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Fifteen ceramic gingival samples: A proposed gingival shade guide 
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A B S T R A C T   

Objective: (1) To put forward a set of valid pink ceramic samples for subjective gingival colour selection in the 
Caucasian population, and (2) to assess the quality of the shade matches provided by the selected pink samples. 
Methods: The ceramic gingival shade samples (n = 133) were obtained by mixing pairs of basic colours from a 
single system. In each mixture, the proportions of the colours were altered in 10% increments, following the 
numerical order used by the manufacturers of the three colour systems under study (Heraceram, Vita VM9 and 
IPS Style). The CIELAB colour coordinates were recorded using spectrophotometry in three zones of healthy 
anterior gingiva (n = 360). The sample was randomly divided into two subsamples, each of which contained 180 
participants. Subsample 1 was used to select the ceramic gingival samples that provided the best shade matches, 
using the k-means clustering method. Subsample 2 was used to assess the chromatic validity of the selected 
gingival samples, according to the coverage error. 
Results: To identify the ceramic gingival samples that best represented participants’ gingival colour, the mini
mum colour differences (ΔEab*, ΔE00) between the cluster centroids and the 133 gingival samples were 
calculated. Fifteen gingival samples were selected: 8 from the Heraceram system, 4 from the VM9 system, and 3 
from the IPS Style system. Coverage errors for the 15 gingival samples fell below the gingival clinical accept
ability thresholds in the three gingival zones examined. 
Conclusions: The 15 ceramic gingival colour samples provide satisfactory coverage of the gingival colour space, 
with coverage errors below the ΔE00 clinical acceptability threshold of 2.9 units. These pink colour samples have 
the potential to provide good gingival shade matches in subjective colour selection. 
Clinical Significance: Mixing basic ceramic colours is a viable method for generating a series of pink shades that 
can be used as a physical gingival shade guide. The resulting guide provides valid results (under the acceptability 
thresholds) for subjective selection gingival colour selection in clinical practice.   

1. Introduction 

Manufacturers are currently expanding the range of pink shades they 
offer, in order to meet patients’ expectations when it comes to gingival 
aesthetics. Colour has been shown to be the key variable in determining 
the attractiveness of a smile [1–4], while a harmonious relationship 
between teeth and gingiva also plays an important role [2,5–9]. The 
colour of gingival tissue varies significantly [6,10] in the distinct 
anatomical regions (papillae, free gingival margin, attached gingiva and 
mucogingival line) [2,11]. It is also affected by factors such as: the 
thickness of the epithelium [12], frequency of toothbrushing [2], the 
degree of keratinisation, pigmentation [13,14], the degree of vascular
isation, medication [15], smoking habits [16], age [17], and race 
[17–21]. 

Traditionally, narrative description has been used to define gingival 
shades (from a pale pink colour to a bluish-purple) [13,22], based on 
visual examination [16,23,24]. While subjective visual comparison is 
the most common shade selection method in contemporary dentistry 
[25], the use of electronic devices such as spectrophotometers, spec
troradiometers and colorimeters is essential to objectively quantify 
colours and the variations therein [2,18,26–29]. 

Successfully emulating the colour of the gingiva adjacent to direct or 
indirect restorations is a complex challenge [2,30–33], which is further 
complicated by the lack of benchmark shade guides for the “pink” colour 
space that are widely used by dental professionals (dental prosthetists 
and dentists). Alongside their pink restorative materials, manufacturers 
offer only a limited number of shade tabs with which to perform sub
jective shade matching. These guides therefore fail to cover the entirety 
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of the gingival colour space, limiting their validity for the various target 
populations and resulting in compromised aesthetic outcomes. Conse
quently, patients are more likely to consider the final appearance of 
restorations unsatisfactory when gingival tissue is involved. 

The clear colour differences between commercial gingival shade 
guides and healthy gingiva [6,28,34,35] illustrate the need to use 
mathematical principles (taking into account the gingival perceptibility 
and acceptability thresholds) [34] to design a valid gingival guide. Such 
a guide should have a representative number of gingival shade tabs and 
cover the natural gingiva colour spectrum, so as to optimise the process 
of subjective gingival shade matching [31,36]. 

Several studies [26,29,31,36] have used cluster analysis to select a 
range of gingival colours (identified by their colour coordinates) that 
would provide coverage of the gingival colour space for all population 
groups. These results are limited by the fact that they only provide the 
colour coordinates, without detailing how to use them to generate 
physical shade tabs, which limits their utility for procedures involving 
subjective colour selection through direct visual comparison. Producing 
a valid physical shade guide for gingiva is an essential step on the path to 
creating gingival restorations that emulate the colour of adjacent 
gingiva successfully and make “pink” aesthetic results more predictable. 
The clinical situations most frequently affected by such interventions are 
gingival recessions, trauma, iatrogenic extractions, and tumours and/or 
cysts [1,3,37–40]. 

Colour differences are quantified in dentistry with reference to the 
thresholds of perceptibility (PT) and acceptability. The 50:50% PT refers 
to a colour difference that 50% of observers perceive and the other 50% 
do not, while the 50:50% AT refers to a colour difference that 50% of 
observers deem acceptable and the remaining 50% do not. In the 
gingival colour space, the 50:50% ATs identified in the literature are 4.6 
[41], 3.7 [42] and 4.1 units [32] for the Euclidean formula, and 4.0, 
[41], 2.8 [42] and 2.9 [32] units for the CIEDE2000 formula. 

The CIELAB colour space is a Cartesian coordinate system defined by 
three colorimetric coordinates: L*, a* and b*. The L* coordinate in
dicates lightness, with values that range between 0 and 100 (vertical 
axis), while the a* coordinate shows the amount of red/green present 
(horizontal axis), and the b* coordinate indicates the amount of blue/ 
yellow present (horizontal axis). Two colour-difference formulae are 
used extensively in dentistry: the Euclidean formula (ΔEab) and the 
CIEDE2000 formula (ΔE00). It should be noted that the CIEDE2000 
formula correlates more closely with the perception of the gingival 
colour space by the human eye [43] and is the formula recommended by 
the CIE [6,44,45], whereas ΔEab is the most frequently used formula, 
facilitating comparison with previous results [6]. 

The null hypothesis of this study was that the pink ceramic gingival 
samples would not provide coverage of the gingival colour space and 
perform satisfactorily in shade matching (under the acceptability 
threshold) in a Caucasian population. The objectives of this study were: 
1 – to select valid gingival samples that represent the gingival colour of 
the Caucasian population, by producing ceramic mixtures using three 
gingival colour systems; 2 – to assess the quality of the shade matches 
achieved with these physical ceramic gingival shade tabs. 

2. Materials and methods 

2.1. Ceramic gingival samples 

A set of 133 ceramic gingival colour samples was used in this study 
(identified as Heraeus H1-H51, Vita V1-V41, and Ivoclar I1-I41). These 
were obtained by mixing the basic shades from the following three 
ceramic gingival colour systems: Heraceram – Heraeus-Kulzer (6 basic 
gingival colours); Vita VM9 – Vita-Zahnfabrik (5 basic gingival colours); 
IPS Style – Ivoclar (5 basic gingival colours). To create the ceramic 
gingival shade samples, pairs of basic colours from a single system were 
mixed, changing the proportion of the colours in each consecutive 
mixture by 10%, and following the numerical order used by the 

manufacturers. Three colour measurements were taken for each pink 
ceramic sample, using the Spectroshade Micro (MHT Optic Research AG, 
Niederhasli, Switzerland) spectrophotometer against a neutral grey 
background lit by fluorescent-tube ceiling lights (Phillips TLD 95/65). 
These were used to obtain the mean L*, a* and b* coordinates for each 
sample. The CIELAB colour-coordinate ranges were as follows for each 
of the three ceramic colour systems expanded with the aforementioned 
mixtures: Heraceram (n = 51) – L*: 36.9–67.3; a*: 13.6–32.9, 
b*:5.3–20.8; Vita VM9 (n = 41) – L*: 37.8–62.8; a*: 11.8–30.4, 
b*:8.1–20.9; IPS Style (n = 41) – L*: 46.2–63.0; a*: 13.2–23.3, 
b*:4.6–25.7. 

2.2. The participants’ gingival colour coordinates 

The participants in this study were 360 Caucasian subjects with 
healthy gingival tissue around the maxillary central incisor (187 men 
and 173 women), aged between 18 and 92 years. The exclusion criteria 
were visible signs of gingival inflammation, presence of plaque, missing 
teeth in the maxillary anterior region, melanin pigmentation, and hav
ing received dental whitening treatment. All participants signed an 
informed consent form, and the study was approved by the Institutional 
Bioethics Committee. For each participant, the L*, a* and b* colour 
coordinates were recorded in three attached gingival zones (the muco
gingival line, middle zone and free gingival margin) [46] using the 
spectrophotometer (SpectroShade Micro, MHT Optic Research AG, 
Niederhasli, Switzerland) and repeating the measurements three times. 
These colour measurements were conducted in standardised conditions: 
by the same operator, using the same dental cabinet, and with lighting 
from daylight-coloured fluorescent tubes (Phillips TLD 95/65). For the 
statistical calculations, the mean coordinates were used. The minimum 
and maximum CIELAB colour coordinates were as follows for each of the 
three zones examined (n = 360). Mucogingival line – L*: 28.3–65.4; a*: 
11.2–36.6, b*: 6.9–25.2; middle zone – L*: 31.5–64.2; a*: 12.1–37.2, b*: 
8.6–24.9; free gingival margin – L*: 30.1–63.5; a*: 11.1–36.9, b*: 
7.4–24.8. 

2.3. Selection of the most representative ceramic gingival samples 

The total sample of participants was randomly divided into two 
subsamples, each including 180 subjects. Subsample 1 was used to select 
the ceramic samples that mostly closely matched the gingival shades of 
the subsample, according to the clinical acceptability thresholds. Sub
sample 2 was used to assess the chromatic validity of the ceramic 
gingival samples selected in the first stage. 

Selection of the ceramic gingival samples that provided the best 
shade matches was conducted by applying the k-means algorithm to the 
180 participants in subsample 2 (k-means clustering). This optimisation 
algorithm is a non-hierarchical cluster analysis method, in which a 
partition is iteratively updated as each object is reallocated to the group 
with the nearest mean, followed by recalculation of the group means 
[47]. The selection process included four stages, as follows. 

(1) The k-means algorithm was applied: using the CIELAB colour co
ordinates recorded for the 180 subjects in each gingival zone, the 
algorithm was applied for different numbers of clusters (k = 2, 3, 
4, etc.).  

(2) The final groups were chosen. In each attached gingival zone, a 
final group was chosen: that with the minimum number of clus
ters fulfilling the condition that each cluster contains 5 or more 
subjects (approximately 2.5% of the total number of participants 
in subsample 1).  

(3) The most representative ceramic gingival samples were identified in 
each cluster, in each of the three attached gingival zones. To do so, 
the colour difference was calculated (using the Euclidean and 
CIEDE2000 formulae) between each centroid (the colour that is 
representative of the cluster, at the centre of the cluster’s data 
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points) and the 133 porcelain gingival samples. The ceramic 
gingival colour sample with the smallest colour difference (or the 
two samples, when the two colour difference formulae did not 
identify the same tab) was then identified.  

(4) The selected ceramic gingival samples were assembled in a proposed 
physical gingival shade guide: the gingival guide described in this 
article was created by bringing together the representative 
ceramic gingival samples from the clusters in each gingival zone 
and organising the samples in ascending order of lightness (L* 
coordinate). 

2.4. Assessment of how the selected gingival samples perform in shade 
matching 

Subsample 2 was used to assess the chromatic performance of the 
selected ceramic gingival samples in each gingival zone, based on the 
following indicators: (1) the coverage error [48], or the mean of the 
minimum colour differences between the gingiva of the members of 
subsample 2 and the best-performing ceramic colour samples selected 
earlier [28,48,49]; and (2) the quality of the shade match achieved – 
excellent, acceptable, moderately unacceptable, clearly unacceptable or 
extremely unacceptable [50]. 

For each participant in subsample 2 (n = 180), the ceramic gingival 
sample was selected for which the colour difference with respect to the 
gingival zone in question was smallest (ΔEmin). The average of the 
minimum colour differences for the 180 participants was then calculated 
(CE): 

CE =

∑
ΔEmin

n
=

∑n
i=1min

j
ΔEij

n  

where ΔEij is the difference between the gingival colour recorded for the 
participant, i (i = 1, …., n), and that recorded for the shade tab (j). 

The coverage error was calculated in each of the three attached 
gingival zones in which the colour coordinates were measured, using the 
Euclidean (ΔEab) and CIEDE2000 (1:1:1) (ΔE00) formulae to determine 
the colour differences. 

The quality of the shade match achieved for each participant was 
established in the following way [50]:  

• If the colour difference between the participant’s gingiva and the 
ceramic gingival sample selected (that providing the best shade 
match) was lower than or equal to the perceptibility threshold 
(ΔEmin≤PT), the shade match for that participant was considered 
excellent.  

• If the colour difference between the gingiva and the best-performing 
gingival sample was between the perceptibility threshold and the 
acceptability threshold (PT<ΔEmin≤AT), the shade match was 
considered acceptable.  

• If the colour difference between the gingiva and the best-performing 
shade tab was between the acceptability threshold and twice that 
value (AT<ΔEmin≤2 × AT), the shade match was considered 
moderately unacceptable.  

• If the colour difference between the gingiva and the best-performing 
shade tab was between two and three times the acceptability 
threshold (2 × AT<ΔEmin≤3 × AT), the shade match was considered 
clearly unacceptable.  

• If the colour difference between the gingiva and the best-performing 
shade tab was more than three times the acceptability threshold 
(ΔEmin>3 × AT), the shade match was considered extremely 
unacceptable. 

This classification of participants according to shade-match quality 
was performed with reference to the various perceptibility and accept
ability thresholds found in the relevant literature [32,41,42,51]. 

3. Results 

The number of clusters varied according to the zone of attached 
gingiva examined in subsample 1 (n = 180). At the mucogingival line, 
the chosen solution consisted of 4 clusters, while the solutions in the 
middle zone and at the free gingival margin consisted of 7 and 6 clusters, 
respectively (Table 1 and Fig. 1). 

Fig. 1 shows the colour coordinates of the 133 ceramic gingival 
samples and of the 180 participants in subsample, measured in the 
middle zone of the attached gingiva. 

The minimum colour differences between the centroids of the clus
ters and the 133 ceramic gingival samples are shown in Table 2, which 
also shows the gingival colour samples that most closely matched the 
centroids (one, when the closest-matching ceramic gingival sample 
identified was the same for both colour difference formulae; two, when 
the two formulae identified different samples). 

The 15 pink ceramic samples that appear at least once in Table 2 
were selected: H24, H26, H35, H40, H41, H42, H45 and H49 from the 
expanded Heraceram system; V29, V30, V32 and V34 from the 
expanded Vita VM9 system; and I26, I27 and I33 from the expanded IPS 
Style system. The ceramic gingival samples in Table 2, which were 
selected for providing the closest shade match with the centroids of the 
clusters (Fig. 2), appear in ascending order of lightness in Table 3 and 
Fig. 3. 

Table 4 shows the coverage errors obtained in subsample-2 of 180 
participants. This subsample was used to assess the performance of the 
15 ceramic gingival samples selected through the statistical analysis 
performed upon subsample 1 (n = 180), as detailed above. 

As Table 4 shows, all the coverage errors fall below the 50:50% 
acceptability thresholds found in the literature. This is true of the 
coverage errors for both genders and all age groups. Further, the 
coverage errors are similar for women and men, in all age groups, and in 
all three attached gingival zones, whether calculated with the Euclidean 
or CIEDE2000 formula. 

In Figs. 4–6, the 180 participants in subsample 2 are classified ac
cording to the quality of shade match achieved, in the three attached 
gingival zones examined, using the CIEDE2000 formula to calculate the 
colour differences. As the figures show, none of the 180 participants in 
subsample 2 received an extremely unacceptable shade match in any of 
the attached gingival zones, according to any of the gingival thresholds 
of clinical acceptability considered in this study. 

When the colour differences were calculated with the Euclidean 
formula, the percentages of participants whose shade-match at the 

Table 1 
Centroids of the clusters, and the number of participants grouped together in 
each cluster, according to the zone of attached gingiva (subsample 1, n = 180).    

L* a* b* # participants 

Mucogingival line      
Cluster 1 37.6 33.4 16.7 52  
Cluster 2 42.8 26.8 13.9 5  
Cluster 3 50.6 23.7 14.5 69  
Cluster 4 55.9 20.0 15.8 54 

Middle zone       
Cluster 1 39.8 33.7 16.6 7  
Cluster 2 42.1 25.3 12.4 25  
Cluster 3 48.2 28.5 14.9 39  
Cluster 4 50.2 21.3 13.2 32  
Cluster 5 50.5 22.2 18.7 17  
Cluster 6 54.7 23.9 14.9 40  
Cluster 7 59.3 19.8 17.2 20 

Free gingival margin      
Cluster 1 37.7 34.7 18.2 36  
Cluster 2 38.2 21.4 10.4 40  
Cluster 3 44.4 28.0 14.0 58  
Cluster 4 49.4 20.6 14.3 34  
Cluster 5 52.2 25.6 14.7 5  
Cluster 6 57.3 20.0 15.4 7  
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mucogingival line was classified as excellent or acceptable were 81.1%, 
65.0% and 75.0%, using the thresholds described by Ren et al., Pérez 
et al. and Gómez-Polo et al., respectively [41–43]. In the middle zone, 
the percentages were 82.2%, 65.5% and 71.7% for the three thresholds, 
and at the free gingival margin, they were 78.3%, 62.3% and 72.2%. 
When the colour differences were calculated with the CIEDE2000 for
mula, the percentages of participants receiving an excellent or accept
able shade match at the mucogingival line were 92.2%, 73.9% and 
76.7%, using the three thresholds cited above. In the middle zone, the 
percentages were 95.0%, 75.6% and 77.7% for the three thresholds, and 
at the free gingival margin, they were 78.3%, 62.3% and 72.2%. As 
shown in Figs. 4–6, the poorest shade matches were achieved at the free 
gingival margin. 

4. DISCUSSION 

The null hypothesis should be rejected, since ceramic gingival sam
ples have been identified that satisfactorily represent the gingival colour 

space in the study population. This population (n = 360) is similar in size 
to those used in prior publications [2,26,52]. The authors of the afore
mentioned studies [2,26,52] also used a spectrophotometer to record 
colour coordinates, given the device’s demonstrated reliability in vivo 
and when used with samples of pink material in vitro [2,30,53–57]. It is 
well known that spectrophotometers are subject to the limitations of 
“edge loss” [58], whereby some colour information is lost when the 
incident light falls on translucent surfaces. Spectrophotometers are 
considered the most precise electronic devices for recording colour co
ordinates in dentistry [59,60]. Due to the design of their probe tips 
and/or cameras, those currently on the market do not enable measure
ments to be taken in the posterior region. Consequently, this and other 
studies using spectrophotometers measure the colour of the gingiva 
adjacent to the incisors. Given the diversity of gingival colour, as 
described in previous research, the results have been presented for three 
distinct anatomical areas [2,16] and according to gender [2,26,29,52]. 
Research on how age influences the colour of keratinised gingiva is not 
conclusive. While several publications found no statistically significant 
differences between age groups [2,18,26,29], other recent results have 
suggested that the attached gingiva may develop a bluish colour as 
subjects age [52]. 

It should be noted that we cannot rule out the possibility of chro
matic differences existing between distinct batches of gingival ceramics 
or slight errors having been made in the proportions used in the mix
tures, both of which would introduce errors into the results presented. 
Other limitations of the research include the omission of gingival 
papillae, and the fact that all 360 participants in the sample were 
Caucasian, which prevents the extrapolation of these findings to other 
racial populations [18]. Future studies should address these omissions, 
in order to interrogate whether the 15 ceramic gingival samples selected 
are representative when used in other anatomical regions and racial 
groups. Further research is also needed to explore other ceramic gingival 
systems, other restorative materials (including those produced by 
different manufacturers) and mixtures containing different proportions 
of the various shades, in order to consolidate and expand the results 
presented in this paper. There are other methods for widening the 
gingival colour range that were beyond the scope of this study, such as 
the application of dyes and stains [34] to alter the appearance of res
torations, but the results of these techniques are more difficult to 
quantify. 

The chromatic criteria used by manufacturers to design the basic 
colours in their restorative systems are unknown, but they have proved 

Fig. 1. The L*, a* and b* coordinates of the 133 ceramic gingival samples used in this study, and of the 180 participants in subsample 1, measured in the middle zone 
of the attached gingiva. 

Table 2 
Closest-matching ceramic gingival samples, and colour differences between 
these samples and the centroids, according to the zone of attached gingiva 
(subsample 1, n = 180).    

Ceramic gingival sample ΔEab ΔE00 

Mucogingival line     
Cluster 1 H45 3.14 1.82  
Cluster 2 H35 4.16 2.18  
Cluster 3 H26, V30 2.48 1.91  
Cluster 4 I26 1.91 1.63 

Middle zone      
Cluster 1 H40, H45 3.35 2.04  
Cluster 2 H49, H35 5.92 2.91  
Cluster 3 H41, H42 1.56 1.14  
Cluster 4 V32 2.39 1.85  
Cluster 5 I33 2.51 1.86  
Cluster 6 V29 2.13 1.76  
Cluster 7 I27, H24 2.19 1.63 

Free gingival margin     
Cluster 1 H45 4.98 2.56  
Cluster 2 V34, H45 6.49 5.18  
Cluster 3 H35 2.97 1.62  
Cluster 4 V32 1.44 0.82  
Cluster 5 H26 0.80 0.54  
Cluster 6 I26 1.68 1.36  
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insufficient to guarantee satisfactory aesthetic results. Studies on the 
chromatic compatibility of the available gingival shade guides – Eclipse 
(Dentsply), Gumy (Shofu), IPS e.max (Ivoclar Vivadent), GC Acrylic 
(GRADIA Gum Shades®; GC America, Inc., Alsip, IL, USA), IvoCap® 
(Ivoclar Vivadent, Inc., Laguna, Philippines), Lucitone 199® (Dentslpy 
International, Hong Kong, China), Easy-Flow® (Henry Schein, Hong 
Kong, China), Candulor® (Ivoclar Vivadent, Inc., Laguna, Philippines), 
Heraceram (Kulzer), IPS Gingival and IPS d.sign (Ivoclar, AG) – agree [6, 
28,34,35] that the coverage error between the shade tabs and the 

gingival colour recorded for the various populations is not acceptable 
(exceeding the chromatic acceptability threshold), and that these shade 
guides do not represent natural gingival colour (ΔEabCE >8.0). Sarmast 
et al. [6] identified an exception in 2018, finding that the Vita VM9 
gingival guide performed satisfactorily in shade matching, with colour 
differences below the acceptability threshold. In 2009, Bayindir et al. 
[28] observed that the CE decreased (ΔEabCE 7.9) when two gingival 
shade guides were combined: the 4 gingival shade tabs of the Lucitone 
199 guide (Denstply, Sirona) having been used together with the 10 

Fig. 2. Number of clusters according to the attached gingival zone examined in subsample 1 (n = 180). Mucogingival line – 4 clusters, middle zone – 7 clusters, and 
free gingival margin – 6 clusters. 
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shade tabs from the IPS Gingival guide (Ivoclar, AG). This illustrated the 
need to explore how shade-matching performance is affected when 
using several gingival colour systems. The present study responds to that 
need by investigating the extent to which expanding existing colour 
systems by producing porcelain mixtures can optimise the chromatic 
solutions offered. Given that 133 physical gingival samples would have 

been a much greater number than that used in previous studies [6,28,34, 
35] and impracticable for direct subjective visual comparisons, 15 tabs 
were selected in this study. This is a more manageable number for cli
nicians and analogous to the 16 dental shade tabs in the Vita Classical 
guide (which is considered the gold standard for dental shade guides) 
while providing a range that is compatible with the gingival colour space 
recorded in vivo. The 15 gingival samples selected with subsample 1 
produced a CE, when assessed with subsample 2, which fell below the 
clinical acceptability threshold for gingiva. They therefore met the ob
jectives of compatibility with the gingival colour space in all the age 
groups, both genders and the three gingival zones (ΔEabCE <3.72). 
These results suggest that the guide may perform better in shade 
matching than those currently on the market. The quality of shade 
matches was excellent or acceptable for around 75% of participants in 
the middle zone and at the mucogingival line, while lower percentages 
were achieved at the free gingival margin. It has not been possible to 

Fig. 2. (continued). 

Table 3 
Mean colour coordinates (SD) of the 15 ceramic gingival samples included in the 
proposed physical gingival guide.  

Samples Ceramic Gingival 
System 

Composition L* a* b* 

1 HERACERAM 60G7+40G8 38.4 
(0.1) 

32.5 
(0.2) 

13.8 
(0.1) 

2 HERACERAM 10G6+90G7 42.9 
(0.1) 

32.9 
(0.6) 

17.7 
(0.4) 

3 VITA VM9 70G4+30G5 42.9 
(0.1) 

17.2 
(0.2) 

12.0 
(0.2) 

4 HERACERAM 60G6+40G7 43.7 
(0.1) 

30.9 
(0.6) 

13.7 
(0.3) 

5 HERACERAM 20G7+80G8 44.1 
(0.1) 

30.7 
(0.2) 

10.9 
(0.2) 

6 HERACERAM 90G7+10G8 49.1 
(0.2) 

29.8 
(0.5) 

14.6 
(0.3) 

7 VITA VM9 90G4+10G5 49.2 
(0.4) 

19.2 
(0.5) 

13.9 
(0.3) 

8 HERACERAM G7 49.5 
(0.3) 

29.4 
(0.4) 

15.2 
(0.2) 

9 VITA VM9 10G3+90G4 49.5 
(0.1) 

24.3 
(0.4) 

17.0 
(0.3) 

10 IPS STYLE 80G4+20G5 52.1 
(0.1) 

20.5 
(0.1) 

17.8 
(0.1) 

11 HERACERAM 50G5+50G6 52.7 
(0.2) 

25.1 
(0.2) 

14.3 
(0.1) 

12 VITA VM9 20G3+80G4 53.4 
(0.2) 

23.4 
(0.2) 

16.5 
(0.2) 

13 IPS STYLE 50G3+50G4 57.2 
(0.1) 

18.8 
(0.1) 

16.6 
(0.1) 

14 IPS STYLE 40G3+60G4 57.4 
(0.1) 

18.8 
(0.1) 

17.0 
(0.1) 

15 HERACERAM 70G5+30G6 60.8 
(0.3) 

19.4 
(0.4) 

15.6 
(0.4)  

Fig. 3. The 15 ceramic gingival samples in the gingival shade guide proposed 
in this study. 
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make any direct comparisons with other authors’ results given the lack 
of similar studies, to date, focused on the gingiva. 

Another common strategy for obtaining valid gingival shades that 
are able to cover the gingival colour space for the various populations 
studied [2,18,26] is to mathematically calculate their colour coordinates 
using cluster methodology (the colour coordinates of the centroids 
identify the gingival shade obtained), taking into account the clinical 
acceptability thresholds [26,29,31,36]. The findings of such studies 
have varied: Huang et al. [36] described 10 gingival colours (centroids) 
– the ΔEabCE was not provided, but it exceeded the clinical acceptability 
thresholds; Gómez Polo et al. [2] identified 8 (ΔEabCE 3.5); Ghinea et al. 
[31] obtained 6 (ΔEabCE 2.9), and Ito et al. [29] identified 3 (ΔEab CE 
4.6). As this illustrates, mathematically calculated colours have lower 
CEs than the gingival shade tabs on the market, but they have the 
disadvantage of providing no physical format for use in subjective visual 

comparisons. The differences in the numbers of clusters described in the 
aforementioned studies may stem from: the distinct colour-coordinate 
ranges in the various racial populations studied, the different digital 
devices used for colour measurement, or the distinct cluster-calculation 
methods used. The variation in the colour-coordinate ranges of the 
gingival shades obtained in these studies is as follows: (L min=35.6, L 
max=53.9; a min= 9.23, a max= 19.46; b min= 6.81, b max= 20.17) 
Huang [36], (L min=42.9, L max=56.0; a min= 19.9, a max= 34.1; b 
min= 10.9, b max= 19.1) Gómez Polo [2], (L min=36.1, L max=61.4; a 
min= 21.0, a max= 27.7; b min= 16.0, b max= 18.3) Ito [29], and (L 
min= 43.7, L max= 57.4; a min= 20.4, a max= 25.3; b min= 13.8 b 
max= 15.6) Guinea [31]. The 15 colour samples described in the present 
research fall within a similar range (L min= 38.3, L max= 60.8; a min=
17.7, a max= 32.9; b min= 13.8 b max= 17.7). This study’s significant 
improvement upon the aforementioned research is its description of the 
process for creating physical gingival shades. These 15 ceramic gingival 
samples can be used to make direct visual comparisons, thereby 
enabling clinicians to conduct subjective colour selection as part of their 
routine practice. To date, no publications have focused on the devel
opment of a gingival shade guide using physical ceramic samples whose 
performance is validated with a separate population sample. The 
methods followed by manufacturers in designing the colours of their 
rehabilitation-reconstruction materials for gingival tissue are unknown, 
but there is evidently significant progress to be made in this area, given 
their failure to provide satisfactory shade matches. It follows that there 
is no gingival colour system that is genuinely useful by itself, meaning 
that dental laboratories must draw on several colour systems if they are 
to provide high-quality colour selection and restorations that reproduce 
gingival colour with convincing, aesthetically pleasing results. 

These 15 ceramic gingival samples have been designed with real 
clinical contexts in mind, including their shortfalls in selection, 
communication, reproduction and characterisation of gingival colour. 
The results could help the industry generate a “gold standard” for 
gingival shade guides in the future. In addition to testing the 15 ceramic 
shade tabs in larger samples, different anatomical regions and different 
racial populations, the option of incorporating new colour samples is 
worth considering, to ensure that the guide is as chromatically repre
sentative as possible. This type of study can help the commercial sector 
better address the needs and circumstances of clinical settings. Being 
able to manufacture a suitable number of gingival samples that perform 
satisfactorily in shade matching is vital if we are to communicate about 
subjective gingival colour selection in a more rigorous, standardised 
manner. One of this study’s primary contributions is that it provides 
clinicians with a method to obtain ceramic gingival samples in physical 
form, which can then be kept on hand in dental cabinets for use in direct 
comparisons between the colour of the “target” gingiva and the samples. 

Table 4 
Coverage errors (SD), according to the zone of attached gingiva: for the total 
subsample (subsample 2, n = 180), by gender, and by age group.   

ΔEab ΔE00 

Mucogingival line   
Total subsample (n = 180) 3.49 (1.67) 2.35 (1.10) 
By gender   

Women (n = 90) 3.34 (1.66) 2.25 (1.07) 
Men (n = 90) 3.63 (1.68) 2.44 (1.12) 

By age group   
14–30 years 2.97 (1.29) 1.99 (0.86) 
31–45 years 3.31 (1.44) 2.19 (0.87) 
46–60 years 3.67 (1.90) 2.60 (1.26) 
Over 60 years 3.68 (1.80) 2.53 (1.19) 

Middle zone   
Total subsample (n = 180) 3.34 (1.53) 2.26 (0.97) 
By gender   

Women (n = 90) 3.47 (1.66) 2.34 (1.04) 
Men (n = 90) 3.22 (1.38) 2.18 (0.89) 

By age group   
14–30 years 3.17 (1.17) 2.20 (0.92) 
31–45 years 3.29 (1.88) 2.22 (1.06) 
46–60 years 3.68 (1.57) 2.45 (1.00) 
Over 60 years 3.17 (1.40) 2.14 (0.87) 

Free gingival margin   
Total subsample (n = 180) 3.53 (1.62) 2.37 (1.07) 
By gender   

Women (n = 90) 3.52 (1.65) 2.34 (1.09) 
Men (n = 90) 3.53 (1.59) 2.40 (1.05) 

By age group   
14–30 years 3.18 (1.71) 2.35 (1.24) 
31–45 years 3.56 (1.44) 2.35 (0.98) 
46–60 years 3.61 (1.49) 2.33 (1.00) 
Over 60 years 3.72 (1.81) 2.45 (1.09)  

Fig. 4. Classification of the participants in subsample 2 according to match/mismatch category at the mucogingival line of the attached gingiva.  
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The highly satisfactory results achieved for coverage error are another 
strength, enabling professionals to use the samples with confidence in 
the Caucasian population. 

5. Conclusions 

Within the limitations of this study, we can conclude that:  

(1) Fifteen physical ceramic samples were selected with the 
following colour-coordinate ranges: L* min= 38.3- max= 60.8; a* 
min= 17.7- max= 32.9; b* min= 13.8 - max= 17.7. The coverage 
errors in the three zones of attached gingiva were below the 
acceptability thresholds used in this study.  

(2) The chromatic performance of the 15 ceramic samples was 
satisfactory in all age groups, all zones of attached gingiva, and 
both genders, acceptable or excellent shade matches having been 
achieved for over 70% of participants. 
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