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Abstract
Aim: To spectrophotometrically and visually test whether the peri-implant mucosal
color differs from the color of the natural gingiva.
Material and Methods: Forty single implants in the incisor and premolar region of 40
patients were assessed 3 - 7 years after implant placement. The differences of the color
components lightness, chroma along red-green axis, chroma along yellow-blue axis, and the
total color difference ΔE between peri-implant mucosa and natural gingiva were measured
with a spectrophotometer. The color difference between peri-implant mucosa and natural
gingiva was visually evaluated by clinicians and rated as “clinically visible” or “clinically
invisible” from speaking distance. The dimensions of peri-implant mucosa and gingiva at the
mid-buccal aspect were evaluated by using cone beam CT. Spearman analysis was
performed to detect correlations between different variables. Two-sided t-test, ANOVA,
Mann-Whitney and Kruskal-Wallis tests were applied to detect differences between the
groups.
Results: The spectrophotometrically assessed color difference ΔE between periimplant mucosa and natural gingiva amounted to 7.0 ± 3.9. The peri-implant mucosa
presented a significant dark, greenish and bluish discoloration in comparison to gingiva at
control teeth. Clinical investigation revealed that in 60% of sites the color difference between
peri-implant mucosa and natural gingiva was clinically visible from speaking distance. The
threshold value ΔE for the extraoral clinical distinction of mucosal color differences measured
7.5. When comparing the groups with visible and invisible color differences with respect to
the three color components, a significant difference was found only for chroma along yellowblue axis. In the group with visible color difference, mucosa presented a bluish discoloration.
Correlation analysis indicated that with an increase in mucosal thickness a trend for smaller
ΔE was found.
Conclusion: The spectrophotometrically assessed color of the peri-implant mucosa
revealed more dark, green and blue components compared to the natural gingiva. At 60% of
the implants, peri-implant mucosal discoloration was visible from speaking distance. The
sites with visible and those with invisible mucosal discolorations differed significantly only
regarding the chroma along yellow-blue axis.
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Introduction
Natural and harmonic appearance of dental reconstructions and adjacent soft tissue is
an essential element regarding the clinical outcome in esthetic sites (Belser et al. 2004,
Benic et al. 2012b). Discoloration of peri-implant mucosa represents a clinical problem that,
therefore, may compromise the esthetic success in implant dentistry.
Spectrophotometry is the most frequently used method to objectively assess color
differences in implant dentistry (Benic et al. 2015). When compared to the ability of the
human eye to distinguish colors in clinical settings, spectrophotometry was found to detect
smaller color differences and to achieve higher reproducibility (Gehrke et al. 2009, Johnston
& Kao 1989, Paniz et al. 2014).
Several spectrophotometric investigations showed that the peri-implant mucosal color
differs from the color of the natural gingiva (Bressan et al. 2011, Jung et al. 2008, Paniz et al.
2014, Park et al. 2007, Sailer et al. 2009). Previous studies sought at investigating the
possibilities for improving the color match of the peri-implant mucosa to the natural gingiva.
In particular, these trials evaluated the influence of the color of the reconstructive material
and of the mucosal thickness on the degree of mucosal discoloration (Bressan et al. 2011,
Buchi et al. 2014, Jung et al. 2008, Jung et al. 2007, Sailer et al. 2009) (Happe et al. 2013a,
Happe et al. 2013b, Pecnik et al. 2015). Based on the findings of these studies, it can be
concluded that the discoloration of peri-implant mucosa can clinically be addressed by
improving the optical properties of the restorative material and by thickening of the covering
mucosa.
As far as the clinical relevance of mucosal discoloration is concerned, the ability of the
human eye to detect color differences plays a key role. For the intraoral evaluation of dental
hard tissue, spectrophotometrically measured color difference ΔE values ranging from 2 to 4
were reported as the threshold of perceptibility by the naked eye (Douglas & Brewer 1998,
Douglas et al. 2007, Johnston & Kao 1989, Yilmaz et al. 2009). A recent in vitro trial
investigated the threshold value for the detection of color differences of the human gingiva
(Sailer et al. 2014). Under standardized conditions on the computer monitor, the threshold
value ΔE for the perceptibility of gingival colors amounted to 3.1. In this context, it has to be
taken into account that natural color difference ΔE between gingiva at contralateral teeth was
reported to measure 2.7 (Ishikawa et al. 1988).
Currently, there is scarce information on the threshold value for the distinction of
mucosal color differences under clinical settings. In other words, the clinical relevance of the
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spectrophotometrically assessed mucosal color difference remains unknown. In a recent
clinical trial, dental professionals rated the color match of the peri-implant mucosa to the
natural gingiva on a scale ranging from perfect match to clinically unacceptable (Paniz et al.
2014). Subsequently, the color difference ΔE between the peri-implant mucosa and the
gingiva was assessed by means of a spectrophotometer. The threshold value ΔE for the
clinical distinction of mucosal color differences between perfect/good match and
distinguishable difference amounted to 8.7 (Paniz et al. 2014). This value differs considerably
from the threshold values calculated in the previously described studies.
The aim of this cross-sectional clinical study was to spectrophotometrically and visually
test whether the peri-implant mucosal color differs from the color of the natural gingiva. In
addition, the correlation between the degree of mucosal discoloration and the mucosal
thickness, and between the mucosal discoloration and the type of abutment material was
investigated.
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Material and Methods
This cross-sectional evaluation was performed at the Clinic of Fixed and Removable
Prosthodontics and Dental Material Science, Center of Dental Medicine, University of Zurich,
Zurich, Switzerland. The trial was approved by the local ethics committee (Kantonale EthikKommission, Zurich, Switzerland) and written informed consent was obtained from all the
patients.
Patient and implant selection
Three investigators experienced in reconstructive and implant dentistry performed the
examinations. Prior to the study, the investigators attended a calibration session to
standardize the criteria for the patient selection and the assessment techniques.
The patients previously treated with single implants at the Clinic of Fixed and
Removable Prosthodontics and Material Science, Centre of Dental Medicine, University of
Zurich were recruited for this investigation.
The study implant had to fulfil the following inclusion criteria:
•

Single-tooth implant in incisor, canine or premolar region

•

Follow-up period of 3-7 years after implant placement

•

Presence of mesial and distal natural teeth

•

No metal reconstruction on two teeth mesially and distally to the implant site

•

Complete clinical records

•

No previous occurrence of complications that required any surgical treatment

•

No implant mobility, no persistent subjective complaints, no continuous periimplant radiolucency

•

No peri-implant infection

If two or more implant sites per patient fulfilled the inclusion criteria, one study site was
randomly selected by casting a die. The contralateral vital tooth was selected as control site.
In cases where the contralateral tooth was absent or non-vital, the control tooth was chosen
adjacent to the implant site.
Spectrophotometric assessment
A reflectance spectrophotometer (SpectroshadeTM, Medical High Technologies,
Niederhasli, Switzerland) was used for the color evaluation of the buccal mucosa. Prior to
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each measurement, the camera was calibrated by using a white and a green ceramic tile
supplied by the manufacturer.
To

objectively

measure

the

discoloration

of

the

peri-implant

mucosa,

spectrophotometric measurements of the buccal mucosa were performed at study implant
and at control tooth. The spectrophotometer camera was positioned perpendicular to the
mid-buccal mucosa, and three images were captured at each site. For spectrophotometric
analysis, the image was displayed on a computer monitor and a circular area-of-interest with
1 mm-diameter was selected. The centre of the area-of-interest was located 1 mm apical to
the mid-buccal mucosal/gingival margin (Sailer et al. 2009, Benic et al. 2013).
Spectral analysis rendered the CIE-Lab color coordinates (Commission Internationale
d’Eclairage) L: lightness, a: chroma along red-green axis, and b: chroma along yellow-blue
axis. The total color difference ΔE between the peri-implant mucosa and the natural gingiva
was calculated according to the formula ΔE=[(Limpl-Lcontr)2+(aimpl-acontr)2+(bimpl-bcontr)2]1/2 (CIE
2004).
The ΔE value of 3.7 was considered as the threshold value for intraoral color distinction
by the human eye (Johnston & Kao 1989).
Clinical assessment
The procedures used for periodontal assessment and periapical radiography will be
described in a subsequent publication (Three-dimensional evaluation of peri-implant bone
and mucosa).
The clinicians visually evaluated the color match between the buccal marginal mucosa
at the implant site and the gingiva at the control tooth from a distance of 40-50 cm. If needed,
the lips were retracted to allow the full display of the marginal mucosa at the implant site and
the control tooth. The clinicians rated the peri-implant mucosal discoloration as “clinically
visible” or “clinically invisible”.
Cone beam computed tomographic assessment
The procedures used for cone beam computed tomography (CBCT) scanning and
analysis will be described in a subsequent publication (Three-dimensional evaluation of periimplant bone and mucosa).
To allow depicting the soft tissues within CBCT, a thin layer of light-curing radioopaque flowable composite was applied on the peri-implant mucosa and the gingiva of the
6

control tooth (Benic et al. 2012a, Jung et al. 2015). CBCT imaging was performed with a
3DExam CBCT scanner (KaVo Dental, Biberich, Germany). The scans were made with
following technical parameters: 120 kV, 5 mA, 19 mAs, voxel size of 0.125 mm and 360°
rotation.
Bucco-oral sections perpendicular to the implant/tooth axis were used for CBCT
analysis (Fig. 1). The following parameters were assessed:
•

Mucosal thickness at the study implant (MT) 1 mm apical to the mucosal margin
measured perpendicular to the implant axis (mm)

•

Gingival thickness at the control tooth (GT) 1 mm apical to the gingival margin
measured perpendicular to the tooth axis (mm)

•

Distance from the mucosal margin to the most coronal aspect of the alveolar
crest (MM-AC) measured parallel to the implant axis (mm).

Statistical analysis
Descriptive statistics was computed for all the variables (SPSS Statistics 21, IBM
corporation, Somers, NY, USA). The data were described by using mean values, standard
deviations (SD), 95% confidence intervals (95% CI), medians and ranges. The assumption of
normality of the data was tested using Kolmogorov–Smirnov and Shapiro–Wilk tests. In case
of normal distribution parametric methods (t-test and ANOVA) were applied. Non-parametric
tests (Spearman correlation, Mann-Whitney and Kruskal-Wallis tests) were used in case of
non-normality of the data. More specifically, the one-sample t-test was applied to test ΔE
values in comparison to the threshold ΔE of 3.7 for intraoral color distinction. Spearman
analysis was performed to detect correlations between ΔE, ΔL, Δa, Δb, MT, GT, MM-AC,
reconstructive materials and results of the visual evaluation. Stratified analyses were
computed by partitioning the sites according to the mucosal thickness, the reconstructive
material, and the result of the visual rating. Two-sided t-test and Mann-Whitney test were
applied to detect differences between the group with visually detectable color difference and
the group with invisible color difference. Kruskal-Wallis test and ANOVA were performed for
comparisons between the three groups with different mucosal thicknesses and between the
three groups with different reconstructive materials. ROC-Analysis was employed to
calculate a threshold value for the extraoral clinical distinction of mucosa color. Results of
tests with P-value ≤ 0.05 were considered statistically significant, and these with P-value
between 0.05 and 0.1 were interpreted as statistical trend.
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Results
A total of 40 patients (18 women and 22 men) with 40 study implants were included in
this study. The patients’ mean age amounted to 36.6 years (range: 27 to 73 years). The
follow-up period after implant placement ranged from 42 to 84 months (mean: 5.1 years).
Seven implants were inserted to replace maxillary premolar, 3 for maxillary canines, 24
for maxillary incisors and 6 for mandibular premolars. With respect to implant type, there
were 24 one-piece and 16 two-piece implants. Two implant placements were performed
immediately after tooth extraction, 15 as type II procedure, 2 as type III procedure, and 21 as
type IV procedure (Hammerle et al. 2004). Guided bone regeneration was performed in 35
sites either as one- or as two-stage procedure. Two implants were loaded immediately after
implant placement, 1 implant was early loaded and 37 implants were conventionally loaded
(Esposito et al. 2007).
Spectrophotometrically evaluated mucosal color difference
The overall color difference ΔE between the peri-implant mucosa and the natural
gingiva amounted to 6.97 ± 3.90 (Table 1). This value was statistically different from the
threshold value of 3.7 for color distinction (P<0.001). In 31 out of 40 sites (77.5%), ΔE
measured > 3.7.
ΔL amounted to -1.36 ± 4.53, Δa to -2.78 ± 5.00, and Δb to -1.63 ± 2.51 (Table 1). In
other words, the buccal peri-implant mucosa revealed a dark, greenish and bluish
discoloration in comparison to the gingiva at control teeth.
Visually evaluated mucosal color difference
In 16 out of 40 sites (40%) the color difference between the peri-implant mucosa and
the natural gingiva was clinically invisible from speaking distance, whereas in 24 out of 40
sites (60%) the clinicians detected a visible color difference. A statistically significant
correlation was detected between ΔE and results of the clinicians’ visual evaluation of the
color match (Spearmann-Coeff.: 0. 345; P=0. 029).
Total color difference ΔE amounted to 5.34 ± 3.24 in the group with invisible color
difference and to 8.06 ± 3.99 in the group with perceivable color difference (Table 2). The
difference between the groups was statistically significant (P=0.029).
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When comparing the sites with visible and those with invisible color differences
regarding the color components, significant difference was found only for Δb. Δb amounted
to -0.38 ± 1.91 in the group with invisible color difference and to -2.46 ± 2.54 in the group
with perceivable color difference (P=0.008) (Table 2). In other words, in the group with visible
color difference the mucosa presented a bluish discoloration.
Ten out of 16 (62.5%) sites with invisible color difference revealed ΔE > 3.7. In the
group with visible color difference, 21/24 (87.5%) of the sites were characterized by ΔE >
3.7.
The threshold value ΔE for the clinical distinction of mucosal color differences was
calculated and amounted to 7.54.
Mucosal thickness and mucosal color difference
Mean peri-implant mucosal thickness (MT) measured 1.75 ± 0.41 mm (range: 0.90 –
2.70 mm) and mean gingival thickness (GT) at the control teeth amounted to 1.17 ± 0.22 mm
(range: 0.80 – 1.70 mm). MT and GT were significantly correlated (Spearman-Coeff.: 0.426;
P=0.006). On average, MT was 0.58 ± 0.36 mm thicker in comparison to GT (95% CI: 0.47;
0.70 mm) (Table 3).
A statistical trend was detected for the correlations between ΔE and MT (SpermanCoeff.: -0.294; P=0.066), and between ΔE and GT (Pearson-Coeff.: -0.283; P=0.077),
indicating that with an increase in soft tissue thickness a smaller ΔE was found.
Dividing the sites according to the mucosal thickness rendered 6 out of 40 (15%) cases
with MT < 1.5 mm, 23 out of 40 (57.5%) cases with MT 1.5-2 mm, and 11 out of 40 (27.5%)
cases with MT > 2 mm. Total color difference ΔE reached 9.94 ± 4.50 in the group with MT <
1.5 mm (MT: 1.12 ± 0.17 mm). ΔE measured 6.93 ± 3.59 in the group with MT 1.5-2 mm
(MT: 1.68 ± 0.16 mm) and 5.44 ± 3.61 in the group with MT > 2 mm (MT: 2.25 ± 0.23 mm)
(Table 4). There was a statistical trend of differences between the groups (P=0.064).
The total color difference ΔE was above the threshold value 3.7 for intraoral color
distinction in 100% of cases with MT < 1.5 mm, in 78.3% of cases with MT 1.5-2 mm, and in
63.6% of cases with MT > 2 mm. ΔE was significantly above 3.7 in the groups with MT < 1.5
mm (P=0.019) and MT 1.5-2 mm (P<0.001). In the group with MT > 2 mm the difference
between ΔE and 3.7 was not statistically significant (P=0.140).
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The highest color differences ΔL, Δa and Δb were found in the sites with MT < 1.5 mm.
In the group with MT > 2 mm, ΔL amounted to 0.01 ± 3.91 (95% CI: -2.62; 2.63), Δa to -2.82
± 4.18 (95% CI: -5.62; -0.01) and Δb to -1.49 ± 1.29 (95% CI: -2.36; -0.63) (Table 4).
The sites with visible and those with invisible mucosal discolorations did not differ
regarding the mucosal thickness (P=0.760). MT measured 1.75 ± 0.43 mm in the group with
invisible color difference and 1.75 ± 0.40 mm in the group with perceivable color difference.
Reconstructive material and mucosal color difference
Dividing the sites according to the reconstructive material under the mucosal region-ofinterest (1 mm apical to the mid-buccal mucosal margin) rendered 6 sites with all-ceramic, 9
sites with metal-ceramic (porcelain-fused-to-metal), and 23 with metal (titanium or gold)
(n=38). Two resin crowns were not included in this part of the analysis.
ΔE amounted to 4.84 ± 2.97 for all-ceramic, to 7.05 ± 5.04 for metal-ceramic, and to
7.25 ± 3.39 for metal. There were no statistically significant differences in ΔE, ΔL, Δa and Δb
between the groups (P>0.05).
MT measured 1.80 ± 0.28 mm in the all-ceramic group, 1.58 ± 0.40 mm in the metalceramic group, and 1.80 ± 0.42 mm in the metal group (P>0.05).
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Discussion
In the present study, the spectrophotometrically assessed color of the peri-implant
mucosa differed significantly from the color of the natural gingiva. At 60% of the implants,
peri-implant mucosal discoloration was visible from speaking distance. The sites with
perceptible and non-perceptible mucosal discolorations differed significantly only regarding
the chroma along yellow-blue axis. The threshold value ΔE for the extraoral clinical
distinction of mucosa color differences amounted to 7.5.
In this study the total color difference ΔE between peri-implant mucosa and natural
gingiva measured 7.0 ± 3.9. The color coordinates L, a and b were significantly lower at
implant sites compared with control sites. In other words, the peri-implant mucosa color
presented more dark, green and blue components in comparison to the gingiva at the control
teeth. These data are within the range of mean values reported in previous clinical studies
that spectrophotometrically assessed the color difference between peri-implant soft tissue
and gingiva at control teeth. These trials reported significant spectral differences with mean
ΔE values ranging from 3.4 to 11, and lower L, a, and b values at implant sites in comparison
to control teeth (Bressan et al. 2011, Ishikawa-Nagai et al. 2007, Jung et al. 2008, Paniz et
al. 2014, Park et al. 2007, Sailer et al. 2009). The discrepancy between the data from
different studies may be due to the differences in spectrophotometer, measurement protocol
(e.g. location and surface of the region-of-interest), mucosal thickness, and reconstructive
material of the implant-supported restoration under investigation.
Under standardized laboratory conditions, the human eye is able to distinguish a color
difference ΔE of 1 (Kuehni & Marcus 1979). For the intraoral evaluation of dental hard
tissue, spectrophotometrically assessed color difference ΔE values in the range from 2 to 4
were reported as detection threshold (Douglas & Brewer 1998, Douglas et al. 2007,
Johnston & Kao 1989, Yilmaz et al. 2009). In previous clinical investigations of the color of
oral mucosa, the ΔE value of 3.7 (Johnston & Kao 1989) was generally considered as the
limit of visibility (Benic et al. 2013, Bressan et al. 2011, Buchi et al. 2014, Jung et al. 2008,
Sailer et al. 2009). A recent in vitro trial assessed the limit of gingival color detection by the
human eye (Sailer et al. 2014). The colors of digital images of human gingiva were gradually
modified and the images were randomly presented on a computer monitor. Dentists, dental
technicians and lay people assessed visible differences between the images. The overall
threshold value ΔE amounted to 3.1. When considering the clinical relevance of mucosal
discolorations, one has to take into account that color difference ΔE between natural gingiva
at contralateral teeth was reported to measure 2.7 (Ishikawa et al. 1988).
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In a recent clinical trial with 39 patients, the shade of the peri-implant mucosa was
visually and spectrophotometrically compared with the shade of the gingiva at the adjacent
tooth (Paniz et al. 2014). The visual inspection was performed by five dental professionals,
which rated the peri-implant mucosa on a scale: grade 1 = perfect matching, grade 2 = good
matching (distinguishable at intraoral examination), grade 3 = distinguishable at extraoral
examination, but clinically acceptable, and grade 4 = clinically unacceptable. Eight sites were
rated with median grade 1, 22 sites with median grade 2, and 9 sites with median grade 3.
The investigators found a significant correlation between ΔE values and results of the visual
inspection. The mean ΔE value amounted to 6.6 for the sites rated with grade 1, to 8.5 for
the sites with grade 2, and to 15.5 for the sites rated with grade 3. The threshold value ΔE
between perfect/good match (grades 1-2) and clinical visibility (grade 3) of the mucosal
discoloration amounted to 8.7 (Paniz et al. 2014). These results are in accordance with the
findings of the present investigation. In the current study, the mucosal discolorations were
rated as “invisible” and “visible” from speaking distance. Therefore, both studies calculated
the threshold for the visibility of mucosal discoloration at extraoral inspection. It is striking that
the threshold values for the extraoral visibility of mucosal discolorations found in these two
studies are significantly higher than the value generally considered as the limit of intraoral
color distinction (Johnston & Kao 1989).
In the present investigation 60% of the sites presented a mucosal discoloration that
was visible from speaking distance. Interestingly, when comparing the sites with visible
mucosal discoloration to those with invisible discoloration, a significant difference was found
only regarding the chroma along yellow-blue axis. Among the group with visible discoloration,
peri-implant mucosa was significantly more bluish than the natural gingiva. On the other
hand, in the group with non-perceptible discolorations there were no differences in the blue
color component between peri-implant mucosa and gingiva. It can, therefore, be
hypothesized that the human eye is more sensible to the color differences in the blue
direction compared to other directions of the color coordinate system. To our knowledge, this
is the first study that compared the differences in the color components between the sites
with visible and those with invisible peri-implant mucosal discoloration.
Various earlier spectrophotometric investigations found that the mucosal thickness
affected the degree of soft tissue discoloration caused by the color of the underlying
reconstructive material or discoloured tooth (Benic et al. 2013, Happe et al. 2013b, Jung et
al. 2007, Pecnik et al. 2015). It was concluded that when mucosal thickness exceeded 2 mm,
the discoloration of mucosa caused by the underlying materials was below the ΔE threshold
value of 3.7 (Jung et al. 2007, Pecnik et al. 2015). In accordance to these findings, in the
present study a statistical trend was found for the correlation between the mucosal thickness
12

and the spectrophotometrically assessed degree of mucosal discolorations. The peri-implant
mucosa showed less discoloration in cases with thicker soft tissue. However, there was no
correlation between the mucosal thickness and the results of the visual rating of color
differences. Indeed, the sites with visible mucosal discolorations and those with invisible
discolorations did not differ regarding the mucosal thickness. In a previously mentioned
clinical study that assessed extraoral visibility of mucosal discolorations, the sites with good
color match presented more frequently a thick mucosal biotype compared to the sites with
poor color match (Paniz et al. 2014).
One of the first clinical studies in this field compared metal-ceramic and all-ceramic
implant-supported reconstructions with respect to the degree of peri-implant mucosa
discoloration (Jung et al. 2008). It was concluded that all-ceramic reconstructions reveal
better color match to the natural gingiva. In other clinical studies no difference in the mucosal
discolorations was found between ceramic and metal abutments (Bressan et al. 2011, Sailer
et al. 2009). In the present investigations, even though there was no statistical significance, a
favourable trend in terms of less mucosal discolorations was observed for all-ceramic in
comparison to metal-ceramic.
The main limitation of the present study is the fact that the visual rating of mucosal
discoloration was performed only once for each site, and that the patient cohort was
examined by three clinicians. To reduce discrepancies in the assessment technique, a
calibration meeting was held prior to the study start. For this purpose digital photographs
were visually assessed and the rating was discussed to aim for congruence. Nevertheless,
the applied study design bears the risk of measurement inaccuracy due to the potentially low
agreement of the visual rating. Ideally, multiple visual rating of each site is performed,
permitting to control for inter- and intra-rater agreement. As far as the clinical relevance of
the findings from the present trial is concerned, it has to be taken into account that the
perception of esthetic variations differ between lay people and dental professionals (Gehrke
et al. 2008, Kokich et al. 1999, Sailer et al. 2014). Therefore, visual rating of the mucosa
should have been performed by clinicians and by the patients.
Based on the findings of the present study, it can be deduced that visible mucosal
discoloration can be expected at large number of implants, with higher color changes at sites
with thin mucosa and those with metal abutments. According to the current knowledge, the
mucosal discolorations can clinically be reduced using two different approaches: improving
the optical properties of the restorative material and surgically thickening the covering
mucosa. This investigation provides relevant information regarding the perceptibility of
mucosal color under clinical settings, and the differences between the sites with visible
13

discolorations and those with invisible color differences. Further clinical investigations are
needed to confirm the observations from the present trial. Future clinical research should
investigate whether the human eye is more perceptible to the color changes of particular
color components.
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Conclusions
Within the limitations of the present study, it can be concluded that:
•

Spectrophotometrically assessed color of the peri-implant mucosa revealed more
dark, green and blue components in comparison to the natural gingiva.

•

At 60% of the implants, peri-implant mucosal discoloration was visible from
speaking distance.

•

The sites with visible and those with invisible mucosal discolorations differed
significantly only regarding the chroma along yellow-blue axis.

•

The threshold value ΔE for the extraoral clinical distinction of mucosal color
differences amounted to 7.5.

•

Soft

tissue

thickness

appeared

a

crucial

factor

with

respect

to

the

spectrophotometrically measured degree of peri-implant mucosal discoloration,
with a trend for less pronounced discolorations in patients with thick mucosa. The
sites with visible and those with invisible mucosal discolorations did, however, not
differ regarding the mucosal thickness.
•

Peri-implant mucosal thickness was significantly correlated to the gingival
thickness. On average, the peri-implant mucosa was 0.5-0.7 mm thicker than the
natural gingiva.
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Figure legend
Figure 1. Bucco-oral cone beam computed tomographic (CBCT) images of (a) study
implant and (b) control tooth used for the measurement of soft tissue dimensions. The radioopaque composite resin was used as contrast material to depict the mucosal contours in
CBCT.
Figure 2. Boxplots for (a) total color difference (ΔE), (b) difference of lightness (ΔL),
difference of chroma along red-green axis (Δa) and (d) difference of chroma along yellowblue axis (Δb) between the peri-implant mucosa and the natural gingiva divided according to
the results of the visual evaluation of color match. The line at the ΔE value of 3.7 represents
the threshold value for intraoral color distinction.
Figure 3. Boxplots for (a) total color difference (ΔE), (b) difference of lightness (ΔL),
difference of chroma along red-green axis (Δa) and (d) difference of chroma along yellowblue axis (Δb) between the peri-implant mucosa and the natural gingiva divided according to
the mucosal thickness. The line at the ΔE value of 3.7 represents the threshold value for
intraoral color distinction as perceived by human eye.
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Table legend
Table 1. Results of the spectrophotometric assessment of color differences
Table 2. Results of the spectrophotometric assessment of color differences divided
according to the results of the visual evaluation of color match
Table 3. Results of soft tissue dimensions
Table 4. Results of the spectrophotometric assessment of color differences divided
according to the mucosal thickness
Table 5. Results of the spectrophotometric assessment of color differences divided
according to the reconstructive material
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Color difference
Sample size

Component

Mean ± SD

Range

95% CI (Mean) Median

IQR

95% CI (Median) P-value*

ΔE
All-ceramic
Metal-ceramic
Metal

6
9
23

All-ceramic
Metal-ceramic
Metal

6
9
23

4.84 ± 2.97
7.05 ± 5.04
7.25 ± 3.39

1.77 to 10.54
1.78 to 15.07
1.61 to 15.12

1.72; 7.96
3.17; 10.92
5.78; 8.72

4.12
4.79
7.44

2.91
9.68
5.41

2.84; 7.63
2.99; 13.65
5.66; 8.71

0.382

ΔL
-0.61 ± 3.05
-4.00 ± 4.15
-0.78 ± 4.62

-3.67 to 4.17
-12.03 to 1.53
-9.60 to 6.73

-3.80; 2.59
-7.19; -0.81
-2.78; 1.22

-1.00
-4.17
-1.43

5.76
6.18
6.73

-3.63; 2.82
-6.77; -0.20
-2.61; 1.27

0.157

-1.33 ± 4.49
-0.15 ± 5.69
-3.74 ± 4.38

-9.00 to 2.97
-9.87 to 8.17
-12.67 to 4.37

-6.04; 3.39
-4.54; 4.21
-5.63; -1.84

0.10
1.33
-3.20

7.19
8.65
7.45

-6.43; 2.97
-7.47; 3.85
-6.13; -1.08

0.142

-0.08 ± 2.21
-2.55 ± 2.39
-1.79 ± 2.51

-3.57 to 2.93
-6.57 to 0.83
-8.17 to 3.23

-2.24; 2.40
-4.39; -0.71
-2.88; -0.71

0.67
-1.80
-2.13

3.20
3.77
3.40

-2.37; 1.98
-5.63; -1.03
-2.52; -0.88

0.133

Δa
All-ceramic
Metal-ceramic
Metal

6
9
23

All-ceramic
Metal-ceramic
Metal

6
9
23

Δb

ΔE, total color difference; ΔL, difference of lightness; Δa, difference of chroma along red-green axis; Δb, difference of chroma along yellow-blue axis; SD, standrad deviation; 95% CI (Mean), 95% confidence interval of
the mean; IQR, interquartile range; 95% CI (Median), 95% confidence interval of the median; *, results of ANOVA

Color difference
MT (mm)

Sample size

Component

Mean ± SD

Range

95% CI (Mean) Median

IQR

5.22; 14.66 9.24
5.37; 8.48 6.59
3.02; 7.87 4.18

9.30
5.78
4.22

95% CI (Median) P-value*

ΔE
<1.5
1.5-2
>2

6
23
11

<1.5
1.5-2
>2

6
23
11

<1.5
1.5-2
>2

6
23
11

<1.5
1.5-2
>2

6
23
11

9.94 ± 4.50
6.93 ± 3.59
5.44 ± 3.61

4.88 to 15.12
1.61 to 13.65
1.77 to 14.68

5.22;15.10
4.24; 9.05
3.18; 7.41

0.064

ΔL
-3.59 ± 6.85
-1.43 ± 4.06
0.01 ± 3.91

-12.03 to 6.73
-9.60 to 6.33
-6.23 to 6.90

-1.54 ± 7.09
-3.08 ± 4.95
-2.82 ± 4.18
-2.44 ± 4.01
-1.48 ± 2.55
-1.49 ± 1.29

-10.79; 3.60
-3.18; 0.33
-2.62; 2.63

-4.13
-2.10
-0.40

12.59
5.10
5.87

-10.65; 4.00
-3.53; -0.32
-2.60; 3.27

0.323

-12.67 to 8.17
-11.43 to 4.00
-12.67 to 4.37

-8.98; 5.90 -2.55
-5.22; -0.94 -1.40
-5.62; -0.01 -2.13

10.48
10.49
10.50

-8.00; 5.93
-7.47; 1.07
-3.87; -0.87

0.908

-8.17 to 2.40
-6.57 to 3.23
-3.37 to 0.63

-6.65; 1.77 -2.60
-2.59; -0.38 -1.80
-2.36; -0.63 -1.90

7.34
4.27
1.60

-6.57; 1.85
-2.48; 0.03
-2.50; -0.90

0.848

Δa

Δb

ΔE, total color difference; ΔL, difference of lightness; Δa, difference of chroma along red-green axis; Δb, difference of chroma along yellow-blue axis; SD, standrad deviation; 95% CI (Mean), 95% confidence
interval of the mean; IQR, interquartile range; 95% CI (Median), 95% confidence interval of the median; *, results of Kruskal-Wallis test

MT (mm)
GT (mm)
ΔMT-GT (mm)
MM-AC (mm)

Mean
1.75
1.17
0.58
4.48

±
±
±
±
±

SD
0.41
0.22
0.36
1.24

Range
0.90 to 2.70
0.80 to 1.70
-0.30 to 1.4
1.60 to 8.90

95% CI (Mean)
1.62; 1.88
1.09; 1.24
0.47; 0.70
4.08; 4.87

Median
1.70
1.10
0.65
4.30

IQR
0.50
0.30
0.40
1.50

95% CI (Median)
1.60; 1.90
1.00; 1.20
0.50; 0.70
4.15; 4.70

MT, mucosal thickness; GT, gingival thickness; ΔMT-GT, difference between MT and GT; MM, mucosal margin; AC, alveoloar crest; SD, standard
deviation; 95% CI (Mean), 95% confidence interval of the mean; IQR, interquartile range; 95% CI (Median), 95% confidence interval of the median

Color difference
Sample size Component

Mean ± SD

Range

95% CI (Mean) Median

IQR

95% CI (Median) P-value*

ΔE
Clinically invisible
Clinically visible

16
24

5.34 ± 3.24
8.06 ± 3.99

1.61 to 13.65
2.65 to 15.12

3.61; 7.06
6.37; 9.74

4.53
7.81

3.86
6.42

3.48; 6.59
4.79; 9.55

0.029†

ΔL
Clinically invisible
Clinically visible

16
24

-0.47 ± 4.44
-1.95 ± 4.59

-9.60 to 6.73
-12.03 to 6.90

-2.83; 1.90
-3.89; -0.01

-1.12
-2.27

6.38
6.48

-3.47; 1.47
-3.67; -0.20

0.316

-1.78 ± 3.69
-3.44 ± 5.69

-11.43 to 3.70
-12.67 to 8.17

-3.74; 0.19
-5.84; -1.04

-1.33
-3.27

4.89
9.33

-3.17; 0.80
-7.78; 0.57

0.269

-0.38 ± 1.91
-2.46 ± 2.54

-3.93 to 3.23
-8.17 to 2.93

-1.40; 0.65
-3.54; -1.39

-0.52
-2.47

2.67
3.00

-1.80; 0.67
-3.57;-1.03

0.008†

Δa
Clinically invisible
Clinically visible

16
24
Δb

Clinically invisible
Clinically visible

16
24

ΔE, total color difference; ΔL, difference of lightness; Δa, difference of chroma along red-green axis; Δb, difference of chroma along yellow-blue axis; SD, standrad deviation; 95% CI (Mean), 95% confidence interval of
the mean; IQR, interquartile range; 95% CI (Median), 95% confidence interval of the median; *, results of t-test; †, statistically significant

ΔE
ΔL
Δa
Δb

Mean ± SD
6.97 ± 3.90
-1.36 ± 4.53
-2.78 ± 5.00
-1.63 ± 2.51

Range
1.61 to 15.12
-12.03 to 6.90
-12.67 to 8.17
-8.17 to 3.23

95% CI (Mean)
5.72; 8.22
-2.81; 0.09
-4.38; -1.18
-2.43; -0.83

Median
6.04
-1.57
-2.10
-1.85

IQR
5.69
5.30
8.40
3.84

95% CI (Median)
4.56; 7.86
-3.19; -0.27
-4.23; -0.33
-2.44; -0.97

ΔE, total color difference; ΔL, difference of lightness; Δa, difference of chroma along red-green axis; Δb, difference of chroma along yellow-blue axis;
SD, standard deviation; 95% CI (Mean), 95% confidence interval of the mean; IQR, interquartile range; 95% CI (Mean), 95% confidence interval of
the median

Figure 1

Figure 2

Figure 3

