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When clinicians need to correct
gingival defects and bone
atrophy, prosthetic restorations,
together with periodontal sur-
gery, are a therapeutic option for
achieving optimal gingival es-
thetics." " The challenge of suc-
cessfully reproducing gingival
color in dentistry has been well
documented, and significant
progress remains to be made in
the field of gingival color.” "
The complex characteristics of
gingival tissue (translucency,
thickness, biotype, texture, and
nonuniform color),'""* the in-
herent errors in each observer’s
subjective visual perception,'” '
and the limited number of
physical shade tabs provided by
each manufacturer make gin-
gival color matching particularly
challenging. Dental laboratory
technicians produce indirect re-
storations using dental” ' and/
or gingival material that corre-

sponds to the color selected using the physical tabs in each
gingival shade guide. Given that a standard for gingival
the visual color comparison

shade guides is lacking,"

ABSTRACT

Statement of problem. Research into the coverage error (CE) of gingival systems that have been
expanded by using ceramic specimens created by mixing basic colors is lacking.

Purpose. The purpose of this in vitro study was to compare the CEs of 3 ceramic gingival color systems
that have been expanded with basic-color mixtures from a sample of 360 White participants and to
classify the participants according to the accuracy of the shade match achieved with each system.

Material and methods. L*a*b* color coordinates were recorded in 3 zones of attached gingiva for 360
White participants with healthy gingival tissue (187 men and 173 women). The CEs were calculated for 3
ceramic gingival systems that had been expanded with specimens obtained by mixing the basic colors
in consecutive order, the color percentages in each mixture having been altered by 10% increments. The
systems were Heraceram (Kulzer GmbH) (n=51); Vita VM9 (Vita-Zahnfabrik) (n=41); and IPS Style (Ivoclar
AG) (n=41). The participants were classified into 3 groups according to how well the selected shade
matched their gingival color (excellent, acceptable, or poor). The data were analyzed using a 1-way
ANOVA with a randomized block design and the homogeneity of proportions test (0=.05).

Results. Statistically significant differences were found between the CEs of the 3 expanded
gingival systems in the 3 zones where gingival color was measured (P<.001). The expanded
Heraceram system had the smallest CE (AEyy. minimum 2.66 in the middle zone and maximum
2.95 at the mucogingival line). In the 3 gingival zones, the expanded IPS Style system produced
the largest percentage of participants with a poor shade match (AEyy: minimum 71.4% at the
mucogingival line and maximum 75.8% at the free gingival margin), while the expanded
Heraceram system had the lowest percentage of participants with a poor shade match (AEq:
minimum 33.3% in the middle zone and maximum 41.7% at the mucogingival line).

Conclusions. The CEs calculated for the expanded Vita VM9 and IPS Style ceramic gingival color
systems exceeded the clinical acceptability thresholds in the 3 zones examined. According to the
AEqoo formula, the gingival color of at least 33% of participants matched poorly with the expanded
systems studied. (J Prosthet Dent 2025;133:264-272)

between physical shade tabs and the adjacent gingival tissue
has been conducted using each manufacturer’s specific
shade guide. The basic colors of the gingival physical shade
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Clinical Implications

The colors provided by the expanded ceramic
gingival systems increase chromatic variability,
thereby decreasing errors in the coverage of
participants’ gingival color. However, the resulting
CEs were still not satisfactory for all the systems
tested. The systems are therefore unable to achieve
an accurate match between the color of the natural
gingiva and the adjacent ceramic gingiva in a large
proportion of the White population.

tabs have been mixed in controlled proportions to produce
new ceramlc specunens and thereby increase gingival color
variability.”””’ These expanded gingival colors can aid in the
search for methods of decreasing the coverage error (CE) of
gingival shade guides,” an important goal since it makes
accurate shade matching more likely.

Most spectrophotometers used in dentistry are not
able to measure gingival color, and those that can record
gingival color coordinates are not able to convert the
information into physical shade tabs since the 2 methods
have yet to be aligned. To be able to perform valid sub-
jective color selection for gingival tissue, it is therefore
important to create internationally standardized gingival
guides that become widely used. To ensure the validity of
these gingival shade guides, the physical shade tabs
should be ordered according to the 3 components of
color, should be distributed homogeneously in the color
space, taking into account the gingival perceptibility and
acceptability thresholds,”” and should cover the natural
gingival color space.”” ™ A shade guide should perform
satisfactorily in shade matching, meaning that it needs to
have a relatively low CE (the mean of the minimum color
differences between its shade tabs and participant gin-
giva).”””" One way to meet these requirements is to
study the color coordinates of ceramic gingival specimens
produced from mixtures of the basic colors provided by
the various manufacturers and compare them with the
color coordinates of natural gingiva in people of different
ethnicities.

A range of studies have explored the CE
of gingival shade guides with relahvely unsatisfactory re-
sults. More detailed research should focus on new gingival
colors that can move the field closer to recreating the wide
chromatic variability of natural gingiva, thereby helping i in-
direct restorations replicate the adjacent gingival tissue.”
Perceptibility and acceptability thresholds have been es-
tablished to facilitate clinical assessments of color based on
color-difference values. The 50:50% perceptibility threshold
refers to a scenario in which 50% of observers perceive a
color difference between 2 objects, whereas the other
50% do not. A color difference considered acceptable by
50% of observers constitutes the 50:50% acceptability

8,9,14,24,25,30,34,36
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threshold.”"*" Few studies”””’ have determined how
using color samples obtained by mixing basic gingival colors
improves the performance of the materials used to replace
gingival tissue.

To quantify color, the Commission Internationale de
I'Eclairage (CIE) produced a chromatic model in 1976,
aiming to describe all the colors the human eye can per-
ceive. The model used 3 color coordinates, representing
lightness — L* (the color is black when L*=0, and white
when L*=100), the green to red scale — a* (negative values
indicate green, and positive values indicate red), and the
blue to yellow scale — b* (negative values indicate blue, and
positive values indicate yellow). The 2 formulae most
often used to quantify the difference between 2 colors in
dentistry have been™ the Euclidean formula (AE,,_[(AL*)?
+ (Ma*)* + (Ab*)"?) and the CIEDE2000 formula

2 ,\2 , , 1/2

<AEOO [(KLSL) * (%) * (KAHiH) * RT(KACCSC)<KAHIZH)] ) While
the CIEDE2000 formula involves more complex calculations,
it has the advantage of correlating more closely with human
visual perception.. 43

The first objective of this study was to determine and
compare the CEs of 3 ceramic gingival color systems
(Heraceram; Kulzer GmbH, Vita VM9; Vita Zahnfabrik, IPS
System; Ivoclar AG) when expanded with basic-color
mixtures (the proportions of each mixture being altered by
10% increments) for a sample of 360 White participants.
The study’s second objective was to classify the participants
according to the accuracy of the shade match achieved
using each expanded ceramic gingival color system (cate-
gorizing matches as excellent, acceptable, or poor) and
compare the percentages of participants in each shade-
match category for the 3 expanded color systems. The null
hypotheses were that no statistically significant differences
would be found between the CEs of the 3 ceramic gingival
systems, as expanded with basic-color mixtures, and that
no statistically significant differences would be found be-
tween the percentages of participants in each category of
shade-match accuracy for the 3 expanded color systems.

MATERIAL AND METHODS

A total of 360 White individuals with healthy gingival tissue
(187 men and 173 women) aged between 18 and 92 years
participated in this study, each with healthy maxillary cen-
tral incisors. All participants signed an informed consent
form, and the study was approved by the Institutional
Bioethics Committee. L*, a* and b* color coordinates were
recorded in 3 zones of the participants” attached gingiva (the
mucogingival line, middle zone, and free gingival margin)
using a spectrophotometer (SpectroShade Micro; MHT
Optic Research AG). Table 1 shows the primary indices
describing the gingival color of the participants in the study.
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Table 1.Indices describing L*, a*, and b* coordinates of 360 participants in each zone of attached gingiva

Mucogingival Line Middle Zone Free Gingival Margin

L* a* b* L* a* b* L* a* b*
Mean 49.6 236 14.8 50.6 242 15.2 50.3 238 14.8
Standard deviation 6.2 4.2 26 5.7 4.1 2.8 5.9 44 2.6
Minimum 283 11.2 6.9 315 12.1 8.6 30.1 1.1 7.4
Maximum 65.4 36.6 25.2 64.2 37.2 249 63.5 36.9 248

The L*, a*, and b* coordinates were recorded 3 times with
the same spectrophotometer for each ceramic specimen to
obtain the mean values. Daylight-colored fluorescent tubes
(TLD 95/65; Philips) and the same dental cabinet were used
for all color measurements, and the color of all ceramic
specimens was measured against a neutral gray back-
ground. The operator (C.G.P.) held the optic handpiece at
90 degrees to the surface of the ceramic specimens or at-
tached gingiva. The spectrophotometer (SpectroShade
Micro) measured the complete tooth, determining its color
by producing and analyzing digital images. Its optical con-
figuration was 45 degrees of illumination and O of degrees
observation (45/0) according to the manufacturer.

The study used 3 ceramic gingival color systems: the
Heraceram system (Kulzer GmbH) (HK), with 6 basic colors
(G2, G4, G5, Gb, G7, and G8); the Vita VMO system (Vita-
Zahnfabrik) (VZ), with 5 basic colors (G1, G2, G3, G4, and
G5); and the IPS Style system (Ivoclar AG) (IV), with 5 basic
colors (G1, G2, G3, G4, and G5). To expand these systems,
porcelain specimens were made by mixing the basic colors
and following the numerical order used by the manu-
facturers. All specimens (basic colors and mixtures) were
produced by using a silicone template (New Architect wax-
up assistant anterior, Form B, Large; SmileLine Europe
GmbH) measuring approximately 10.6x61.6x33.2mm in a
similar manner to previous research.”*>**

Heraceram system (HK)

Vita VM9 system (VZ)

The percentage of each basic color was altered by
10% with each new mixture using metric scoops
(Renfert GmbH) to measure the ceramic powder (Fig. 1);
for example, 90% of G1 was mixed with 10% of G2, 80%
of G1 with 20% of G2, and so on until mixtures con-
taining 10% of G1 and 90% of G2 were produced. The
same procedure was followed for all subsequent basic-
color combinations in consecutive order (up to G4-G5
for the VZ and IV systems and G7-G8 for the HK
system). At the end of this process, the expanded HK
system contained 6 basic colors and 45 mixed-color
specimens, making a total of 51; the expanded VZ
system contained 5 basic colors and 36 mixed-color
specimens, making a total of 41; and the expanded IV
system contained 5 basic colors and 36 mixed-color
specimens, making a total of 41. The total number of
ceramic gingival color specimens analyzed was 133. The
color coordinates of the specimens in the 3 expanded
ceramic color systems were recorded 3 times using the
spectrophotometer, as shown in Table 2. These co-
ordinates are represented in Figure 2 together with the
L* a* b* coordinates of the participants’ gingiva.

For each expanded system and in each of the 3 zones of
attached gingiva, the porcelain specimen with the smallest
color difference in relation to the attached gingiva was
identified for each participant, and the minimum color

IPS Style system (IV)

G1]90%|80%|70%]|60%|50%[40%|30%|20%[10%
G2[10%]20%]|30%[40%|50%|60%|70%|80%[90%

Figure 1. Ceramic gingival specimens in three color systems expanded with basic-color mixtures (altered by 10% increments). A, Heraceram (Kulzer

GmbH). B, Vita VM9 (Vita Zanhfabrik). C, IPS Style (Ivoclar AG).
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Figure 2. L*, a* and b* coordinates of attached gingiva of participants (n=360) and of tabs in expanded color systems. A, Mucogingival line. B,

Middle zone. C, Free gingival margin.

difference was recorded. Color differences were calculated
using the Euclidean formula (AE,,) and the CIEDE2000
formula (AEy), as shown in Table 3. The CE was calculated
for each color system by using the mean of the minimum
color differences for all the participants.*’

Participants were categorized according to the ac-
curacy of the shade matches achieved as follows:” ex-
cellent if the minimum color difference was below or
equal to the 50:50% perceptibility threshold (3.1
units for AEab* and 2.1 units for AEg); acceptable if
the minimum color difference was above the 50:50%

THE JOURNAL OF PROSTHETIC DENTISTRY

perceptibility threshold but below or equal to the
50:50% acceptability threshold (4.1 units for AEab* and
2.9 units for AEgy; and poor if the minimum color dif-
ference was above the 50:50% acceptability threshold.

The CEs of the expanded systems were compared
using a 1-way ANOVA with a randomized-block design
(with the 360 participants as blocks)."” This was fol-
lowed, when necessary, by the Duncan multiple range
test."” The homogeneity of proportions test was used to
compare the percentage of participants in each category
in the 3 expanded systems™” (a=.05).

Diaz Herndndez et al
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Table 3.Comparison of coverage errors of three expanded ceramic gingival systems using one-way ANOVA with randomized block design

Gingival Zone Manufacturer

AEg,

Mucogingival line
Kulzer GmbH
Vita-Zahnfabrik
Ivoclar AG

Middle zone
Kulzer GmbH
Vita-Zahnfabrik
Ivoclar AG

Free gingival margin
Kulzer GmbH
Vita-Zahnfabrik
Ivoclar AG

AEg

Mucogingival line
Kulzer GmbH
Vita-Zahnfabrik
Ivoclar AG

Middle zone
Kulzer GmbH
Vita-Zahnfabrik
Ivoclar AG

Free gingival margin
Kulzer GmbH
Vita-Zahnfabrik
Ivoclar AG

Mean (CE) +SD F Statistic; Statistical Power*

P

F=75.12; P<.001 >.999
446 £2.58
4.81+3.10
6.79 +4.34

F=96.70; P<.001 >.999
4,04 +£2.23
446 £2.85
6.65 +4.11

F=97.59; P<.001 >.999
4.24 +£2.58
4.53+£2.93
6.80 £4.05

F=79.18; P<.001 >.999
2.95+1.65
3.41 £2.06
463 £2.75

F=98.18; P<.001 >.999
2.66 £1.46
3.20+1.98
4.46 +2.46

F=108.15; P<.001 >.999
2.77 £1.65
3.21+£2.00

4.60 £2.48

“ Calculated using a=.05.

RESULTS

Histograms and quantile-quantile (Q-Q) graphs were
produced to analyze the CEs of each zone of attached
gingiva and each gingival color system. These showed
that the CEs tended approximately toward statistical
normality (albeit with a right-skewness due to outliers).

Table 3 shows the means (CE) and standard devia-
tions of the color differences between the color co-
ordinates of the participants’ gingiva and the specimens
that provided the best shade match for each expanded
ceramic system and in each zone of attached gingiva. As
Table 3 shows, the expanded HK system had the lowest
CE in the 3 zones of attached gingiva according to both
formulae (AEqy: CEmin 2.66 and CEmax 2.95), while the
expanded IV system had the largest CE (AEy;: CEmin
4.66 and CEmax 4.63). Statistically significant differences
were found between the CEs of the 3 expanded color
systems in all 3 zones of attached gingiva according to
both formulae (P<.001). In the pairwise comparison
using the Duncan multiple-range test with the AEab*
formula, no difference was identified between the CEs of
the expanded HK and VZ systems (P>.05), but the CEs
of these systems differed from those of the expanded IV
system at the mucogingival line and the free gingival
margin (P<.05). Statistically significant differences were
also found between the CEs of all 3 systems in the
middle zone (P<.05). Using the AE( formula, the dif-
ferences between the CEs of all the expanded gingival
color systems were statistically significant in all 3 zones
of attached gingiva (P<.05).
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Table 4 shows the number and percentage of parti-
cipants assigned to each shade-match category for the 3
expanded ceramic systems. The expanded IV system
produced the largest percentages of participants for
whom shade-match accuracy was poor in all 3 zones
when calculated with both color-difference formulae
(AEge: min 71.4% and max 75.8%), while the expanded
HK system obtained the lowest percentages of poor
shade matches (AE,p: min 40.0% and max 46.7%).

When color differences were calculated with the
Euclidean formula, statistically significant differences
were identified between the percentages of partici-
pants in each shade-match category for the 3 systems
in all zones of attached gingiva (mucogingival line,
x°=48.816, P<.001; middle zone, y¥?=72.279, P<.001;
free gingival margin, X2:83.547, P<.001). The ex-
panded IV system produced the least accurate results,
while no statistically significant differences were found
between the percentages of participants in each cate-
gory at the mucogingival line and the free gingival
margin for the other 2 systems (P>.05), although such
differences were identified in the middle zone (P<.05).
When color differences were calculated with the
CIEDE2000 formula, statistically significant differences
were found between the percentages of subjects in
each shade-match category in all 3 zones of attached
gingiva (mucogingival line, X2=67.234, P<.001; middle
zone, X2:107.696, P<.001; free gingival margin,
x°=124.938, P<.001). The expanded IV system was the
least accurate in shade matching, and the HK system
was the most accurate.
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Table 4.Classification of participants according to accuracy of shade match achieved with each expanded gingival color system in each zone of

attached gingiva

Attached Gingival Zone Manufacturer Excellent Acceptable Poor
n (%) n (%) n (%)
AEle
Mucogingival line
Kulzer GmbH 125 (34.7%) 67 (18.6%) 168 (46.7%)
Vita-Zahnfabrik 121 (33.6%) 62 (17.2%) 177 (49.2%)
Ivoclar AG 77 (21.4%) 31 (8.6%) 252 (70.0%)
Middle zone
Kulzer GmbH 144 (40.0%) 72 (20.0%) 144 (40.0%)
Vita-Zahnfabrik 140 (38.9%) 50 (13.9%) 170 (47.2%)
Ivoclar AG 78 (21.7%) 31 (8.6%) 251 (69.7%)
Free gingival margin
Kulzer GmbH 145 (40.3%) 66 (18.3%) 149 (41.4%)
Vita-Zahnfabrik 140 (38.9%) 55 (15.3%) 165 (45.8%)
Ivoclar AG 60 (16.7%) 40 (11.1%) 260 (72.2%)
Mucogingival line
Kulzer GmbH 133 (36.9%) 77 (21.4%) 150 (41.7%)
Vita-Zahnfabrik 115 (31.9%) 59 (16.4%) 186 (51.7%)
Ivoclar AG 70 (19.4%) 33 (9.2%) 257 (71.4%)
Middle zone
Kulzer GmbH 157 (43.6%) 83 (23.1%) 120 (33.3%)
Vita-Zahnfabrik 123 (34.2%) 69 (19.2%) 168 (46.7%)
Ivoclar AG 64 (17.8%) 39 (10.8%) 257 (71.4%)
Free gingival margin
Kulzer GmbH 148 (41.1%) 82 (22.8%) 130 (36.1%)
Vita-Zahnfabrik 130 (36.1%) 64 (17.8%) 166 (46.1%)
Ivoclar AG 50 (13.9%) 37 (10.3%) 273 (75.8%)
DISCUSSION formula: the Eclipse guide (Dentsply Sirona), with 4 tabs,

The null hypotheses that no statistically significant dif-
ferences would be found between the CEs of the 3
ceramic gingival systems as expanded with basic-color
mixtures and that no statistically significant differences
would be found between the percentages of participants
in each category of shade-match accuracy for the 3 ex-
panded color systems were rejected. Statistically sig-
nificant differences were identified in all 3 zones of
attached gingiva in a White population between the CEs
of the 3 expanded ceramic gingival systems (the HK
system had the smallest CE) and between the percen-
tages of participants for whom shade-match accuracy
was poor, acceptable, or excellent (the expanded HK
system provided the most accurate shade matches).
The study’s primary strength was the considerable ex-
pansion of the chromatic range achieved through the pro-
duction of ceramic mixtures, taking the VZ and IV systems
from 5 basic colors to 41 and the HK system from 6 basic
colors to 51. Research on CEs in gingival color systems
using a similar number of shades is lacking. Increasing the
number of colors can help reduce the CE provided that the
shades are chromatically comparable with the color co-
ordinates of the population in question. Based on the color
coordinates of healthy keratinized gingiva in 238 partici-
pants of 4 ethnicities,” Ghinea et al®* used mathematical
optimization models with cluster analysis to obtain 3, 4, 5,
and 6 gingival colors, with CEs ranging from 3.1 to 3.9,
calculated with AEab*. Using the same sample, Sarmast
et al™ evaluated 5 gingival shade guides using the AEab*
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obtained a CE of 5.0; the Gumy guide (Shofu), with 3 tabs,
obtained a CE of 6.5; Vita VM 9 (Vita-Zahnfabrik), with 5
tabs, achieved a CE of 5.6; the IPS d.SIGN system (IV), with
5 tabs, obtained a CE of 7.3; and the IPS e.max guide (IV),
with 5 tabs, achieved a CE of 7.2. With a sample of 120 that
also included individuals of 4 ethnicities, Bayindir et al’
calculated the CEs of 3 gingival color systems using the
Euclidean formula: the Lucitone 199 system (4 tabs:
CE=10.8), the IPS Gingiva system (10 tabs: CE=8.6), and a
combination of the 2 (CE=7.9). With a similar sample, Ito
et al” used mathematical optimization with cluster analysis
to calculate a CE of 4.6 (AEab*) for a system with just 3
gingival shades in a White population. Recently, research
conducted with 259 White participants'' obtained CEs ac-
cording to AEab* of 7.9 for the HeraCeram Gingiva guide (6
gingival shades) and 9.2 for the IPS d.SIGN system (5
shades).” Another study obtained 8 gingival shades using
mathematical models, with a CE of 3.46 according to
AFab*.”” Grieco et al'" analyzed several restorative materials
for gingiva, excluding shade guides, and obtained CEs
(AEab*) of between 5.89 and 10.78. In the present research,
which included a significantly larger number of shade tabs
than the aforementioned studies, the CEs calculated ranged
from 4.04 (AEab*) in the middle zone to 6.80 (AEab*) at the
free gingival margin. Using an acceptability threshold of 4.1
units for AEab¥, the only clinically acceptable CE identified
was in the middle zone for the expanded HK system; in all
other locations, the CE exceeded this threshold. Some au-
thors™*” have reported statistically significant differences
among the color coordinates in the 3 zones of attached
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gingiva, although these differences were not clinically re-
levant. "

Comparing the results of the various studies is challen-
ging given the lack of standardization regarding the number
of participants and ethnicities in the sample, the device used
to record color coordinates (spectroradiometer””™ or
spectrophotometer''****%) or the gingival shade guides
tested. Optimizing gingival shades through mathematical
models has generally been shown to decrease the CE,
bringing it closer to the clinical acceptability thresholds.
However, the disadvantage of such models is that, unlike
physical gingival shade guides, they cannot be used for
subjective color selection through direct comparisons. The
expanded gingival color systems used in this study provided
physical specimens with which subjective color selection
could be performed.

The perceptibility threshold used in this study was
3.1 units for AEab* and 2.1 units for AE00, and the
acceptability threshold was 4.1 units for AEab* and 2.9
units for AE00.” These values correspond to the use of
pink porcelain specimens in the statistical calculations,
although other gingival thresholds have been published.
For example, Paniz et al'’ placed the clinical accept-
ability threshold at AEab*=8.74 for gingiva, while Sailer
et al"” set it significantly lower, requiring a precision of
AEab*=3.1 for the color difference to be clinically ac-
ceptable. Ren et al’’ published a 50:50% acceptability
threshold of AEab*=3.7"" in 2015, while Perez et al*' set
the threshold at AEab*=4.0.

Breaking the results down by zones of attached
gingiva, shade matches were least accurate at the mu-
cogingival line, followed by the free gingival margin. The
most representative chromatic results according to
AEab* were found in the middle zone, where the
highest percentages of acceptable (8.6-20.0%) and ex-
cellent accuracy (21.7-40.0%) in shade matching were
obtained. All the preceding interpretations of results
calculated using the AEab* formula can be extrapolated
to those calculated with the AEg, formula. To further
develop the science of gingival color, future research
should incorporate the gingival papillae and a wider
range of pink ceramic systems. It would be beneficial to
examine mixtures with different proportions of colors
and other materials used in direct and indirect restora-
tions. Exploring the visual and instrumental CEs of
gingival shade guides using methods similar to those of
Ruiz-Lépez et al’’ in their research on 2 of the most
popular dental shade guides would be another useful
line of research.

CONCLUSIONS

Based on the findings of this in vitro study, the following
conclusions were drawn:
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1. The expanded Vita VM9 and IPS Style ceramic
gingival color systems had coverage errors that
exceeded the clinical acceptability threshold in all 3
zones of attached gingiva.

2. According to the AEg, formula, the color selected
using the expanded ceramic systems tested pro-
vided a poor shade match when compared with the
gingiva for at least 33% of the participants.
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