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Evaluation of three different tooth preparation techniques
for metal ceramic crowns by comparing preparation depths:
An in vitro study
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Abstract

Aim: To determine the effect of three different tooth preparation techniques had on operator’s ability to
appropriately and consistently prepare teeth for metal ceramic crowns.

Materials and Methods: Ninety maxillary left central incisor typodont teeth were allocated to three
equal groups (A, B and C) of thirty and mounted in standard working model one at a time. A freehand
approach was used to prepare the teeth in Group A, which acted as a control. Groups B and C were
prepared with the assistance of silicon index and suitable depth gauge burs, respectively. A silicon index
of unprepared teeth, into which contrasting colored silicon injected to occupy the space created by
tooth preparation, was sectioned in the midline. Images of sectioned index were captured with optical
microscope attached to a personal computer. A calibrated image analysis software was used to measure
the depth of preparation (in millimeters) at five points (labial-cervical, mid-labial, incisal, mid-palatal
and palatal cervical) on two occasions. These results were pooled and averaged to give a mean labial,
incisal and palatal preparation depths in mm. The data were analyzed by one-way analysis of variance
and Scheffe’s post-hoc statistical test.

Results: The mean depth of labial and incisal preparation for Groups A, B and C was 1.23 and 1.72 mm,
1.45 and 1.96 mm, 1.47 and 1.95 mm, respectively. The difference between the groups’ labial preparation
depth was significant as well as the difference between groups’ incisal preparation depth. The mean palatal
preparation was 0.46 mm for Group A, 0.54 mm for Group B and 0.59 mm for Group C.

Conclusion: Teeth preparation for metal ceramic crowns without any assistance can lead to under-preparation
of labial and incisal surface.

Clinical Significance: Whenever possible, considerable importance should be given to the use of index or
depth gauge burs for preparing teeth for receiving metal ceramic crowns.
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INTRODUCTION

In spite of the increasing popularity of all-ceramic restorations,
general dental practitioners still consider the metal ceramic
crown an established treatment for extensively restored teeth,
particularly where a combination of durability and esthetics
are required." In many dental practices, it is one of the most
Widely used fixed restorations.

The restoration consists of a complete coverage cast metal
crown (or substructure) that is veneered with a layer of
fused porcelain to mimic the appearance of the natural
tooth.?’ Preparation features for metal ceramic crowns have
been periodically reported in the dental literature, and it is
universally accepted that finish line configuration and position
in relation to the gingival tissues can influence the longevity and
esthetics of the final restoration.’>! The minimum thickness
of porcelain and metal required for metal ceramic crowns,
dependent on the alloy used, is 0.7 and 0.5 mm, respectively;
it is accepted that a labial reduction of 1.5 mm is required to
achieve this.B!

Chandler® reported that a I.5 mm reduction left more than a
quarter (25%) of teeth with <0.5 mm of peripulpal dentin,
leaving little room for operator error during tooth preparation.
Excessive reduction led to pulpal exposure and subsequent
loss of vitality, which can lead to early failure of the restored
unit. A minimal incisal reduction of 2 mm is recommended

to prevent an excessively long crown or a blunt incisal table.

Successful technical reproduction of anatomic contours and
proﬁles in metal ceramic crowns is dependent on adequate
tooth preparation. Under-reduction will result in inappropriate
labial and palatal contours, leading to compromised
esthetics.”) Overbulking of the crown at the gingival margin
may be necessary to allow for adequate material strength, which
results in a poor emergence profile‘ Several studies considered
an improper emergence profile as a signiﬁcant etiologic factor
in the marginal inflammation associated with crowns.'®!
Insufficient labial reduction, particularly near the finish line,
may also result in distortion of the metal substructure during
fabrication and clinical service. This leads to poor marginal
adaptation, debonding, and long—term cement failure, all of
which have been cited as major factors in the failure of metal

ceramic crowns.[®’]

A failed crown has been described as one that was unserviceable,

19 Tnadequate tooth

thus requiring repair or replacement.
preparation can lead to esthetic failures.'"’ Biological failures
such as caries, periodontal disease, and endodontic or
periapical pathology may also result from inappropriate tooth

preparation.—lzl Thus, inadequate quality of tooth preparation

seems to be a common threat contributing to metal ceramic

crown failure.

The marginal configuration and geometry of metal ceramic
crowns have been reviewed recently. Several designs have been
advocated to optimize esthetics, minimize marginal openings,
and reduce stress concentration at the marginal aspect. The flat
shoulder margin provides the required esthetics and marginal
stability necessary during porcelain firing, and it is the most
suitable for a labial finish line for anterior crowns.’* A
chamfer finish provides the least stress and marginal opening
for a metal-only finish and is therefore indicated for the
lingual/ palatal aspect where esthetics are not a primary concern,
allowing for the preservation of tooth structure.*

In vitro studies evaluating preparations completed by dentists
for metal ceramic crowns have been reported.*) All studies
reported a tendency for clinicians to underprepare teeth when
a freehand approach was used. This tendency occurred in
spite of the better access and visibility afforded by an in vitro
experimental setup. In most of the studies carried out in the
past, teeth were mounted in individual plaster block so there
were no adjacent and opposing teeth for comparison. Tooth
preparation in the presence of adjacent and opposing teeth will
more closely mimic the clinical situation. The use of indexes
or suitable depth gauge burs are two recognized methods of
improving the accuracy of preparation features.

Aim

To investigate the effect an index and a depth gauge bur had on
an operator’s ability to appropriately and consistently prepare
teeth for metal ceramic crowns. The null hypothesis was that
the use of an index or depth gauge bur had no effect on
practitioner’s ability to appropriately and consistently prepare
teeth for metal ceramic crowns.

MATERIALS AND METHODS

To determine the exact sample size, pilot study was conducted
on five maxillary left central incisor typodont teeth for two
different groups (Group A freehand preparation and Group B
use of silicon putty index as a guide). The labial preparation
was done, and the mean and standard deviation of labial
preparation for Group A and Group B were calculated. The
result of the pilot study showed that the mean difference was
0.02 between two groups, considering this mean difference and
80% power of study at 95% confidence interval the sample
size estimated was 26 in each group. This figure was rounded,
and the final sample size was taken as 30 samples in each
group. It was parallel study so I1:1:I treatment was assigned
randomly to subjects in three independent groups. Accordingly,
90 maxillary left central incisor typodont teeth used in the
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study were allocated to three equal groups (A, B and C)
of 30. Teeth were mounted in the Frasaco standard Working
model A-3 (Frasaco USA, Prexicon Inc.,) [Figure 1] one
at a time to standardize the angulation and before starting
preparation sectional index that could be reconstructed over
the original tooth was produced using an addition cured
silicone impression material (Aquasil, Dentsply Detrey Gmbh,
Germany) [Figure 2]. Teeth were prepared for metal ceramic
crown requiring shoulder finish line on the labial aspect for
metal ceramic finish and chamfer finish line palatally for metal
finish using standard tooth preparation burs (Shofu Inc.,
Kyoto, Japan).

Teeth allocated in Group A were prepared with freehand
approach without using any extra guide for preparation. Before
starting tooth preparation for Group B, one more silicon putty
index was prepared including one tooth on either side of the
tooth being prepared. This index was sectioned vertically and
horizontally using scalpel. This sectioned index was used as a
guide during tooth preparation procedure to check and recheck

Figure 3: Silicon putty index used as a guide for preparation of Group
B samples

at each step whether the required amount of tooth preparation
is achieved or not [Figures 3 and 4]. For teeth allocated in
Group C, the labial and incisal reduction were done with
depth gauge burs (Shofu Inc., Kyoto, Japan) (1.5 mm). Palatal

reduction in this group was completed using freehand approach.

After the tooth preparation for each group was completed,
silicon putty index made prior to tooth preparation was
reconstructed and a light body addition cured silicone of
contrasting color, injected into the index to occupy the space
created by tooth preparation. The index was then sectioned
axially along the midline of the prepared tooth with a scalpel
and the left-hand side mounted on a microscope slide. An optical
microscope (Olyrnpus), with a resolution of £0.02 mm, attached
to a personal computer was used to capture an image of the
sectioned relined index [Figure 5]. The magnification used for the
measurement was X 10. Images captured by optical microscope
were subsequently analyzed by image analysis software (Klonk

Image Measurement) by [image measurement corporation|.

Measurement protocol
As shown in Figure 6, contrasting colored light bodied silicon
thickness gave the actual amount of preparation depth. After

transferring tmages for each specimen to computer, image

Aquasil ca,,
Soft Putty/Regular Seq

Figure 2: Addition cured silicon impression material — soft putty and
light-bodied consistency

0D 1000 o
TN,

TR e

Figure 4: Group B samples prepared with silicon putty index as a guide
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analysis software (Klonk Image measurement) was set for
millimeter unit measurement. After unit setting for particular
image, line was drawn across the thickness of the light-bodied
silicon that we wanted to measure. When we completed the
line and left the cursor, software gave the length of that line in
mm [Figure 6]. After dividing that reading by magnification
factor 10, we got the preparation depth for that area. This
procedure was repeated at five sites namely the labial-cervical,
mid-labial, incisal, mid-palatal and palatal-cervical aspects on
two occasions. These results were averaged to give a mean labial,
incisal and palatal reduction for each preparation.

Statistical analysis

Statistical analysis was performed using analysis of variance
and then Tukey honestly significantly different tests for
comparisons among groups at the 0.05 level significance

[Tables I and 2].

RESULTS

The mean depths of labial, incisal and palatal preparation
for Groups A, B and C are summarized in Table 1 and
Figure 7.

For labial and incisal preparation, mean values of Group A
were signiﬁcantly Jower than the mean values in Group B
and Group C (P < 0.001) and Group B and Group C were
nonsignificant to each other (P > 0.05) [Table 2].

For palatal preparation, mean values of Group A were significantly
lower than the mean values in Group B and Group C(P<0.001)
and mean values of Group B were significantly lower than the

mean values in Group C (P < 0.001) [Table 2].

Table 1: Mean and SD of labial, incisal and palatal preparation for
Groups A, B and Cin mm where **is equal to highly significant

Groups Labial preparation Incisal preparation Palatal preparation

A (n=30) 1.23+0.03 1.72+0.05 0.46+0.02
B (n=30) 1.45+0.02 1.96+0.03 0.54+0.03
C (n=30) 1.47+0.01 1.95+0.03 0.59+0.02

F(P) 687.14 (<0.001**)  289.65 (<0.001**) 155.69 (<0.001**)
**Highly significant P<0.001. SD: Standard deviation

Table 2: Post-hoc statistical analysis by Tukey HSD test for
multiple comparisons among groups where **is equal to highly
significant

Preparation Groups Mean difference
Labial A versus B -0.22**

A versus C -0.23**

B versus C -0.02
Incisal A versus B -0.23**

A versus C -0.22**

B versus C 0.01
Palatal A versus B -0.07**

Aversus C -0.12**

B versus C -0.05**

**Highly significant P<0.001. HSD: Honestly significantly different

DISCUSSION

The predictability and consistency of positive clinical results,
validated by long-term scientific evidence, the ease and

Figure 5: Microscopic view: Relined and sectioned index of Group B sample

Figure 6: How to measure preparation depths on image captured
from microscope
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Figure 7: Comparison of preparation depths for incisal, labial and
palatal preparations between Groups A, B and C through graphical
presentation
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accuracy of the conventional casting procedures, as well as
the ﬁndings of rare adverse reactions to precious alloys have
made porcelain-fused-to-metal crowns and bridges more and
more popular and widespread over time.* This study found
that under-preparation of the labial aspect of teeth occurred
when a freehand approach was adopted for the preparation
of teeth to receive metal ceramic crowns. This ﬁnding is 1n
favor of the studies done by Aminian and Brunton™ which
stated that when teeth were prepared using freechand approach,
under-preparation is common on labial aspect.

If there is to be the sufficient bulk of porcelain for appearance
and metal for strength, adequate reduction of the labial surface
is essential. The exact amount of reduction will depend to
some extent on the physical properties of the alloy used for
the substructure as well as on the manufacturer and the shade
of the porcelain. A minimum reduction of 1.5 mm typically
is required for optimal appearance. The adequate thickness
of porcelain is needed to create a sense of color depth and
translucency. Shade problems are frequently encountered in
maxillary incisor crowns at the incisal and cervical thirds of the
restoration, where direct light reflection from the opaque layer
can make the restoration appear very noticeable.”’

The labial aspect of the preparation, particularly in the cervical
region, requires careful consideration during tooth preparation
to prevent under-preparation. This will affect the emergence
profile of the restoration and cause technical difficulties when
the restoration is produced, possibly with insufficient porcelain
or metal or an over bulbous crown. Parkinson''® in his study
concluded that the creation of artificial crown contours that
are greater than natural tooth convexities must be considered
a parameter promoting endemic plaque niches. Under-reduced
finish lines may also predispose the restoration to technical
failure arising from metal flexure and subsequent porcelain

fracture or cement loss.

In this study, under-preparation of the incisal surfaces of teeth
occurred when a freehand approach was adopted for the preparation
of teeth to receive metal ceramic crowns. This finding is not in favor
of study done by Aminian and Brunton!*”! according to which over
reduction of incisal surfaces of teeth occurred when teeth were
prepared with freehand approach to receive metal ceramic crowns.
However, it may be due to the fact that Brunton et al. had carried
out their study on typodont teeth mounted in individual plaster
block without any adjacent teeth for visual comparisons whereas
this study was carried out on typodont teeth mounted on Worl(ing
model where adjacent and opposing teeth were present for visual
comparisons even during freechand approach.

The incisal edge of a metal ceramic restoration has no metal
backing and can be made with a translucency similar to that

of natural tooth structure. An incisal reduction of 2 mm is
recommended for good esthetics. Labial and incisal reduction
was found to be accurate and consistent when teeth were
prepared with the aid of depth gauge burs and silicone indices;
consequently, the null hypothesis was rejected.

Results of this study showed over reduction of palatal surfaces
of teeth when prepared with depth gauge burs and with the use
of putty index as guide compared with freehand approach that
showed nearly ideal palatal reduction. This finding is also in
favor of the study done by Aminian and Brunton'"/ according
to which over reduction of palatal surfaces of teeth occured
when teeth were prepared with depth gauge burs.

Tooth surfaces prepared with a freechand approach in this
study (all surfaces of Group A teeth and palatal surfaces of
Group C teeth) relied solely on visual acuity to assess the
amount of tissue removal. Comparing the prepared tooth with
an adjacent unprepared tooth may assist this visual decision
making, Visual perception is also necessary for directly assessing
preparation depths when indexes are used. When replacing the
index over the prepared tooth, the depth of preparation must
be evaluated and adjusted accordingly. The potential limitations
of visual assessment of preparations may account for the
underprepared labial aspects of the preparations performed
with a freehand approach. A freehand approach was used for
the preparation of the palatal aspect of teeth in Group A, and
accurate reduction was achieved. Further research is necessary to
investigate why freehand preparation of palatal surfaces appears
to be more accurate than freehand reduction of the labial surface.

Group B teeth prepared with the use of a silicone index
displayed accurate labial and incisal depth of preparation,
although the palatal reduction tended to be somewhat excessive.
Similarly, the palatal surface was over prepared to a statistically
significant level when a depth gauge bur was used. Further
research is necessary to investigate a possible pattern of palatal
over preparation when index and depth gauge burs are used to
aid in assessing tooth removal.

In comparing the depth of preparation at the labial cervical and
mid-labial aspects, it is possible to evaluate each technique in
terms of maintaining the 2 or 3 anatomic planes of the labial
profile. This is an important consideration, because failure to
reproduce the anatomic planes of the natural tooth during
tooth preparation will create further technical limitations in
terms of providing the best esthetic result, as well as needlessly
sacrifice further tooth tissue and cause loss of retention and
resistance form. Anatomic preparation of the labial aspect
of the tooth may be more readily achieved with the use of
indexes or depth gauge burs, but further research is needed to

establish this.
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In this study, tooth preparation was done by single operator and
there is a scope for further research in future by two dentists
one of which should be relatively inexperienced and the other
should have good experience of this field to check whether
experience makes any difference to the results of freehand

preparation or not.

Clinical implications

The major factors in the failure of metal ceramic crowns like
compromised esthetics, poor emergence profile, distortion of
the metal substructure during fabrication can be overcome
by achieving adequate preparation depths using putty index
and depth gauge burs during tooth preparation. The different
methods of preparation techniques discussed in this study must
be selected according to the clinical situation. The presence and
degree of tooth surface loss (particularly erosion) may affect
the choice of the preparation technique. In such instances, a
freehand technique or the use of indexes may be considered
more appropriate to prevent over-preparation, which is likely to
occur if a depth gauge bur graduated to a depth of 1.5 mm is
used routinely. The replacement of an existing crown will also
influence the choice of technique. A depth gauge bur will be
of limited use in this situation and will only prove effective if
the preexisting crown is replaced with one of a provisional or
temporary material. An index would provide the best means
of comparing and assessing depth of removal between the

preexisting and replacement crown.

Possible limitations

Visual perception is necessary for directly assessing preparation
depths when indexes are used. Reliance on visual examination
provides a subjective element to the analysis of preparations,
which could lead to inaccuracy and variation. Studies evaluating
the accuracy of visual perception report a tendency for clinicians
to underestimate the size of shoulder widths and caliper test

13171 The nature of a depth gauge bur, however,

sizes of I mm..
allows tooth removal in sagittal and transverse planes. Depths
of reduction in a sagittal section were the only points of analysis
in this study, and further research is necessary to analyze and
compare the effects of depth gauge burs and sectioned indexes
on transverse and sagittal planes other than in the midline. In
this study preparation depth was used to check the accuracy
and consistency of tooth preparation but preparation depth 1s
not the sole criteria and clinician should also consider the other
factors like resistance and retention form, convergence angle,
marginal integrity, structural durability and complete preparation
geometry as a whole to achieve the best possible results.

CONCLUSION

Within the limitation of this study, it can be concluded
that tooth preparation for metal ceramic crown with

freehand approach is not reliable because of the tendency to
underprepare tooth on labial and incisal surface. Therefore,
whenever the clinical situation permits, considerable
importance should be given to the use of putty index and

depth gauge burs.
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