed with
JADA 146(2) http://jada.ada.org February 2015 117
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Figure 6. A. IPS Contrast powder. B. Optispray powder. C. Vita powder. Different imaging powders have different
elemental composition in which IPS contrast powder has more titanium and oxygen elements but Optispray and
Vita powders have more aluminum element. Al: Aluminum. Au: Gold. C: Carbon. Cu: Copper. Fe: Iron. K: Potas-
sium. keV: Kiloelectronvolt. O: Oxygen. Pd: Palladium. Ti: Titanium. Zn: Zinc.
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specific imaging pow-
der, similar marginal
gaps were attained with
different combination
of powders and stone
dies. These were not
affected by different
scattering rates from
the stone materials un-
der the powder. The
constant marginal gap
may have occurred
because the 3-shape
scanner used the blue
LED, which could give
rise to higher scattering
effect with less pene-
tration depth. There-
fore, the scattering rate
was more affected by
the surface layer
(sprayed imaging pow-
der) regardless of the
die material under-
neath. The hypothesis
was that there is a dif-
ference in the marginal
gap between conven-
tional stone and special
CAD/CAM stones
when sprayed with
specific imaging pow-
der. Therefore, this hy-
pothesis was rejected.
However, Costa and
colleagues18 reported
different results when
optical impressions
were made using a
CEREC 3-D camera
with different condi-
tions. In that study,
a thin layer of TiO2

powder (CEREC
powder–Vita) was
applied directly to the
surface of the prepared
tooth, and the same
imaging powder was
sprayed on a resin die
(polyvinylsiloxane
KwikkModel Scan).
There was a statistical
difference in the
mean marginal gap
between the former
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(111.6 � 34.0 mm) and the latter group (161.4 � 37.6 mm).
The difference in the marginal gap between the 2 groups
was attributed to inconsistent powder thickness upon
spraying the dies.

Effect of different imaging powders on the same die
stone. The composition (titanium, oxygen, and alumi-
num), optical properties of minor elements, and the form
of titanium (TiO2 and Al-Ti-O) of each imaging powder
were not associated with the scattering rate, most likely
because of the blue LED induced by the 3-shape scanner.
The results obtained in this study were in agreement with
the findings of Cook and Fasbinder,19 who reported that
there was no statistical difference in the marginal fit
(marginal gap ¼ 58 � 6 mm to 67 � 18 mm) when epoxy
resin dies were sprayed with 2 different imaging powders
(Optispray and Vita powders) and the digital impressions
were recorded using an LED CEREC AC/BlueCam unit.
The insignificant differences in themarginal gapmost likely
occurred due to the blue LED.Thehypothesiswas that there
is an effect of different types of imaging powders on the
marginal gap of the same stone type. Therefore, this hy-
pothesis was also rejected.

Effect of different imaging powders on titanium
dies. Metals by nature are normally reflective; therefore,
the titanium die in this experiment was not scanned
without the use of imaging powder to avoid hazy, ill-
defined images. There was no statistical difference in the
measurements of the marginal gaps of the zirconia
crowns when the titanium die was sprayed with the 3
types of imaging powder. The hypothesis that there is an
effect of different imaging powders on themarginal gap of
titanium dies was therefore rejected. Obtaining compa-
rable marginal gaps between different imaging powders
can occur as a result of low penetration depth associated
with the blue LED, which is emitted by the 3-shape
scanner. This would have occurred regardless of the ti-
tanium dies underneath. Furthermore, the mean mar-
ginal gap was not affected by the integration of the type of
imagingpowder and the titaniumdie beneath the powder.

When a 3-shape scanner was used to scan titanium
abutments for the fabrication of implant bars and fixed
partial dentures, we found that cost is really the only
factor to be considered when selecting the imaging
powder for spraying titanium abutments. Further, re-
sults show that the type of stone (CAD/CAM special
stone or conventional stone) will not affect marginal
adaptation when the 3-shape scanner is used for scan-
ning stone dies. Additionally, the type of imaging
powder will not affect the marginal gap of the same die
stone. Therefore, the selection of a stone product should
be based on its physical properties (compressive
strength, initial setting time, working time, setting
expansion) and the desired color preference to differ-
entiate the diagnostic cast from the master cast.

A limitation of our study applies to a specific labo-
ratory method we used: scanning a master model made
from an impression. Clinicians want to eliminate the
need for an impression. Future research will investigate
marginal gap measurements after cementation to tita-
nium and zirconia dies combined with aging of zirconia
restorations to study the effect of tetragonal to mono-
clinic transformation (due to aging) on the marginal gap.

CONCLUSIONS
Within the limitations of this study, which utilized a
3-shape scanner (model D900), there was no effect of
composition, optical properties, or form of titanium
(TiO2 and Al-Ti-O) in different imaging powders on the
marginal gaps of zirconia crowns as measured on a
titanium die as well as on conventional and special
CAD/CAM die stones. The selection of imaging powder
when scanning titanium abutments using a 3-shape
scanner should be based only on cost. The selection
of stone material when scanning master dies using a
3-shape scanner should be based on the physical
properties, color, and cost. n
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8. Aktas G, Özcan N, Aydin D, Şahin E, Akça K. Effect of digitizing

techniques on the fit of implant-retained crowns with different antirota-
tional abutment features. J Prosthet Dent. 2014;111(5):367-372.
9. Santos M, Bacchi A, Sobrinho L, Consani R. The influence of clip

material and cross sections of the bar framework associated with vertical
misfit on stress distribution in implant-retained overdentures. Int J
Prosthodont. 2014;27(1):26-32.
10. Kahramano�glu E, Yasemin Kulak-Özkan Y. The effect of different

restorative and abutment materials on marginal and internal adaptation of
three-unit cantilever implant-supported fixed partial dentures: an in vitro
study. J Prosthodont. 2013;22(8):608-617.
11. Lin K, Wadhwani C, Sharma A, Finzen F. A radiograph positioning

technique to evaluate prosthetic misfit and bone loss around implants.
J Prosthet Dent. 2014;111(2):163-165.
12. Hamza T, Ezzat H, El-Hossary M, Katamish H, Shokry TE,

Rosenstiel SF. Accuracy of ceramic restorations made with two CAD/CAM
systems. J Prosthet Dent. 2013;109(2):83-87.
13. Katsoulis J, Mericske-Stern R, Yates DM, Izutani N, Enkling N,

Blatz MB. In vitro precision of fit of computer-aided design and
JADA 146(2) http://jada.ada.org February 2015 119

http://refhub.elsevier.com/S0002-8177(14)00022-1/sref1
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref1
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref2
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref2
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref2
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref3
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref3
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref4
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref4
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref4
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref5
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref5
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref5
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref6
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref6
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref6
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref7
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref7
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref7
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref8
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref8
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref8
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref8
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref9
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref9
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref9
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref9
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref10
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref10
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref10
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref10
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref10
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref11
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref11
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref11
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref12
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref12
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref12
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref13
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref13
http://jada.ada.org


ORIGINAL CONTRIBUTIONS
computer-aided manufacturing titanium and zirconium dioxide bars. Dent
Mater. 2013;29(9):945-953.
14. Asavapanumas C, Leevailoj C. The influence of finish line curvature

on the marginal gap width of ceramic copings. J Prosthet Dent. 2013;109(4):
226-233.
15. Guess PC, Vagkopoulou T, Zhang Y, Wolkewitz M, Strub JR.

Marginal and internal fit of heat pressed versus CAD/CAM fabricated
all-ceramic onlays after exposure to thermo-mechanical fatigue. J Dent.
2014;42(2):199-209.
16. Silva J, Erdelt K, Edelhoff D, et al. Marginal and internal fit of four-

unit zirconia fixed dental prostheses based on digital and conventional
impression techniques. Clin Oral Invest. 2014;18(2):515-523.
17. Seelbach P, Brueckel C, Wöstmann B. Accuracy of digital and

conventional impression techniques and workflow. Clin Oral Invest. 2013;
17(7):1759-1764.
18. Costa JB, Pelogia F, Hagedorn B, Ferracane JL. Evaluation

of different methods of optical impression making on the marginal
120 JADA 146(2) http://jada.ada.org February 2015
gap of onlays created with CEREC 3D. Oper Dent. 2010;35(3):
324-329.
19. Cook KT, Fasbinder DJ. Accuracy of CAD/CAM crown fit with

infrared and LED cameras. Int J Comput Dent. 2012;15(4):315-326.
20. Mormann WH. International Symposium on Computer Restorations.

Berlin, Germany: Quintessence Publishing Co Inc; 1991.
21. Kohorst P, Brinkmann H, Li J, Borchers L, Stiesch M. Marginal

accuracy of four-unit zirconia fixed dental prostheses fabricated using
different computer-aided design/computer-aided manufacturing systems.
Eur J Oral Sci. 2009;117(3):319-325.
22. Kohorst P, Brinkmann H, Dittmer MP, Borchers L, Stiesch M. In-

fluence of the veneering process on the marginal fit of zirconia fixed dental
prostheses. J Oral Rehabil. 2010;37(4):283-291.
23. Alghazzawi TF, Liu PR, Essig ME. The effect of different fabrication

steps on the marginal adaptation of two types of glass-infiltrated ceramic
crown copings fabricated by CAD/CAM technology. J Prosthodont. 2012;
21(3):167-172.

http://refhub.elsevier.com/S0002-8177(14)00022-1/sref13
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref13
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref14
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref14
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref14
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref15
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref15
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref15
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref15
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref16
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref16
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref16
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref17
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref17
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref17
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref18
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref18
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref18
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref18
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref19
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref19
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref20
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref20
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref21
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref21
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref21
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref21
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref22
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref22
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref22
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref23
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref23
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref23
http://refhub.elsevier.com/S0002-8177(14)00022-1/sref23
http://jada.ada.org

	Effect of imaging powder and CAD/CAM stone types on the marginal gap of zirconia crowns
	Methods
	Sample preparation and fabrication
	Replica technique and gap measurement
	Scanning electron microscopy
	Statistical analysis

	Results
	Discussion
	Effect of no spray on different die stones
	Effect of the same imaging powder on different die stones
	Effect of different imaging powders on the same die stone
	Effect of different imaging powders on titanium dies

	Conclusions
	Reference


