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ABSTRACT

Aim & Obijective- All ceramic materials have been the most popular aesthetic restorations since the advancements in CAD
CAM technology. Very limited evidence is available on marginal discrepancies of these materials when used to fabricate fixed
restorations. The purpose of the study is to assess the vertical marginal discrepancies of the zirconia-based tooth supported fixed
dental prosthesis, fabricated using ceramill® (M1), lava® (M2), and zirkonzahn® (M3) CAD-CAM milling materials.

Materials & Methods- The vertical marginal discrepancy of these three groups was assessed using the one-way ANOVA test
using the statistical software. There was no statistically significant difference (P>0.05) in the vertical marginal discrepancies

measured among all three groups.

Results & Conclusion- Within the limitations, it is concluded that all the three CAD-CAM milling materials, when fabricated
using a 5 axis CNC milling machine have provided a range of clinically acceptable vertical marginal discrepancy providing

strong evidence towards their longevity.
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Introduction

The introduction of machined all ceramics has been a great
highlight in the field of dentistry as they respond to the
patients demands for an aesthetic and a long-lasting
restoration.™ It is a combination of excellent mechanical
and physical properties overcoming the limitations of metal
ceramic restorations.”! The longevity of the restorations
fabricated using newer all ceramic materials depend on
properties like biocompatibility, flexural strength, fracture
toughness and marginal adaptation among which the latter
plays a major role. Marginal fit is essential in maintaining
the resistance, retention of the restorations along with the
periodontal health of the abutment.®] The clinically
acceptable marginal discrepancy has been reported within a
range of 50 to 200 um.B! With the advent of computer-aided
designing and computer-aided machining (CAD CAM)
technology, it has been proved that frameworks and
restorations fabricated using this system have provided
better adaptation [ with an acceptable marginal discrepancy
of 25 to 40 um.B! Also, when compared with conventional
techniques which have limitations like machinery or manual
errors, CAD CAM processing technique has demonstrated
better adaptation as it is a computer-controlled processing.®!
Long term clinical studies have reported that 11% of
abutments have developed secondary caries due to marginal
inaccuracies.®) This idea to provide a minimal space
between the abutment and the restoration is to ensure an
accurate positioning of the prosthesis and to provide an even
layer of cementing material. Also, this reduced internal
spacing may improve the mechanical behaviour of the
ceramic restorations.™ In general, marginal accuracy can be
demarcated as marginal gap, vertical and horizontal
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marginal discrepancy.®l A significant vertical marginal
discrepancy exposes the luting agent to oral environment
leading to its dissipation followed by biological and
mechanical complications like bacterial infiltration into
cement space, carries of abutment tooth or loss of resistance
and retention of the prosthesis respectively. Whereas a
horizontal marginal discrepancy affects the plaque control
leading to food accumulation followed by compromised
periodontal health. 8

Scientific evidence on the quality of fit of the restoration
when compared between CAD-CAM technology and
traditional fabrication processes has been very minimal.
Very few studies have been performed to analyse the
vertical and horizontal discrepancies among various CAD-
CAM milling materials used currently.™781 Hence this study
aimed to assess the vertical marginal discrepancy of the
zirconia-based tooth supported fixed dental prosthesis
fabricated using three commercially available (Ceramill,
Lava, and Zirkonzahn) CAD-CAM milling materials and to
analyse which surface among them had the least vertical
marginal discrepancy. The null hypothesis was that there is
no difference in the marginal integrity of the zirconia
crowns fabricated by the zirconia milling materials.
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Materials And Methods

Study Design

This in-vitro study was designed meticulously to be carried
out without any errors. The sample size was calculated using
g power software.

Sample size calculation

A total of 18 three unit fixed partial denture samples (6 per
machine) were estimated according to the software. The
three materials used for the comparison were ceramill (M1),
lava (M2) and zirkonzahn CAD CAM milling materials
(M3)

Model preparation

To fabricate a three-unit fixed partial denture, a typhodont
model was used to prepare the tooth. Tooth preparation was
done on the lower right second premolar and second molar
(first molar as edentulous area) with an occlusal reduction of
2 mm and a convergence angle of 6° taper which was
standardized using a prefabricated index. The preparation
was done according to the standard all ceramic preparation
guidelines. 1 Following tooth preparation, the model was
scanned using a lab scanner (MEDIT T 500, Seoul, South
Korea) (Figure 1) and the data was then exported to an open
STL file format collaborated into Trios-3 designing software
(Figure 2). The scanned data was then opened in Trios-3®
designing software which performs a guided workflow. The
digital files of the designed restoration were transferred to a
milling machine (Coritec 350® iiMes-iCore) for milling the
pre-sintered zirconia blanks and further sintering in the
furnace according to the manufacturer protocols scheduled
at 1600° C for 480 minutes of holding time (Figure 3). The
three CAD CAM milling materials included in the present
study were,

M1: Ceramill ® zolidht + white zirconia disc

M2: Lava ™ Ht zirconia disc

M3: ZirkonzahnPrettau ® Ht zirconia disc.

The two drill sizes used in the study for gross and fine
milling were size 13 and 14 with dimensions of 2.5 mm and
1 mm respectively.

Measurement of marginal discrepancies

The vertical marginal discrepancy was measured using the
magvision software and was evaluated under a binocular
stereo microscope (Lawrence and Mayo India Pvt Ltd,
Maharashtra, India) with a 100x magnification (Figure 4 &
5).

Statistical Analysis

Data was analysed using the statistical software package
IBM SPSS 20. The vertical marginal discrepancies of three
CAD CAM milling materials were assessed using the one-
way ANOVA test where the significance level was set out at
P value of 0.05. Post Hoc bonferroni multiple comparison
test was used to compare the individual groups.

Results

The vertical marginal discrepancies of the three CAD-CAM
milled zirconia fixed dental prosthesis was evaluated on four
surfaces (buccal, lingual, mesial and distal) for each sample
of all the groups. The mean vertical gaps ranged between
0.18 — 0.38 pum which is at clinically acceptable level. A
descriptive analysis on all the three materials at the surface
level showed that the distal surface of CAD-CAM milled

zirconia based fixed dental prosthesis exhibited the least
vertical discrepancy (Table 1) but with no significant
difference on one-way Anova analysis (Table 2) and also in
Bonferroni post hoc analysis (Table 3).

Discussion

The findings support the null hypothesis of the study, with
least discrepancy on distal surface and no significant
difference among the three CAD CAM milling materials
when tested for vertical marginal discrepancy. With regards
to statistical tests performed, the ANOVA, post hoc multiple
comparison tests showed p values greater than 0.05 for all
the group comparisons. The acceptable marginal gap for
CAD CAM fabricated all ceramic restorations have been
reported to be at a range of 23 - 74 pum [% which was in
correlation with a study conducted to compare vertical
marginal discrepancy of zirconia restorations under cyclic
loading and also its impact due to veneering process.l A
study conducted to verify horizontal marginal discrepancy
between lithium disilicate and zirconia crowns have proved
that zirconia crowns have shown least amount of
discrepancy.[”! Furthermore, few studies have proved that
there is an increase in vertical marginal discrepancy on
zirconia crowns when exposed to aging and thermo
mechanical loading implying a need for long term in vivo
studies.”) Another demanding controversy is about the
various CAD CAM fabricating systems and their influence
on vertical marginal discrepancy, which was proved to be
within clinical acceptable range but with a variation among
the CAD CAM systems that were investigated.®! With an
influence of various factors, the measured vertical marginal
discrepancy of the present study was lesser than (0.18 - 0.38
um) the average of the previous studies creating stronger
evidence towards the existence of vertical marginal
discrepancies.

Factors influencing the study

The accuracy of the milling machine can normally affect the
quality of the study and potentially influence the marginal fit
of the samples. The milling machine utilized in our study
was set according to standardized protocols in accordance
with the previous studies for an optimal result. M In this
study, we have used a 5 axis CNC milling machine for
milling the three different CAD CAM zirconia blanks. This
novel five axis milling machine provides a tilt angle of
30degree in the A axis and 25 degree in the B axis
producing the most accurate zirconia based fixed dental
prosthesis 12 supporting the methodology of our study.
Various methods ™1 have been used to measure the
marginal  discrepancyamong  which  stereomicroscope
measures more accurately. The current study has used a
binocular stereo microscope with a 100x magnification and
an inbuilt vertical illuminator (to minimize reporting errors).
The microscope is also linked to a computer that provides
explicit results in terms of measuring marginal
discrepancies.™ To sinter a milled crown the ideal time
required is 9 hours.*®! Similarly, in this study all the pre-
sintered samples milled from the three different CAD CAM
materials were sintered for a period of 8 hours in the
sintering furnace preventing any possible mechanical
complications post sintering. Few studies have reported that
post sintered milling has proved to be more acceptable for
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complex frameworks, long span bridges etc as there is
limited chances of firing shrinkage, but due to the hardness
of post sintered zirconia blank, the milling time may be
longer with an increase in wear of the milling tools.®! In
this study pre sintered stage zirconia blanks have been used
as they shrink less with minimal distortion post sintering.*”)
At times the armamentarium used for the process of milling
may have an influence on the precision of the prosthesis.
The milling machine used in the study allows five-axis
milling and the milling burs used are new to avoid any
possibilities of wearing out. The digital workflow of any
CAD-CAM system generally begins with the use of 3D
scanners followed by the designing software which are
standardized for their accuracy according to the
manufacturer. [81 The scanners with blue light laser
technology have an advantage of longer shelf life, cooler
operating temperature and a higher resistance to the other
light sources in the room. This study has used a Medit T®
500 lab Scanner which employs the blue LED laser light and
uses an advanced new camera system of dual 2.0MP
resolution offering quick scanning and exceptional scan data
quality [*8 suggesting that any of the above factors may have
zero to minimal influence on the results of the current study.

Limitations
The limitations of the study would be

e The results may vary when checked in an intraoral
environment.

e Need to analyse the horizontal marginal
discrepancy, absolute marginal discrepancy and
internal fit for a complete evaluation on marginal
discrepancy.

e Various other CAD CAM milling machines and
fabricating systems can be tested.

e No conclusive data to justify the differences in
vertical marginal discrepancies at surface level.

Areas of future scope

Long term randomized control clinical trials may be
required for further research regarding the various milling
machines including complex frameworks or long span
bridges.

Conclusion

Within the limitations, it has been concluded that the least
discrepancy was found on distal surface but with no
significant difference between the vertical marginal
discrepancies of tooth supported FPDs fabricated by
ceramill, lava and zirkonzahn CAD CAM milling materials.
Hence the study implies that these three tested CAD CAM
milling materials fabricated using a 5 axis CNC milling
machine have provided restorations with clinically
acceptable vertical marginal discrepancies.
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TABLES

Table 1: Table showing the descriptive analysis of all the three materials at the level of surface.
Minimum Mean Standard Deviation

N Maximum values in pm

(values in pm) (values in pm) | (Values in pm)

Buccal |36 .05 41 .2208 .09194

Lingual | 36 | .09 .68 2733 13143

Mesial |36 .11 .80 .3897 .24418

Distal 36 | .06 49 .1881 .09939

Table 2: Table showing mean difference in the sum of square roots between the buccal, lingual, mesial and distal surfaces of the
three CAD CAM milling material groups using one way ANOVA analysis with no statistically significant difference (p<0.05)

Sum of squares | Df values | Mean F values | Significance
Square values
Buccal | Between groups | .009 2 .005 531 .593
Within groups
Total
.287 33 .009
.296 35
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Lingual | Between groups | .006 2 .003 A71 .844
Within groups
Total
.598 33 .018
.605 35
Mesial | Between groups | .024 2 0.012 191 .827
Within groups
Total
2.063 33 0.063
2.087 35
Distal Between groups | .034 2 .017 1.825 77
Within groups
Total 311 33 .009
.346 35

Table 3: Bonferroni post hoc analysis comparing the mean difference in the buccal, lingual, mesial and distal surfaces among the
3 groups.

Material (1) | Material (J) | Mean Std. Error | Sig.
Difference
(I-J
Buccal | Ceramill Lava .02083 .03805 1.000
Zirkonzahn -.01833 .03805 1.000
Lava Ceramill -.02083 .03805 1.000
Zirkonzahn -.3917 .03805 .932
Zirkonzahn Ceramill .01833 .03805 1.000
Lava .03917 .03805 .932
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Lingual Lava .00500 .05497 1.000
Ceramill Zirkonzahn -.02500 .05497 1.000
Lava Ceramill -.00500 .05497 1.000
Zirkonzahn -.03000 .05497 1.000
Zirkonzahn Ceramill .02500 .05497 1.000
Lava .03000 .05497 1.000
Mesial Lava .03833 .10208 1.000
Ceramill Zirkonzahn .06250 .10208 1.000
Lava Ceramill -.03833 .10208 1.000
Zirkonzahn .02417 .10208 1.000
Zirkonzahn Ceramill -.06250 .10208 1.000
Lava -.02417 .10208 1.000
Distal Lava .00583 .03965 1.000
Ceramill Zirkonzahn .06250 .03965 374
Lava Ceramill -.00583 .03965 1.000
Zirkonzahn .-06833 .03965 .283
Zirkonzahn Ceramill .06250 .03965 374
Lava .06833 .03965 .283

FIGURE LEGENDS
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Figure 2: Fixed prosthesis after designing.
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Figure 3: CAD CAM fixed prosthesis after milling.

Figure 4: Examination of the finish lined under binocular
stereomicroscope.
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Figure 5: Measurement of vertical marginal discrepancy
under stereomicroscope using magvision software,
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