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ABSTRACT

Marginal adaptation of full-coverage restorations is an important factor determining their long-term success.
Preparation design and finish line can significantly affect marginal adaptation. This study aimed to assess the
effect of deep chamfer and sloped shoulder finish lines on marginal adaptation of zirconia restorations. In this in
vitro, experimental study, a standard die measuring 7 mm in length and 5 mm in diameter received sloped
shoulder finish line with 1 mm depth at one side and deep chamfer finish line with 0.8 mm depth at the other side
with 10° taper. Ten impressions were made of the die and poured with epoxy resin. Ten zirconia copings
(Ceramill) were fabricated and vertical gap (at one point for each finish line) before cementation and marginal
gap and internal gap (at five points for each finish line) after cementation (with glass ionomer under 5 N load
for 10 minutes) were measured using a scanning electron microscope (SEM). The mean values were compared
using t-test. Vertical gap was 42.06+15.2 um for deep chamfer and 25.2+10.3 um for sloped shoulder design.
Marginal gap was 98.3+7.06 um for deep chamfer and 94.3#27.17 um for sloped shoulder design. The internal
gap was 154.75+46.94 um for deep chamfer and 162.35+43.49 um for the sloped shoulder design. The difference
in vertical gap was significant between the two designs (P<0.01) while the difference in marginal and internal
gap was not significant (P>0.05). The results showed that the preparation design had no significant effect on
marginal gap of zirconia restorations but affected the vertical gap.
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Assessment of the marginal adaptation of dental destruction and treatment failure. Marginal
restorations is important to determine their adaptation of full-coverage restorations plays an
clinical efficacy. Clinicians have always tried to important role in their long-term success.
minimize the marginal gap of restorations. Cement Evidence shows that marginal gap can be 34 to
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120 u for all ceramic restorations [1, 2]. Marginal
gap of all-ceramic restorations depends on their
manufacturing process, preparation design and
the ceramic system used [3, 4]. A previous study
showed that 79.3% of zirconia-based fixed partial
dentures had problems in marginal adaptation [5].
Marginal adaptation of different restorations such
as inlays, onlays, veneers and fixed partial
dentures (crowns) has been previously evaluated
[6-8].

Development of computer aided design/computer
aided manufacturing (CAD/CAM) systems allows
for the fabrication of alumina and zirconia crowns.
At present, use of all-ceramic restorations has
greatly increased due to improved clinical
parameters and decreased biological
complications of the gingiva as well as greater
demands for esthetics. High-strength ceramics
such as ZrO2Z manufactured by the CAD/CAM
technology are particularly popular due to having
high flexural strength and fracture toughness [9-
11]. At present, deep chamfer and sloped shoulder
designs are commonly used for tooth preparation
for  subsequent fabrication of zirconia
restorations. However, information about the
effect of these preparation designs on marginal
adaptation of restorations is scarce [12].

Previous studies comparing the effect of
preparation design and finish line on marginal
adaptation have shown controversial results. For
instance, a previous study compared the effect of
two finish lines on marginal gap of zirconium
dioxide crowns and found significant differences.
Marginal gap in the shoulder finish line group did
not significantly change during the fabrication
process but significant changes were noted in the
chamfer group. They showed that marginal
adaptation was affected by the finish line. Glazing
significantly affected the marginal adaptation of
chamfer group. However, marginal gap was within
the clinically acceptable range [13]. Another study
was conducted on Cerec 3 and CAD/CAM crowns
with chamfer and shoulder finish line designs and
revealed that the finish line design did not affect
the marginal adaptation [14]. Considering such
controversies and limitations of previous studies,
this study aimed to assess and compare the
marginal adaptation of zirconia restorations with
sloped shoulder and deep chamfer preparation
designs.

MATERIALS AND METHODS

In this in vitro, experimental study, sample size
was calculated to be 10 samples in each group
according to previous studies [15,16]. A standard
brass die measuring 7 mm in length and 5 mm in
diameter was fabricated. Using a milling machine,
120° sloped shoulder design with 1 mm thickness
was prepared in one wall (Figure 1) and deep
chamfer design with 0.8 mm thickness was
prepared in the other wall. The walls were
prepared with 10° taper (5° each) towards the
occlusal surface (Figure 1) [17, 18].

-

/<

Figure 1: Schematic view of standard die with 120° sloped
shoulder and deep chamfer designs

A special tray fabricated by milling was used to
make impressions of the die. To standardize
impression making, a vertical groove was carved
on the base of the die, which was in alignment
with a groove carved on the special tray. This was
done to have only one path of insertion. To
prevent rotation of the coping, a 45° slope was
created in the occlusal surface of the die [18].
Using polyvinyl siloxane impression material
(Elite HD+, Light body, Zhermack, Germany), 10
impressions were made of the die. Equal amounts
of base and accelerator were mixed for each
impression using a syringe. Impressions were
poured with epoxy resin (Dalchem, Australia) with
a base to catalyst ratio of 1:2. To fabricate copings,
the samples were scanned by a scanner (Ceramill
Map 100, Amann Girrbach, Germany) and the
scans were transferred to a computer. Using
Ceramill Mind software (Amann Girrbach,
Germany), the thicknesses of the coping and die
spacer (Tru-Fit, George Taub products, NJ, USA)
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were determined to be 0.5 mm and 30 p [19].
Next, semi-sintered zirconia blocks (Ceramill Zi,
Amann Girrbach, Germany) were transferred to
the milling machine (Ceramill Motion, Amann
Girrbach, Germany). After milling, they were
sintered in Ceramill Therm (Amann Girrbach,
Germany) at 1450°C. In this study, the porcelain
veneering phase was eliminated. The fabricated
copings were placed on their respective dies and
randomly coded. Each die was divided into four
equal segments using two hypothetical lines. The
two mid-points of the two finish lines were named
points A (sloped shoulder) and B (deep chamfer).
Before cementation, vertical gap of each
preparation design at a specific point was
measured under a scanning electron microscope
(SEM; KL30, Philips, Netherlands) [18]. The
copings were then cemented with glass ionomer
cement (GC Gold Labeled, Tokyo, Japan) under 5 N
load for 10 minutes applied by the pressing
universal testing machine (Zwick, Ulm, Germany).
After 24 hours, they were longitudinally sectioned
using a trimmer (Dentaurum, Bego, Germany)
under water coolant such that each half had one of
the preparation designs. The sectioned samples
were marked and in each preparation design,
marginal gap at one point and internal gap at four
points were measured under a SEM [18]. The
distance between the coping margin and die
margin parallel to the path of draw of coping
before cementation was considered as vertical
gap. The distance between the coping margin and
the die margin perpendicular to the path of draw
of coping after cementation and sectioning was
considered as the marginal gap and the distance
between the coping margin and axial and occlusal
walls of die perpendicular to the path of draw of
coping was measured as the internal gap [20].

Figure 2: Sectioned sample for measurement of vertical
and internal gap

After measuring the vertical gap, marginal gap and
internal gap (Figures 2 and 3), data were
tabulated, the mean values were calculated and
comparisons were made using t-test [12, 17, 18].

Figure 3: Marginal gap in sloped shoulder (upper image)
and deep chamfer (lower image) finish lines

RESULTS

Vertical gap was 42.06£15.2 um for deep chamfer
and 25.2%#10.3 pm for sloped shoulder design.
Marginal gap was 98.3+7.06 um for deep chamfer
and 94.3#27.17 pum for sloped shoulder design.
The internal gap was 154.75+46.94 um for deep
chamfer and 162.35%43.49 um for the sloped
shoulder design. One-sample Kolmogorov-
Smirnov test showed that the data in the two
groups had normal distribution. Thus, Student’s t-
test was applied to compare the two groups. The
two preparation designs were significantly
different in terms of vertical gap (P<0.01).
However, the two groups were not significantly
different in terms of marginal gap or internal gap
(P=0.8 and P=0.6, respectively, Table 1).
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Table 1: Vertical gap, marginal gap and internal gap values in the two groups

Design/ Vertical gap Marginal gap Internal gap

Gag Mean  95%c1 i Max Mean 95051 Mini Maxi Mean 9505¢1  Min  Maxi
P 0 mum mum 0 mum mum ? imum mum

52.02 108.06 262.74
42.6+15.2 3318 9 69 98.3+7.06 88.54 87 110  154.75+46.94 46.78 25 238

31.58 238.98 255

25.2+10.3 18.82 7 42 94.3+27.17 5038 82 171  162.35+43.49 69.68 42 237

P<0.01 P=0.82 P=0.6

DISCUSSION

This study assessed the effect of deep chamfer and
sloped shoulder preparation designs on marginal
adaptation of zirconia restorations and showed
that marginal gap and internal gap in both groups
were within the clinically acceptable range of 50
to 220 p. Considering the lack of significant
difference, both designs can be successfully used
in terms of marginal adaptation. In our study,
vertical gap and internal gap were also measured
in addition to marginal gap. The mean vertical gap
was 42.6 for deep chamfer and 25.2 p for sloped
shoulder design. Larger gap in deep chamfer finish
line was probably due to its design, which may not
be properly scanned and thus, may show less
adaptation to the die. However, the mean internal
gap was 154.75 p for deep chamfer and 162.35 p
for sloped shoulder design. This difference may be
due to increased gap particularly in the occlusal
area in T preparation design and the significant
difference in vertical gap of sloped shoulder
group. The results showed that deep chamfer
design showed better vertical adaptation than
sloped shoulder while in terms of marginal and
internal adaptation, sloped shoulder design was
superior.

Komine et al., [21] evaluated marginal adaptation
of zirconium dioxide single crowns with shoulder,
round shoulder and chamfer finish lines. The three
groups were not significantly different in terms of
internal and marginal adaptation, and the gap
values were within the clinically acceptable range.
Ji et al, [15] compared marginal gap between
shoulder and deep chamfer finish lines with
Prettau ceramic system, Zenostar system and IPS
E.max. They showed that type of ceramic system
significantly affected the marginal gap while finish
line design had no significant effect on marginal
adaptation. Their study was different from ours in
terms of methodology and sample size.

In the current study, SEM was used for
measurement of marginal gap, which is a well-
accepted tool for this purpose [22]. Use of a

standard die to create ideal conditions was
strength of this study. However, this study had an
in vitro design and suffered the shortcomings of in
vitro investigations. Thus, generalization of results
to the clinical setting must be done with caution.

Similar studies using different types of ceramics
are required to assess their effects on marginal
adaptation. Also, the results of such in vitro
studies should be confirmed in clinical studies.

CONCLUSION

Within the limitations of this study, the results
showed that sloped shoulder and deep chamfer
preparation designs were clinically acceptable in
terms of marginal adaptation and both can be
successfully used. The difference in marginal and
internal gap between the two groups was not
significant while vertical gap was significantly
different between the two groups.

REFERENCES

1. Shillinburg HT, Hoba S, Whitsett CD,
Jacobi R, Brackett SE. Fundamentals of
fixed prosthodontics. 3rd ed. Chicago:
Quintessence, 1997: 29-37.

2. Bugurman BB, Turker SB. Clinical gap
changes after porcelain firing cycles of
zirconia fixed dentures. The Journal of
Advanced Prosthodontics. 2014;
6(3):177-84.

3. Quintas AF, Oliveira F, Bottino MA.
Vertical marginal discrepancy of ceramic
copings with different ceramic materials,
finish lines, and luting agents: an in vitro
evaluation.  Journal of  Prosthetic
Dentistry. 2004; 92(3):250-57.

4. Abduo ], Lyons K, Swain M. Fit of zirconia
fixed partial denture: a systematic review.
Journal of Oral Rehabilitation. 2010;3
7(11):866-76.

5. Sailer I, Fehér A, Filser F, Gauckler LJ,
Luthy H, Hammerle CH. Five-year clinical
results of zirconia frameworks for

Journal of Research in Medical and Dental Science | Vol. 6 | Issue 1 | February 2018 372




Amir Ali Shirian et al

J Res Med Dent Sci, 2018, 6 (1):369-373

10.

11.

12,

13.

14.

posterior  fixed  partial  dentures.
International Journal of Prosthodontics.
2007; 20(4):383.

e Silva JS, Erdelt K, Edelhoff D, Araujo E,
Stimmelmayr M, Vieira LC, Giuth ]JF.
Marginal and internal fit of four-unit
zirconia fixed dental prostheses based on
digital and conventional impression
techniques. Clinical Oral Investigations.
2014; 18(2):515-23.

Kokubo Y, Tsumita M, Kano T, Sakurai S,
Fukushima S. Clinical marginal and
internal gaps of zirconia all-ceramic
crowns. Journal of Prosthodontic
Research. 2011; 55(1):40-43.

Yeo IS, Yang JH, Lee ]JB. In vitro marginal
fit of three all-ceramic crown systems.
Journal of Prosthetic Dentistry. 2003;
90(5):459-64.

Borba M, Miranda Jr WG, Cesar PF, Griggs
JA, Bona AD. Evaluation of the adaptation
of zirconia-based fixed partial dentures
using micro-CT technology. Brazilian Oral
Research. 2013; 27(5):396-402.

Sulaiman F, Chai ], Wozniak WT. A
comparison of the marginal fit of In-
Ceram, IPS Empress, and Procera crowns.
International Journal of Prosthodontics.
1997; 10(5):478-84.

Ardekani KT, Ahangari AH, Farahi L.
Marginal and internal fit of CAD/CAM and
slip-cast made zirconia copings. Journal of
Dental Research, Dental Clinics, Dental
Prospects. 2012; 6(2):42-48.

Subasi G, Ozturk N, Inan O, Bozogullari N.
Evaluation of marginal fit of two all-
ceramic copings with two finish lines.
European Journal of Dentistry. 2012;
6(2):163-68.

Euidn R, Figueras-Alvarez 0, Cabratosa-
Termes ], Brufau-de Barbera M, Gomes-
Azevedo S. Comparison of the marginal
adaptation of zirconium dioxide crowns
in preparations with two different finish
lines. Journal of Prosthodontics. 2012;
21(4):291-95.

Akbar JH, Petrie CS, Walker MP, Williams
K, Eick JD. Marginal adaptation of Cerec 3
CAD/CAM composite crowns using two

15.

16.

17.

18.

19.

20.

21.

22.

different finish line preparation designs.
Journal of  Prosthodontics. 2006;
15(3):155-63.

Ji MK, Park JH, Park SW, Yun KD, Oh GJ,
Lim HP. Evaluation of marginal fit of 2
CAD-CAM anatomic contour zirconia
crown systems and lithium disilicate
glass-ceramic crown. The Journal of

Advanced Prosthodontics. 2015;
7(4):271-77.
Kamble VD, PaRKheDKaR RD.

Multidisciplinary approach for restoring
function and esthetics in a patient with
amelogenesis imperfecta: A clinical
report. Journal of Clinical and Diagnostic
Research: JCDR. 2013; 7(12):3083-85.

Att W, Komine F, Gerds T, Strub JR.
Marginal adaptation of three different
zirconium dioxide three-unit fixed dental
prostheses.  Journal of  Prosthetic
Dentistry. 2009; 101(4):239-47.

Nikzad S, Azari A, Arashrad M, Arashrad
G. Marginal integrity of two zirconia-
based crowns before and after porcelain
veneering. Journal of Dental Medicine.
2013; 26(1):1-7.

Nallaswamy D, Ramaingagam K, Bhatt V.
Textbook of prosthodontics. New Delhi,
India: Jaypee Brothers Medical Publishing
Lt, 2003: 571-72.

Suarez M], De Villaumbrosia PG, Pradies
G, Lozano JF. Comparison of the marginal
fit of Procera AllCeram crowns with two
finish lines. International Journal of
Prosthodontics. 2003; 16(3):229-32.
Komine F, Iwai T, Kobayashi K,
Matsumura H. Marginal and internal
adaptation of zirconium dioxide ceramic
copings and crowns with different finish
line designs. Dental Materials Journal.
2007; 26(5):659-64.

Bindl A, Mérmann WH. Fit of all-ceramic
posterior fixed partial denture
frameworks in vitro. International Journal
of Periodontics & Restorative Dentistry.
2007; 27(6):567-75.

Journal of Research in Medical and Dental Science | Vol. 6 | Issue 1 | February 2018




