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Abstract
Objectives: To objectively determine the difference in colour between the peri-implant soft tissue
at titanium and zirconia abutments.
Materials and methods: Eleven patients, each with two contralaterally inserted osteointegrated
dental implants, were included in this study. The implants were restored either with titanium
abutments and porcelain-fused-to-metal crowns, or with zirconia abutments and ceramic crowns.
Prior and after crown cementation, multi-spectral images of the peri-implant soft tissues and the
gingiva of the neighbouring teeth were taken with a colorimeter. The colour parameters L*, a*,
b*, c* and the colour differences DE were calculated. Descriptive statistics, including nonparametric tests and correlation coefficients, were used for statistical analyses of the data.
Results: Compared to the gingiva of the neighbouring teeth, the peri-implant soft tissue around
titanium and zirconia (test group), showed distinguishable DE both before and after crown
cementation. Colour differences around titanium were statistically significant different (P = 0.01)
only at 1 mm prior to crown cementation compared to zirconia. Compared to the gingiva of the
neighbouring teeth, statistically significant (P < 0.01) differences were found for all colour
parameter, either before or after crown cementation for both abutments; more significant
differences were registered for titanium abutments. Tissue thickness correlated positively with c*values for titanium at 1 mm and 2 mm from the gingival margin.
Conclusions: Within their limits, the present data indicate that: (i) The peri-implant soft tissue
around titanium and zirconia showed colour differences when compared to the soft tissue around
natural teeth, and (ii) the peri-implant soft tissue around zirconia demonstrated a better colour
match to the soft tissue at natural teeth than titanium.
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Aesthetic and functional replacement of
missing teeth with dental implants has been
well documented and high long-term success
rates have been reported (Berglundh et al.
2002; Manso & Wassal 2010; Dierens et al.
2012). A predictable long-term aesthetic and
functional outcome with a natural, healthy
tooth-like appearance is the goal in implant
dentistry (Belser et al. 2004); this is the result
of a correct diagnosis, proper treatment planning, accurate surgical techniques and prosthetical restoration. A major role in
aesthetics plays the peri-implant soft tissue
and the implant-supported restoration (Reikie
1993, 1995; Garber 1996). Therefore, the periimplant tissue thickness, its architecture,
surface texture, contour and colour influence
the esthetical and “natural” appearance of a
healthy peri-implant mucosa (Furhauser et al.
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2005; Jung et al. 2007). Histologically, factors
like the intensity of tissue melanogenesis,
the degree of epithelial keratinisation, the
depth of epithelisation and the density and
size of capillaries have been reported to have
an impact on the gingival colour (Dummett
1960; Kleinheinz et al. 2005). Furthermore,
factors like the colour of the underlying root,
restorative materials such as crown margins,
MTA, implant abutments also influence the
gingiva colour (Bortoluzzi et al. 2007; Ishikawa-Nagai et al. 2007; Jung et al. 2007; Watkin & Kerstein 2008).
Titanium (Ti) abutments are commonly
used for prosthetical dental implant restoration. In situations with thin peri-implant
mucosa, this material shimmers blue-greyish,
hindering a successful esthetical outcome.
Studies have shown a noticeable colour
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difference between the mucosa overlying Ti
abutments and natural teeth (Park et al.
2007; van Brakel et al. 2011; Bressan et al.
2011). Therefore, materials with better aesthetical properties have been introduced for
abutments: alumina and oxide or yttrium-stabilized zirconium oxide (Heydecke et al.
2002; Rompen et al. 2007; Watkin & Kerstein
2008). As compared to alumina, where occasional fracture of the abutment was recorded
(Andersson et al. 2001, 2003), stabilized
zirconia shows high bending strength and
toughness, as well as good biocompatibility
and aesthetics (Manicone et al. 2007; Sailer
et al. 2009a). Furthermore, the use of all-ceramic crowns has been used increasingly on
teeth and implants in aesthetical demanding
anterior regions (Andersson et al. 2001; Glauser et al. 2004).
At present, the literature comparing the
colour properties of the soft tissue around
implants restored with titanium and zirconia
abutments is still sparse. Jung and colleagues
have compared in 30 patients the effect of
aluminium-oxide based abutments restored
with all-ceramic crowns to titanium or gold
abutments restored with porcelain-fused-tometal (PFM) crowns on the colour-change of
the soft tissues (Jung et al. 2007). Connective
tissue grafting was performed in cases where
the mucosa displayed a thickness <2 mm.
The results have indicated that compared to
the colour of natural teeth, the all-ceramic
group has shown statistically significantly
less visible colour change compared to the
PFM group. The colour differences (e.g. DE)
between the abutments did not show statistically significant differences.
A subsequent study by the same group
determined the colour of the peri-implant
mucosa at titanium and zirconia abutments
restored with metal-ceramic or alumina or
zirconia ceramic crowns and reported similar
amounts of tissue discoloration at both abutment materials (Sailer et al. 2009b). Also in
that study, gingival grafting was performed at
the implant sites if needed. The results
reported at 1 year were comparable to those
obtained after 3 years in function (Zembic
et al. 2009). However, in both studies the
implants were placed in different patients
and thus, it cannot be excluded that possible
differences between the gingiva colour of the
patients may have influenced the outcomes.
Bressan and colleagues determined in 20
patients the colour properties of the mucosa
at titanium, gold and zirconia abutments
without performing any gingival grafting at
the implant sites (Bressan et al. 2011). The
abutments were consecutively inserted on
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the same implant and provisionally fixed
with the same all-ceramic crown. Colour
measurements were performed after each
abutment insertion and compared with the
contra-lateral tooth. Statistically significantly
higher colour differences were found at titanium abutments compared to zirconia and
gold (P < 0.05), however without any correlation between tissue thickness and colour difference.
Other studies have only investigated the
colour properties of peri-implant mucosa at
either titanium abutments (Park et al. 2007),
or zirconia abutments (Happe et al. 2013) as
compared to natural teeth, but without any
comparison between the two abutment materials. A recent study has related the lightreflection of the oral mucosa which covered
titanium or zirconia abutments to the
mucosa thickness, but no evaluation of the
mucosa colour was made (van Brakel et al.
2011).
Thus, at present there is still limited data
evaluating the differences in colour between
the peri-implant soft tissues at titanium and
zirconia abutments and the possible influence of the peri-implant soft tissue thickness
on colour parameters.
Therefore, the aim of the present prospective, randomized, controlled clinical study
was to objectively determine in a split-mouth
design the difference in colour between the
peri-implant soft tissue at titanium and zirconia abutments and to assess the influence of
the peri-implant tissue thickness on colour
parameters.

Declaration of Helsinki (1964, revision 2008)
and approved by the Ethical Committee of the
Faculty of Medicine and Pharmacy of ClujNapoca,
Romania
(Application
#177/
20.10.2010). All patients gave their informed
written consent to participate in the study.

Prosthetic suprastructure and soft tissue
thickness assessment

For every patient, the two implants included
in the study were randomly assigned according to a computer generated randomisation
list, to an either titanium or zirconiumoxid
abutment (MIS Technologies ltd., Shlomi,
Israel). The randomisation was realized with
the Proc Plan procedure of the statistic
system SAS, version 9.1 for Windows (SAS
System for Windows, Cary, NC, USA). The
zirconia abutment received an all-ceramic
crown (CC) on a zirconia core (Fig. 1), while
the titanium abutment was prosthetically
restored with a PFM crown (Fig. 2). The restorations were cemented with a temporary
dental cement (TempBond NE, Kerr, West
Collins, CA, USA). All restorations were performed by the same dental technician, and
one single clinician (RC).
Assessment of the peri implant soft tissue
thickness

Material and methods

In order to determine the correlation between
colour assessment and soft tissue dimensions,
the soft tissue thickness around implants and
their corresponding mesial neighbouring teeth
was determined. The soft tissue was pierced
mid-facially at one, two and three millimetres
apical to the gingival margin with an endodontic file (Hedstroem Nr. 20; Kerr Endodontics, Gilbert, AZ, USA, Fig. 1 and 2).

Study population

Colour measurements

Eleven Caucasian patients from the University Clinic of Cluj-Napoca, Department of
Prosthetic Dentistry, were enrolled in this
prospective randomized controlled clinical
trial. In order to be included in the study,
patients had to be partially edentulous with
at least two osteointegrated dental implants
(Sevenâ, MIS Technologies ltd., Shlomi,
Israel). The implants had to be located in two
different mouth quadrants in lateral regions
(premolars or molars) and be prior to final
prosthetic restoration. Patients had to be without any ongoing systemic diseases or infections, not pregnant or lactating. All patients
underwent comprehensive dental and, if
needed, periodontal care; they were instructed
to maintain a high level of oral hygiene (plaque control record <30% (O’Leary et al. 1972)).
The study was conducted according to the

Multi-spectral images of the soft tissues
around implants (test site) and the mesial
neighbouring teeth (control sites) were taken
for all 11 patients, by one single experienced
clinician (CG) (Fig. 3). A colourimeter (ShadeVision System, X-Rite Inc., Neu-Isenburg,
Germany) attached with a disposable lightfocusing cone was used to record the images
(Joiner 2004; Hugo et al. 2005; Kim-Pusateri
et al. 2009; Chu et al. 2010; Lehmann et al.
2010). The cone was placed perpendicularly
in careful contact with the area of interest,
with the aperture centred on the region of
interest: the peri-implant mucosa or the gingiva of the neighbouring tooth respectively
(Fig. 3). Measurements were performed twice
for each patient, twenty minutes after placing
the implant abutment; the mean of the two
measurements was considered for statistical
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Fig. 1. Measuring tissue thickness at a zirconia abutment (left). Zirconia abutment restored with a porcelain-fusedto-metal crown (right).

were carried out using the two-sided paired Wilcoxon-Test, as well as pairwise comparisons
between both time-points were carried out
using the two-sided Mann–Whitney U-Test.
The interrelationship between tissue thickness
and chroma (c*) or lightness (L*) was calculated
using Spearman rank correlation coefficients.
Due to the exploratory nature of the study, no
adjustment was made for multiple testing, and
test results surpassing a 5% confidence level
were interpreted as statistically significant. All
statistical analyses were run on the Statistics
Package SAS version 9.1.
This study is a feasibility study with pilot
character. Based on the existing literature
regarding peri-implant gingival colour (Park
et al. 2007; Jung et al. 2008; van Brakel
et al. 2011; Bressan et al. 2011; Happe et al.
2013), we recruited consecutively in the first
6 months of 2011, the given number of
patients that fulfilled the inclusion criteria.

Results

Fig. 2. Measuring tissue thickness at a titanium abutment (left). Titanium abutment restored with a porcelainfused-to-metal crown (right).

Eleven subjects (mean age 30.27 years, seven
female) with 22 osteointegrated dental implants
prior to prosthetic loading were enrolled in this
study. Half of the implants (n = 11) were
restored with Ti abutments and PFM crowns
(Fig. 2), and the other half with Zr abutments
and CC crowns (Fig. 1). For all patients, image
and data acquisition, as well as gingival thickness measurement were uneventful. All
implants were placed in the molar or premolar
region, five of them (22.7%) had been placed in
the upper jaw.
Colour of the peri-implant mucosa

Fig. 3. Acquirement of multispectral images with a colourimeter (X-Rite, Schade Vision System).

analysis. Measurements were repeated 1 week
after cementation of the crowns.
Images were analysed using a colour analysis software and colour parameters of the

Commission Internationale de l’Eclairage
(CIE) were obtained: L* = lightness, a* =
chroma along red–green axis and b* =
chroma along yellow–blue axis. These parameters were determined for three regions of
interest, 1 mm2 each located on the buccal
gingival aspect of the abutments/crowns/
tooth at 1 mm, 2 mm, 3 mm from the gingival margin (Fig. 4). Mean values of L*, a* and
b* parameters were used to calculate the

colour difference (DEð1;2Þ ¼ ½ðL2  L1 Þ2 þ ða2
a1 Þ2 þ ðb2  b1 Þ2 1=2 ) between the periimplant soft tissue and the marginal gingiva
of the neighbouring teeth as well as the metp
ric chroma c ½ ða2 þ b2 Þ (Paul et al. 2002).
Statistical analysis

To describe the distribution and differences of
colour differences DE, as well as DL-, Da-, Db-,
Dc-values between test and control sites,
descriptive analysis was conducted including
calculation of means, standard deviations, minima, maxima as well as 95% confidence intervals. Pairwise comparisons between groups

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Both Ti and Zr abutments (test sites) revealed
significant colour differences (DE values) of
the peri-implant mucosa in relation to the
gingiva around the natural teeth (control
sites); this difference could be observed both
before (timepoint 1) and after (timepoint 2)
crown cementation (Table 1). Furthermore,
higher mean DE values between timepoint 1
and 2 were obtained for Ti as compared to Zr
(Table 1); prior to crown placement, the
mean colour difference DE between Ti and
its control site ranged between 11.98 and
8.13 for the three analysed areas, while the
colour difference between Zr and the corresponding control showed lower mean values,
ranging between 8.25 and 6.77 (Table 1). At
timepoint 2, lower mean colour differences
as compared to baseline (timepoint 1) were
registered for both Ti and Zr abutments, with
values between 8.60 and 6.69 for Ti and
8.00 and 6.38 for Zr. Statistical significant
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Discussion

Fig. 4. Establishment of the regions of interest at 1-, 2- and 3 mm from the gingival margin.

Table 1. Mean DE values and standard deviations (SD) in mm for titanium (Ti) and zirconia (Zr)
abutments calculated in relation to the adjacent tooth
1 mm
Mean  SD
Ti

1
2
1
2

Zr

11.98
8.60
8.25
8.00






2 mm
Mean  SD

3.54
2.73
2.97
2.22

9.33
8.37
7.08
7.53






3.57
2.76
2.65
2.39

3 mm
Mean  SD
8.13
6.69
6.77
6.38






2.08
2.71
2.26
2.32

1 = prior to cementation; 2 = 1 week after cementation.

differences for the colour difference DE for Ti
and Zr were obtained only at 1 mm from the
gingival margin, prior to crown fixture (timepoint 1, Wilcoxon test, P = 0.01, Table 2).
However, all obtained mean DE values were
above the critical threshold of 3.7 for colour
distinction by the naked eye (Ruyter et al.
1987; Ishikawa et al. 1988; Johnston & Kao
1989).
Furthermore, test sites (Ti/Zr) showed lower
mean values for L*, a*, b* and c* than their
corresponding control sites in all three incremental areas (Table 3 and 4). Statistical significant colour differences between Ti and the
control tooth were recorded only for c* values
in all incremental areas at both timepoints,
Table 2. P-values of Wilcoxon test for detecting
statistical significances for differences between
DE values for titanium and zirconia per timepoint (prior [Timepoint 1] and 1 week after
[Timepoint 2] crown cementation)
Timepoint

1 mm

2 mm

3 mm

1
2

0.01*
0.64

0.07
0.64

0.15
0.7

*Statistical significant value.
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while L*, a* and b* values demonstrated
significant differences mostly prior crown
placement, and not in all areas (Table 3).
Compared to Ti, there were fewer statistical
significant colour differences registered for Zr;
however, these were mainly registered at 1
and 2 mm for a*, b* and c* values. No significant differences were registered for Zr
abutments regarding L* values (Table 4).
Correlation between peri implant soft tissue
thickness and tissue colour

The peri-implant soft tissue thickness measured at 1 mm was 1.31  0.61 mm
(mean  SD) for Ti and 1.24  0.35 mm for
Zr, at 2 mm 1.79  0.73 mm (Ti) and 1.95
vs. 0.35 mm (Zr), and at 3 mm 2.27 
0.35 mm for Ti and 2.20  0.55 mm for Zr
respectively (Table 5). C* values demonstrated a significant positive Spearman rank
correlation coefficient registered only for titanium at 1 mm (P = 0.03) and 2 mm
(P = 0.02) prior to crown placement (Table 6).
No significant positive correlations for L*
were obtained at none of the timepoints, neither for Ti nor for Zr abutments (Table 6).

The present study has evaluated the colour
difference of the peri-implant soft tissue at
titanium and zirconia abutments prior and
after crown placement. By evaluating DE, the
goal was to achieve small values, which correspond more precisely to optimal colour
matches with the soft tissue (e.g. gingiva)
at natural teeth. The present results have
shown statistically significantly higher colour differences between the test and the
control sites (DE values) than the critical
threshold of 3.7 (Johnston & Kao 1989). This
value represents the colour difference
between natural and restored teeth for the
intraoral colour distinction of the naked eye,
and thus, it has only a limited value for an
objective colour analysis of the gingiva.
Despite the fact that a similar reference value
for soft tissue is lacking, it is still the most
frequently reported reference related to prosthetic reconstructions.
Our findings are in agreement with those
reported previously by others (Park et al.
2007; Jung et al. 2008; Sailer et al. 2009b;
Zembic et al. 2009; Bressan et al. 2011), and
indicate that substantial colour differences of
the soft tissue around natural teeth and periimplant mucosa are present, independent of
the abutment material. Bressan et al. (2011)
obtained DE values for the peri-implant
mucosa at titanium, gold and zirconia abutments as compared to the gingiva around natural teeth higher than 8.5, with a statistical
significant difference for titanium (11  0.4)
vs. zirconia (8.5  0.4) abutments. Similar
values were also reported by Park et al. (mean
DE between 7.7 at 1 mm and 6.5 at 5 mm
from the gingival margin) and Sailer et al.
(DEzr = 8.1  3.9, DETi = 7.8  4.3) at 1 year,
as well as at 3 years (DEzr = 9.3  3.8, DETi =
6.8  3.8) after implant loading (Park et al.
2007; Sailer et al. 2009b; Zembic et al. 2009).
Moreover, in the study by Jung et al. (2008)
titanium and gold abutments were loaded
with PFM crowns and aluminium-oxide based
abutments received all ceramic crowns. They
reported colour differences of 7.4  2.7 in the
ceramic crown group and of 7.6  2.8 in the
PFM group. Taking together, these findings
indicate that comparable values in terms of
colour differences (DE) can be obtained for
both Ti and Zr abutments.
The present study has shown lower DE –
values for zirconia abutments compared to
titanium abutments both prior to as well
as after crown cementation (Table 1). A
statistically significant discrepancy in soft
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Table 3. L*-, a*-, b*-, c*- values (mean  standard deviation, in mm) for titanium (Ti) and its adjacent tooth (control tooth = C-Ti), prior (timepoint 1)
and after (timepoint 2) crown cementation
1 mm

L*
Mean  SD
P-value
(time
difference)
a*
Mean  SD
P-value
(time
difference)
b*
Mean  SD
P-value
(time
difference)
c*
Mean  SD
P-value
(time
difference)

P-value
(group
difference)

2 mm
Ti

C-Ti

P-value
(group
difference)

3 mm
Ti

C-Ti

P-value (group
difference)

Time

Ti

C-Ti

1
2

48.94  4.30
52.63  3.30
0.07

56.47  3.35
54.71  2.96
0.58

<0.01†
0.15

50.81  3.46
51.85  3.13
0.76

55.50  3.33
53.29  2.72
0.45

<0.01†
0.33

50.67  2.85
50.11  2.33
0.97

53.05  4.18
52.31  3.32
0.85

0.05
0.24

1
2

15.83  5.24
18.73  4.16
0.83

18.37  4.43
22.83  2.49
0.06

0.22
0.01†

18.01  4.27
21.34  4.29
0.75

20.85  4.74
25.52  3.11
0.04†

0.38
0.21

20.52  3.67
23.53  3.32
0.06

24.04  5.00
26.25  3.17
0.23

0.04†
0.14

1
2

8.89  2.34
12.29  2.00
<0.01†

16.06  2.56
16.31  2.88
0.96

<0.01†
<0.01†

9.92  2.54
11.62  1.98
0.45

14.97  2.84
14.75  2.89
0.95

<0.01†
0.12

10.76  2.75
11.69  2.53
0.43

15.19  2.43
14.84  2.82
0.76

<0.01†
0.08

1
2

18.40  4.79
22.53  3.91
0.02†

24.72  3.00
28.19  2.51
0.04†

<0.01†
<0.01†

20.76  3.98
24.42  4.02
0.04†

25.98  3.61
29.59  3.27
0.01†

<0.01†
<0.01†

23.35  3.49
26.36  2.27
0.13

28.65  4.17
30.27  3.27
0.42

<0.01†
<0.01†

†Statistical significance.

Table 4. L*-, a*-, b*-, c*- values (mean  standard deviation, in mm) for zirconia (Zr) and its adjacent tooth (control tooth = C-Zr), prior (timepoint 1)
and after (timepoint 2) crown cementation
P-value
(group
difference)

1 mm

L*
Mean  SD
P-value
(time
difference)
a*
Mean  SD
P-value
(time
difference)
b*
Mean  SD
P-value
(time
difference)
c*
Mean  SD
P-value
(time
difference)

Time

Zr

C-Zr

1
2

54.21  5.67
52.85  1.24
0.77

54.48  4.46
54.52  2.84
0.03†

1
2

18.08  6.15
18.83  2.44
0.71

1
2

1
2

2 mm
Zr

C-Zr

0.12
0.93

53.39  4.26
51.89  3.16
0.75

53.43  3.57
53.97  2.67
0.89

20.54  3.62
22.95  2.71
0.09

0.27
<0.01†

20.56  4.79
20.61  3.30†
0.98

11.22  2.34
12.76  2.85
0.18

15.68  3.26
15.88  2.48
0.87

<0.01†
<0.01†

21.64  5.12
22.91  2.49
0.49

26.09  3.15
28.11  1.23
0.06

<0.01†
<0.01†

P-value
(group
difference)

3 mm
P-value (group
difference)

Zr

C-Zr

0.98
0.11

50.88  3.77
50.16  3.31
0.64

52.39  3.90
52.97  3.54
0.72

0.37
0.07

23.67  3.10
24.19  2.99
0.7

0.09
<0.01†

24.02  3.67
22.88  2.84
0.43

25.04  3.52
24.79  3.20
0.86

0.51
0.15

11.44  2.42
11.83  2.49
0.98

14.85  3.21
14.04  2.57
0.79

0.01†
0.05

12.27  3.17
11.79  2.50
0.7

14.47  3.77
13.50  2.61
0.49

0.15
0.13

23.80  3.85
23.96  2.61
0.86

28.14  2.82
28.10  2.77
0.96

<0.01†
<0.01†

27.17  3.49
25.92  2.20
0.32

29.12  3.72
28.36  3.00
0.6

0.22
0.04†

†Statistical significance.

Table 5. Gingiva/peri-implant mucosa thickness
values at titanium(Ti)/zirconia (Zr) abutments
and at their neighbouring teeth (C-Ti/C-Zr)
1 mm
Mean  SD
Ti
C-Ti
Zr
C-Zr

1.31
1.02
1.24
1.05






0.69
0.36
0.35
0.52

2 mm
Mean  SD
1.79
1.32
1.95
1.26






0.74
0.51
0.35
0.45

3 mm
Mean  SD
2.27
1.50
2.20
1.36






0.34
0.49
0.56
0.39

tissue colour around Ti and Zr abutments
was only recorded prior to crown placement at 1 mm from the gingival margin

(P = 0.01, Table 2). On the other hand,
there were no further statistically significant differences between the two materials
at any other more apically located region
(ROI at 2 and 3 mm) or even at 1 week
after crown cementation. One possible
explanation for this finding may be due to
the fact that the peri-implant soft tissue
covered the abutment material only in the
coronal area. Furthermore, it cannot be
excluded that the apical increase of the
soft-tissue thickness may have also influenced the outcomes.

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

In the study by Happe et al. (2013) loaded
titanium implants with zirconia abutments
were veneered with fluorescent ceramic and
full-ceramic crowns. Contrary to our findings, they obtained DE values <3.7 at 1 and
2 mm from the gingival margin in almost
half of the patients (6 out of 12 patients).
Nonetheless, medians of DE were higher than
3.7 in all incremental areas (at 1, 2, 3, 4 and
5 mm). In their study, the implants were
placed in the maxillary anterior region, where
the amount of keratinized soft tissue is
thicker compared to the molar and premolar
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Table 6. Correlation coefficients (CC) and P-values (P) for the correlation between L*, c* and gingival thickness (G) at 1-, 2- and 3- mm from the gingival margin (Spearman rank correlation coefficients)
1 mm

C*

CC
P

L*

CC
P

2 mm

3 mm

Timepoint

Ti

Zr

Ti

Zr

Ti

Zr

1
2
1
2
1
2
1
2

0.62
0.6
0.03†
0.05
0.46
0.59
0.15
0.06

<0.01
0.1
0.99
0.77
0.15
0.74
0.41
0.24

0.69
0.39
0.02†
0.23
0.43
0.53
0.19
0.1

0.34
0.13
0.31
0.69
0.26
0.39
0.43
0.22

0.33
0.22
0.32
0.50
0.31
0.03
0.36
0.94

0.23
0.3
0.49
0.38
0.58
0.25
0.08
0.34

†Statistical significant differences.

area where the implants in the study had
been placed (Muller et al. 2000).
Soft tissue discoloration on natural teeth has
been reported after prosthetic treatment with
metal ceramic and resin-veneered crowns
(Takeda et al. 1996). “Noticeable” (DE = 3.26–
6.51) and “very noticeable” (DE = 6.52–13.04)
colour differences of the gingiva around these
types of restorations as compared to unrestored
natural teeth have been recorded. Mean DE
values in our study can all be considered as
“very noticeable” (Table 1), both before and
after crown cementation. However, due to the
differences in study design and in the types of
used restorations, no direct comparisons
between the present results and those reported
by Takeda et al. (1996) be made.
In the present study all colour parameters
L*, a*, b* and c*, irrespective of the timepoint
of measurement and of the abutment material, were smaller compared to the values
obtained around natural teeth, most of the differences being statistically significant (Table 3
and 4). This is in agreement with other data
reported in the literature (Jung et al. 2008;
Bressan et al. 2011). Their results showed better colour matches of the peri-implant soft tissue around zirconium-oxide abutments as
compared to the natural teeth, than titanium
and gold abutments vs. gingiva at natural
teeth. When comparing different abutment
types, Bressan et al. (2011) obtained no statistically significant differences on the red and
green scale values (a*); however, significant
differences were registered for L* and b* values. This is in line with the results of our
study where titanium abutments showed significant differences for b* and c* values in all
incremental areas (Table 3 and 4), before
crown placement; chroma was statistically
significant different also after crown placement in all areas (Table 3). The corresponding
values for zirconia abutments were statistically significant mostly at 1 and 2 mm from
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the gingival margin, with values higher than
those of titanium. Our results suggest that
neither titanium nor zirconia abutments
offers good matching to the gingiva around
natural teeth regarding the chroma along the
yellow–blue axis. The use of full ceramic or
metal-fused-to ceramic crowns did not change
this fact (timepoint 2 values, Tables 3 and 4).
In a recent study by Paniz et al., a threshold
of DE = 8.74 was set for the distinction of periimplant soft tissue colour differences between
perfect (DE = 6.63) or good colour matching
(DE = 8.54) vs. clinically distinguishable
matching (DE = 15.54) (Paniz et al. 2013).
They correlated the subjective colour matching made by five examiners with the objective
method using a spectrophotometer. Our data
demonstrated for zirconia “good matching”
both before and after crown cementation; as
for titanium, this showed “good matching” at
3 mm prior to crown cementation and in all
incremental areas after cementation (Table 1,
(Paniz et al. 2013)).
Patient- and material-related biases could
be avoided, as measurements were performed
for both abutment and crown materials in
each patient. However, the different types of
used crowns (CC and PFM), may influence
the colour change of the soft tissue around
the investigated abutment materials.
The available data from the literature suggest that mucosa thickness plays an important role in tissue discoloration and aesthetic
appearance caused by different restorative
materials (Jung et al. 2007; Park et al. 2007;
van Brakel et al. 2011). Most of the available
studies have evaluated tissue discoloration in
anterior regions, which are the areas of major
aesthetic requirements. However, when
interpreting the present findings it needs to
be pointed out that the areas investigated in
the present study were located in premolar
and molar regions, which, in certain patients,
are also of aesthetic demands. Furthermore,

it has been shown that the lateral dental
areas present may differ from the anterior
regions in terms of soft tissue thickness
(Muller et al. 2000). Thus, it cannot be
excluded that, at least in certain clinical situations, differences in tissue-thickness and discoloration between lateral and frontal
areas are present.
Jung et al. demonstrated in vitro, a significant colour change of the peri-implant
mucosa in cases with a thickness below
2 mm when titanium abutments were compared to zirconia (Jung et al. 2007). Since the
authors investigated the colour change as
related to tissue thickness in an in vitro setting, we aimed at evaluating the same issue
in in vivo conditions. Their results are in
agreement with the results of our study
where a statistically significant positive correlation between the soft tissue thickness
and the chroma values (c*) for Ti-abutments
at the marginal aspect of the soft tissue (at 1
and 2 mm) were found. This colour difference could not be noticed neither after the
crown insertion nor at zirconia abutments.
Furthermore, our data also confirmed the
results of van Brakel et al. (2011), where no
perceivable colour differences between Ti and
Zr abutments could be obtained for a gingiva
thicker than 2.0  0.1 mm. In a clinical
study, Jung et al. (2008) showed no significant colour changes after cementation of
PFM or CC crowns at implants with a
peri-implant soft-tissue thickness above
2.9  0.9 mm. It has, however, to be pointed
out that in our study the mean values for
mucosa thickness, both at Ti and Zr abutments, were below 2.2  0.56 mm indicating
the presence of a “thin” biotype according to
Jung et al. (Jung et al. 2007): the values
obtained at natural teeth were smaller than
those at implants (Table 4). However, this
difference was smaller compared to that
reported in the literature (Chang et al. 1999;
Jung et al. 2007, 2008), where the gingiva at
natural teeth was approximately 1 mm thinner compared to that at implants. This discrepancy might be explained by different
methods used for soft tissue measurement,
implant position and diameter, clinical procedures and sample size (Jung et al. 2007, 2008;
Sailer et al. 2007, 2009b; van Brakel et al.
2011; Bressan et al. 2011; Paniz et al. 2013).
Visual determination of colour is considered highly subjective. External light conditions, experience, age and fatigue of the
human eye are variables that influence this
process (Barna et al. 1981). Computerised colourimetry and spectrophotometry have been
shown to be more accurate and reproducible
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than the human visual tooth colour determination (Paul et al. 2002). This relies on the
assessment of the CIE colour parameters and
enables a direct mathematical colour comparison (Seghi et al. 1989). Several methods of
visual colour determination of the human
gingiva have been described in the literature
(Furhauser et al. 2005; Heydecke et al. 2005).
Some studies described gingiva colour assessment by means of a spectrophotometer (Park
et al. 2007; Jung et al. 2008). In the present
study, a colourimeter was used to capture
gingival images, which were analysed for the
CIE colour parameters using a computer software. One disadvantage of this method is the
direct contact of the colourimeter tube with
the gingiva, which in turn might have influenced the colour by pressure effects, despite

the fact that this step was carefully performed. On the other hand, no spectrophotometric or colourimetric device has yet been
validated for the colour measurement of the
gingiva (Schnitzer et al. 2004; Heydecke et al.
2005; Jung et al. 2007; Park et al. 2007).

Conclusions
Taken together, within their limits, the present data indicate that: (i) The peri-implant
soft tissue around titanium and zirconia
showed colour differences when compared to
the soft tissue around natural teeth, and (ii)
the peri-implant soft tissue around zirconia
demonstrated a better colour match to the
soft tissue at natural teeth than titanium.
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