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INTRODUCTION

We all know that the success of restorative dentistry which is 
a combination of art as well as science is based on its func-
tional as well as esthetic results. So, correct shade match-
ing becomes a challenging aspect in esthetic and restorative 
dentistry.

Though colour research has shown that the shade guides 
have very little representation of colour space of natural den-
tition but are still used for assessment and communication of 
colour of teeth in dentistry.1

Chairside colour matching with help of shade guides is sub-
jective and tough due to different observer interpretation and 
environmental factors like the human eye, age, emotions, 
experience, colour blindness. There has always been a dif-
ference in the shade matching done visually by different ob-
servers due to all of these factors.2, 3

To make a restoration look natural, the selection of shade can 
be done either visually or by instrumental methods. But, the 
most common and traditional approach of selection of shade 
is visually through the use of a prefabricated shade guide. As 
shade guides are visual support for selecting shades and are 

Original ResearchInternational Journal of Current Research and Review
DOI: http://dx.doi.org/10.31782/IJCRR.2021.131313

IJCRR
Section: Healthcare

ISI Impact Factor 
(2019-20): 1.628

IC Value (2019): 90.81
SJIF (2020) = 7.893

Copyright@IJCRR

ABSTRACT
Aims and Objectives: To evaluate shade of maxillary central incisor visually, digitally by using a smartphone camera and 
graphic software and calculating the percentage of correct shade matching comparing both the methods using two different 
shade guides.
Materials and Methods: A total of 45 participants were selected from the outpatient department of prosthodontics. The maxillary 
central incisor chosen had no history of any congenital or acquired deformities, restoration or structural defect. The shade for the 
same tooth was selected using two shade guides by conventional visual method, digitally by using a smartphone camera and 
graphic software for computer shade matching and the percentage of correctness between two was calculated. The agreement 
between both the results was compared and subjected to statistical analysis.
Results: The results showed that when both the methods were compared with each shade guide i.e. Vita Classic Shade guide 
was found to be statically insignificant (p value=0.933) and with Vitapan 3D Master Shade guide was also found to be statistically 
insignificant (p value=0.825).Though the study showed close clinical relation for shade matching done visually when compared 
with the digital method the amount of correct shade matching was about 66.66% and 60% for Vita Classic Shade guide and 
Vitapan 3D Master Shade guide respectively.
Conclusion: It was concluded that digital photography when combined with visual shade matching,  can prove to be an effective 
method for shade communication thus improving the final esthetic qualities of restoration.
Key Words: Shade guide, Visual method, Digital method, Esthetic restoration, Colour science, Shade selection
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defined as the collection of shade tabs, organized by colour 
(hue, chroma and value) which are used to suit the colour of 
the natural tooth.4

Instruments like computerized colourimeters and spectro-
photometers have been developed to describe dental colours 
digitally. They may yield high stable results but do not have 
high accuracy.5They evaluate tooth colour by measuring the 
amount and spectral composition of reflected light on the 
surface of the tooth .5

But these contact type instruments may have several disad-
vantages like limiting area of measurement on the tooth sur-
face, edge loss of light due to translucency of tooth, measure 
flat surfaces instead of translucent surfaces on curved teeth.3

Digital cameras and imaging systems are substitute for con-
tact-type colour measurement instruments and have been 
used widely in dentistry. Digital photographs not only help in 
communication amongst clinicians and technicians but also 
help in precisely knowing the morphology of teeth, colour 
distribution as well as intraoral conditions.6

As we all know that smartphones have become universal 
devices and their applications to the clinician have also im-
proved. Photographs from smartphones can be used for ref-
erencing colour shade matching for tooth and also help in 
easy communication between technicians and dentists.6

Also to improve the accuracy of shade selection procedures, 
the use of Vitapan 3D-Master tooth shade guide can be done.1

Therefore, this study was designed to compare the shade of 
maxillary central incisor by two shade guides and by two 
different techniques-visual method and digital (using smart-
phone camera graphic software) for computerised shade 
matching and calculate the measure of correctness between 
both the methods.

MATERIALS AND METHODOLOGY

A sample of size forty-five cases in each group, satisfying the 
inclusion criteria was chosen. After obtaining the required 
approval from the Scientific and Ethics Committee of the In-
stitution with ref no. DYPDCH/IEC/123/125/19, forty-five 
(n=45) patients were randomly selected from the outpatient 
department of prosthodontics.

Inclusion criteria:
•	 Age group:18-60 years
•	 Both genders
•	 Healthy maxillary central incisor

Exclusion criteria:
•	 Missing maxillary anterior teeth
•	 Any congenital or acquired  dental deformity, struc-

tural defects in anterior teeth

The observer viewed the patient at the eye level so that col-
our sensitive part of the retina was used for about 10 seconds 
which reduces the chances of fatigue of the retina. A time 
interval of 10 minutes between uses of two shade guides was 
kept .1

The clinical area for shade matching was standardized ac-
cordingly for shade selection4:

•	 Remove bright colours from the visual field
•	 If participants were found wearing heavy makeup we 

need to remove it.
•	 Shade selection was done in daylight (noon) and near 

the window.
•	 Shade selection was done on the middle third portion 

of the maxillary central incisor.

The chronological sequence followed in the 
study:

•	 The scaling procedure was followed for the partici-
pants before shade selection.

• Shade selection was done on the tooth using Vitapan 
classical shade guide which is hue based where chro-
ma increases within the groups (A-D).4  (Figure 1)

• The shade tab was placed at the same relative edge 
position adjacent to the maxillary central incisor un-
der the lip.4

• The distance of the operator from the patient was 
about 25-30 cm.4

• After each shade selection, relaxation of eyes was 
done  by observing a neutral grey card before the next 
trial.4

• Shade selection using VITA tooth guide 3D- Master 
shade guide was done in a similar procedure by the 
operator as for the Classic shade guide but since it 
is value-based; selection of shade was completed by 
selecting each component of colour i.e., firstly by de-
termining value, secondly by selecting Chroma (ver-
tically) and then the hue of the tooth(horizontally).4  
(Figure 2)

• The digital method made use of a smartphone camera 
to take the image of the teeth which was adjusted at 
the level of the patient’s occlusal plane. The distance 
between the smartphone camera and teeth will be 
kept constant about 16-20 cm by use of a measur-
ing scale and tripod stand. The images were taken by 
smartphone camera by auto features .3

• The images of both shade guides were captured by 
using a smartphone camera at the dental clinic against 
a contrasting background.

• The images were then transferred to the computer by 
connecting the phone to the computer in JPEG format.

• The images were processed by using Adobe Photo-
shop (7.0) program by moving the shade from their 
screen position to the incisor position for matching 
the colour.
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• The magnetic lasso tool was used to delineate the area 
on the central incisor whose shade has to be decided. 
The magic wand tool next to it was used to eliminate 
reflection on the tooth surface.

• The image of the selected tooth was matched with 
digital images of both the shade guides (Figure 3 and 
Figure 4)

• The selected shade by the operator by using both 
techniques were assessed and compared.

Figure 1: Photograph of Patient with Vita Classic Shade Tab 
(Visual Method).

Figure 2: Photograph of Patient with Vitapan 3d Master Shade 
Tab (Visual Method).

Figure 3: Photograph of Computer Shade Matching Using 
Adobe Photoshop for Vita Classic Shade Guide.

Figure 4: Photograph of Computer Shade Matching Using 
Adobe Photoshop for Vitapan 3d Master Shade Guide.

RESULTS AND STATISTICAL ANALYSIS

In this study shade matching of maxillary central incisor was 
done visually with both shade guides. Also, a comparison 
between visual and digital shade matching by making use of 
a smartphone camera and two shade guides was done. 

Testing of data analysis: Data analysis was done with Mann 
Whitney U test

It was found that digital shade matching using smartphone 
camera was statistically different from conventional visu-
al shade matching with 66.66% correctly matched shade 
for VITA CLASSIC SHADE GUIDE and 60% correctly 
matched shade for VITA 3D MASTER SHADE GUIDE 
(Table 1 and Figure 5).

Comparison between visual and digital shade 
matching for vita classic shade guide
The mean rank of shade matching done visually (A) was 
about 45. A 28 and shade matching done digitally (C) was 
about 45.7A 2 for VITA CLASSIC SHADE GUIDE. Though 
the clinical significance of relation was seen amongst A and 
C, the p-value was about 0.933 which considered being sta-
tistically insignificant (Table 2 and Figure 6).

Comparison between visual and digital shade 
matching for vita 3 d master shade guide
The mean rank of shade matching done visually (B) was about 
44.9A 2 and shade matching done digitally (D) was about 
46.08 for VITA 3 D MASTER SHADE GUIDE. Though the 
clinical significance of relation was seen amongst A and C, 
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the p-value was about 0.825 which considered being statisti-
cally insignificant (Table 3 and Figure 7). Though statically 
insignificant, the mean rank values for A and C (45.A 28 and 
45.7A 2) were found to be much closer in comparison to B 
and D (44.9A 2 and 46.08) which suggests a better relation 
for VITA CLASSIC SHADE GUIDE as compared to VITA 3 
D MASTER SHADE GUIDE visually and digitally.

Table 1: Comparison of Correct and Incorrect Shade 
Matching by Conventional Visual and Digital Tech-
niques:

Between A 
and C

Between B and 
D

Correct Match No. 30 27

% 66.66% 60%

Incorrect Match N0. 15 18

% 33.33% 40%

Total No. 45 45

% 100 % 100 %

Figure 5: Comparison of Correct and Incorrect Shade Match-
ing by Conventional Visual and Digital Techniques.

Table 2: Comparison between Visual and Digital 
Shade Matching for Vita Classic Shade Guide

V1 N Mean 
Rank

Mann-Whitney U P value

V1

1 45 45.28 1002.500 .933

2 45 45.72

Total 90

Figure 6: Comparison between Visual and Digital Shade 
Matching for Vita Classic Shade Guide.

Table 3: Comparison between Visual and Digital 
Shade Matching for Vita 3 D Master Shade Guide

V2 N Mean Rank Mann-Whitney 
U

P value

V2 3 45 44.92 986.500 .825

4 45 46.08

Total 90

Figure 7: Between Visual and Digital Shade Matching for Vita 
3 D Master Shade Guide.

DISCUSSION

One of the most common failures of esthetic dentistry is the 
lack of correct shade matching which maybe because of the 
clinician’s inability to match the shade or miscommunication 
with the technician or inability of the technician to reproduce 
it.

Due to various combinations in hue, value, chroma in teeth it 
may be difficult to communicate this to the technician.

In the present study, the aim was to check the reliability of 
shade matching based on digital imaging of tooth and shade 
tab by using a smartphone camera by comparing it with the 
conventional visual method of shade matching by making 
use of two different shade guides by making use of graphic 
software in colour analysis.

It was observed that digital shade matching in comparison to 
the conventional visual shade matching provided a reliability 
of 66.6% and 60% for VITA CLASSIC and VITAPAN 3D 
MASTER Shade guide respectively. 

The mean rank of shade matching done visually was about 
45. 28 and shade matching done digitally was about 45.72 
for VITA CLASSIC SHADE GUIDE. Though the clinical 
significance of relation was seen amongst A and C, the p-
value was about 0.933 which considered being statistically 
insignificant.

Similarly, the mean rank of shade matching done visually 
was about 44.92 and shade matching done digitally was about 
46.08 for VITA 3 D MASTER SHADE GUIDE. Though the 
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clinical significance of relation was seen amongst A and C, 
the p-value was about 0.825 which considered being statisti-
cally insignificant.

In a study conducted by Miyajiwala et al.13, when a com-
parison of shade matching between the visual and spectro-
photometric methods was done, the coefficient of agreement 
(using Kappa coefficient) was checked. Results revealed a 
fair agreement between the shades as determined by these 
two methods with (Kappa coefficient = 0.204).

A study conducted by Ihab A. Hammad1 which evaluated 
the effects of 2 shade guides on the interrater repeatability 
of prosthodontists concerning shade selection stated that 
interrater repeatability of prosthodontists was significantly 
higher than that of general practitioners when Vita Lumin 
Vacuum shade guide was used in comparison to Vita 3 D 
Master which had higher intrarater repeatability in general 
practitioners.

A study conducted by Amit V Naik et al. 2 compared the inter-
operator variability in shade matching by visual techniques 
using two shade guides which stated that Vitapan 3D- Mas-
ter shade guide was better than the Vitapan Classical shade 
guide in reducing the interoperator colour differences.

A study conducted by Rapti M Dahane et al. 4which studied 
the comparison between two operators in shade selection by 
visual techniques using VITA tooth guide 3-D Master and Vi-
tapanClassical shade guide stated that there was about 14% 
interpersonal variability in Vitapan classical shade guide and 
about 23% in Toothguide 3-D master. This shows that VITA 
Toothguide 3D - Master showed higher interpersonal vari-
ability than Vitapan classical shade guide.

None of the studies above could alone prove to be successful 
in determining the accurate shade of tooth using only one 
technique.

 The digital method made sure that both the tooth and shade 
guide could be viewed on the same screen and shades could 
be moved around, placed adjacent to or even overlap with 
the tooth to be matched. It makes use of black background to 
eliminate the scattering lights in the images.

In this study, the use of a smartphone camera for digital shade 
matching using graphic software provided a new method of 
colour matching to an operator as well as laboratory techni-
cian even in absence of actual shade guides. In cases, where 
the clinician may find it cumbersome to match a single shade 
tab to the tooth, a prescription can be made combining sev-
eral shades from different tabs.

The different areas on the tooth can be related to these tabs. 
Making use of digital images will allow the technician to 
evaluate different tabs of shades about different areas on the 
tooth. This may help the technician to apply his experience to 
develop restoration that matches the patient’s natural tooth.

This method may also improve computer link communica-
tion instead of receiving tooth colour as shade number. The 
digital images can also be sent via the internet to the lab-
oratory and technician who can match tooth colour on the 
screen.

Certain shortcomings were seen because of lack of use of 
colour corrected lights, environmental illumination, lack of 
familiarity with the digital photo imaging software and in a 
clinical setup, the surface texture of tooth, a wide variety of 
shade tabs available. So there was comparatively less rela-
tion between digital and visual shade matching for VITA-
PAN 3 D Master shade guide in comparison to the VITA 
CLASSIC Shade guide.

This study opens up new horizons for the advanced scien-
tific approach to colour matching in dentistry. Furthermore, 
the colour match of restorations fabricated using shades sug-
gested by the digital photography technique should also be 
investigated.

CONCLUSION

Within limitations of this study, we can conclude that,

1. The reliability of shade matching by conventional vis-
ual shade matching and digital shade matching using 
a smartphone camera and graphic software were about 
66.66% and 60% for VITA CLASSIC and VITAPAN 
3 D MASTER Shade guide respectively.

2. Digital method of taking photographs using smart-
phone camera can be used as an aid to visual shade 
matching using shade tabs to enhance shade commu-
nication between technician and dentist

3. The use of digital images in shade matching allows 
technicians to view variations, surface texture and 
tooth colour and improve shade communication.

4. Considering the technological advancement in the 
current & future world, digital photographs with ad-
vanced features will play a significant role in giving a 
life-like appearance to prosthetic restorations. It will 
also save the clinical & laboratory time for the opera-
tor & technician to visualising the actual shade rather 
than interpreting the conveyed shade. 

5. Currently ceramic shades are in conjunction with the 
shade tabs in the shade guide but with the use of tech-
nological advancements, we can expect the introduc-
tion of the mobile apps to record the correct shade & 
do the auto-matching of the same with shades of ce-
ramic. This will help us to produce more lifelike resto-
rations.

6. Use of technology for better results is the need of the 
hour& digital methods of shade selection in form of 
digital photographs can be an adjunct along with the 
manual shade guides in recording the correct shade. 
This technological advantage even though demands 
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financial support but can be an incomparable asset if 
combined with the conventional method of shade se-
lection with the shade guide 
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