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L. Introduction

Matching colors of the oral tissues, both hard and soft, has tested our capabilities
as clinicians and technicians for decades. In 1931 Clark' stated, “Color, like form,
has three dimensions, but they are not in general use. Many of us have not been
taught their names, nor the scales of their measurement. In other words, we as
dentists are not educationally equipped to approach a color problem.” Over seventy
years have passed and this statement still stands true.

This is not to say that our abilities and skills have not improved over time. We
have come a long way as a profession, driven in part by better application of color
science and in part by the availability of increasingly esthetic materials. Our desire to
gain more knowledge regarding shade matching and color appearance continues to
grow. Color perception, however, is a complex subject since it includes both physical
and psychological aspects.

Color matching in dentistry can benefit from applying color science in order to
more correctly specify “colors” needed in the dental shade guides and to manufacture
materials used with these guides.” In order to most effectively use these shade guides,
we truly must have an understanding of the three dimensions of color. The two main
color systems used today are the Munsell Color Order System and the CIE System
(International Commission on Illumination). The Munsell System is based on three
color coordinates: value (lightness), hue (color) and chroma (color saturation). The
CIE system is based on tristimulus values (i.e. three spectral stimuli as perceived by a
standardized observer) and was further edited in 1976 to become the CIE L*a*b*,

which has more inter-convertability with the Munsell System.’

v
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Many authors have described the color and appearance of natural teeth. 46
Goodkind et al* reported trends seen in 2830 anterior teeth studied with a colorimeter.
They found that color was best represented by its middle third; women’s teeth in
general were lighter, less chromatic and less reddish-colored than men’s; aging
produced darker and more reddish teeth; cuspid teeth were darker than central and
lateral incisors; and that central incisors had the highest value.

Although trends have been reported in vitro, there is a lack of in vivo information
available on the color relationships among or between teeth. For example, it has long
been taught that the basic shade (hue) of the patient can be taken from the canine (i.e.
that tooth having the highest chroma of a particular hue) and then that hue can be
applied to other anterior teeth at a lower chroma. However, this concept does not
appear to derive from published measurements or observations. The purpose of this
study was to document the color relationship between in vivo maxillary central
incisors and canines, including: (1) whether they share the same hue, but have
different chromas (as commonly taught); and, (2) whether color differences (AE

values) change as a function of age.

11. Rationale

Quantitative data regarding the color relationship between the maxillary central
incisors and canines in individual patients and across different age groups will help

guide clinicians in creating natural and esthetic restorations.
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III. Literature Review

Color perception is a complex topic including both physical properties and
psychological phenomena. Combined they form a psychophysical sensation that
results when the human visual system responds to the light reflected from objects in a
scene. Color is simply one attribute of this sensation of vision. The human eye is
only capable of sensing a narrow range of wavelengths (360 nm — 780 nm) and has a
range of sensitivities over that distribution (hence the need for a “standard observer”
in color science). 3

There are many important secondary phenomena in human vision, including one
very important to dentistry, metamerism. Metamerism is a phenomenon in which
spectrally different stimuli appear as a “match” to a given observer. A metameric
pair is a pair of objects having different spectral absorption curves but the same
reflected color coordinates for one set of illuminant conditions. ’ Therefore, an object
could be the same color under one illuminant, yet appear different under different
illuminants. A spectral match is when two specimens have identical spectral
absorption and reflectance (or scattering) behavior (spectra). Such pairs will match
under all illumination conditions and for all observers. ’

Color perception has been known as a three dimensional entity since as early as
1611.2 Color matching in dentistry today can involve both an instrumented color
analysis (such as colorimetry or spectrophotometry) and standardized human observer
measurements in order to correctly specify colors needed in the dental shade guides
and to manufacture materials used with these guides.” One important benefit of the

CIE L*a*b* system is that it represents a quantitative system. Thus the system is

VI
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supportive of instrumented analysis and quantitative comparisons. One often used
quantitative comparison is a mathematical statement of the color difference between
two objects (AE) expressed as a square root of the sum of squared differences in all
L*a*b* coordinates, as shown in Eq.1 below.

AE (Lrass) = { (L#-LH0) 4+ (a%1-a%) + (b*-b*) * } 1 Eq. 1

This equation enables the quantitative comparison of color differences among

teeth, shade tabs, and restorative materials. Multiple research studies have focused on
the clinical significance of AE in terms of both “perceptibility” and “acceptability”.
Kuehni et al’ found that under controlled conditions, a AE value of 1 or higher could
be perceived by the human eye. Another study found that under clinical conditions,
AE has to approach 3.3 or higher before the human eye can detect a color difference.
19 Johnston et al'' observed a AE of 3.7 to be the average color difference reported
between teeth and shade tabs matched intraorally.

In dentistry, a tooth shade guide has been used conventionally to match a tooth’s
color to the restorative material that will replace it. Sproull2 has described the
requirements for any shade guide: 1) a logical arrangement in color space and 2) an
adequate distribution in color space. He also stated that in order for a shade guide to
be acceptable it must include the color coordinates established by natural teeth and be
logically arranged. Unfortunately, all but one commercially available shade guides do
not satisfy these requirements and therefore create problems for both the clinician and
technician. ®

Many additional color measuring devices have been manufactured. These include,

but are not limited to, tristimulus colorimeters, spectroradiometers,

VII
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spectrophotometers, and digital cameras. The VITA Easyshade Compact is a

spectrophotometer and was used in this study. Multiple studies have compared the

12-13 13
9

repeatability and reliability among different instruments. Kim-Pusateri et al
found that the VITA Easyshade® was the only color measurement instrument tested to
produce both a reliability and an accuracy greater than 90%.

The use of advanced color measurement devices in dentistry has enabled
practitioners to detect even minor color differences among teeth, shade guide tabs and
restorative materials. Goodkind et a14, reported trends seen in 2830 anterior teeth
studied with a colorimeter. Using a colorimeter enabled them, as mentioned above, to
find that color was best represented by its middle third; women’s teeth in general
were lighter, less chromatic and less reddish-colored than men’s; aging produced
darker and more reddish teeth; cuspid teeth were darker than central and lateral
incisors; and that central incisors had the highest value.

O’Brien et al’, using a spectrophotometer, found that the mean AE between the
gingival and incisal regions of 95 extracted human teeth showed a clinically
significant difference of 8.2. Dozic et al', used digital photography to establish the
relation in color between the maxillary anterior teeth. They found that the relation in
color between maxillary incisors and canines was strongest in the cervical region.
Contrary to the conclusions by Goodkind et al*, Dozic et al'* concluded that this area
(the cervical of the tooth) should be used to predict the most reliable color of a tooth.

Wetter et al® performed a clinical trial that compared the average lightness

difference between maxillary central incisors and canines before and after three

different bleaching treatments. They found that the average difference in lightness

VIII
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(AL) before treatment to be 8.49 and after treatment 6.89. This showed that there is a
difference in lightness between incisors and canines and that bleaching may decrease
this difference thereby making the color difference of teeth more homogenous.

It is evident that color difference and shade selection are important aspects of
dentistry. Limited in vivo information is available comparing color difference
between maxillary anterior teeth and the possible affect age may have on this

difference.

IV.  Hypothesis
Null hypotheses to be tested:
1. There is no difference between the hue of the maxillary central incisor and the
canine (AE derives solely from value and chroma).
2. There is no difference in the average AE in an older age group between the

maxillary central incisor and canine versus a younger population.

V. Specific Aims
1. To measure the AE values (as a function of L*a*b*) in the middle third of in
vivo maxillary central incisors and canines
2. To compare the AE between in vivo maxillary central incisors and canines as a
function of age.
3. To determine whether the intra-subject AE (central incisor to canine) is only a

function of chroma or whether it also involves a shift in hue.

IX
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VI.  Materials and Methods

A total of 62 subjects were enrolled, 25 women and 37 men. Their ages ranged
from 20 to 79 years distributed as per Figure 1. In accordance with university
research regulations, necessary approval was received from the Institutional Research
Board (IRB) at the University of Connecticut Health Center to perform research
involving human subjects. Students, faculty, employees and patients of UConn
Health Center were eligible for enrollment. Verbal informed consent was obtained

prior to clinical exam (written consent was waived by IRB).

Number of Patients

8
6 L

4k

2L

Ll || |||| ||||.I|IIII|III|IIII

10 20 30 40 50 60 70 80 90

Patient Age (years)

Figure 1. Age distribution
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Once patients voluntarily agreed to be a part of the research study, a clinical
exam was performed to gather information on the integrity of a maxillary central
incisor and canine on the same side. The following exclusion criteria were used in
order to assess patient’s entrance into the study: 1) history of tooth whitening; 2)
restorations including facial composites, veneers, crowns or dentures; 3) intrinsic
staining; 4) visible caries or excessive erosion/wear. All subjects received a tooth-
polishing of the two teeth being examined using a commercially available prophy
paste on the facial of each tooth to remove any extrinsic stains. The teeth in question
were then rinsed and the lip was retracted.

Three consecutive measurements of each tooth were made using a calibrated
spectrophotometer (VITA Easyshade® Compact (Vident, Brea, Cali)) (Figure 2). All
measurements were taken by the same evaluator. The Easyshade® was positioned
perpendicular on the middle third of each tooth and was in contact with the tooth as
shown in Figure 3. Three consecutive measurements were first taken on the central
incisor followed by three consecutive measurements of the canine. Care was taken to
remain still during each measurement. After the measurements were taken, the data

was taken from the Easyshade® and entered on a data sheet as seen in Figure 4.

X1
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Figure 2. VITA Easyshade® Compact

Figure 3. Color measurement of the central incisor
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Patient measurements [L*a*b* C and h) and calculations based on Berns Principles
of color Technology

Patient number = o Patient age = Patient gender =
Central Incisor Canine
Testl Test2 Test3 mean sD Test1 Test 2 Test3 mean 5D
L*= HDOIV,0 #DIv ! L*= #DIAO! #DIW D
p"= #DIV/O FOIvD! a"= oIVl ROV
b* = HDOIV,0 #DIv ! b* = #DIAO! #DIW D
€= HDOIV,0 #DIv ! €= #DIAO! #DIW D
k= 0V FDIv D! k= FOIV/O!  #DIVO!
CLASSIC CLASSIC
AE*, = F0D0V 0! t-test comparisons g =
AL* = #DIv 0! chroma EDIV,0
BC" = FDIV/0! hue &0V
AH* g, = #DIv 0! lightness EDIV,0

Figure 4. Data collection sheet

Patient measurements (L*a*b*C and h) were used to calculate the following
color differences based on Berns Principles of Color Technology:
AE rass) = {(LF1-L5) ™ (@%1-a%2) 4 (b%1-b%2) * 117 Eq. 1
AL* =L* canine = L™ central incisor Eq. 2
AC*y = C¥yp-C¥p = (a* canine” + b* canine” )"~ (@ centrat” + b* cemrat® )'> EQ. 3
AH* 3 = [(AE @ivs)” — (AL¥)” = (AC*4)*] ™ Eq. 4
The statistical software used for data analysis was SPSS version 16.0 for
Windows (SPSS, Inc., Chicago, IL) and plotting analyses were accomplished with
SigmaPlot 9.01 (SysStat Software, Inc., Point Richmond, CA).
Partway into data collection an observation was made that the Vita Classic
Shade (also output by the Easyshade) of the central and canine were often not in
the same family (A, B, C, D). Since this further tested hypothesis 1, beyond
CIEL*a*b* color space, the Vita Classic Shade of each tooth was recorded for the

remainder of the patients.

XIII
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VII. Results
Patients were found to be distributed relatively evenly by age (Figure 1).
Regression analysis did indicate a very slight linear decrease in patient numbers
with age, demonstrating that the available population tended to be younger (12 =
0.25, p=0.003). The slope of this relationship was very shallow, from
approximately 2.5 patients to 1.0 patient per age (year) between years 20 to 80

(Figure 5).

Number of Patients

8

7k °
6 L
51 ™
4| ™
?= 25
3l ° p =0.003
2 L
1 .
0 1 1 1 1 1 1 1 1]
10 20 30 40 50 60 70 80 90

Patient Age

Figure 5. Linear regression between number of patients and age (years)

Regarding potential operator variation and the lack of any orientation

guide (see Discussion), after all measurements were taken, the coefficients of

variation (standard deviation/mean) were calculated to be 0.001 or less.
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A. Delta E
Delta E does exist between the central incisor and canine. Linear
regression analysis with a 95% confidence demonstrated a significant linear

relationship between AE and Age (Figure 6). AE decreases with age (p=0.056).

AE
20
®
18 +
16 | e
)
14 + .
® )
12 | g B ¥ °
w® ° o °
10 k-t
: [ ] = s, ® @
8 L s ~ \\\ """ e ' ........
e
~. ® 9 \\\\
6 | Q@ © ® Qo 0 __ ®
- ~
o o ~
4l ® 9 e o =
o
2L ] [ [} 5 PY .
- °
o 1 1 1 l 1 1 L ]
10 20 30 40 50 60 70 80 90
Age (years)
® Males

— — Linear regression; p = 0.056
~~~~~~~~~~ 95% confidence intervals
(o] Females

Figure 6. Relationship between AE and age (years)

A t-test illustrated that there was a significant difference (p=.019) for the

AE value between the central incisor and canine for those patients whose AE was
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greater than 3.3 (Clinically different, Average age = 38.8) compared to patients

with a AE less than 3.3(Clinically the same; Average age = 58.8) (Figure 7).

Average age = 58.8 (19.9)*

Average age = 38.8 (16.2)*

I AE (central - canine) < 3.3
I AE (central - canine) > 3.3

* Differ significantly, t-test, p = .019

Figure 7. Comparison of AE < or > 3.3
(3.3 has been determined to be clinically different

10)
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B. Delta C

Delta E is a compilation of measurements based on chroma, value and
hue. As a patient ages, the color difference between the central incisor and canine
decreases. The main reason behind this finding appears to be that the central
incisor is changing within the three dimensional color spectrum and the canine is
generally remaining the same. Regression analysis with a 95% confidence
demonstrated an indirect linear relationship between AC and Age (Figure 8). AC
decreases significantly with age (p<0.001). A regression analysis also
demonstrated that as a patient ages, the chroma of the central incisor is increasing

significantly (p<0.001), whereas the canine is remaining the same (p=.87) (Figure

9).

XVII
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Figure 8. Relationship between AC and age (years)
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Chroma (C)

35 r
o
30 e O
o}
o o o8 o* ¢
25 | ° .
_____. ..... ____.__——___
ol  ogege e ". e —®
- B A L I
::._3_.--*""' Q.__".i To)
15 | L .. e O
. @
10
o
Bl
0 L L L 1 L 1 L ]
10 20 30 40 50 60 70 80 a0

Age (years)

] Central Incisor
— — Linear regression; p < 0.001
--------- 95% confidence intervals

o Canine
— — Linear regression; n.s. p =0.87
--------- 95% confidence intervals

Figure 9. Relationship between Chroma and age (years) comparing
central incisors to canines
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C. Delta H

A regression analysis of AH demonstrated a trend to decrease as a patient
ages (p=0.2) (Figure 10). The same analysis illustrated that the hue for the central
incisor decreases significantly with age (p<0.001) and that the canine remains the

same (Figure 11).

AH
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Figure 10. Relationship between AH and age (years)
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Hue (H)
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Figure 11. Relationship between Hue and age (years) comparing central incisors to
canines
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Delta L
A regression analysis of AL showed it to remain the same as age increases
(Figure 12). However, a regression analysis demonstrated that both the central

incisor (p<0.001) and canine (p<0.01) decrease significantly with age (Figure 13).
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Figure 12. Relationship between AL and age (years)
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Figure 13. Relationship between value and age (years) comparing
central incisors to canines
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D. Shade Families

A t-test illustrated that there was a significant difference (p=.013) in
patients’ central incisor and canine based on the Vita Classic Shade guide. The
average age for those seen in “same shade family” (i.e. both A, perhaps A2 for the
central and A3 for the canine) was 51.9 years and for “different shade family”
was 36.7 years (Figure 14). The general breakdown also illustrates the hue
difference between central and canine by patient (Figure 15) and in relation to the

Classic Shade guide (Figure 16).

Average age = 51.9 (19.9)*

Average age = 36.7 (14.6)*

Hl Same Shade Family
I Different Shade Family

* Differ significantly, t-test, p =.013

Figure 14. Same or different Vita Classic Shade Family compared to age of patient
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Hue
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Figure 15. Hue differences by patient
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A-B

N A-A n=4
I BB n=0
Em C-Cn=8
C_1DbDn=1
N A-Bn=7
I A-C n=9
O ADnNn=1
1 BCn=1
I B-D n=1
I C-Dn=4

Figure 16. Hue differences breakdown by Patient in relation to the
Vita Classic Shade guide
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VIII. Discussion

It is commonly taught that when fabricating a three unit fixed dental
prostheses from central incisor to canine, or any anterior prosthesis, the shade
should taken from the canine (i.e. A3) and make the corresponding central incisor
one to two shades lighter, but within the same family (i.e. Al). Although this is
regularly taught at the very start of our dental school education, it appears from
this research that in general this is not what is occurring in nature. Results from
this study show this to be dogma and demonstrate what the natural situation really
is and how it changes with age.

Eighty four percent of the patients were found to have a AE greater than
the 3.3 that is known to be clinically detectable as a difference of color and the
younger population tends to have a greater difference in color between their
central incisor and canine than do those of older populations. For the 16% of
patients with a AE less than 3.3 (i.e. more homogenous teeth), the average age
was 58.8 years as compared to a AE greater than 3.3 (average age = 38.8 years).
The shades of teeth merge with age, on all three CIEL*a*b* scales. The major
change, however, is seen in the central incisor. For both chroma and hue changes,
the central changed significantly with age and the canine remained the same. The
value scale for both the canine and central decreased with age.

Biologic Rationale

These changes seen in the central incisor, but not the canine, may be able

to be explained by a simple difference in tooth anatomy. Shilling burg and

Grace'® showed the distribution of enamel and dentin thicknesses in the cervical,

XXVII
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middle and incisal tooth segments. It is evident that the enamel thickness at the
incisal is larger in canines (average 1.12mm) as compared to central incisors
(average 0.86mm) and the amount of dentin at the labial middle third is also
larger in the canine (1.95mm vs. 1.73mm). Thus, assuming equal enamel wear
rates, dentin can be expected to become more dominant in determining
appearance of the centrals with age, thereby creating a more chromatic tooth with
a shifting hue.

Dozic et al'* found that the L*, a* and b* measurements all decreased
toward the incisal. As you move from the middle third of the tooth toward the
incisal, dentin becomes thinner or disappears increasing transmission and
decreasing reflection; in essence then the darkness of the oral cavity begins to
influence the “color”. It is well accepted that the chroma and hue of teeth are
determined by dentin. The a* value decrease is attributed to being further away
from the red gingival tissue and the b* decrease can be explained because the
dentin disappears toward the incisal and therefore there is less yellowness.

Goodkind et al* studied anterior teeth (both maxillary and mandibular) at
the cervical, middle and incisal areas with a colorimeter. It was shown that for all
the anterior teeth, there is a general darkening of a patient’s teeth after the age of
approximately 35 years. They showed that in general teeth decrease in hue and
value, but increase in chroma. This is not consistent with the findings of this
present study. The aforementioned paper, grouped all anterior teeth together
without separating them to decipher why these differences for age existed. They

found that in general, the canines have lower value than neighboring incisors;
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however, they did not perform an “intra-patient” evaluation to see what was
occurring in each patient. Our findings clearly demonstrate that when comparing
the maxillary central incisor to the maxillary canine (AE) in each individual
patient, there is an overall difference for chroma, hue and value and as patients
age the majority of the change is coming from changes in the central incisor. As
people age and their teeth wear, secondary dentin is formed. By nature, dentin is
darker than enamel and therefore will reduce the overall value with age and
increase the chromaticity. The present study showed that the central incisor is
responsible for the diminished color difference (AE) as compared to the canine.
This can be explained by the fact that the canine has a greater amount of facial
enamel and is less likely as a percentage to decrease over time. As the central
wears and secondary dentin is formed, the central incisor increases in chroma,
decreases in hue and value, therefore creating a more homogenous tooth shade
between the central incisor and canine.
Clinical Implications

Because of the differences that were found among patients and as patients
age, clinicians should take these changes into consideration when choosing a
shade for their patients’ restorations. It is clear that as age increases, the AE
between the canine and central decreases. This information will aid dentists in
choosing a natural and “age-appropriate” shade for their patients. It can also help
to education patients on what is natural for their age and what they can expect as
they age. For example, media has played a very large role in influencing patient

demands over the last few decades. “Brighter and whiter” is what many patients
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walking in the door are expecting. If we were to fabricate six “bright and white”
veneers on a 35 year old patient now, we need to be able to explain what the
implications will be for future maintenance and upkeep. Patients need to be
educated on what occurs in nature and how their smiles may be impacted by age.

When patients bleach their teeth, changes can be noted for value, hue and
chroma. Wetter et al., performed a study where they evaluated the color changes
before and after whitening. They compared incisors with canines as well. They
noted that after bleaching, there was an equalization of value, hue and chroma. A
significantly stronger overall increase in value was observed for the canines after
treatment when compared to the incisors. This resulted in a more homogenous
appearance. Now, the question stands: since teeth naturally become more
homogenous with age (darker), is a bleached smile perceived as an “old smile” or
do we ignore the homogeneity and associate lightness with youth?

In regards to shade guide selection, many practitioners are still using the
Vita Classical Shade guide with the A-D shade families (Vita confirmed that in
2010, they sold two times more Classical Shade guides than the 3D Master Shade
guide (including the Linear Shade guide). Hall'® published on the tooth color
space of natural teeth within the L*a*b* color space. For the Classical Shade
guide, it was shown that most shades that appear within nature are not represented
accurately using this shade guide and a few of the shade tabs actually fell outside
what is seen in nature. The Vita 3D Master Shade guide offers a more consistent,
even distribution of shades. It also helps to make determination of intermediate

shades easier since it is more evenly distributed. (Figure 17).
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Figure 17. Vita Shade guide comparing a. Classical Shade guide and
b. 3D Master Shade guide (both shown within envelope of natural tooth
colors)

Since many dentists are still using the Classical Shade guide, this study
used the Classical Shade families to drive home the point that if you are still using
the Classical Shade guide, you cannot assume that all teeth within a single patient
have the same Classical Shade family (more than 64% of the time they are not in
the same family). Since many of the Classical shade tabs fall outside what natural
teeth shades are, the 3D system is more versatile and follows the color science
involved with “shade” prescription more accurately.

Limitations of the Study

The population of the study participants was driven by the demographics
of the hospital, students, staff and patients. Also, many of the subjects were
dental students which may have decreased the average age of the study
population. The racial makeup of the population in this particular setting is

predominantly white. Although ethnicity and race were not recorded in this
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study, a future study may try and include a racial breakdown to see if there are
any significant differences for different racial backgrounds.

Although some studies® used a positioning cylinder to stabilize the shade
taking device on the tooth or used a neutral background held against the lingual
aspects of the teeth to reduce background influences, neither of these approaches
were used in this study. The same evaluator was used for each measurement and
the measurements on each tooth were taken consecutively without removal of the
device from the tooth. If movement was detected by the evaluator, all three
measurements were retaken. Overall, for any of the measurements taken the
coefficients of variation (standard deviation/mean) were 0.001 or less. Thus it
would seem that no positioning aid was at all necessary. Also, since the middle
third of the tooth was used for measurement purposes, there was no need for a
neutral background at the incisal.

Future Research

Although this study clearly demonstrated the relationship of age in regards
to AE, a future study could include a greater study population with a more
balanced age distribution. While it may be difficult, a useful study would be to
evaluate the thickness of enamel and dentin in extracted teeth (maxillary central
incisor and canine) and do an intra-subject and inter-subject comparison of the
teeth over a large range of ages. A prospective study analyzing tooth shade
changes as patient’s age that can record amount of wear may also provide us with

a better understanding of the relationship between shade and age.
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IX.  Conclusion

It was found that AE does significantly decrease as a function of age. This
change, however, is due mostly to a change in chroma (AC) between the central
and the canine as patients age. It is not significantly influenced by the change in
hue or lightness. The majority of changes for all three color coordinates are due
to alterations in the central incisor. The canine’s color coordinates remain rather
stable over time.

In addition, the common teaching that the hue can be derived from the
canine and then made less chromatic (less saturated hue) for the central when
restoring anterior teeth has been proven incorrect. The majority of the patients in
this study were found to have a different shade family for the central incisor and
canine.

Shade taking for anterior esthetic restorations is a challenging and
complex procedure. Knowledge of natural color differences, along with careful

observation, is necessary to achieve lifelike esthetic results.
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XI.

Appendix

Patient measurements (L*a*b* Cand h) and calculations based on Berns Principles
of Color Technology
Patient number = Patientage = Patient gender -
Central incisor Canine
Test1  Test2 Test3 mean D Test1  Test2 Test3 mean  SD
= #DIV/OL  #DIV/O! #0NV/0l #DIV/O!
ar- #0V/01 4DVl #OV/O! HOIV/O!
b #DIV/OL - #DIV/O! #DIV/O!  #DIV/O!
= #DIVfOl HOIV/O! #0vjol Dol
- #0V/01 #DNV/O! - #OV/O! HOIV/O!
CLASSIC QAssIC
BF%,=  #DNV/O! ttest comparisons p=
aL #DIV/O! chroma HOIV/O!
BCH, = #DIV/O! hue #OIV/O!
8H%, = #DV/O! lightness ~ #DIV/0!
Patient number = 1 Patientage =28 Patient gender = F
Central krcisor Canine
Test1 Test 2 Test3 mean SD Test1 Test2 Test3 mean D
= 766 766 7660 000 726 726 726 7260 000
a*- -10 -03 -06 -0.83 021 04 05 05 047 006
b*= 129 128 120 1290 010 206 07 02 2050 0.26
c- 130 125 130 1297 006 06 08 2 053 03
h= .2 4.1 928 9370 078 889 8.7 885 8370 020
263 ttest comparisons »
-4.00 chroma 0,001
758 hue 0.006
1420 lightness ~ #DIV/0!
Patient number = 2 Patientage = 35 Patient gender =M
Central rcisor Canine
Test1  Test2 Test3 mean D Test1 Test2 Test3 mean  SD
= 745 6 1 B07 055 69.6 68.9 637 6940 044
a*= -17 -16 -16  -163 006 12 11 12 117 006
b*= 130 144 127 1370 o070 231 221 227 2268 050
- 131 44 188 1377 08 22 21 27 2E&7 05
h= 975 962 96.7 9680 066 8.1 87.2 871 8713 006
109 ttest comparisons P
537 chroma 0.006
887 hue 0,002
3513 lightness 0,009
Patient number = Patientage =20 Patient gender =M
Central krcisor Canine
Test1 Test2 Test3 mean SD Test1 Test2 Test3 mean SD
= 726 720 7L2 7193 070 683 6.7 7.8 7017 155
05 05 05 053 006 14 14 15 143 006
155 155 152 1553 0% 231 282 42 280 08l
¢ 155 155 152 1553 0% 231 282 42 2850 08l
h= 520 913 920 S5L97 006 h 865 86.4 864 8643 008
833 t-test comparisons I3
-003 chroma 0.006
800 hue 0,000
2537 lightness 0,307
Patient number = 4 Patientage =25 Patient gender =
Central rcisor rine
Test1  Test2 Test3 mean D Test1 Test2 Test3 mean  SD
= 786 787 B2 053 00 0.2 00 007 012
13 12 42 123 006 04 05 04 043 006
b* = 178 183 181 1807 05 2.9 5.3 47 2497 031
= 179 183 182 1813 021 29 33 W7 W 03
9 %0 937 937 \a 017 h 891 885 892 8307 0I5
714 ttest comparisons P
073 chroma 0.001
636 hue 0.001
BHY,= 1846 lightness ~ 0.131
Patient number = 5 Patientage =30 Patient gender =M
Central frcisor Canine
Test1  Test2 Test3 mean D Test1  Test2 Testd mean D
0 74 70 7047 050 693 65 696 27 03
-10 -08 089 -093 006 -01 0.2 02 017 008
42 144 143 1450 036 24 00 2 20 02
4.2 144 143 1450 036 204 200 202 2020 0.20
.1 937 935 9377 031 h= 0.3 05 05 9043 012
583 ttest comparisons i
-087 chroma 0,002
567 hue 0.006
1.269 lightness ~ 0.041
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Patient number - 3 Patient age =34 Patient gender =M

Centrof facisor Conine
Test1 Test2  Test3  mean D Test1  Test2  Test3  mean D
oz 218 2.4 M50 026 [ 732 725 725 7273 040
17 16 A7 -L67 006 26 24 23 243 015
1.7 152 151 1500 026 295 289 287 2903 042
1.8 153 152 1510 026 296 290 288 2913 042
%65 962 %4 9637 015 &0 .2 &4 mHO  0W
BE%,= 1877 ttast comparisons =
A= 1200 chroma  0.001
ACtw= 1404 hue 0.000
BH%,- 3316 lightness 0,001
Patient number = 7 Patient age =46 Patient gender =M
Centraf hncisor Caniire
Test1 Tetz  Test3  mean D Tet1 Testz  Test3  mean )
617 665 666 6703 053 = 639 03 m4 W0 026
03 06 05 -047 015 at= 01 0.2 03 02 010
159 153 156 1560 030 [ 191 197 00 1960 046
159 153 156 1560 030 c= 191 197 00 1360 046
a1l 222 aL8 9LX0 056 h= a7 224 21 840 0%
BE*= 515 ttest comparisons p=
A= 337 chroma 0,010
ACH,= 399 hue 0.036
BHY, = anum! lightness 0,023
Patient number = H Patient age =59 Patient gender =F
Centrof fcisor Canine
Test1 Testz  Test3  mean D Test1  Testz  Test3  mean D
27 725 28 210 0N L &4 ®.9 664 @20 050
04 03 04 -037 006 at= 04 03 04 037 006
162 164 164 1633 012 b= w0 198 198 1330 010
162 164 164 1633 012 [ 200 198 199 1920 010
914 a1z a15 9137 015 h 228 230 229 2830 010
BE*,— 77 t-test comparisons p=
Al*= 630 chroma  0.001
AC,= 357 hue 0.003
BH%, - 2663 lightness 0,001
Patient number = a Patient age = o Patientgender=  F
Centrof frcisor Conine
Test1 Test2  Test3  mean sD Test1  Test2  Test3  mean sD
205 204 213 2078 043 (L8 721 724 728 7260  OM0
16 17 A7 -Le7 006 at= 13 15 13 137 012
155 150 152 1522 05 b= 193 185 194 1907 049
155 151 153 153 0™ c= 194 126 195 1817 043
®.2 963 %64 97 067 h 937 2.6 937 M0 052
BEY,,= 9,00 ttast comparisons b=
A= 843 chroma 0,003
act,- 279 hue 003
BH%,=  #NUMI lightness 0,006
Patient number = 10 Patient age = 52 Patientgender=  F
Centraf cisor Canine
Test1 Tetz  Test3  mean ) Test1 Testz  Test3  mean D
nr LS 714 75T 015 L 2 636 635 6963 015
01 02 0z -017 006 L 0z 03 0z 02 000
162 161 162 1620 010 b¥= 162 163 164 1630 010
163 161 162 1620 010 c= 162 163 164 163 010
w2 %08 @6 053 03l h- 229 290 291 8900 010
BE%, = 193 t-test comparisons
aLr= 207 chroma 0423
BC = 010 hue 0.008
BH%, = aNUMI lightness 0,000
Patient number - 1 Patient age - 57 Patientgender=
Centrof mcisor Canine
Testi Testz  Test3  mean D Test1  Testz  Test3  mean D
BT 764 76 7623 047 [ 93 797 795 7950 020
1z g 1z LR 006 at= 04 02 0z 027 012
165 167 165 1667 015 b 21 220 217 260 046
166 168 168 1673 012 c- 21 220 27 260 046
S w2 |z W 006 h= aL1 %04 W6 VW 036
BE%,= 600 ttest comparisons
A= 327 chroma 0,002
B, = 489 hue 0.002
BH%,= 1163 lightness 0,004
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Patient number - 12 Patientage -36 Patient gender = 1
Centrol incisor conine
Test1 Test2  Test3  mean sD Test1  Test2  Test3  mean D
722 727 729 7283 03 LS e 704 01 W 07
18 18 A7 LT 006 at= 08 07 08 077 006
82 84 86 840 020 b= 1.2 14.3 140 1417 015
24 24 88 853 023 - 4.2 14.4 140 14 0D
1025 1020 1011 10187 07l h= 233 523 333 9317 023
626 ttest comparisons p=
283 chroma 0002
560 hue 0.003
#NUMI lightness 0,023
Patient number = 13 Patientage = ) Patient gender = W
Centrel incisor Canine
Test1 Tet2  Tetz  mean D Test1  Test2  Test3  mean D
766 761 766 7643 029 [ 730 b 715 7207 08l
05 -04 04 043 006 at= 03 10 05 093 006
152 152 155 1533 015 b= 28 29 227 2288 012
152 153 155 1533 015 = 225 223 227 2283 012
918 a7 3.6 AL 00 h- 5.8 875 877 8767 015
279 ttest comparisons p=
493 chroma  0.000
751 hue 0.000
UMl lightness 0,010
Patient number = 14 Patientage = ool Patient gender = M
Central incisor Conine
Test1 Test2  Test3  mean sD Test1  Testz  Test3  mean D
730 739 M2 TR0 082 [ 6.9 &.6 B2 23 0B
11 11 12 113 006 an= 21 21 21 210 000
187 131 192 1800 026 b= 28 236 236 2333 046
188 131 192 1808 oz c- 225 237 237 2343 046
265 266 85 2653 006 h 2.8 2.9 208 2483 006
356 ttest comparisons p=
850 chroma  0.001
433 hue 0.000
#nuMl lightness 0,001
Patient number - 15 Patient age = £ Patient gender = 1
Centrol incisor Conine
Test1 Test2  Testd  mean D Testi  Test?  Testd  mean D
760 B9 760 BS7 006 [ M8 .2 BO BO 0D
00 oo 00 0m 000 at= 02 00 00 007 012
151 180 183 1313 0I5 b¥ = 211 2L6 215 2140 026
191 190 193 1313 OIS - 21 26 215 2140 026
%00 201 00 WO 006 h- 293 239 239 2370 0B
BE%,,= 247 ttest comparisons p=
AL = -0.87 chroma  0.006
BCy, = 227 hue 0.214
BH%.= 0063 lightness 0,022
Patient number = 16 Patientage = a4 Patient gender = M
Central incisor Canine
Test1 Tet2  Testz  mean D Test1  Test2  Test3  mean D
776 715 772 743 oz v 71 ™I B2 BO 082
07 -07 07 -0 000 at= 18 L& 18 180 000
188 182 183 1m63 0.8 - 271 274 276 2737 05
128 128 123 1263 029 c- 772 75 276 2743 03l
522 2z 523 223 006 h 6.2 8.3 862 8623 006
940 ttest comparisons p=
aLe- 223 chroma  0.001
ACt,= 878 hue 0.000
BH%,= 255 lightness 0,045
Patient number = 17 Patientage = a Patient gender= M
tentral incisor tanine
Test1 Tet2  Tetz  mean D Test1  Testz  Test3  mean D
792 33 792 7323 006 = 767 7.3 6 7607 057
08 -10 L0 097 006 ar= a2 al a1 006
173 179 178 1787 006 b= 03 6 296 2923 040
173 17.9 178 1787 006 - s 238 298 003 040
930 23 923 .0 017 h= 2.0 20 0 M0 000
1308 ttest comparisons p=
268 chroma  0.000
act, = 12.10 hue 0.000
BH%.= 2212 lightness  0.011
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Patient number = 18 Patient age = 27 Patientgender = 1
Centrof tcisor Canine
Test1 Testz  Test3  mean ] Tet1  Testz  Test3  mean )
725 2 748 A0 148 = s 730 731 7268 072
04 04 03 -037 006 = 11 11 11 110 000
181 189 189 1863 046 b= 28 223 2% 213 029
181 185 185 1863 046 c= 208 223 23 2138 02
a1z aL1 910 9110 010 h- 271 871 871 8710 000
411 ttest comparisons p=
110 chroma  0.001
352 hue 0.000
1797 lightness 0,073
Patient number - 13 Patient age - 2 Patientgender = M
Centrof facisor Conine
Test1 Test?  Test3  mean 5D Test1  Test?  Testd  mean 5D
738 738 M1 73%0 017 220 827 224 8237 05
17 17 16 -L67 006 03 03 09 030 000
124 124 126 1247 012 188 192 193 1310 026
125 125 127 1257 012 188 192 193 1910 026
= 579 978 972 9763 038 28 528 927 9277 006
BE%, = 1078 ttest comparisons =
AL 850 chroma 0,000
ACh, 654 hue 0,001
8H%,- 1097 lightness 0,001
Patient number = 0 Patientage = n Patientgender = I
Central hrcisor Caniire
Test1 Testz  Test3  mean D Tet1 Tet2z  Test3  mean D
731 774 767 7773 123 5 74 O B 026
05 -08 05 -0 017 13 13 14 13 006
158 158 166 1607 046 ng 53 56 23 040
155 158 166 1607 046 »a B4 56 BB 036
530 %27 SL8 9250 062 86,9 870 89 8653 006
970 ttest comparisons p=
273 chroma 0,000
913 hue 0.004
BH%,=  Lass lightness 0,064
Patient number = 2 Patient age = s Patientgender= 1
Centrof fucisor Conine
Test1 Testz  Test3  mean D Test1  Testz  Test3  mean D
667 668 666 6670 010 636 689 63 627 0%
10 03 03 093 006 05 08 05 053 006
73 73 775 2737 012 280 267 77z W 066
223 273 275 2731 o012 280 262 272 2713 0%
219 830 g1 82300 010 290 888 229 230 010
BEY, = 260 t-test comparisons »
ar 260 chroma  0.69%
B0 008 hue 0.012
BHY, = #NUM | lightness 0,009
Patient number - 2 Patient age = 73 Patientgender=
Centrof frcisor Conine
Test1 Test2  Test3  mean D Test1  Test2  Test3  mean D
730 728 728 7287 012 2.9 2.8 219 8L87 006
05 -05 05 -050 000 -07 07 07 07 000
130 130 130 1300 000 195 191 194 1933 021
= 130 130 130 1300 000 195 191 194 1933 021
= 22 921 921 9213 006 22 521 921 9213 006
1101 ttast comparisons p=
203 chroma 0,000
631 hue #ov/0!
BHYo=  #NUMI lightness 0,000
Patient number = 3 Patientage = 27 Patientgender = 1
Centrof Incisor Canine
Test1 Testz  Test3  mean D Tet1 Test2  Test3  mean D
B3 s 74 7473 049 733 726 721 7267 060
0o 00 00 000 000 15 15 15 150 000
157 158 160 1583 0I5 2z 220 26 2097 0B
= 157 158 160 1583 015 224 221 216 2203 040
= 00 200 2.9 8997 006 8.2 6.1 80 8610 010
668 ttest comparisons p
268 chroma  0.008
aC,= 618 hue 0.000
BH%, = aNUMI lightness 0,003
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Patient number = ) Patient age = 2% Patientgender = 1
Centrof tcisor Canine
Test1 Testz  Test3  mean ] Tet1  Testz  Test3  mean )
L= 775 %05 8.3 7397 225 8.2 0.7 812 803 029
ax= 20 21 21 207 006 04 04 0z 037 006
br= 106 112 1.7 1117 055 p=X} 57 BT BIT 012
c= 105 114 1.8 1137 055 53 5.7 BT BT 012
h- 1007 1007 1002 10053 029 292 291 292 8917 006
4.8 t-test comparisons p=
123 chroma  0.001
BC = 14.41 hue 0.000
BHY = 3311 lightness 0,510
Patient number - = Patient age - 76 Patientgender = M
Centrof facisor Conine
Test1 Testz  Test3  mean 5D Testi  Testz  Test3  mean 5D
L= B5 766 760 7603 0S5 ns s 715 750 000
ar= 05 03 04 040 010 23 21 22 2@ 010
be = 28 2.2 24 M50 036 231 276 27 2@ 026
- 29 22 25 2453 0B 82 277 278 270 026
h= 889 833 830 807 021 4 .6 &6 @53 012
A%, 5.89 ttest comparisons =
A 453 chroma 0,000
ACh,= EE] hue 0.001
8H%,- L1637 lightness ~ 0.006
Patient number = 2% Patient age = a5 Patientgender= 11
Central hrcisor Caniire
Test1 Testz  Test3  mean D Tet1 Tet2z  Test3  mean D
L= 74 L3 713 7133 006 811 800 738 8030 070
a¥= 0z -04 04 -033 012 0z 0.2 0z 0.0 000
[ pat 136 194 1993 076 26 229 28 2310 044
= ks 136 194 1933 076 736 225 228 2310 044
= 05 511 SL1 X 0B 895 835 85 8950 000
cz 3 assic A2 A2 A2
952 ttest comparisons p=
247 chroma 0,008
216 hue 0.020
2002 lightness 0,002
Patient number = bl Patient age = 2 Patientgender=  F
Centrof fucisor Conine
Test1 Testz  Test3  mean D Test1  Testz  Test3  mean D
L= 880 833 8.6 8797 0% ER 5 2 840 017
an- 22 23 23 23 000 12 12 a4 447 006
b= 129 131 128 1233 0I5 153 15.2 153 1527 006
- 131 133 130 1313 015 153 15.2 153 1527 006
ez 1001 993 1000 10000 010 - Er) 9.4 M2 ™33 012
aAsSIC b1 Bl Bl QAASSIC AL AL Al
BE%,= 441 ttest comparisons p=
A= 377 chroma 0,003
act,,- 217 hue 0.000
BH%.= 0729 lightness 0,001
Patient number - 2 Patient age = 49 Patientgender= 1
Centrof frcisor Conine
Test1 Test2  Test3  mean D Test1  Test2  Test3  mean D
L 05 635 678 €927 137 w08 07 71 w8 o2
ar= 0z o1 03 o0m 010 06 05 06 057 006
b~ 184 180 186 1833 031 26 2.7 22 217 045
= 184 180 186 1833 031 26 2.7 23 22 046
= 235 836 883 8933 038 h= 885 886 86 8857 006
CASSIC €3 c3 3 aAssic c3 c3 c3
BE%,= 417 t-test comparisons p=
A= 183 chroma 0,002
ac,= 33 hue 0.081
BH%, = aNUMI lightness ~ 0.214
Patient number = 3 Patient age = 5 Patientgender= £
Centrof Incisor Canine
Test1 Tetz  Test3  mean D Tet1 Test2  Test3  mean )
L= 839 836 836 87 017 BE 774 767 7663 080
a*= 15 16 15 -153 006 21 21 21 210 000
[ 179 175 176 1767 021 295 296 296 2957 006
= 17.9 176 177 1773 015 236 296 27 63 006
= M9 ®1 ®O WO 010 860 260 &9 ©97 006
QASSIC B2 B2 B2 QASSIC A3S B4 Azs
BE%,- 14,31 ttest comparisons p=
aL*= 700 chroma 0,000
A0 = 1L hue 0.000
BHY, = 37® lightness 0,006
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Patient number - EY) Patientage - = Patient gender - F
Centrol incisor Conine
Test1 Test2  Test3  mean N Test1  Test2  Test3  mean sD
782 785 786 7843 021 LS 822 223 821 8270 046
16 -16 16 L6 000 ar= -03 08 08 083 006
105 108 107 1067 015 b~ 144 1.7 143 1467 035
106 103 198 1377 523 - 144 1.7 143 1467 03
h= 988 983 985 9853 05 = 934 933 930 9373 0z
CASSIC D2 D2 D2 QAASSIC AL Al AL
BEY,= 530 ttest comparisons =
A= 267 chroma 0786
B8C,= 390 hue 0.001
BHY,=  #NUMI lightness 0,001
Patient number = il Patientage = a7 Patient gender = F
Ceniral incisor Conine
Test1 Tet2  Testz  mean D Test1  Test2  Test:  mean D
764 767 765 7667 05 = 620 624 623 6243 045
03 -0z 02 028 006 %= 00 0z 05 028 05
123 138 140 1330 036 by~ 70 61 52 610 050
133 138 140 1370 036 = 70 61 53 613 08
LB 09 05 2053 015 = 0.2 521 %6 9263 27
D2 D2 asssic c2 3 ]
1614 ttest comparisons p=
1377 chroma 0008
AC%= 780 hue 0.414
BH%- 3620 lightness 0,000
Patient number = 3z Patient age = £l Patient gender = F =
Cenirol Incisor Conine
Test1 Test2  Test3  mean sD Test1  Test2  Test3  mean sD
730 773 776 7157 04l 1= 654 680 655 683 026
15 -15 15 150 00 an- 14 14 13 137 006
176 164 171 1703 080 b= »3 33 ©n0 M08 0B
177 165 171 1703 080 = 23 238 20 M08 0B
B B4 05 %03 032 h- 866 2.7 868 2670 010
a c asssic c3 =] c3
BE%,= 1227 ttest comparisons p=
aL*- 247 chroma 0001
BC'= 697 hue 0.000
BH%.= 355 lightness 0,002
Patient number - 32 Patient age - = Patient gender= M1
Centrol incisor Conine
Test1 Test2  Testd  mean D Testi  Test2  Test3  mean 5D
729 738 728 7383 006 LS 07 04 o8 063 02
04 0z 03 033 006 ar= 22 22 23 2% 006
8 04 WE W67 023 b¥ = 254 253 292 288 040
w8 04 2 2067 023 - 25 23 23 280 040
230 22 g1 210 010 h- w6 .6 ®5 ©57 006
2 D3 AASSIC Ad A M
294 ttest comparisons p=
A 208 chroma 0001
BCY,= 222 hue 0.000
BHw,=  1a1 lightness 0001
Patient number = E) Patientage = 22 Patient gender= M1
Ceniral indisor Conine
Test1 Tet2  Testz  mean D Test1  Test2  Testz  mean D
793 798 7393 7350 0% = 223 231 220 2338 049
03 03 03 03 000 a%= 00 o1 02 010 010
173 166 169 1693 035 b~ 51 2.2 20 2443 059
173 166 163 1698 0% [ 51 »2 20 2443 059
h= a1l 811 S0 8107 006 = 53 &7 85 8973 015
CLASSIC C1 a B2 QssSIC A2 A2 A2
BEY, 843 ttest comparisons =
aue 250 chroma 0001
BCh, = 750 hue 0,002
BH%.= 165 lightness 0013
Patient number = £ Patientage = =] Patient gender = F
Central Incisor Conine
Test1 Tet2  Testz  mean D Test1  Test2  Testd  mean D
734 733 735 7940 010 = 73 7.3 ™6 73480 182
-14 -15 L4 143 006 ar- 00 03 04 02 021
102 EE] 102 1013 0z br= 173 193 195 1870 122
102 100 103 1017 015 c= 173 193 195 1870 122
h= 978 26 76 9800 053 h- EEE] E:38 888 8927 087
CLASSIC AL Al AL asssic c3 c2 cz
OF%,- 1059 ttest comparisons =
AL 480 chroma 0,007
BC, = 247 hue 0.003
BHY¥p= 4175 lightness  0.029
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Patient number = 36 Patient age = 61 Patient gender= M
Central hncisor Canine
Test2  Test3  mean D Test1  Test2  Testz  mean B
637 638 7007 055 = 664 6.3 617 6680 078
19 20 12 010 a*= 12 15 17 147 0%
773 ne wm 017 b= 214 20 70 2213 o0&l
273 74 27273 oz = 214 220 230 2213 08l
860 £593 8603 0I5 - 267 2.2 58 2623 045
A asssic c3 c3 c3
aE%, 604 ttest comparisons =
ave- 237 chroma  0.005
ACt, 508 0.368
BH%,- 253 0036
Patient number = Erd 23 ratient gender = F
Central fncisor Canine
Test1 Test2  Test3  mean D Test1  Test2  Testz  mean D
815 811 821 857 050 = 784 784 783 7837 006
05 -0.6 06 -057 006 at= 19 13 19 1% 000
20 198 oe 13 042 b¥— 293 207 25 2967 0I5
0 193 M6 17 038 = 28 97 26 231 010
as a7 aL7 963 012 = 864 %3 %64 8637 006
A2 A2 assic e B4
BE%,= 1035 ttest comparisons »
A= 327 chroma  0.001
BC = 959 hue 0,000
BH%,- 2155 lightness ~ 0.010
Patient number - = Patient age - 54 Patientgender=
Centrof focisor Conine
Test1 Test2  Test3  mean D Test1  Test2  Test3  mean sD
04 06 o0& 08 0D LS 632 65 633 6333 0I5
01 02 03 02 010 at= 085 07 05 060 010
170 172 172 1713 012 b*= 2.2 215 210 228 0%
170 173 172 1727 015 c= 212 ns 210 2:® 0B
h= W04 07 wE 063 0z h= 834 a1 885 8833 0zl
QAsSIC €3 cz 3 assic ca c3 c3
AE%,, a7 t-test comparisons »
ALt = 230 chroma  0.001
A0, 411 hue 0.006
8H%, - 04 lightness 0,003
Patient number = -] Patient age = kS Patientgender=
Centrof fcisor Conine
Test1 Testz  Test3  mean D Test1  Test2  Test3  mean E)
v 789 &0 797 7953 057 [ 4 6 3 7543 0I5
a 10 10 11 103 006 at= 03 04 04 027 006
bt 134 137 135 1353 015 [ 192 195 198 1350 00
c 134 127 135 1353 015 [ 192 195 198 1950 0
h w2 0.2 M1 |17 006 = 830 8.3 830 8897 006
CASSIC D2 D2 D2 assic c2 o2 D3
BEY,= 737 t-test comparisons p=
A 423 chroma  0.001
B = 5.3 hue 0.000
8H% = 1130 lightness 0,005
Patient number = 10 Patient age = & Patient gender= M
Central cisor Canine
Test1 Test2  Test3  mean D Test1  Testz  Test3  mean sD
5 73 e M7 05 - 719 73 726 7213 040
14 15 14 o143 006 av- 16 15 16 157 008
163 153 156 1573 051 b*= 147 157 158 1540 06l
164 154 157 1583  0sl c= 143 158 159 1550 06l
%0 %65 %2 BB 0B h= £ %.6 %7 % 032
QAAsSIC €2 cz ez asssic cz cz cz
BEY,= o ttest comparisons p=
A 133 chroma  0.652
80, 032 hue 0.214
aHY, AU lightness 0145
Patient numbes a Patient age = 54 Patientgender = F
Centrl Incisor Canine
Test1 Test2  Test3  mean D Test1  Test2  Test3  mean E)
660 682 32 o7& 164 1= 730 .3 738 7403 117
15 14 14 143 006 ¥ 26 28 27 27 010
120 153 158 1508 088 b= 194 20 w6 2867 130
141 154 155 1513 053 G= 196 222 08 2087 130
238 .7 2.9 247 059 h- 223 238 225 8253 0
(=1 3 asssic 03 cz D3
250 ttast comparisons p=
600 chroma  0.009
574 hue 0018
M- 1799 lightness ~ 0.017
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Patient number = 4z Patient age = 36 Patient gender= M
Central hncisor Canine
Test1 Test2  Test3  mean D Test1  Test2  Testz  mean B
624 663 #2z &3 15 a7 .0 M3 T 05
1.2 13 13 127 006 06 0.6 06 060 000
116 126 122 1213 050 130 195 137 1340 036
117 126 123 1220 046 130 156 197 1343 038
%7 960 %3 ®27 0I5 - BE 5.7 a9 oLez 012
3 =] asssic cz c2 cz
1241 ttest comparisons
10.00 chroma  0.000
721 hue 0.001
1,30 lightness 0,017
Patient number = LE] Patient age = 62 Patient gender = M
Central frcisor Canine
Test1 Test2  Test3  mean D Test1  Test2  Test3  mean D
a7 811 8.7 8L17 050 04 7.0 w4 0 0B
1.2 13 14 130 010 17 16 17 167 006
3 23 oz 2B 0W 267 274 20 2703 0B
4 m3 M3 33 006 268 715 Z71 2713 0%
934 936 238 9360 02 = 864 %7 863 8647 021
B2 B2 CASSIC A5 Az A35
1288 ttest comparisons p
-10.77 chroma  0.001
674 hue 0.001
2098 lightness ~ 0.001
Patient number - a1 Patientage - bl Patient gender= I/
Centrof fcisor Conine
Test1 Test2  Test3  mean D Test1  Test2  Test3  mean sD
773 71 D 0D 633 9.9 700 6840 0%
13 1z 127 006 08 06 07 o7 010
128 130 1230 010 197 197 00 1280 017
123 130 1233 006 197 18.7 M0 188 017
67 3 HEO 02,6 = 8.8 a1 880 8797 015
D2 assic ca c3 c3
ttest comparisons g
chroma  0.000
hue 0.001
lightness 0,007
Patient number = 15 Patient age = 2 Patient gender= M
Centrof fcisor Conine
Test1 Testz  Test3  mean D Test1  Test2  Test3  mean E)
222 &29 832 =28 056 736 M7 M6 THD 08l
06 06 05 057 006 10 1.0 10 100 000
153 152 154 153 010 228 223 230 2283 006
153 152 154 153 010 29 29 230 2203 008
521 az1 920 9207 006 = 874 1.6 86 8753 012
CIASSIC AL AL AL assic c2 o2 c2
BEY,= 1153 t-test comparisons P
A 820 chroma  0.000
A, = 768 hue 0.000
8H% = 2700 lightness 0,000
Patient number = 16 Patient age = 5 Patient gender= M
Central mcisor Canine
Test1 Test2  Test3  mean D Test1  Test2  Test3  mean sD
75 724 725 7213 055 787 78.2 785 7847 0B
11 11 11 -110 0m 10 10 0z 092 012
126 126 150 1273 023 23 3 245 WS3 0B
126 127 130 1277 021 23 244 245 257 o2
%0 .3 ™7 WM 015 2.7 2.7 220 780 017
cz ez asssic A3 A3 A3
ttest comparisons
chroma  0.000
hue 0.001
lightness 0,005
Patient age = % Patient gender= i
Canine
mean D Test2  Test3  mean D
6310 044 67.7 680 6727 102
-0.80 010 22 23 227 008
1540 0 5.6 B3 /43 047
1543 031 5.7 B3 B53 047
9303 03 .0 50 93 012
A
1065 ttast comparisons
110 chroma  0.002
1011 hue 0.000
2153 lightness 0,032
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Patient number = a8 Patient age = 5 Patient gender= M
Central tucisor Canine
Test1 Test2  Test3  mean D Test1  Test2  Test2  mean B
783 783 773 7817 023 671 9.4 636 6870 13
05 03 04 -040 010 11 12 10 110 010
143 143 15 1457 03 193 20 1897 1367 0%
143 143 145 1457 031 134 00 1897 130 0%
aL9 EE oL6 9153 040 - 268 2.7 271 687 021
D2 D2 asssic c3 c3 c3
1086 ttest comparisons
-857 chroma  0.000
513 hue 0.002
4.269 lightness 0,009
Patient number = a3 Patient age = ] ratient gender = F
Central frcisor Canine
Test1 Test2  Test3  mean D Test1  Test2  Test3  mean D
00 817 805 8073 087 816 a21 822 8L97 032
1.2 13 1z L2 006 11 1 A1 10 000
129 120 125 1280 026 1438 15.0 150 1493 012
128 131 125 1283 031 = 143 5.1 150 1500 010
%63 %6 %5 BT 015 = 4.2 ML M2 17 006
AL A assic AL a A
247 ttest comparisons p
147 chroma  0.006
211 hue 0.008
#NUM lightness  0.098
Patient number - 50 Patient age - = Patient gender= I/
Centrof fcisor Conine
Test1 Test2  Test3  mean D Testi  Test2  Test3  mean sD
5.1 %3 &7 =37 03 8 763 70 77D 164
13 13 1z 12 006 04 04 0z 03 012
147 151 155 1510 040 2.2 214 220 2153 042
148 152 156 1520 040 212 2.4 21 2157 047
®.1 £ M4 |77 0B = 889 8.0 84 810 06
L Al assic 03 c2 A2
1052 ttest comparisons g
637 chroma  0.000
638 hue 0.004
5419 lightness 0,003
Patient number = 1 Patient age = % Patient gender= M
Centrof fcisor Conine
Test1 Testz  Test3  mean D Test1  Test2  Test3  mean E)
769 782 791 7807 111 212 789 786 7957 142
18 18 17 180 010 03 03 06 0.8 017
14.2 150 156 1453 0% 04 194 213 W3 0%
143 151 157 1503 O™ 04 194 23 237 0%
976 %68 %62 9687  OM = 925 27 a6 9227 059
CASSIC D2 D2 D2 aAsssic B2 B2 B2
BEY,= 5.72 t-test comparisons P
0583 chroma 0,010
5.3 hue 0.004
1,930 lightness  0.40%
Patient number = 52 Patient age = ] Patient gender=  F
Central cisor Canine
Test1 Test2  Test3  mean D Test1  Test2  Test3  mean sD
789 771 n2 7673 237 777 7 68 7740 052
05 07 o8 033 072 08 05 05 007 07
181 37 132 1333 131 03 17.6 163 1827 180
181 07 181 1897 150 03 176 169 1827 180
a1s 879 877 2303 214 873 a7 a1F 9043 228
aAsSIC €1 cz ez asssic Az 1 c1
132 ttest comparisons
A 007 chroma 0,696
80, -107 hue 0.638
aHY, o7 lightness 0,605
Patient age = E2) Patientgender = F
Canine
mean D Test2  Test3  mean D
8310 046 784 793 7830 046
050 0m 05 05 050 000
1713 om 23 28 21 0%
1743 031 223 25 2= 0B
9307 015 a1.4 aL3 9L 010
Az

ttast comparisons

chroma
hue

lightness

0,003
0,005
0,007
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Patient number = 54 Patient age = 24 Patient gender= 11
Gentral Incisor Canine
Test1 Test2 Test3 mean SD Test 2 Test3 mean SD
= .3 &l .8 8493 015 737 733 7393 078
at= L0 11 L1107 006 1.0 10 103 006
b* = 201 21 188 2000 017 23 245 B.07 087
Cc= 201 o1 138 2000 017 5.0 245 510 0.66
h= %23 330 931 9300 00 87.6 876 8157 006
CLASSIC B2 B2 B2 A3 AZ
BE%,= 742 ttest comparisons p=
A= 5,63 chroma 0004
BCy, = 506 hue 0.000
AHY,=  HNUMY lightness 0,008
Patient number - 55 Patient age - 70 Patient gender = F
Centraf Incisor Canine
Test1 Test2  Testd  mean 5D Testi  Test2  Testd  mean D
= 628 627 626 6273 015 597 59.6 596 5962 006
a*= 14 14 14 140 000 10 10 10 100 000
b¥ = 185 188 185 1870 047 182 181 182 1817 006
= 188 188 185 1870 017 182 181 182 1817 0.06
5 .3 B8 .8 .83 006 86.8 B86.8 867 8677 006
CLASSIC €3 3 3 a 2]
BEY,= 317 t-test comparisons p=
ot = -313 chroma 0.047
BC = 056 hue 0,001
BHY, = HNUM! lightness 0,000
Patient number = 56 Patient age = 55 Patient gender= 1
Gentral incisor Canine
Test1 Test2 Test3 mean SD Test1 Tegt 2 Test3 mean SD
L= L6 724 731 725 OB 78 L2 714 74T 03
av= L 18 1e 1.83 006 32 25 29 200 017
b* = 273 263 267 2657 0.31 314 30.6 306 3087 046
- 274 210 267 2708 0% 36 07 07 300 052
= 860 861 861 2607 006 h= 84.2 846 846 8447 023
CLASSIC A35 A35 A35 QAAssIC A4 Ad Ad
BEY, = 417 t-test comparisans =
ar -0.97 chrona 0,001
BCh, 388 hue 0,004
BHY,- 0762 lightness  0.254
Patient number - 57 Patient age - & Patient gender= W1
Geniral incisor Canine
Test1 Test2  Test3  mean D Test1  Test2  Test3  mean D
L= 7.2 714 708 7LD 0.26 nz7 720 718 TLET 015
a*= 28 e 23 287 006 14 15 186 150 o010
b= 281 270 65 270 082 1] 264 268 2637 045
C= 283 271 267 2737 083 260 264 268 2640 040
h= 83 339 835 03 023 = 863 8.7 85 8670 0m
CLASSIC A35 A35 A35 QASSIC A5 A35 A5
173 t-test comparisons p=
0.70 chroma 0.304
0.5 hue 0,001
1277 lightness 0.063
Patient number = 58 Patient age = 1 Patient gender= 1
Central incisor Canine
Test1 Test2 Test3 mean SD Test2 Test3 mean SD
L= 664 667 668 6663 021 00 630 €7 06l
ar= -10 -11 -2 -110 010 [oX:] 0.8 083 0.06
b* = 168 175 180 1743 080 54 50 BHao 040
- 163 175 181 1747 0& 5.4 50 BAG 040
h= 835 837 927 9363 012 820 821 8307 0.06
CLASSIC €3 3 foc: c3
BEY, = 75 t-test comparisons p=
ar 237 chroma 0.006
ac,, 7% hue 0,000
BHM.- 2306 lightness  0.021
Patient number = 59 Patient age = 0 Patient gender = F
Gentral Incisor Canine
Test1 Test2 Test 3 mean SD Test1 Test 2 Test3 mean SD
173 680 673 668 67.37 080 660 67.2 663 6670 0.62
at= 27 26 24 257 015 23 22 4 320 010
b* = 2786 274 275 2750 010 283 286 287 2853 021
3 278 275 27.6 2763 015 285 288 283 2873 021
214 #u7 ®O ML 0D h= 834 236 832 8340 0
Ad A4 QAASSIC A4 Ad Ad
143 ttest comparisons p=
047 chroma 0032
110 hue 005
BH%,= 0783 lightness 0424
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Patient number = 60 Patientage = 47 Patient gender=  F
Central incisor Canine
Test1 Test 2 Test3 mean SD Test1 Test2 Test3 mean SD
L= 780 777 7718 7783 015 o8 765 763 7640 056
a*- 04 o4 04 040 000 06 o7 07 067 008
b*= 200 04 203 2023 021 212 220 2 2183 057
o 00 04 »3 223 0z 212 220 223 2183 057
= 830 238 839 8890 010 834 88.2 831 8823 015
CIASSIC AZ AZ A2 CAASSIC D3 B3 B3
BER,= 216 ttest comparisons p
LGS -033 chroma 0020
BCy= 16L hue 0010
AMt,- 1111 lightness 0,068
Patient number = 6L Patientage = 79 Patientgender=  F
Centrof fncisor Conine
Test1 Test 2 Test3 mean SD Test2 Test3 mean SD
£ 0.9 605 0.4 80.60 026 722 730 7240 053
a¥= 14 14 14 140 000 07 07 0 0m
b* i i 211 22 21D 010 188 180 1877 05
= 213 211 2.2 21D 010 18.8 130 1877 05
- 852 853 862 8623 006 20 920 9203 006
CIASSIC C4 4 [} c2 c2
AE%,- 1223 ttest comparisons p=
A= 1240 chroma  0.006
BCy, = 247 hue HDIV/O!
BHY,- HNUMI lightness ~ 0.001
Patient number - 62 Patientage - 66 Patient gender-
Centraf kecisor Canine
Testl  Tet2  Test3  mean D Testl  Test2  Testd  mean D
= 8.2 8.6 8.7  B450 026 731 74.5 746 7407 084
a*= -20 -20 -20 -200 000 -07 -0.8 -03 -0.80 010
b= 169 169 168 1687 006 191 18.8 188 1890 017
C= 171 170 17.0 1703 006 181 128 128 1830 017
h= 9639 36.7 969 9683 012 922 92.6 926 9247 073
CIASSIC AL AL Al c2 cz2
BE% - 1070 t-test comparisons =
Bl*= b bz o chroma 0.001
ACh,- 193 hue 0.002
AH%- 3562 lightness  0.001
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