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ABSTRACT
Aim: To evaluate the marginal and internal fit of laboratory-
fabricated monolithic zirconia crowns using direct and indirect 
methods of scanning.

Materials and methods: A stainless steel master model was 
selected, which included stainless steel die, outer cap, and 
inner cap. The study was divided into two groups. In group I, 
direct method of scanning was carried out in which the stain-
less steel die was scanned directly with chairside scanner, 
and in group II, impression of the stainless steel die was made 
and gypsum die was fabricated, which was then subjected to 
scanning. Zirconia blanks or blocks were milled, sintered, and 
polished to obtain 10 zirconia crowns of each group. Replica 
technique was used to evaluate fit of crowns by using light body 
as cement analog. The crowns were then sectioned, viewed 
under a stereomicroscope, and each predetermined region was 
measured and evaluated for marginal and internal fit.

Results: The descriptive statistics showed that the mean 
marginal fit for indirect method was higher compared with that 
for direct method. The results of paired-sample t-test revealed 
that mean marginal and internal fit for indirect method was on 
the upper side of the scale, whereas the mean for the direct 
method is on the lower side of the scale. Thus, the difference 
in the means of two methods was quite large and likely to be 
significant.

Conclusion: The results did show better marginal and inter-
nal fit in crowns fabricated by the direct method; however, the 
crowns fabricated by the indirect method had more discrepancy, 
but were in the clinically acceptable limit.

Clinical significance: The present study would serve as a 
useful guide in deciding which method of scanning would give 
a better marginal and internal fit of monolithic zirconia crowns 
for longevity of restorations.

Keywords: Computer-aided design/computer-aided manufac-
turing, Monolithic, Replica technique.
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INTRODUCTION

The aim of prosthodontics is to replace missing teeth and 
restore those that are mutilated. The restorations should 
fit accurately, have the desired form, and fulfill esthetic 
and functional requirements. Success of fixed restorations 
depends to a large extent on the fit between restorations 
and prepared tooth structure. Fabrication of restorations 
by the conventional lost wax technique is influenced by 
the dimensional properties of wax, investment material, 
and the casting alloy used. The casted restorations may 
have imperfections due to the porosities or corrosion-
prone mixed crystals.1

Restorations can be fabricated by the computer-aided 
design/computer-aided manufacturing (CAD/CAM) 
technology in which they are milled from blocks of base 
metal alloy, ceramic, zirconia, or resin as an alternative 
to the conventional lost wax technique.

The major developments of dental CAD/CAM 
systems occurred in the 1980s. There were three pioneers, 
in particular, who contributed to the development of the 
current dental CAD/CAM system – Duret and Preston,2 
Mörmann et al,3 and Andersson and Oden.4

The present CAD/CAM technology requires acqui-
sition of data, which is done by digitalized mechanical 
scanning. The scanners could be optical, laser, or contact 
scanners utilized for this purpose. It has been reported 
that optical scanners showed minimum marginal dis-
crepancy as compared with contact and laser scanners.5 
The accepted marginal opening between 100 and 150 µm 
was considered clinically acceptable with regard to the 
success of the restorations.6-9 Restorations not having a 
proper fit may reduce longevity due to increased disso-
lution of the luting cement, leading to ingress of micro-
organism and periodontal tissue inflammation.10,11

Zirconia is available for fabrication of restoration in its 
presintered form and fully sintered form, and is available 
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in blocks or blanks. It is easy to mill the presintered zirco-
nia and later sinter it to achieve the final restoration, using 
CAD/CAM technology.

The marginal and internal fits of zirconia restora-
tions fabricated by CAD/CAM technology are better 
as compared with the restorations fabricated by the lost 
wax technique.

This study was, therefore, planned to evaluate the 
marginal and internal fits of laboratory-fabricated zirco-
nia crowns by direct chairside method of scanning and 
indirect method of scanning.

MATERIALS AND METHODS

A stainless steel master model was selected, which 
included master die simulating prepared premolar with 
4.5 mm height, 6° taper, and 120° chamfer as finish line, 
with customized outer cap 3 mm in thickness simulat-
ing the custom tray and inner cap 2 mm in thickness 
simulating the spacer.

The study was divided into two groups: In group 
I, direct method of scanning was done using chairside 
direct scanner (APOLLO DI, SIRONA) (Fig. 1) in which 
master die was powdered and scanned to obtain three-
dimensional (3D) images of the master die on the com-
puter attached to the scanner. The finish line was obtained 
and 40 µm spacer was used to fabricate the crowns. The 
coping followed by the superstructure of first premolar 
was virtually designed, and zirconia blocks were sub-
jected to milling, sintering, and glazing of crowns.

Following the same procedure, the master die was 
powdered and scanned another nine times, and the 
powder layer from the master die was removed by steam 
at every scan and renewed before each scan was done, 
followed by virtual designing of crowns, and then the 
blocks were subjected to milling, sintering, and glazing 
to obtain a total of 10 monolithic zirconia crowns (Fig. 2).

In group II, indirect method of scanning was carried 
out. In this, two-stage impression technique of the master 
die was made (Fig. 3), and the impression obtained was 
poured in type IV gypsum with standardized water 
powder ratio to obtain a gypsum die (Fig. 4), which was 
then subjected to scanning. Scanning was carried out 
using indirect scanner CAD/CAM unit (LAVA™ SCAN 
ST Design system, 3M ESPE) (Fig. 5) and 3D image was 
obtained, which was virtually designed. Finish line was 
obtained and 40 µm spacer was used to fabricate the 
crowns. The coping followed by superstructure of first 
premolar was virtually designed and obtained from the 
software.

Following the same procedure, another nine type 
IV gypsum dies were scanned and virtual designing of 
crowns was done to mill the zirconia to obtain a total 
of 10 monolithic zirconia crowns (Fig. 6). Thus, 10 well-
polished monolithic zirconia crowns were obtained for 
each group and numbered 1 to 10 for group I and 11 to 
20 for group II for identification.

Fig. 1: Direct scanning of master die Fig. 2: Monolithic zirconia crowns – group I

Fig. 3: Impressions of master die – group II
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Evaluation of Marginal and Internal Fit

The marginal and internal adaptations of all monolithic 
zirconia crowns were evaluated using the replica tech-
nique. In this technique, vinyl polysiloxane impression 

material – light body [FLEXCEED (GC)] was used as the 
cement analog. A load of 20 N was applied to the occlusal 
surface of monolithic zirconia crown for 5 minutes while 
they were in the Instron testing machine for standardiza-
tion of procedure.12

After the light body silicone had set, monolithic zirconia 
crowns containing the light body were removed from the 
master die and the space occupied by the master die was filled 
with type IV gypsum following standardized procedure.

Similarly, remaining zirconia crowns numbering 2 to 
20 of groups I and II were subjected to occlusal load one 
after the other in Instron testing machine and removed 
from the master die after light body had set. In a similar 
standardized manner, the samples 2 to 20 were poured 
with type IV gypsum, in the space occupied by the master 
die which were numbered 2 to 20 (Figs 7A and B).

Sectioning of Crowns

A DFS diamond disk (DIAMON) was used to cut the 
monolithic zirconia crowns in the occlusal–gingival 

Fig. 6: Monolithic zirconia crowns – group II

Fig. 4: Type IV gypsum dies – group II Fig. 5: Indirect scanning of type IV gypsum die

Figs 7A and B: Zirconia crowns mounted in type IV gypsum

A B
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direction into two equal parts (Figs 8A and B). The mid-
point of the buccal and lingual surfaces of the crowns was 
marked to standardize sectioning. These were observed 
and photographed under a stereomicroscope (Fig. 9) 
(Wuzhou New Found Instrument Co. Ltd, China) to 
visualize the discrepancy in marginal and internal fits.

RESULTS

Evaluation Parameters

The images obtained from the stereomicroscope were 
transferred to the computer, and ImageJ software was 
used to perform the measurements.

The cement analog thickness was measured in five 
predetermined regions (Fig. 10).13

1. Marginal fit: Perpendicular measurement from 
the internal surface of the crown to the margin of  
the die

2. Chamfer area: 800 µm occlusal to the margin of  
the die

3. Axial wall: Internal adaptation at the midpoint of the 
axial wall

4. Axio-occlusal transition area: Transition from the occlu-
sal plateau to the axial wall

5. Occlusal area: 500 µm from the axio-occlusal angle in 
the direction of the center of the occlusal plateau.
Location 1 represents marginal fit and locations 2, 3, 4, 

and 5 represent internal fit of the crown.14,15 All measure-
ments were manually taken, and the measuring locations 
were standardized to minimize errors.

Selecting appropriate statistical test: In this study, 
we are examining the effect of scanning methods 
(independent variable) on the dependent variables. 
The scores are measured repeatedly twice on each 
crown. Hence, a paired-samples t-test will be the most 
appropriate statistical test, provided the assumptions 
hold (Table 1).

Graphs 1 to 5 reveal that the mean marginal fit and 
internal fit for indirect method is on the upper side of the 
scale, whereas the mean for the direct method is on the 
lower side of the scale for each predetermined region. 
Thus, the difference in the means of two methods is quite 
large and is likely to be significant.

In summary, the present data supported the fact 
that the marginal and internal fit by direct method is 
statistically different than indirect method at each pre-
determined region.

Fig. 9: Stereomicroscopic image Fig. 10: Schematic representation of the measuring areas of 
sectioned zirconia crown

Figs 8A and B: Sectioned zirconia crowns

A B
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Graph 1: Graph of marginal fit of two methods Graph 2: Graph of chamfer area of two methods

Graph 3: Graph of axial wall of two methods Graph 4: Graph of axio-occlusal angle of two methods

DISCUSSION

The marginal and internal fit of restorations is of particu-
lar interest and an important quality criterion for evalua-
tion of dental restorations. The presence of marginal and 
internal discrepancies leads to increased dissolution of 

the luting cement, creating an area of biofilm develop-
ment that leads to caries and periodontal disease, thereby 
reducing the longevity of restorations.

The accuracy of CAD/CAM restorations depends on 
the CAD/CAM system and on the materials used. Errors 

Table 1: Comparative marginal and internal fit evaluation of groups I and II

Sample Marginal fit Chamfer area Axial wall Axio-occlusal angle Occlusal area
Crown I II I II I II I II I II
1 23.65 62.92 33.32 98.43 28.82 72.62 33.78 118.59 30.85 84.51
2 24.04 58.21 37.63 94.42 29.54 67.84 38.36 114.52 32.43 81.28
3 26.97 69.43 38.21 103.44 32.61 81.42 38.43 121.83 34.56 93.32
4 22.45 50.04 35.67 91.60 27.68 62.84 36.40 111.77 30.21 76.84
5 20.68 53.26 29.80 90.40 25.71 64.55 30.30 110.49 27.84 77.04
6 28.76 62.26 37.32 98.34 33.04 72.28 38.23 118.53 35.62 84.97
7 21.90 58.95 35.78 96.56 28.76 67.97 36.78 116.46 31.48 82.57
8 22.53 58.97 33.57 94.68 29.81 72.44 34.97 114.56 31.69 83.26
9 19.80 60.23 31.78 92.68 25.57 69.29 32.90 113.83 28.36 79.82
10 20.84 64.56 32.56 101.63 27.82 75.57 33.69 119.62 29.63 88.34
Mean 23.16 59.88 34.56 96.22 28.94 70.68 35.48 116.02 31.27 83.20
All values were in micrometer (µm); group I: Direct method of scanning; group II: Indirect method of scanning
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may occur in any step of the process chain starting from 
impression making, extraoral or intraoral digitization via 
CAD/CAM up to final sintering.

Groups I and II presented a similar pattern, larger 
mean fit values in the axio-occlusal angle followed by 
occlusal area, chamfer area, axial wall, and marginal 
fit locations. Reich et al16 also reported differences in 
the restoration fit according to the measuring locations. 
These studies reported an increase in the mean gap 
values from the marginal area to central measuring 
locations, suggesting that the adaptation of CAD/
CAM restorations is less accurate in the internal areas.

The crown produced by direct and indirect method 
showed a significantly lesser fit at the axio-occlusal 
angle and occlusal area. This finding could be partially 
explained by limitations in the scanner resolution, which 
may produce slightly rounded edges. A phenomenon 
called “point clouds” that occurs during the scanning 
process could be transformed by the software in an area 
with internal imperfections that can result in adaptation 
interferences in both marginal and occlusal areas. The 
metal model used in this study has a small size, which 
could generate “point clouds,” since smaller the scanned 
area, the greater the chance of errors in reproducing fine 
details.17

CONCLUSION

The results did show better marginal and internal fit 
in crowns fabricated by the direct method; however, 
the crown fabricated by the indirect method has more 
discrepancy, but was in the clinically acceptable limit. 
Both methods can be employed for fabrication of 
zirconia crowns depending on the operator’s prefer-
ence of carrying out chairside scanning or laboratory 
scanning.

CLINICAL SIGNIFICANCE

The result of the present study may serve as a useful 
guide in deciding which method of scanning would give 
a better marginal and internal fit of monolithic zirconia 
crowns fabricated by direct and indirect methods of 
scanning, so that the longevity of the crowns in clinical 
situation can be predicted.
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Graph 5: Graph of occlusal area of two methods


