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Abstract
Purpose: To evaluate the efficacy of digital photographs and graphic computer soft-
ware for color matching compared to conventional visual matching.
Materials and Methods: The shade of a tab from a shade guide (Vita 3D-Master
Guide) placed in a phantom head was matched to a second guide of the same type
by nine observers. This was done for twelve selected shade tabs (tests). The shade-
matching procedure was performed visually in a simulated clinic environment and
with digital photographs, and the time spent for both procedures was recorded. An
alternative arrangement of the shade tabs was used in the digital photographs. In
addition, a graphic software program was used for color analysis. Hue, chroma, and
lightness values of the test tab and all tabs of the second guide were derived from the
digital photographs. According to the CIE L∗C∗h∗ color system, the color differences
between the test tab and tabs of the second guide were calculated. The shade guide tab
that deviated least from the test tab was determined to be the match. Shade matching
performance by means of graphic software was compared with the two visual methods
and tested by Chi-square tests (α = 0.05).
Results: Eight of twelve test tabs (67%) were matched correctly by the computer
software method. This was significantly better (p < 0.02) than the performance of the
visual shade matching methods conducted in the simulated clinic (32% correct match)
and with photographs (28% correct match). No correlation between time consumption
for the visual shade matching methods and frequency of correct match was observed.
Conclusions: Shade matching assisted by digital photographs and computer software
was significantly more reliable than by conventional visual methods.

Several parameters influence whether the esthetic outcome of
prosthodontic treatment is acceptable. A key factor is fabri-
cation of a restoration whose color and shape is harmonious
with the rest of the dentition. To duplicate the color of a nat-
ural tooth, three procedures are required: determination of the
tooth shade clinically, communication of the shade to a dental
laboratory technician (if shade taking is performed by the den-
tist), and shade reproduction in dental porcelain. These are all
challenging tasks.1-5 One study1 evaluating the total color repli-
cation process concluded that reliable fabrication of a properly
matched restoration to existing porcelain restorations cannot
be ensured regardless of the shade assessment method used.
Lagouvardos et al2 also demonstrated difficulty in shade match-
ing of shade tabs and teeth.

Traditionally, shade selection has been performed visually
with the aid of a shade guide. Various guides exist to facilitate
the matching process. Studies have shown that some shade-
matching systems are superior to others6-8 and that new de-

signs of guides and alternative shade tab arrangements may
yield better results;9,10 however, regardless of the type of shade
guide system used, visual shade determination is associated
with a high degree of subjectivity. The ability to perceive color
differences varies from person to person,11 and experience
in shade matching may also be of importance. Furthermore,
the performance may be affected by eye fatigue.12 The light
source used when determining the shade has an impact on the
appearance (metamerism) and could be a source of error as
well.11 Therefore, a demand for methods that can analyze tooth
shade objectively has emerged.13 This could result in greater
reliability and thereby diminish the need for prosthesis color
corrections.

Digital imaging has potential for use in dental shade determi-
nation.14,15 This is obvious in situations where the tooth color,
including a description of effects, such as enamel hypoplasia
or decalcification, and translucency must be communicated be-
tween the clinician and the laboratory technician. Furthermore,

Journal of Prosthodontics 18 (2009) 235–241 c© 2009 by The American College of Prosthodontists 235



Shade Matching Assisted by Computer Software Schropp

Table 1 Correct match of 12 test tabs determined by 9 observers. Each test tab was matched against 6 alternative shade tabs on computer screen

Test tabs

2M2 2R21/2 3L21/2 3M2 3R21/2 4L21/2 4M1 4R21/2 2M1 5M1 4R11/2 2L11/2

WE 5/9 4/9 8/9 6/9 8/9 7/9 9/9 3/9 8/9 5/9 6/9 7/9
OE 2/9 2/9 7/9 6/9 5/9 4/9 8/9 3/9 9/9 9/9 9/9 8/9
UE 4/9 5/9 9/9 7/9 4/9 0/9 3/9 3/9 7/9 8/9 7/9 7/9

WE, well-exposed photograph; OE, overexposed photograph; UE, underexposed photograph.

digitized images can be transmitted electronically, which along
with the widespread use of the Internet, makes this option ad-
vantageous.

Instrumental color determination has been introduced re-
cently. In previous investigations the use of colorimeters or
spectrophotometers has been shown to be efficient;16-18 how-
ever, these devices are rather expensive, which may restrict their
extension to dental practices. Therefore, development of a sim-
ple shade selection system with high reliability that is usable in
dental practice would be beneficial.

The purpose of this clinical study was to evaluate digital
imaging combined with an alternative shade guide arrangement,
as well as the use of graphic computer software for shade match-
ing in comparison to conventional visual matching. The null
hypothesis was that no difference existed between visual shade
matching performed clinically or with digital photographs, and
shade matching assisted by computer software.

Materials and methods
Twelve tabs from a shade guide (Vita 3D-Master Guide, Vident,
Brea, CA) were selected for shade determination. The test tabs
are presented in Table 1. A power analysis was performed to
determine adequate sample size. The study was divided into
four parts. First, each shade tab was visually matched to five
alternative shade tabs on digital photographs presented on a
computer monitor by nine observers. Three flash settings were
compared. Second, the observers visually matched the shade
tabs by the use of a second shade guide in a simulated clinic
environment. Third, the observers matched the shade tabs by
the use of the second shade guide, now with an alternative
arrangement of the shade tabs, on a computer monitor. Fourth,
the shade tabs were matched by the use of a graphic computer
program.

In Part 1, the influence of flash settings on shade matching
performance when using digital photographs was evaluated.
Shade matching of the test tabs was executed visually on a
computer screen by nine observers (eight women, one man):
four dentists, four dental laboratory technicians, and one first-
year dental student. All observers stated that they were unaware
of having abnormal color vision but were not tested.

For each of the test tabs, the matching shade tab (the one
with the same color code) plus five alternative shade tabs were
selected from a second Vita 3D-Master Guide. The alternative
shades chosen were similar in shade to that of the test tab but did
not match according to the guide. The test tab and the matching
shade tab were placed side by side on a neutral light gray

background (lightness = 207, chroma = 12, hue = 57), and a
photograph was made using a digital single lens reflex camera
(Canon EOS 20D, Canon USA Inc, Lake Success, NY) with a
ring flash (Macro Ring Lite MR-14EX, Canon). The camera/
flash settings were: macro lens AF 100 mm, aperture F22,
shutter speed 1/125 s, ISO 200, Automated White Balance. The
distance from object to lens was 25 cm. Likewise, photographs
were made with the test tab placed beside each of the alternative
shade tabs. Three settings for the flash were used (manual flash
mode: 1/4, 1/32, and 1/8 flash output of full power), resulting in
overexposed (OE), underexposed (UE), and well-exposed (WE)
images, respectively. Using graphic software [Paint Shop Pro
(PSP), Version 9.0; Corel Corp, Ottawa, Canada] the six WE
digital images were merged to one file and arranged in three
rows and two columns (Fig 1) and similarly for the OE and
UE images. By viewing the image arrangement on a 17-inch
LCD display (ViewSonic VG700b, ViewSonic Corp, Walnut,
CA), the observers were asked to select the image they found
containing the two shade tabs with identical color codes, and the
image chosen and time spent for the assessment were recorded.
Overall, 36 image arrangements were evaluated (12 test tabs, 3
flash settings). The monitor was calibrated before each color-
matching procedure by the use of the monitor software (auto
image adjust).

All test tabs as well as the tabs of the second shade guide
used in the study were tested using a spectrophotometer (Vita
Easyshade Spectrophotometer, Vident). The spectrophotometer
measurement corresponded with the color code of the guide for
all specimens.

In Part 2, at the same session, the observers’ ability to vi-
sually match each of the 12 test tabs using a Vita 3D-Master
Guide with 26 shade tabs was evaluated. The arrangement of
the shade tabs is displayed in Figure 2. A phantom head (not
commercially available) based on a Columbia dentoform model
(S562, Columbia Dentoform Corp, Long Island City, NY) was
used. The test tab was placed in the phantom head (Fig 3),
and the original identification code from the guide was masked
by a label with an “anonymous” sample code. Shade taking
was performed in a dental clinic with standardized daylight
lamps (Elipse U3 EL-4,000◦ K, D-TEC AB, Östra Hamnen,
Sweden). The use of supplemental light from an operatory lamp
(Kavolux 1410, Kavo Dental GmbH, Biberach, Germany) with
a color temperature of 4,800◦ K (color corrected to approxi-
mate to daylight) was permitted if preferred by the observer.
The observer was asked to match the color of each tab by
the use of the guide, and the shade chosen and the time spent
for the procedure were recorded. The same dental clinic was
used for all shade-matching procedures, and the observers were
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Figure 1 Test tab placed beside six alternative shade tabs. Tabs in lower
right-hand corner match.

Figure 2 The tab arrangement of the Vita 3D-Master Guide.

Figure 5 Lightness, chroma, and hue values
were derived from selected area of test tab
and shade tabs from the second guide using a
graphic computer program.

Figure 3 Test tab placed in phantom head for conventional visual shade
matching in simulated clinic.

Figure 4 Digital photograph with alternative arrangement of shade tabs
from shade guide for shade matching on computer screen.
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positioned alike in the clinic in relation to light source and
phantom head.

According to the manufacturer of the shade guide, shade de-
termination should be conducted in three steps: (1) selection of
lightness level (value groups 1 to 5), (2) selection of saturation
(chroma groups 1 to 3 based on the middle hue group (M), and
(3) selection of hue (L, M, or R). Five of the nine observers
stated they knew how to use the guide; however, this was not
verified, and none of the observers were instructed in proper
use of the guide.

In Part 3, approximately 2 months after the first session,
shade matching of the twelve test tabs was performed by the
observers combining the use of the shade guide and digital pho-
tography. An alternative grouping of the shade tabs was made
and arranged above and below the test tab placed in the phan-
tom head (Fig 4). The middle hue group (M) of all five lightness
groups were arranged at the bottom, with the lightest tabs on
the left, the darkest on the right, and the tabs with the lowest
saturation (chroma) situated nearest to the test tab. Correspond-
ingly, the R and L hue groups of lightness groups 2 to 4 were
arranged at the top. A digital photograph of the phantom head
was made for all twelve test tabs with the same camera and set-
tings as described above. The observers evaluated the images
one at a time on the same computer screen being used in the
first session, and were this time instructed in shade matching.
First, the observer was asked to decide which lightness group
(1 to 5) the test tab belonged to. Second, the observer selected
the chroma. Third, in the situation of having chosen a shade in
lightness groups 2 to 4, the observer was asked to evaluate the
R and L hues of the same value group before the final determi-
nation. The shade selected and the amount of time spent for the
procedure were recorded.

In Part 4 of the study, a method for quantitative shade match-
ing by the use of graphic software was evaluated. The images
of the phantom head with test tab and shade tabs of the Vita 3D-
Master Guide used for the visual shade selection were analyzed
using PSP graphic software. The graphic software has the abil-
ity to analyze the image in terms of lightness (L), chroma (C),
and hue (h) values. The internationally recognized CIE L∗C∗h∗
color system19 uses these color values to objectively describe
a color. An area of the test tab was selected manually by the
mouse pointer, and mean values of L, C, and h for the area
were derived by PSP (Fig 5). The selection was approximately
one-tenth the size of the shade tab and was situated in the mid-
dle part of the tab. The zoom function of the program was used
to ease selecting an area containing a uniform color, and areas
with reflections from the light flash were avoided. L, C, and
h values for the 26 shade tabs from the guide were likewise
recorded. By using the formula �E = √

�L2 + �C2 + �h2

from the CIE L∗C∗h∗ color system, the color differences be-
tween the test tab and the 26 shade tabs were calculated. The
shade guide tab, which deviated least from the test tab (smallest
value of �E) was determined to be the match. The recordings
in PSP were blinded, as the dentist who performed the color
analyses did not know the color code of the test tab. Recordings
of hue, saturation, and lightness were repeated with an interval
of 4 weeks for six test tabs and thirty shade guide tabs selected
from the twelve images.

Chi-square tests were used for comparison of shade match-
ing performed in the simulated clinic and by the use of pho-
tographs. Likewise, shade-matching performance by means of
graphic software was compared with the two visual methods
by Chi-square tests. Correlation between time consumption
and frequency of correct match for visual shade matching in
the simulated clinic and with digital photographs was tested
by means of Spearman’s rho test. Reproducibility of the color
analysis performed with the graphic software was tested by the
Wilcoxon signed rank test for paired data. An alpha level of
0.05 was used for all statistical testing.

Results
The observers were on average able to match the test tab to six
alternative shade tabs correctly on a computer screen in 66% of
the situations (range 22 to 29 matches of 36). Matches for the
underexposed (59%) photographs were slightly lower than for
the overexposed (67%) and well-exposed (70%) photographs.
The results for the twelve test tabs are displayed in Table 1. Data
did not show tendencies for lighter shades or darker shades of
the guide (high or low lightness) to be easier to match. The
observers spent on average 33 seconds on the shade matching
procedure per test tab (range 29 to 35 seconds for the different
professional groups). A significant correlation between match
and time was found (p = 0.01), in that a better match was found
among observers who spent more time for the procedure.

The nine observers were on average able to determine the
correct shade tab in 32% of the situations when the shade guide
in the simulated clinical scenario was used for conventional
visual shade taking (range 0 to 9 of 12 tabs). The percentages of
correct shade determination were 31% for the dental technicians
and 35% for the dentists. Seven observers matched less than
half of the 12 test tabs correctly. As shown in Table 2, four of
the test tabs were matched by one or none of the observers. The
observers matched the correct lightness of the test tab in 44%
of the situations. A darker shade (1 or 2 values) was chosen
in 54% of the situations. The matching procedure took, on
average, 97 seconds per test tab (dental technicians: 77 seconds,
dentists: 102 seconds). No correlation between time and match
was found (p = 0.3).

The nine observers were, on average, able to determine the
correct shade tab in 28% of the situations when digital pho-
tographs with an alternative arrangement of the shade tabs were
evaluated on a computer screen (range 2 to 5 of 12 tabs). The
results are presented in Table 2. This was not significantly dif-
ferent from the conventional matching method (p = 0.51). The
percentages of correct match for the technicians (31%) cor-
responded to those achieved by the conventional shade-taking
procedure in the simulated clinic environment. The dentists per-
formed worse (25% correct matches) than with the conventional
method (35%); however, the difference was not significant
(p = 0.27). On average for all observers, the correct lightness
of the test tab was recognized in 55% of the situations, which
was not significantly different from the results of the conven-
tional procedure (p = 0.13). A darker shade (1 or 2 values) was
chosen in the remaining situations except for one. The matching
procedure took on average 45 seconds per test tab (technicians:
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Table 2 Correct match of 12 test tabs determined by 9 observers using shade guide in simulated clinic and digital photographs with alternative

arrangement of guide, and correct match (
√

) by graphic software program (GSP)

Test tabs

2M2 2R21/2 3L21/2 3M2 3R21/2 4L21/2 4M1 4R21/2 2M1 5M1 4R11/2 2L11/2

Clinic
CS 0/9 0/9 1/9 1/9 2/9 2/9 6/9 2/9 6/9 7/9 5/9 3/9
CL 0/9 1/9 1/9 1/9 4/9 4/9 7/9 3/9 6/9 8/9 7/9 6/9

Photos
CS 1/9 0/9 0/9 1/9 3/9 1/9 7/9 1/9 2/9 9/9 4/9 1/9
CL 4/9 0/9 3/9 7/9 4/9 2/9 8/9 3/9 6/9 9/9 8/9 5/9

GSP
CS

√ √ √ √ √ √ √ √
CL

√ √ √ √ √ √ √ √ √ √ √

CS, correct shade tab; CL, correct lightness.

37 seconds, dentists: 43 seconds). No significant correlation
between time and match was detected (p = 0.08).

By using a graphic software program for shade selection, 8
of 12 shade tabs (67%) were correctly matched (Table 2). In
three of the four situations of incorrect match, the program sug-
gested a shade with correct lightness and chroma, while only
the hue differed from the true one. In the last situation, the
program suggested the shade 2M3 instead of 3M2. The repro-
ducibility of the hue, saturation, and lightness recordings was
statistically significant (p > 0.35). The shade-matching capa-
bilities of the computer program were significantly better than
those of the observers when visual shade taking was performed
in the simulated clinic or by the use of digital photographs
(p < 0.02).

Discussion
Data of the present study support rejection of the null hy-
pothesis that no difference exists between visual shade match-
ing performed in a simulated clinic environment or with dig-
ital photographs and shade matching assisted by computer
software.

A reliable shade selection method is a prerequisite for ob-
taining a predictable esthetic outcome of a prosthetic restora-
tion. Previous studies have demonstrated that conventional vi-
sual shade determination, irrespective of the type of shade
guide used, is a challenging task.2-4 Preliminarily (Part 1),
this study investigated the significance of the quality of digital
photographs when using these for matching shade tabs from
a dental shade guide. The percentage of correct matches was
lower on underexposed photographs than with well- or over-
exposed photographs, and it is suggested that optimal images
concerning exposure should be provided for shade taking.

The Vita 3D-Master Guide was used for visual shade match-
ing in this study, because it is commonly used among clinicians
and associated with a high intrarater repeatability8 and success
in achieving acceptable color match.6,7 Since shade guides may
vary between batches, all shade tabs were measured with a
spectrophotometer to ensure that the shade corresponded to the
color code.

The results of this study showed that the performance of
conventional visual shade matching and shade matching exe-
cuted with digital photographs presented on a computer screen
was comparable. In a previous study, Jarad et al14 found a sig-
nificantly better matching performance when evaluating on a
computer monitor (61%) than with a visual matching method
simulated in a phantom head (43%). Visual matching of twelve
shade tabs was difficult for most dental professionals for both
methods, while a smaller interobserver variance was seen for
the latter method. On average, only one-third of the tabs were
matched correctly, while the lightness level of the shade was
determined correctly in approximately 50% of the situations. It
was striking that the observers were highly inclined to choose a
shade tab that was too dark. Other studies have matched shade
tabs under in vitro conditions. Two studies demonstrated cor-
rect matches of approximately 45% of the shade tabs using
Vita Lumin shade guides,4,14 while Geary and Kinirons5 found
a matching performance of 64%. However, the latter study was
conducted on the laboratory bench and may not be compara-
ble with the simulated clinic environment. There is no reason
to believe that color determination of a natural tooth should
be easier, since the color of a tooth is often far more complex
than that of a shade tab. The present sample population sizes
were too small to evaluate whether the type of dental profession
has an impact on shade-taking skills, and studies with a larger
population are needed to provide evidence in this respect.

It has been stated that short rests should be allowed during
the color-matching procedure to prevent eye fatigue.12 This may
increase the time spent for shade selection. The present results
disclose a correlation between time consumption and success
of match in Part 1, but no correlation when matching shades
in the simulated clinic (Part 2) or on the computer monitor
(Part 3).

Half the observers in this study were not familiar with
the use of the shade guide, and no instructions were given.
Furthermore, the phase sessions for the groups were not
alternated. Experience in shade matching gained during the
sessions may be expected (particularly for the individuals who
were not familiar with the shade guide) and could have skewed
the results. All observers stated that they were not aware of
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having abnormal color vision, but this was not tested. These
facts may be considered study limitations.

One advantage of using digital photographs is that they can be
transmitted electronically to the dental laboratory technician for
color selection. In addition to determination of the basic tooth
shade, the technician will also have a better chance to assess
the tooth regarding form, surface texture, translucency, and the
presence of various effects, such as hypoplastic or decalcified
areas. These parameters might be difficult to communicate ef-
ficiently between dentist and laboratory technician verbally or
by means of conventional laboratory prescriptions. It should be
noted that the same digital image will not appear to be the same
color on different computer monitors. Therefore, one or more
shade tabs with known color codes must be present on the pho-
tograph together with the tooth to be matched, or, alternatively,
calibration between the clinician and laboratory monitors must
be made. Provision of the digital photographs will obviously
take some time; however, the data revealed that the observers
spent 1 minute less per test tab for the bare shade matching
procedure on the computer screen than in the simulated clinic.
In a patient situation, it was determined that making of the pho-
tograph including the alternate arrangement of the shade guide
took less than 1 minute more than making a photograph without
a shade guide.

An alternative arrangement of the shade tabs in this part of
the study was suggested. One of the differences between the
conventional visual method and the matching procedure on the
computer screen is that the observer in the former method is able
to take the tabs out of the shade guide, whereas the position of
the tabs is fixed in the latter method. Arranging the middle hue
group (M) of all five lightness groups together was considered
to facilitate shade selection on the screen; however, it is not
possible to determine whether this alternative arrangement had
an influence on the results.

Realizing the limited reliability associated with visual shade
matching, a method for shade selection applying computer soft-
ware was proposed in this study. It was demonstrated that this
method was superior to visual shade matching. By means of
quantitative color measuring, two-thirds of the test tabs were
matched correctly, and the correct lightness of the tab was rec-
ognized in more than 90% of the cases. Selecting the measuring
area of the shade tabs manually (free-hand) may be a source
of error; however, the good reproducibility of the recordings in
this study corresponded to the findings of a previous study,13

which revealed a high accuracy of a similar graphic program for
color analysis. It should be emphasized that precaution must be
taken in extrapolating data of this study to a clinical scenario.
Matching one shade tab to another is not the same as match-
ing to a natural tooth. Difference in translucency and varying
shades in different parts of the tooth could complicate matters.
Furthermore, the appearance of translucency may differ due to
the fact that the tooth to be matched is in the mouth, and the
shade tabs are outside the mouth, which may hinder the use of
a graphic program.

The use of graphic software for quantitative color determina-
tion may be an alternative to colorimeters and spectrophotome-
ters. The method is relatively inexpensive, as digital cameras
and computers are generally available in dental practices and
laboratories.

In spite of the limitations associated with this study, the
author suggests that color analysis of digital photographs has
the potential to be used for shade matching in dentistry. Future
clinical studies are needed to verify application of the computer
software method for shade matching to natural teeth in the
clinical situation and whether it has an influence on the esthetic
result of prosthetic treatments.

Conclusion
The present study demonstrated a statistically better perfor-
mance by the graphic computer program than with visual shade
taking performed in the simulated clinic or by the use of digital
photographs. Furthermore, no statistical difference was found
between visual shade matching performed in the simulated
clinic scenario and by viewing digital photographs.
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