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ABSTRACT

The accuracy of fit is considered as one of the main factors in establishing the long-term
functional success of the restoration, which is influenced by several factors, one of them is the
impression technique. The objective of this in vitro study was to evaluate and compare the marginal
and internal fitness of monolithic CAD/CAM zirconia crowns fabricated from four different conventional
impression techniques and intra-oral digital impression using silicone replica technique. Two metal
dies for a dentoform maxillary right first molar tooth were fabricated using lost wax technique:
one for the dentoform before its preparation and the other one after preparation of the dentoform
tooth to receive a monolithic zirconia crown. Impressions were then taken using vinyl polysiloxane
impression material with four different conventional impression techniques (two-step putty/wash
with and without spacer, one-step single and dual viscosity) and digital impression. All conventional
impressions were poured with type 1V gypsum product to produce thirty-two die stones, which were
then scanned extra-orally using in Eos X5 extra-oral scanner. Forty crowns were then designed
and fabricated (eight crowns for each technique). Marginal and internal gaps were measured using
silicone replica technique. The measurements were done using a digital microscope at twenty-one
different measuring points for each specimen, which represented four different areas of measurement
(margin, chamfer, axial and occlusal). The data were then analyzed using One-way ANOVA test and
LSD test. The digital impression yielded the least mean marginal and internal gaps as compared
with all conventional impression groups with statistically significant and highly significant differences.
Among the four conventional impression groups, the results showed that the two-step putty/wash
impression technique without spacer yielded the least mean marginal and internal gaps followed
by the two-step putty/wash impression technique with spacer with statistically significant difference
between them, while the one-step dual viscosity impression technique yielded the greatest mean
marginal and internal gaps, but with statistically non-significant difference with the one-step single
viscosity impression technique. As a conclusion, it is recommended to use intra-oral scanner, when
available, to take a digital impression for the tooth preparation as it produced crowns with better
marginal and internal fitness than conventional impression. Otherwise, the two-step putty/wash
impression technique could be the next choice, which is preferred over both one-step impression
techniques.
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INTRODUCTION

Crown adaptation along with esthetic
value and fracture resistance are important to the
clinical success and longevity of crown restoration.
Crown adaptation is defined by the measurement of
the marginal and internal gaps of the restoration’.
An increase in the marginal gap could increase
cement dissolution, thereby increasing the potential
for microleakage, plaque accumulation, recurrent
caries and periodontal disease?. On the other hand,
an increase in the internal gap could decrease the
fracture strength of all-ceramic restorations because
these areas with a higher internal gap would induce
different load concentrations?.

One of the significant factors for producing
restorations with accurate internal and marginal
fitness is the impression technique. Two options are
available for making dental impressions: conventional
impression using elastomeric impression materials
and digital impression using intra-oral digital
scanners to generate a digital data set*®. In general
dental practice, impression using vinyl polysiloxane
elastomeric materials is a conventional procedure
since these materials have the best fine details
reproduction, high elastic recovery and dimensional
stability of all available impression materials®.

Vinyl polysiloxane impression materials
are available in different consistencies: extra low,
low, medium, heavy and putty. These viscosities
can be used singly or in combination in different
impression techniques used in clinical practice” ®.
Conventional impression offers a reliable method
for the reproduction of the clinical situation; however,
the multiple steps involved in the conventional
impression procedure and the production of
the stone cast with the subsequent extra-oral
digitalization might produce some errors related to
accuracy®. Additionally, documented errors in the
conventional impression might produce artifacts at
the margins, which could directly affect the marginal
adaptation of the restoration®.

On the other hand, the development of
chair-side digital impression technique using digital
intra-oral scanner offers the advantage of simplifying
the workflow and allowing for the preparation and
cementation of the crown in one visit". Nevertheless,
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not all the aspects related to intra-oral digital
scanning may be considered favorable, since the
equipment requires a relatively high initial investment
and prospective users must learn how to use it
and adapt this system to the dental office routine'2.
Moreover, intra-oral digital scanners have limitations
in some clinical situations such as when the finish
line is located subgingivally and this is worsened by
the presence of blood or saliva'. The introduction of
new CAD/CAM milling technology and new zirconia
materials made it possible to manufacture monolithic
zirconia crown'. Monolithic zirconia crown is a full-
contour zirconia crown restoration with no porcelain
overlay, which has been developed to overcome
the problem of veneer cracking or chipping that is
considered the major complication of zirconia-based
restorations'® 6.

One of the methods used to evaluate
the accuracy of dental restorations is the silicone
replica technique, which allows quantification of
discrepancies in the inner surface of the crown
as well as the margin (7). It is a non-destructive,
repeatable method that can be used both in vitro
and in vivo to assess the fitness of the restoration’®.

MATERIALS AND METHOD

Adentoform maxillary right first molar tooth
(Dentoform, Nissin, Kyoto, Japan) was used in this
study as an in vitro model and was duplicated to
a metal die according to the standard protocol of
lost wax technique'. The dentoform tooth then
received a preparation for monolithic zirconia crowns
according to the guidelines recommended for inCoris
TZI C with the following features: planar occlusal
reduction of 1.5 mm, axial reduction of 1-1.5 mm,
0.8 mm circumferential chamfer finishing line and a
6R total convergence angle. The prepared dentoform
tooth was duplicated to a metal die using the same
steps for the fabrication of the original metal die (the
before-preparation metal die).The two metal dies
were then fixed in an identical acrylic bases (Figure

1).

Sample grouping

Based on the technique of impression taking,
sample grouping was as follows (eight samples for
each group): Group I: Conventional impression
using two-step putty/wash impression technique
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without spacer (the before-preparation putty/wash
technique). Group II: Conventional impression using
two-step putty/wash impression technique with
spacer. Group Ill: Conventional impression using
one-step single viscosity (monophase) impression
technique. Group IV: Conventional impression
using one-step dual viscosity impression technique.
Group V: Digital intra-oral impression using CEREC
Omnicam intra-oral scanner.

Conventional impression techniques

All the conventional impressions were
made in a customarily made acrylic tray that was
adaptable to the bases of both metal dies (the
before- and after-preparation metal dies). Vinyl
polysiloxane impression material (Express XT, 3M
ESPE, Germany) was used in different viscosities for
both one-step and two-step conventional impression
techniques. Pentamix 3 automatic mixing unit was
used for mixing and dispensing the penta putty and
heavy body impression materials automatically, while
a garant dispenser was used for auto-mixing and
dispensing the light and regular body impression
materials.

Group |

In the first step of this technique, a
preliminary impression was taken for the master
metal die of the unprepared tooth with the putty-
bodied impression material (Express XT penta
putty, 3M ESPE, Germany). Four relieving channels
were then cut in the inner surface of the preliminary
putty impression using putty-cut cutting instrument
(Zhermack, ltaly) to provide an escape way for
the excess of the light body (wash) material used
in the second step of this technique in which, a
standardized amount of light body impression
material was injected around the metal die of
the prepared tooth and into the preliminary putty
impression using impression syringe. The tray was
then seated on the master metal die of the prepared
tooth using a modified dental surveyor. After the
setting time of the impression material, the tray with
the set light body material was removed from the
metal die.

Group Il

In the first step of this technique, the
tray was loaded with the putty-bodied impression
material, and then 1 mm thickness polyethylene
separation wafer (GC corp., USA) was used as a

479

spacer and was placed over the loaded custom
tray to provide a space for the light body impression
material in the second step. The loaded tray with
the spacer was then seated on the metal die of the
prepared tooth. After the setting time of the putty
impression material, the tray with the set impression
material was then pulled away from the metal die and
the spacer was removed. In the second step of this
technique a standardized amount of the light body
impression material was used as a wash material
as for Group |.

Group Il

In this technique, regular body (medium
body) impression material was used as a tray and
as a syringe material simultaneously.

Group IV

In this technique, heavy body and light body
impression materials were used simultaneously to
take the impression. Each conventional impression
technique was repeated eight times.

Each impression was inspected under a
magnifying lens before being poured. All impressions
were poured with type IV extra-hard die stone
(Elite® rock, Zhermack, Italy) with a water/powder
ratio of 20mI/100g as recommended by the
manufacturer. The poured dies were separated
from the impressions after 45 minutes according to
the manufacturer’s instructions and were inspected
under a magnifying lens for any defect at the area of
the preparation. After separation of the stone dies,
the set impressions were removed from the tray
and three impressions out of eight were selected
randomly from each group.

Macroscopical examination of the
selected impressions was done using Nikon D7100
professional camera with macro-lens 150 mm. Each
impression was sectioned longitudinally in a bucco-
palatal direction with a sharp blade and photographs
were then taken for the sectioned impressions.
Macroscopical examination was done to show the
uniformity of the wash material and its relation to the
tray material (Figure 2).

Digital impression-Group V

The master metal die of the prepared tooth
was removed from its acrylic base and seated in a
full-arch dental simulation unit to simulate the actual
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clinical treatment situation. Eight digital impressions
were then taken for the master die using CEREC
Omnicam digital intra-oral scanner (Sirona Dental
Systems, Bensheim, Germany). The scanning
procedure (data acquisition) was done following
the manufacturer’s instructions started occlusaly,
buccaly, palatally then interproximally. The resulting
3-D virtual image for the scanned metal die was
saved as STL (standard transformation language)
file format.

Digital workflow and crown fabrication

The laboratory procedure for crown
fabrication for the conventional impression groups
was done using Sirona inLab CAD SW 15.1.
Crown fabrication was done following the standard
protocol of CAD/CAM crown fabrication by Sirona
starting with the “SCAN PHASE” using inEos X5
extra-oral scanner. The resulting digital 3-D virtual
models obtained from intra-oral and extra-oral
digital scanning were then subjected to the same
steps of digital workflow for crown fabrication as
follows: “MODEL PHASE”, where the position
of the tooth in the dental arch, the jaw line, the
preparation margin and the tooth insertion axis
were all determined. “DESIGN PHASE”, where the
restoration parameters (80 im cement space starting
1mm above the margin), the morphology and the
position of the restoration were determined. For
standardization purposes, the monolithic zirconia
crowns of all groups were milled by the same milling
device (MC X5, Sirona, Germany). After completion
of the milling process, all crowns were densely
sintered using inFire HTC speed furnace (Sirona,
Germany) with pre-programmed settings according
to the manufacturer’s instructions.

Fit recording by silicone replica technique

A specially designed split mold for silicone
replica technique was fabricated for this study from
laboratory silicone duplicating material. This mold
consisted of two halves joined together with two
metal rods. The intaglio of each crown was filled
with a standardized amount of low viscosity silicone
impression material (Express XT, Light body, 3M
ESPE, Germany) (violet color). Each crown was
then seated slowly on the master metal die of the
prepared tooth with a constant defined load of 5
Kg in an occlusal direction using a modified dental
surveyor to simulate the clinical crown cementation
procedure®. After the setting time of the light body
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impression material, the load was removed away
and the two halves of the split mold were placed
over the cemented crown and assembled together
via the two metal rods to hold the crown inside.
After removal of the crown from the master metal
die, the thin layer of the light impression material
adhered to the intaglio surface of the crown due to
its relatively higher roughness as compared to the
smooth polished surface of the metal die?""". In order
to stabilize this thin silicone layer during sectioning
procedure (carried out later on) and to avoid its
damage, a heavy body silicone impression material
of contrasting color (orange-colored) (Express ™
XT penta ™ H, 3M ESPE, Germany) was poured
inside the crown until the whole split mold was
filled to form one piece with the thin layer of the
light body impression material to create the silicone
replica. Each silicone replica was then sectioned
in a bucco-palatal direction and then in a mesio-
distal direction using a cutting blade in a specially
designed sectioning base. The thickness of the light
body silicone impression material representing the
marginal and internal gaps was measured at 21
predetermined points using a digital microscope at
a magnification of 230x. These measuring points
represent four different areas: margin, chamfer, axial,
and occlusal areas (Figure 3).

For each specimen, the internal gap
was measured by calculating the mean value of
the chamfer, axial and occlusal area gaps. Image
analyzing software (Image J, Version 1.51) which
was used for the measurement of the gap width at
these predetermined points. All measurements were
performed by the same operator three times to avoid
errors when choosing starting and ending points of
the measurements, as recommended by Holmes et
al?.

RESULTS AND DISCUSSION

The descriptive statistics showed that for
all groups, the highest mean value of the gap was
recorded at the occlusal area, while the lowest
mean value of the gap was recorded at the marginal
area. The descriptive statistics also showed that in
general, Group V recorded the least marginal and
internal gaps while Group IV showed the highest
marginal and internal gaps as compared with the
other groups (Table 1).
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Comparison of the marginal and internal
gaps among the different groups using one-way
ANOVA test revealed a statistically high significant
difference among groups (p<0.01) (Table 2). Further
comparisons of the marginal and internal gaps
among groups were done using LSD test revealed
that there were statistical differences in the marginal
and internal gaps (either significant or highly
significant) between the different groups, except
between Group Ill and Group IV where there was
no statistically significant difference (p>0.05) (Table
3).

Comparison between marginal and internal
gaps of each group using independent t-test showed
that there was a statistically highly significant
difference between marginal and internal gaps of
each group (p<0.01) (Table 4).

Correlation test between marginal and
internal gaps of each group was done using
Pearson’s correlation showed that there was a

Fig. 1: The two metals dies fixed in their acrylic
bases

Fig. 2: Macroscopical examination of the
impressions of different groups. A. Group I. B.
Group II. C. Group lll and D. Group IV

positive correlation between marginal and internal
gaps in all groups with varying degree of strength
and statistical significance (Table 5).

Ideally, the cement space should be uniform
to facilitate seating without compromising retention
and resistance form?®. However, even though a
uniform cement space was set 80 im in this study,
starting 1 mm above the margin according to the
manufacturer, the resulting cement space was not
as precise and uniform as the set parameter, the
resulting gap was larger than the set cement space
at all areas of measurements for all groups. This
could be generally related to one, or a combination,
of the followings:

1. The cementation procedure which results
in an increase in the marginal and internal
gaps as reported by Okutan et aP* and Ural et
al. The replica technique used in this study
is a simulation of the clinical cementation
procedure whereby light body impression
material acts as cement analog'® 2.

2. The limitation of the digital workflow that could
be related to the quality of acquisition and
processing of the digital data, the relief of
retentive areas and the limited ability of the
milling instruments to reproduce fine details?"
28

3. The anisotropic shrinkage of the partially-
sintered zirconia restorations that occurred
after sintering procedure®. Although a
compensatory software design was used to
guarantee an accurate fit, it is not sure that
the shrinkage can be completely controlled®.

4. The calculation of the CAD/CAM software may
not be as precise as it should be. Therefore, it
has to be considered that a tendency for the

Fig. 3: Microscopical images at low
magnification showing the measuring points:
(A) Bucco-palatal section. (B) Mesio-distal
section
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greater gaps than the expected value could
be found?®".

The results of this study showed that the

marginal and internal gaps of monolithic zirconia
crowns produced from both two-step putty/wash
impression techniques (Groups | and Il) were
significantly less than the marginal and internal gaps
of crowns produced from both one-step impression
techniques (Groups Ill and V). The superiority of
the two-step impression technique over the one-
step impression technique could be attributed to the
followings:

1.

In the two-step technique, the fine details
are registered by the light body material at
the second step of the technique, which has
better flow characteristics owing to its lower

viscosity due to decreased filler contents® 33,
while in the one-step impression technique,
the tray material tends to push the syringe
material off the prepared tooth, so it is
impossible to control which material records
the details of the margin of the preparation.
Thus, critical areas such as the finish line
might be captured by the tray material
(whether heavy body or regular body) rather
than the syringe material, which cannot
record the fine details to a satisfactory level
because of its higher volume of filler content
that causes less elasticity and fluidity and
results in lower accuracy® 3% %, as seen in
the macroscopical examination of the of the
retrieved impressions in this study.

In the one-step impression technique, when
mixing the tray material at the same time as

Table 1: Descriptive statistics of the gap at the different
areas of the five different groups measured in pm

Groups Areas No. Mean +SD Min Max
Group | Marginal 8 60.299 6.281 51.538 68.030
Chamfer 8 149.724 7.574 140.184  162.861
Axial 8 80.424 5.567 67.643 85.166
Occlusal 8 171.100 9.963 161.516  186.006
Internal 8 133.749 3.975 128.386  139.763
Group Il Marginal 8 68.803 6.178 57.723 75.245
Chamfer 8 157.709 6.81 147.42 165.953
Axial 8 84.714 3.925 80.428 91.361
Occlusal 8 176.894 3.552 170.845  181.924
Internal 8 139.772 3.143 135.035  143.813
Group 1l Marginal 8 81.43 8.711 67 89.676
Chamfer 8 174.457 7.114 166.984 188.63
Axial 8 94.231 6.782 85.166 103.752
Occlusal 8 184.693 7.078 176.676  193.586
Internal 8 151.126 5.228 143.914  161.989
Group IV Marginal 8 86.588 3.308 80.4 91.738
Chamfer 8 166.21 7.922 153.584  174.199
Axial 8 111.45 4111 105.209 116.507
Occlusal 8 177.987 9.149 167.929  194.169
Internal 8 151.882 5.354 145.739 160.41
Group V Marginal 8 53.533 6.44 42.261 59.784
Chamfer 8 133.226 21.675 103.076  153.584
Axial 8 95.096 8.359 80.428 108.125
Occlusal 8 156.996 8.912 141.107 166.18
Internal 8 128.439 6.425 120.497  135.813
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the syringe material, the setting distortion
of the tray material is included in the overall
distortion of the impression®’. In other words,
in the one-step technique, the volume of the
material subjected to distortion is increased
as compared with the two-step technique in
which the distortion of the tray material occurs
during the first step of the technique and the

final distortion is limited to the thin film of the
light body material.

The above result is in agreement with
Nissan et al® who found that the marginal fit of
the milled cast crowns fabricated from different
impression techniques was better with the two-
step putty/wash impression technique than the

Table 2: One-way ANOVA test for comparison of the
marginal and internal gaps among the different groups

Areas ANOVA Sum of df Mean F Sig.
Squares Square

Marginal Between Groups 6179.452 4 1544.863 37.507 .000(HS)
Within Groups 1441.619 35 41.189
Total 7621.071 39

Internal Between Groups 3462.697 4 865.674 35.196 .000(HS)
Within Groups 860.842 35 24.595
Total 4323.539 39

Table 3: LSD test for comparison of the marginal and internal gaps among groups

Area Group Mean Standard Sig.
Difference Error
Marginal Group | Group Il -8.50388* 3.20894 .012(S)
Group Il -21.13087* 3.20894 .000(HS)
Group IV -26.28887* 3.20894 .000(HS)
Group V 6.76638* 3.20894 .042(8S)
Group I Group Il -12.62700* 3.20894 .000(HS)
Group IV -17.78500* 3.20894 .000(HS)
Group V 15.27025* 3.20894 .000(HS)
Group Il Group IV -5.15800 3.20894 117(NS)
Group V 27.89725* 3.20894 .000(HS)
Group IV Group V 33.05525* 3.20894 .000(HS)
Internal Group | Group I -6.02325* 2.47969 .020(S)
Group Il -17.37762* 2.47969 .000(HS)
Group IV -18.13350* 2.47969 .000(HS)
Group V 5.30988* 2.47969 .039(S)
Group Il Group llI -11.35438* 2.47969 .000(HS)
Group IV -12.11025* 2.47969 .000(HS)
Group V 11.33313* 2.47969 .000(HS)
Group Il Group IV -.75587 2.47969 .7T62(NS)
Group V 22.68750* 2.47969 .000(HS)
Group IV Group V 23.44338* 2.47969 .000(HS)
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one-step impression technique. This finding is
also in agreement with Caputi and Varvara® and
Levartovsky et alP® who all showed that the two-
step technique is more accurate than the one-step
technique in terms of the dimensional accuracy
of the resultant stone casts. However, the above
result disagrees with Hung et al*® and Mishra and
Chowdhary*® who all found that the two-step putty/
wash impression technique was as accurate as the
one-step impression technique.

It is well-established that the key factor
influencing the accuracy of the impression technique
is the controlled and uniform bulk of the light body
(wash) material. It has been found that the optimum

484

bulk of the wash material for vinyl polysiloxane is 1-2
mm*'. When comparing between both subtypes of
the two-step putty/wash impression techniques, the
result of this study showed that crowns fabricated
from (Group I) showed better marginal and internal
fitness than crowns fabricated from (Group II)
with statistically significant difference. This could
be explained according to the macroscopical
examination of the impressions retrieved from the
different impression techniques which showed that,
the two-step putty/wash technique (the before-
preparation technique) was the only technique
that was able to provide a controlled and uniform
thickness of the light body material owing to the
controlled tooth preparation of 1.5 mm.

Table 4 : t-test for comparison between the marginal gap
and the internal gap for each group

Group Gap Mean +SD t-test p-value Sig.
Group | Marginal 60.299 6.281 27.945 .000 HS
Internal 133.749 3.975
Group Il Marginal 68.803 6.178 28.958 .000 HS
Internal 139.772 3.143
Group llI Marginal 81.430 8.711 19.403 .000 HS
Internal 151.126 5.228
Group IV Marginal 86.588 3.308 29.341 .000 HS
Internal 151.882 5.354
Group V Marginal 53.533 6.440 23.289 .000 HS
Internal 128.439 6.425
Table 5: Correlation test between marginal
and internal gaps of each group
Group Gap r P-value Sig.
Group | Marginal 0.121 0.775 P>0.05(NS)
Internal
Group I Marginal 0.929 0.001 PA0.01(HS)
Internal
Group Il Marginal 0.598 0.117 p>0.05(NS)
Internal
Group IV Marginal 0.301 0.468 p>0.05(NS)
Internal
Group V Marginal 0.672 0.068 p>0.05(NS)

Internal
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The controlled wash space was provided
by taking the preliminary impression before tooth
preparation with the putty material then relining
the impression with the wash material after
tooth preparation. On the other hand, the use of
polyethylene spacer in the two-step putty/wash
technique (Group Il) was able to provide a space for
the wash material, but this space was not uniform
all around the tooth preparation due to the flexible
and compressible nature of this spacer that tends
to fold and accumulate at certain areas, and thus
may create slight dimensional inaccuracy due to the
non-uniform wash material*.

Another factor that might contribute to the
better fitness of crowns of Group | over crowns of
Group Il was the use of relieving channels in the
preliminary putty impression which acted as a vent for
the escape of the excess of the wash material during
the second step of this technique, thus preventing
the compression of the light body impression
material by the heavier consistency putty material.
The above finding is in agreement with Nissan
et al’, Chugh et al*®, Nissan et al® and Shiozawa
et al**who all found that a uniform and controlled
wash space in the two-step putty/wash impression
technique produced smaller discrepancies than the
polyethylene putty/wash impression techniques.
However, the above finding disagrees with Sayed
et al*> who found that the dimensional accuracy
of stone casts produced from two-step putty/wash
impression technique with a spacer was better than
the ones produced from two-step putty/wash (the
before-preparation) impression technique. Such
disagreement could be due to not using relieving
channels in the preliminary putty impression and
thus, the wash material seems to be trapped inside
the set tray material leading to inaccuracy. If no relief
is performed on the preliminary impression, there is
no space to allow the wash material to flow which
complicates the reset of the primary impression.

On the other hand, the statistically non-
significant difference between both one-step
impression techniques (Group Il and Group 1V)
could be due to that both techniques had the same
basic steps, in which the tray material and the syringe
material are mixed and loaded simultaneously, so
the tray material and the syringe material join, bond
and set together. However, despite this statistically
non-significant difference, the overall mean value
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of the marginal gap of the one-step single viscosity
(monophase) impression technique (Group Ill) was
smaller than that of the one-step dual viscosity
impression technique (Group IV). This could be due
to the difference in viscosity of the tray material in
both techniques: in the dual viscosity technique, the
heavy body might force the light body material away
and thus, the critical area of the finishing line might
be recorded with the heavy body material. On the
contrary, the same scenario might not occur with the
single viscosity technique due to the lower viscosity
of the tray material, and even if the same scenario
occurred, the critical area of the finishing line would
be registered with the regular body material, which
has better flow ability and detail reproduction.

The results of this study revealed that the
intra-oral digital impression (Group V) showed the
least marginal and internal gaps with statistically
significant and highly significant differences when
compared with all other conventional impression
groups (Groups I-IV). The better overall fit of the
intra-oral digital group could be attributed to the
errors that might occur either during the steps of
conventional impression making and/or during the
extra-oral scanning of the stone models. In this study,
in spite of following the manufacturer’s instructions
and a standard protocol for all steps of conventional
impression making, still sources of inaccuracy
are inevitable. First of all, no material has 100%
elastic recovery®. In addition, in the conventional
impression workflow, a stone model is created
which is the basis for the construction of the crown,
while in the digital workflow the crown is designed
directly from the intra-oral scan without creating an
intermediate model*'.

Moreover, using direct intra-oral scanner
eliminates most errors associated with conventional
impression taking including dimensional changes
(expansion/contraction) of the impression material
and gypsum used to fabricate master model“®. It has
been reported that type IV dental cast had a linear
expansion between 0.06% and 0.5%*%". On the other
hand, deformation of the impression while removing
from the prepared tooth might be another possible
source for such inaccuracy*.

Another contributing factor that might
explain the better marginal and internal fitness
of crowns fabricated from the direct intra-oral
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scanning as opposed to conventional impression
is the accuracy or the resolution of the intra-oral
scanner as compared with the extra-oral scanner
used to scan the stone models in the conventional
impression group. CEREC Omnicam intra-oral
scanner used in this study provides a color streaming
technology which allows a continuous video capture
with anti-shake property and emits white light with
shorter wavelength than the blue light emitted by the
inLab inEos X5 extra-oral scanner used to scan the
stone model, which is less susceptible to bending,
scattering and transmission by the scanned object
thus, it is more accurate*> *0. The above finding
is in agreement with Syrek et al', e Silva et aP',
Khdaier®?, Pradies et al*® and Kocaadaodlu et al*
who all found that intra-oral digital impression,
regardless of the type of the scanner used, provided
better marginal and internal fithess than conventional
impressions regardless of the diversity in the
conventional impression technique. However, the
results of this study disagree with Fliigge et al.%
who concluded that scanning with intra-oral digital
scanner is less accurate than scanning with model
scanner, suggesting that the intra-oral condition
such as the presence of saliva and limited spacing
contribute to the inaccuracy of the scan.

In this study, crowns of all groups showed
better marginal fithess than internal fitness which
could be explained by the followings:

1. The cement space started 1 mm above the
margin according to the design software as
previously mentioned.

2. Two concomitant phenomena called
“overshoot” and “rounded edges” which occur
during the scanning of angled regions due to
the limitation in the scanner resolution could
be responsible for the wider internal gaps.
Optical systems have the limitation of finite
resolution when scanning angled regions as in
scanning of the axio-occlusal transitional area
and the central area of the occlusal surface.
This will produce virtual peaks near the
edges of three-dimensional structures when
captured by digital scanner, a phenomenon
called “overshoot” resulting in edges that
are slightly rounded, a phenomenon called
“round edges” which may cause distortion of

the prepared tooth design in angle regions®®
57,58
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3. Limitation in the CAM process: when
concerning the CAM process, the diameter
and shape of the milling instrument can limit
the machining of internal contours. If the
cutting tool is larger in diameter than some
parts of the tooth preparation, the system
will face a problem of cutting or not cutting
the parts, which consequently results in
decreased internal fit precision and low
retention of the restoration®” 2,

The above result is in agreement with
Reich et alf’, Curtis et al*® and Yildiz et alf® who all
found that the fitness of CAD/CAM crowns was less
accurate in the internal region than in the marginal
region.

Correlation test between marginal and
internal gaps for all groups showed a positive relation
between marginal and internal areas with varying
degree of strength (weak, intermediate or strong).
This means that, in general, when the marginal gap
increased, the internal gap increased. This may be
attributed to the fact that in each group, all areas
of the crown (marginal, chamfer, axial and occlusal
areas) were milled with the same milling unit. This
may permit constant changes in the dimensions of
the final restoration. The above result is in agreement
with the results of a study done by Ali and Sabea®
who found a positive correlation between marginal
and internal gaps of three CAD-CAM all-ceramic
crowns materials: Zolid, Zircon and Empress.
Moreover, Al-Adel and Majeed®? also found a positive
correlation between marginal and internal gaps
of full-contour CAD/CAM crowns fabricated from
zirconia, lithium disilicate, zirconia-reinforced lithium
silicate and hybrid dental ceramic. From a clinical
point of view, this may give an indication that any
crown restoration with poor marginal adaptation will
mostly have poor internal adaptation.

There is a controversy in the literature
regarding the clinically acceptable ranges for the
marginal gap. Many authors indicated that a marginal
gap of d”120 im is considered clinically acceptable®
64.65 Furthermore, for CAD/CAM-fabricated ceramic
crowns, the clinically acceptable marginal gap
discrepancies has been reported to range between
17 and 118 im € 67.88) Accordingly, the marginal
gap of all groups in this study whether conventional
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impression groups or digital one, fall within the
clinically acceptable range.

For the internal gap, the clinically acceptable
range differs from one article to another yet there is
no standard protocol to assess the adaptation of
dental restorations. This lack of standardization may
lead to misinterpretation and limits the comparisons
between results from different studies. Therefore,
it is important to understand the limitations of the
existing techniques and the type of data that they
can provide (i.e. internal gap, axial gap, occlusal
gap, etc.) 8. Another important factor that might
hinder comparisons among studies is the cement
space previously predetermined by the software of
the CAD/CAM system. This factor differs from one
study to another and ranges from (0-200 im)7 7"
61,1t had been found that the internal gap of single
zirconia restorations were in the range of 41-192
im?2 73, Accordingly, all groups in this study fall within
the above range.

It is worth to mention that despite the
presence of statistical differences among the
different groups in this study, the mean values of
the marginal and internal gaps of all groups are all
within the clinically acceptable limits. This could be
attributed to two main reasons: Firstly, the use of
vinyl polysiloxane impression material with reported
high accuracy, elastic recovery and dimensional
stability. Secondly, the development that occurred
in the CAD/CAM technology including the scanning
resolution, designing software and the milling units
including the use of burs with smaller sizes.
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CONCLUSIONS

Within the limitations of this in vitro study,
the following conclusions could be drawn:

1. The impression technique had a significant
effect on the marginal and internal fitness
of monolithic CAD/CAM fabricated zirconia
crowns. Monolithic zirconia crowns fabricated
using digital intra-oral impression showed
better marginal and internal fitness than
crowns fabricated using conventional
impression techniques.

2. Regarding the different conventional
impression techniques, the before-
preparation two-step putty/wash impression
technique without spacer showed the least
marginal and internal gaps followed by the
two-step putty/wash impression technique
with spacer, while both one-step impression
techniques (monophase and dual viscosity)
showed greater marginal and internal gaps
with statistically non-significant difference
between them.

3. For all groups, the marginal gap was less than
the internal gap with a positive correlation
between them.

4. The marginal and internal gaps of all groups
were within the clinically acceptable limits.
This leads to the assumption that regardless
of the impression technique used, meticulous
attention to the basic concept of each
impression technique along with thorough
understanding of the physical properties of
each impression material are prerequisites
to obtain an acceptable impression.
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