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ABSTRACT

Statement of problem: The dark metal color showing through the periimplant soft tissue as
a result of poor implant placement or thin gingiva and progressive bone resorption is a common

problem in implant dentistry.

Purpose: The purpose of this study was to test the color masking effect of porcelain applied
on titanium used in fabricating the polished collar of tissue level implants to solve this problem.

Material and Methods: Type 4 commercially pure titanium disks and five porcelain dentin
shades (A2,A3,B2,C2, and D3) were used. Ten titanium disk specimens per porcelain shade were
air abraded and ultrasonically cleaned. Porcelain was condensed directly on the specimens, then
fired and finished (1200 grit SiC paper). The color (L*a*b* values) of the polished specimens were
measured using reflective spectrophotometer. The specimens were then ground and polished in
0.1 mm increments. Color was measured and AE values were calculated at each increment until the
thickness at which the color coordinates start to change. AE greater than 3.3 was considered as a
significant color mismatch detectable by the human eye. The data (n=10) was statistically analyzed
by ANOVA/Tukey test at the 95% confidence level (a = .05).

Results: AE was less than 3.3 as long as the ceramic thickness was = 0.5 mm for A2, A3, B2,
and C2 shades. For D3, AE was less than 3.3 as long as the ceramic thickness was = 0.4 mm.

Conclusions: The minimum ceramic thickness required to block the underlying titanium color
is 0.5 mm for all shades except D3 which only needs 0.4 mm ceramic thickness. L* decreased with
thickness increase. Redness a* and yellowness b*increased with thickness increase.

INTRODUCTION Market Research in September 2014 , the global
dental implants market was valued at USD 4,508.9

million in 2014 and is expected to grow to reach
of today’s modern dentistry. According to a report 4 estimated value of USD 7,879.5 in 2020 with an
on the Global dental market released by Persistence  estimated cumulated annual growth rate (CAGR)

Dental implants have become an integral part
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of 9.7% from 2014 to 2020. Globally, some of the
major drivers which help increase the demand for
dental implant treatment are rising aging popula-
tion and growing concern for oral healthcare and
the rising demand for esthetic dentistry (Persistence
Market Research. Global market study on dental
implants: Asia Pacific to witness fastest growth by
2020. Sep 2014).

tooth with dental
implants has a high success rate. However, restoring

Currently, replacement
anterior teeth with implants remains a technique
sensitive task. In the anterior region the surgical
and restorative team is challenged with esthetic as
well as functional success.'” Any impairment in the
esthetic outcome may be considered to be a failure
of the whole reconstruction.’

Titanium is the preferred material for dental
implants, because of its biocompatibility, fatigue
resistance, high elastic limit and low elastic
modulus.* However, with the current systems in the
market, it is common for the implant neck to show
through the gums as a black or dark grey line and/
or as a grayish discoloration of the periimplant soft
tissue.’ This is a major esthetic dilemma in implant
dentistry today when unfavorable soft tissue
conditions (thin periimplant mucosa, soft tissue
recessions) are present. It has been reported that
during the first year of function of an endosseous
implant, a vertical loss of 1 mm is usually observed,
at the alveolar crest, followed by an additional 0.1
mm for every subsequent year.’’ Recession will
result in progressive exposure of the implant with
the unsightly exposure of the dark metal surface.

To solve this esthetic problem the surgeon or
periodontist may attempt tissue augmentation and
grafting to increase the tissue thickness and cover
the metal exposure or showing through. Again, this
is very costly to the patient and the immediate and
long term esthetic outcome is not predictable. It is
also common for the tissue graft to fail or to have
a different color and texture from the surrounding
tissue resulting in compromised esthetics.®
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Another solution to this problem was the
introduction of ceramic abutments. The whitish
color of zirconia abutments offers favorable
esthetics compared to the grayish color of titanium
abutments.”! Lesser gingival discoloration was
reported for zirconium abutments.!! Nonetheless,
zirconia has greater opacity, making it difficult to
achievenatural tooth color. There was no evidence for
difference in patient’s esthetic satisfaction between
zirconia and metal abutments.'""'> Therefore, lithium
disilicate abutments were suggested to replace metal
abutments. While lithium disilicate abutments were
originally thought to have the potential to withstand
the physiological occlusal forces in the anterior
region’ more anterior abutment fractures were
reported for ceramic abutments when compared to
metal abutments.'!

A recent solution was introduced by Wadhwani
et al. where they developed a laboratory technique
using readily available household items that can
alter the titanium abutment color by anodization."

Anew solution is suggested by the investigators
of the current study. The implant body is made of type
4 commercially pure titanium. Titanium provides
adequate strength, is biocompatible and allows the
osseointegration of the bone to the implant surface.
The top 1.0-3.0 mm of the neck of the tissue level
implants is made of a polished titanium collar which
could be covered with a ceramic shell. This ceramic
shell is the key component that will mask the dark
color of the metal and will give a whitish color
(similar to a natural tooth color) underneath the soft
tissues, which closely mimics nature and gives the
patient a more pleasing result.

This suggested design is aimed at improving
the esthetic outcome of the implant treatment and
offering a more natural looking dental prosthesis
that will optimally blend-in with the surrounding
dentition and oral structures, the added ceramic
coating will also help with achieving a favorable
tissue response due to the proven track record of
positive soft tissue response to ceramic surfaces'**
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The null hypothesis in this study is “dental
porcelain will not be able to mask the color of
titanium at thickness less than 1.0 mm”. The aim
of the study was to investigate this hypothesis and
determine the minimum porcelain thickness that is
needed to mask the color of titanium used in dental
implant.

The resulting information should provide insight
into the question of whether the ceramic shell can
provide adequate color masking while maintaining
low thickness.

MATERIAL AND METHODS

Grade 4 commercially pure titanium disks and
five porcelain system shades (Dentin shades A2,
A3, B2, C2, and D3) were used in this study. Ten
specimens were fabricated from each porcelain
shade. This resulted in a total of 50 specimens (five
groups of ten specimens each).

Titanium plates fabrication: Disk-shaped speci-
mens of 18-mm diameter and 2-mm thickness
were cut from titanium rod (ASTM Grade 4 tita-
nium; Titanium Industries) using a low speed water
cooled diamond saw (Isomet; Buehler). The speci-
mens’ surfaces where porcelain is to be fired were
air abraded with 110 km Al O, particles (Korox®;
Bego) on a dental air-abrasion unit (Blastmate II;
Ney). Air pressure for the air abrasion was main-
tained at 2.5 bars or 30 psi, and the distance between
the nozzle and surface was maintained at approxi-
mately 1 cm during sandblasting of 20 seconds. Air
abrasion was done at a 45 degree angle. Specimens
were then steam cleaned and let dried on a tissue
for 5 minutes to naturally oxidize. A thin coating of
bonder (GC Titanium Bonder; GC America Inc.)
was then applied on titanium surface. Properly fired
bonder had a very slight sheen under lighting.

Porcelain application: Five porcelain shades
(Dentin shades A2, A3, B2, C2, and D3) were
used (GC Initial Ti; GC America Inc.). GC Initial
Ti is a specifically adapted ceramic for titanium
frameworks (Table 1).
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TABLE (1) Specifications of GC Initial Ti used
porcelain

Property Value

Dentin Firing (°C) 780

CTE (25-500°C 10° x K') 2™ firing 8.6, 4" firing 8.6

Glass Transition Temperature 572
C)

Solubility (xg/cm?) 11
Density (g/cm?) 24
Flexural Strength (MPa) 70

Mean Particle size (um; D %50) | 22.2

A thin opaque layer (GC Titanium Opaque; GC
America Inc.) was applied by a glass rod and fired
according to manufacturer’s recommendations.
Porcelain powders from each shade were mixed
with deionized water and condensed under vibration
in a plastic ring 1.2 mm in height and 18 mm in
diameter. In each of these groups the porcelain was
condensed directly; excess moisture was removed
with absorbent paper tissue to minimize porosity.
Each specimen was then removed and placed on
a honeycomb firing tray (Round Tray 680050;
National Keystone Products Co.). For each porcelain
group, the ten specimens were fired together
according to the manufacturer’s recommendations
in a porcelain furnace (Multimat Touch & Press;
Dentsply Ceramco), which was calibrated at the
melting point of silver (962°C) using silver foils
(foil 267449; Sigma-Aldrich Inc.).

Wet silicon carbide coated papers (240, 320,
400, 600, 1000, and 1200 grit; Allied High Tech
Products Inc.) were used to make opposing faces
parallel and polished at 1.0 mm porcelain thickness.
The specimens were not glazed because glazing may
introduce inconsistent thickness and thus increased

variation within groups.
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Color
specimens

coordinates (CIELAB) of polished
were measured using a portable
reflective spectrophotometer (spectrophotometer
model RM200QC; X-Rite). The aperture size was
set to 4 mm and the specimens were exactly aligned
with the device. A white background was selected
and measurements were made according to the CIE
L*a*b* color space relative to the CIE standard

illuminant D65.

The specimens were ground using silicon
carbide coated papers (600, 1000, and 1200 grit
in grinder-polisher (EcoMet 250 Grinder-Polisher;
Buehler) in 0.1 mm increments and color measured
at each increment until the thickness at which the
color coordinates start to change. Color coordinates
(CIELAB) of polished specimens before grinding
was used as a control. The color changes (AE) of
the specimens were evaluated using the following
formula®:

AECIELAB = (AL*? + Aa*2 + Ab*2) *

Where: L* color coordinate ranges from 0 to 100
and represents lightness; the a* color coordinate
ranges from -90 to 70 and represents greenness on
the positive axis and redness on the negative; the
b* color coordinate ranges from -80 to 100 and
represents yellowness (positive b*) and blueness
(negative b*).?*

Thickness was controlled with a digital thickness
gauge (+ 0.001 mm, 543-452B; Mitutoyo). In dental
color science, AE = 3.3 is the acceptability limit
in the color difference for observers (the clinical
detectable value).”

A repeated measures analysis of variance was
used to identify significantly different L*, a*, and
b* between groups. AE values were calculated.
AE greater than 3.3 was considered as inability of
porcelain to mask titanium color which is detectable
by the human eye. Tukey’s multiple-comparison
test was used to determine which groups differed.
All statistical tests were performed at the 95%
confidence level (a0 = .05).
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RESULTS

Means and standard errors (means + SE) of CIE
L*, a*, b* values for each shade at the different
ceramic thicknesses are presented in Tables 2-4.
The ANOVA showed a statistical significance in two
factors (shade and color parameters) but not in the
third factor (thickness). The interaction between the
three factors was statistically significant (F = 1.7).

The interaction between the shade and color
parameters was statistically significant (F= 14.3
and P < .001). This means that the average color
parameters (L*, a*, b*) were significantly different
among the shades studied.

Additionally, the interaction between the
thickness and color parameters was statistically
significant (F = 49.7 and P < .001). L* decreased
with thickness increase (Table 2). Redness a*
increased with thickness increase (Table 3) and
yellowness b*increased with thickness increase

(Table 4).

Means and standard errors (means + SE)
shade at the different
ceramic thicknesses are presented in Table 5. The
CIELAB for all specimens was measured before
incrementally grinding the ceramic surface. Then,

of AE values for each

it was measured again after removing each 0.lmm
of ceramic thickness. AE decreased with thickness
increase. For A2, A3, B2, and C2 dentin shades,
the average of AE became greater than 3.3 (clinical
detectable value) when 0.6mm of ceramic thickness
was removed (i.e. at 0.4 mm ceramic thickness).
This means that the minimum ceramic thickness
of any one of those shades required to block the
underlying titanium color is 0.5mm. At 0.4mm
ceramic thickness, AE was 4.1, 3.8, 4.6, and 4.02
for A2, A3, B2, and C2. For D3 shade, the average
of AE became greater than 3.3 when 0.7 mm of
ceramic thickness was removed (i.e. at 0.3 mm
ceramic thickness). This means that the minimum
ceramic thickness of D3 shade required to block the
underlying titanium color is 0.4 mm.
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TABLE (2) CIE L* values (means + SE) of tested specimens (n=10)
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Control Remove Remove Remove Remove Remove Remove

0.1 mm 0.2 mm 0.3 mm 0.4 mm 0.5 mm 0.6 mm

A2 78.6 0.1 80.2 £.06 80.2+0.2 80.5+0.2 80.5+0.2 80.6 +0.1 814 +0.1
A3 77.5 £0.1 79.2 0.1 794 £0.1 79.5 £0.1 79.6 0.1 79.7 0.1 80.1 +0.1
B2 78.7 0.1 78.9 +0.1 79 £0.1 79.3 0.1 794 +0.1 794 +0.1 80.2 £.07
C2 78302 789 0.2 79302 79502 80.1 +0.2 80.6 +0.2 81402
D3 77.3 0.1 77.6 0.1 77.8 £0.1 78.3 0.1 79 £0.1 79.3 0.1 79.7 0.1

TABLE (3) CIE a* values (means + SE) of tested specimens (n=10)

Control Remove Remove Remove Remove Remove Remove

0.1 mm 0.2 mm 0.3 mm 0.4 mm 0.5 mm 0.6 mm
A2 0.7 +£.07 0.6 +.07 04 £.05 0.3+.03 0.3+.04 0.2+.03 -04 £.06
A3 0.9 £.06 0.8 £.05 0.6 £.04 04 +03 0.3+02 0.1 £.04 -0.1 £05
B2 107 0.8 £.05 0.6 £.02 04 +03 0.3+.03 0.2 +.02 -0.1 £.05
C2 1.2+.06 1+£.04 0.8+.03 0.5+.03 0.3+.03 02+02 0.08 +£.03
D3 1.4 +.06 1.2 .05 09 +.03 0.8+£.03 0.6 £.03 04 +03 02+.02

TABLE (4) CIE b* values (means + SE) of tested specimens (n=10)

Control Remove Remove Remove Remove Remove Remove

0.1 mm 0.2 mm 0.3 mm 0.4 mm 0.5 mm 0.6 mm

A2 12404 11.1+0.2 11+0.3 103 0.2 10 £0.2 9902 9.5+0.1
A3 13103 123 0.2 11.7+0.2 11.5+0.1 11 +0.1 10.9 £0.1 104 +0.1

B2 14502 13 0.1 12.6 0.1 122 +0.1 12.1 0.1 12 £0.1 11 £0.1

C2 10.1 £0.3 9402 9.2 +0.1 9+0.1 8.7+0.1 8.5+0.1 8 +0.1

D3 11+0.3 10.6 £0.3 103 0.2 10+0.2 9.9 0.1 9.7 +0.1 9.5+0.3

TABLE (5) AE values (means * SE) of tested specimens (n=10)

Remove 0.1 mm | Remove 0.2 mm | Remove 0.3 mm | Remove 0.4 mm | Remove 0.5 mm | Remove 0.6 mm
A2 2.1+0.2 2.1 0.1 2902 3102 31403 4.1 £04*
A3 1.8+0.2 2302 2502 3+0.3 3102 3.8 +0.3*
B2 1.5+0.1 25+0.1 3.1+0.1 32+0.1 32+0.1 4.6 +0.2%
Cc2 1+0.03 1.5 +0.06 1.8 £0.06 24 +0.03 3.1+£0.09 4 +0.06*
D3 0.5+0.01 0.9 £0.06 1.5 +0.09 22+0.1 2.6+0.1 3102

*Indicates AE value that became greater than 3.3 (clinical detectable value) in same raw for each shade.
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DISCUSSION

The dark metal color exposure or showing
through the periimplant soft tissue as a result of
poor implant placement or thin gingival biotype
and progressive bone resorption is a common
problem in implant dentistry.’ In the present study,
in order to test the null hypothesis we evaluated the
color masking effect of porcelain to determine the
minimum thickness required to block the underlying
color of titanium. Based on the results of this study
we can reject the null hypothesis, and we can accept
the alternative hypothesis “porcelain thickness
below 1.0 mm can mask the color of underlying
titanium”.

Color is not an intrinsic characteristic of an
object, but is rather a perception of the reflected
light that enters the eye.” In order to precisely
describe and communicate color in restorative
dentistry, scientists have attempted to use color
science and color theory to express color parameters
(hue, chroma, and value) numerically, in much the
same way length and weight are expressed. The
Commission International de I’Eclairage (CIE)
developed a system, which enabled color perception
to be quantified.”

Spectrophotometers collect spectral data from
reflected light and automatically translate these
data into the three color coordinates (L*, a*, b*).
According to CIE L* a* b* system, these three
coordinates can be defined out of three original
color stimuli, X Y, and Z, to compensate for the
human standard color space. In the L* a* b* color
space, the difference between two colors can be
mathematically calculated with a formula known as
AE which is expressed as a positive value:*

AE = [(L1 - L2) + (al —a2)" + (bl — b2)"2] 03

Color difference (AE*) represents the difference
in color’s parameters between the compared
objects.?” In another meaning, the Euclidean distance
AE* is a measure of color difference between two
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points in three dimensional color space.” Moreover,
the degree of human visual perceptibility for
materials can also be expressed with AE*, which
has been evaluated by several studies.®*° Most
authors have adopted AE* values between 2.6 and
3.7 as the threshold for acceptability in their clinical
research indicating acceptable color match, whereas
higher values indicate color mismatch between
the two objects or surfaces which are compared.
Ruyter and others’ reported a threshold for visually
acceptable color change to be up to 3.3. Therefore,
the color measurements in the present study were
made according to the CIE L*a*b* color space and
the clinical detectable value AE = 3.3 was used as
the acceptability limit in the color.

Spectrophotometer was used for color
measurement in the current study because of its
advantages such as compact structure, easy handling
and a multitude of recorded data.'” On the other
hand, some studies mentioned a main disadvantage
associated with this type of instruments: edge — loss
error generated by the contact of the plain surface
of the recording system to the convex portion of
the tooth (which will cause a fraction of the light
entering tooth to be lost). These previous studies
concluded that these types of instruments are
originally designed for flat surfaces, not for curved
ones, such as labial dental surfaces.”?* In this study
the use of a spectrophotometer was appropriate
since all specimens had flat porcelain with parallel

opposing faces.

Five different porcelain system shades (Dentin
shades A2, A3, B2, C2, and D3) were tested in this
study. These shades were selected to represent most
commonly used hues that are commercially pure
and could be clinically used. Two chroma degrees
in the same hue (A2 and A3) were selected because
they are the most commonly seen shades in natural
dentition and hence most frequently used.***

The color of a material is determined by a
complex combination of its optical properties. The
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light transmission and reflection characteristics
have an important influence on the color of esthetic
materials.* Color may be determined from the
transmitted light through a material, where the
light source and detector are on opposite sides of
the object, or from the reflected light where the
light source and detector are on the same sides of
the object (as in this study). It was reported that
spectral reflectance decreased with increasing
chroma number when compared within the same
hue*’which explains our findings that the masking
ability (guided by AE*) of A3 shade was more than
A2 shade.

It has been reported that chroma (related to a*
and b* values) increased from light to dark shades
(e.g. Al to A4)*This is in agreement with our
results that a* and b* values of A3 was more than
those of A2.

The results of the present study demonstrated that
the minimum ceramic thickness needed for shades
A2,A3,B2,and C2 to mask the underlying titanium
substructure color was 0.5 mm. Meanwhile, it was
0.4 mm for D3 porcelain shade. This could be
attributed to the fact that a significant correlation
exists between the masking power of porcelain and
its opacity, as more opaque ceramics were more
successful in blocking the underlying color of the
substructure.®® In addition, if the tested porcelain
shades is arranged according to the value (from
the highest value to the lowest), it would be as: B2,
A2, C2, A3, D3. The value is the amount of light
returned from an object. Lowering the value means
less light returns from the illuminated object and
the remaining light is being absorbed or scattered
elsewhere, which is another explanation for this
result.*” From a composition point of view, the higher
masking power of D3 shade is referred to the more
concentrations of opacifying oxides incorporated in
the composition of more opaque porcelain shades.

As more dyeis added, the mixture appears darker;
thus, the increase in chroma has a corresponding
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change in value. As chroma is increased, the value
is decreased.*Therefore, the results of this study are
in accordance with many studies revealing that the
increase in chroma saturation results in decreased
ceramic translucency.***! In other words, the more
opaque the porcelain, the more chromatic it is.*

In addition to opacity and porcelain shade,
the thickness of ceramic material determines
the final shade of an esthetic restoration.”*Our
results revealed that redness a* and yellowness b*
increased with the increase in thickness of porcelain
for all shades. This is in agreement with the results
of other studies.”*** However, these results are
not consistent with those of another study by
Shono and Al Nahedh* where a* and b* values
decreased when ceramic thickness increased. This
disagreement may be attributed to the difference in
specimen fabrication. The majority of the studies,
including our study, fabricated the specimens in two
combinations (substrate and veneer), whereas the
study by Shono and Al Nahedh used only veneering
ceramics in the fabrication of the specimens.

The results of the current study also revealed that
L* values decreased for all ceramic shades as their
thickness increased. As mentioned in the literature,
this may be explained by the fact that more light
is absorbed with thicker specimens and less is
reflected; hence; lower L* values are recorded. Our
results are in agreement with two previous studies
that have shown that as the ceramic thickness
increased, L* values decreased for different types
of ceramic systems.*#

The current study is in agreement with other
studies which found that the increase in ceramic
thickness results in lower AE values for all ceramic
shades, which implies
ability. ¥4¢

an increased masking

The current study provided the minimum
thickness of the ceramic shell that is needed to
mask the color of the underlying titanium surface
which is 0.5 mm. This thickness will be used in the
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future fabrication of the suggested ceramic neck
implants in order to facilitate the development and
optimization of the novel design for future clinical
use and function.

CONCLUSIONS

The minimum ceramic thickness required to
block the underlying titanium color is 0.5 mm for
all shades except D3 which only needs 0.4 mm
ceramic thickness. L* decreased with thickness
increase. Redness a* and yellowness b* increased
with thickness increase. AE decreased with ceramic
thickness increase.
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