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Comparison of Internal and Marginal
Adaptation of Posterior Zirconia Fixed Partial
Dentures Performed by Conventional Versus
Digital Impression
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Abstract

The aim of this study was to compare internal and marginal adaptation of posterior zirconia fixed partial dentures (FPDs) performed
by conventional and digital impression techniques. A cobalt-chromium model (Co-Cr model) with abutments 14 and 16, and edentulous area
at 15 was prepared. Two groups of the three-unit zirconia FPDs (n=5) were fabricated by two different impression techniques. In Group 1:
Conventional impression technique, the Co-Cr model was conventionally duplicated by the putty-wash technique, using polyvinyl siloxane
dual-viscosity impression materials. Gypsum models were then fabricated and scanned with a laboratory scanner. In Group 2: Digital impression
technique, the Co-Cr model was digitally scanned by an intraoral scanner. All FPDs of both groups were then designed and fabricated on the
digital models. Marginal and internal gap widths of each abutment were investigated using micro- computer tomography. Mean marginal gap
widths were not significantly different between two groups (P>0.05). However, in terms of internal gap widths, significant difference between

both groups was found. The internal gap width at occlusal surface of abutment 14 (Group2) showed the highest value (154.54+9.39 um).

Keywords: Marginal adaptation/ linternal adaptation/ Micro-CT/ Zirconia fixed partial dentures

Introduction

One of the most critical steps in the
fabrication of fixed prostheses is the capture of an
accurate oral structure.’ Traditionally, a conventional
impression technique has been used to capture
intraoral structures. However, this technique has many
disadvantages such as a risk of gag reflex during
impression procedures, discomfort (by odor or taste),
the need for disinfection and storage of the impression
materials and trays, and distortion due to mixing of the
impression materials and variable temperatures. *
Digital impression systems have been developed to
overcome these disadvantages. Digital impressions
eliminate several time-consuming steps in the dental
office including tray selection, dispensing and setting of
materials.” The transfer of digital information does not
require disinfection, and transportation, or fabrication

of a gypsum model for articulation. Thus, the potential
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for dimensional inaccuracies is eliminated or at least
reduced.”

The accuracy of impression in the fabrication
of fixed prostheses resulting in the success of the
restorations. ** Marginal and internal adaptation are
crucial factors in increasing the longevity of the
restoration.” When the marginal gap is large, the surface
of the cement is exposed causing dissolution of the
cement. " An inadequate fit does not only lead to
plaque accumulation which increases the risk of carious
lesions, but also lead to endodontic inflammations
and periodontal diseases especially in those with
subgingival margins.”"

The purpose of this study was to investigate
the effect of different zirconia FPDs impression
techniques on internal and marginal adaptation.
Materials and Methods
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A Co- Cr model representing a maxillary
second premolar (tooth 15) and a maxillary second
molar (tooth 17) as abutments for the fabrication of
zirconia three- unit FPD was prepared (Figure 1). The
finish line of both abutments was 1 mm wide
circumferential chamfer. The angle of total occlusal
convergence (TOC) was 8 degrees. The height of both
abutments was 4 mm and all sharp edges were
rounded. (Figure 1)

Two groups of three-unit zirconia FPDs were
fabricated by two different impression techniques

(Figure 2); a conventional impression technique (n=>5)

and digital impression technique (n=5).

Figure 1 A Co-Cr model representing a maxillary second
premolar (tooth15) and a maxillary second molar
(tooth17) as abutments of three-unit zirconia fixed
partial denture

Figure 2 A Co-Cr model with the three-unit zirconia fixed partial
denture

Conventional impression technique The
Co-Cr model was duplicated by a double mix-double
impression technique (putty-wash technique), using
polyvinyl siloxane dual-viscosity impression materials
( Silagum, DMG, Germany) in a customized Co- Cr
special tray. Five impressions of the Co-Cr model were
performed at room temperature by one investigator.
To ensure adequate polymerization, the impressions
were allowed to polymerize according to the
manufacturer’s recommendations. The impressions
were poured by Smartmix vacuum- mixing machine
(Amann Girrbach, Germany) with dental stone type IV
(GC FujiRock® (Pastel Yellow), GC, USA). Each poured
model was then scanned with a laboratory scanner
(inEos X5°%; Sirona dental, AG. Germany) by the same
investigator.

Digital impression technique Five digital
impressions of the Co-Cr model were made with the
intraoral scanner ( CEREC Omnicam, Sirona dental,
AC,Germany). Each digital file (.STL) was used to
fabricate each zirconia FPD.

Computer- aided- design and Computer-
aided- manufacturing ( CAD/ CAM) The FPDs were
designed using CAD software of Cerec software 16.1
(Sirona dental systems). The inCoris TZI Zirconia
blocks 40/ 19 size 40x19x15 mm (Sirona, Germany)
were milled in the milling machine (inLab MC X5,
Sirona, Germany). The milled FPDs were sintered by
the sintering furnace ( inFire HTC Speed; Sirona,
Salzburg, Germany).

Micro- computer tomography (Micro-CT)
Prior to the micro- CT measurements, the optimal
seating of all zirconia FPDs on the Co-Cr model was
inspected by an experienced operator. The micro-CT
measurements of marginal and internal gaps of FPDs
without cementation were performed using Skyscan
Micro-CT (Skyscan 117 3; Bruker, Kontich, Belgium).
The scanning parameters were as follows: 130 kV
voltage, 61 YA current and 0.25 mm brass filter. The
specimens were scanned for 360 degrees (1 complete
rotation) at 7 frames per rotation step of 0.1 degree.

The average scanning time of each specimen was
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approximately 4 hours and 48 minutes. The x-ray was
irradiated perpendicular to the preparation long axis,
and the image size was 15. 14 ym. The x-ray
projections were reconstructed using SkyScan’ s
volumetric reconstruction software (SkyScan NRecon
1.6.8.0, Kontich, Belgium). The reconstruction settings
were level 20 ring artifact correction and 20% beam
hardening artifact correction. Then, the DataViewer
software V 1.5.4.6 (Kontich, Belgium) was used to
generate 3 image views: coronal (x-z plane), sagittal
(y-z plane), and transaxial (x-y plane). These views
were used to locate the mesiodistal and buccolingual
positions of the FPD.

Gap measurements After computerized
reconstruction of the images, the CTAn software
(CTANn 1.13; Bruker, Kontich, Belgium) was used to
locate a point of measurement. All measurements
were performed manually by an experienced

operator because the presence of small radiographic

artifacts precluded the use of any automatic tools.
Ten measuring points were used to determine the gap
width between the FPD and the model, starting from
the most distal point from the pontic for the maxillary
first premolar and first molar.'*"" Point 1 and point 10
refer to a site of marginal gap; while, point 2 to point
9 refer to a site of internal gap. Each site was measured
three times and the average value was recorded.
(Figure 2)

Statistical analysis was performed using SPSS
Statistics Software (SPSS, 23.0, SPSS Inc., Armonk, NY,
USA). Symmetrical distribution of the gap widths was
analyzed by Shapiro- Wilk test. The equality of
variances of two experimental groups was performed
by Levene’s test. The difference between the mean

gap widths of two experimental groups was analyzed

using t-test and Mann Whitney U test at a significance
level of 0.05.

Figure 2 Measuring points selected for gap width measurements: (A) Ten measuring points of abutment tooth 14, (B) Ten

measuring points of abutment tooth 16 Point 1 — marginal gap: perpendicular measurement from the internal surface

of the restoration to the finish line of the abutment, Point 2 — chamfer area: 800 um vertically occlusal to the finish

line of the abutment, Point 3 — axial wall: A half of distance from occlusal area to the finish line of the abutment, Point

4 - axio-occlusal transition area: transition from the occlusal plateau to the axial wall, Point 5 — occlusal area: 500 um

horizontally away from the axio-occlusal transition area in the direction of the center of the occlusal plateau, Point 6, 7,

8, 9 and 10 were the contralateral points of point 5, 4, 3, 2, and 1, respectively, on the same abutment.

Figure 3 Gap width measurements: (A) One measuring point of abutment tooth 14, (B) A magnification of measuring point of (A)
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Results

The mean values of marginal and internal
gap widths of two groups are summarized in Tablel.
For digital impression technique, the highest internal
gap width was 154.54+9.39 um at point 6 of the
premolar and the highest marginal gap width was
68.56+8.42 pm at point 10 of the premolar; while, the
lowest internal gap width was 71.65+11.11 ym at
point 9 of the molar and the lowest marginal gap
width was 60. 20£11. 94 pm at point 10 of the
premolar. For conventional impression technique, the
highest internal gap width was 134.31+3.22 pm at
point 5 of the molar and the highest marginal gap
width was 79.65+8.74 um at point 1 of the molar;

Table 1
Digital

Point 1 Premolar 65.95 + 5.15
Molar 61.03 + 6.90
p-value 0.24

Point 2 Premolar 82.44 + 9.90
Molar 73.68 + 6.83
p-value 0.14

Point 3 Premolar 94.04 + 9.79
Molar 92.25 + 5,51
p-value 0.73

Point 4 Premolar 131.51 + 798
Molar 120.57 + 12.35
p-value 0.14

Point 5 Premolar 147.28 + 11.39
Molar 136.15 + 12.58
p-value 0.18

Point 6 Premolar 154.54 + 9.39
Molar 149.24 + 14.06
p-value 0.50

Point 7 Premolar 133.71 + 10.18
Molar 133.02 + 15.59
p-value 0.94

Point 8 Premolar 90.41 + 10.76
Molar 96.66 + 6.20
p-value 0.29

Point 9 Premolar 83.05 + 7.63
Molar 71.65 +11.11
p-value 1.00

Point 10 Premolar 68.56 + 8.42
Molar 60.20 + 11.94
p-value 0.24

Significant difference at P<0.05

while, the lowest internal gap width was 92.97+9.76
pm at point 2 of the premolar and the lowest
marginal gap width was 72.42+11.52 pm at point 10
of the premolar.

No significant difference of marginal gap
width (point 1 and point 10) between two impression
techniques in the same tooth was found. For other
measuring points, significant difference at point 4, 6, 8
and 9 was found in the first maxillary premolar, while
in the maxillary first molar, only three measuring
points (point 2, 5 and 9) showed significant difference.
Within the same impression technique, no significant
difference was found between both abutment teeth

at all measuring points:

Gap widths in pm (mean + SD) at ten measuring points based on impression techniques and abutment teeth

Conventional p-value
72.42 + 11.52 0.29
79.65 + 8.74 0.06
0.30

9297 + 9.76 0.13
95.66 + 3.55 0.01*
0.58

104.16 + 12.45 0.10
102.68 + 14.85 0.34
0.84

114.38 + 6.74 0.01*
117.23 + 4.08 0.22
0.44

133.98 + 7.12 0.06
134.31 + 3.22 0.01*
0.93

133.14 + 9.68 0.01*
128.68 + 5.35 0.76
0.55

120.18 + 11.05 0.08
122.64 + 6.56 0.59
0.68

106.26 + 2.66 0.03*
101.92 + 9.79 0.18
0.55

102.16 +15.80 0.01*
94.63 + 2.98 0.01*
0.69

79.14 + 555 0.10
78.56 + 3.42 0.06
0.69
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Discussion

CAD/ CAM technology in zirconia fixed partial
prostheses
Although,

complications of the zirconia restorations such as

many studies reported the

chipping of the veneering material, poor retention and

18-21 . .
the use of zirconia

presence of secondary caries,
for FPDs still has been increasingly interested due to
improvements in the esthetics and mechanical
properties of these materials such as color stability,
high wear resistance, and low thermal conductivity. 2
Since marginal and internal adaptation is an essential
factor for the success of fixed prosthesis, this study
aimed to compared the marginal and internal gap of
posterior zirconia FPDs fabricated by two different
impression techniques.

Marginal adaptation Previous studies reported
that restorations fabricated from digital and conventional
impression technigues resulted in clinically acceptable
adaptation but restorations fabricated from a digital
impression technique showed better adaptation than
those fabricated from a conventional impression
technique. *? However, Kapos and Evans “ investigated
the effect of conventional and digital fabrication
techniques and found no statistically significant
differences in both marginal and internal discrepancy. In
this study, the marginal adaptation of posterior zirconia
FPDs fabricated from two impression techniques were
also not significantly different.  Also, the marginal

adaptation between two abutments was not

significantly different. In addition, the marginal gap
width lower than 120 pm is clinically acceptable. *%°
Poor marginal adaptation in fixed prostheses leads to
increased plague retention and subsequent changes
in the subgingival microflora, leading to periodontal
disease and eventually crown failure. 22

Internal adaptation Although the uniform
50 pm cement space was managed for FPDs

fabrication, the CAD/ CAM technique cannot create a

uniform internal adaptation along all the tooth
preparation. Similar to other studies,”®” the different
measuring points presented different levels of
adaptation which may be related to the quality of
digital data, the key factor for the accuracy of the
CAD/ CAM restorations.*® The large internal gap width
could relate to the diameter and shape of the milling
instruments that are incapable of reproducing fine

34-35
In

details, especially in regions with sharp angles.
this study, the highest value of internal gap width was
found at point 6 which could be due to the limitation
of the milling technique to create the grooves and
inclined planes of occlusal surfaces.” Poorly fitting
restorations are supported mainly by the luting
cement and their longevity might be jeopardized.37
Despite different shape and morphology of the
premolar and molar, no significant differences
between gaps at all measuring points has been found.
This may be because of the capability to acquire
tooth surface details and produce the shape of these
two teeth by both digital technique and conventional
technique. One of the limitations of the study that
should be taken into account is small sample size.
Even though the size of experimental group was not
large, the number was sufficient to demonstrate the
effectiveness of the test method and highlight
significant statistical evidences.

Micro- computer tomography (Micro-CT)
Different techniques and tools are available to

25,38,39 .
" The micro-

evaluate the restoration adaptation.
CT nondestructive analysis method was considered to
be a useful tool to measure the adaptation of three-
unit FDPs. This measurement method allows high
resolution investigation of the internal and marginal
gap between tooth preparation and the restoration.
The scanning procedure was performed without
cementation to improve the contrast between the
metal die and the FPD.” Limitations of the micro-CT
are due to, for example, limited X-ray flux, use of

polychromatic radiation (in laboratory systems), finite
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resolution, discrete sampling and X-ray scatter causing
artefacts such as ring artefacts, streak artifacts and
noise in the reconstructed image. ** However, zirconia
FPDs produces small artifacts that preclude 3D
analysis of the cement space.34 Thus, the micro-CT
technology which has been recommended in many

41,42

studies can be a reliable tool to evaluate the

adaptation of FPDs.

Conclusions

Within the limitations, it could be concluded
that marginal adaptations of FPDs fabricated from the
digital impression technique and the conventional
impression technique were not significantly different.
However, in terms of internal gap widths, significant
difference between both groups was found. The
internal gap width at occlusal surface of premolar
showed the highest value. All measured gap widths

fall within clinically acceptable ranges.
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