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ABSTRACT
Objective: This retrospective study was performed to evaluate the correspondence between digital image analysis and spectrophotometry 
tooth shade results.

Methods: The study population consisted of 10 patients. Office bleaching was performed using an in-office whitening. Tooth shade was analysed 
by spectrophotometry and image analysis of digital photographs at baseline, and at 1-week and 3-month follow-up visits. The correspondence 
between the two methods was evaluated based on the total color change (ΔE), calculated using lightness, chroma, and hue (LCH) values for 
spectrophotometry and lightness, red-green, blue-yellow (LAB) values for digital image analysis. The Mann–Whitney U, Wilcoxon signed rank and 
Kruskal–Wallis tests were used for the statistical analyses (p<0.05). The correspondence between digital image analysis and spectrophotometry 
results was determined using the intraclass correlation coefficient (ICC).

Results: At the 3-month follow-up, there were no significant differences in tooth shade results between the spectrophotometry and digital 
image analysis methods (p=0.855), which showed strong agreement (ICC=0.983).

Conclusion: Digital image analysis may be a useful alternative to spectrophotometry for tooth shade selection.
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Retrospective Evaluation of Different Shade Selection Methods 
in the Context of the Vital Bleaching Technique

1. INTRODUCTION

Dental esthetics is an important issue for all dental practices. 
Well-aligned white teeth are desired by the majority of both 
women and men. People desire the “perfect smile”, and 
dental bleaching represent the initial step towards this goal.

Vital bleaching techniques have proven efficacy, either in the 
office or at home under professional supervision. Home and 
in-office bleaching techniques utilize peroxide at different 
concentrations (1). In-office whitening agents use a higher 
concentration of peroxide and provide more rapid results. 
Therefore, patients frequently request in-office bleaching. 
Clinical application often involves a combination of two 
bleaching techniques for rapid whitening with less dental 
sensitivity (2).

High concentrations (25–40%) of hydrogen peroxide (H2O2) 
enhance tooth colour (3). In-office whitening performance is 
related to the ability of H2O2 to diffuse into the hard tissues 
of the teeth, although deeper penetration is associated with 
a higher risk of pulp damage. Improvements in whitening 

techniques could decrease the detrimental effects on pulp 
tissue with no decrease in efficacy (4).

Shade selection is done using visual or instrumental 
techniques. The visual technique is the most commonly used 
for shade selection by dentists but is subjective and depends 
on numerous environmental factors and the vision of the 
clinician (5). Instrumental techniques using colorimeters, 
spectroradiometers, spectrophotometers and digital 
cameras are objective and convenient for shade selection in 
clinical practice (6).

Spectrophotometry, which measures the transmittance 
curve or spectral reflectance of a specimen, quantifies the 
amount of light reflected from the surface in the visible 
spectrum at each wavelength and is the most appropriate 
method for shade selection. Spectrophotometers are 
unaffected by metamerism and have a longer working life 
than colorimeters (7).
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Digital image analysis is a shade selection method based 
on digital photography. Shade selection using this method 
can simplify communication between the technician and 
the dentist. Digital image analysis requires an appropriate 
software program to analyse colour values in an appropriate 
format. Digital image analysis is a cost – and time-effective 
method compared to spectrophotometry and colorimetry, 
although its validity has not yet been proven (8).

In the present study, consistency between spectrophotometric 
and digital image analysis tooth shade selections, at 1 week 
and 3 months after in-office bleaching, was evaluated. The 
null (h0) hypothesis was that the digital image analysis and 
spectrophotometric measurements would not be consistent.

2. METHODS

This retrospective clinical study was carried with approval 
from the Marmara University Faculty of Dentistry Ethics 
Committee (Istanbul, Turkey; registry no. 2020-383).

The data of patients treated with in-office bleaching 
procedures at Marmara University, Faculty of Dentistry, 
Restorative Department, between January 1, 2019, and 
January 1, 2020 were analysed. The study population in this 
retrospective analysis consisted of 10 patients aged between 
20 and 35 years. Participants were examined in the context of 
the exclusion/inclusion criteria.

The inclusion criteria were regular attendance of follow-up 
appointments, caries-free anterior teeth, no restorations 
on the labial surface, and good general and oral health. The 
exclusion criteria were pregnant or lactating women, active 
carious lesions, dentine exposure, endodontic treatment of 
anterior teeth, internal tooth discolouration, and current 
smoking.

The bleaching procedure was performed using Opalescence 
Xtra Boost (Ultradent Products, South Jordan, UT, USA) in 
two 20-minute sessions, conducted in accordance with the 
manufacturer’s instructions.

Tooth shade was assessed based on follow-up appointment 
data. Total colour change (ΔE) was denoted by ΔE1 (baseline 
and 1 week) and ΔE2 (baseline and 3 months) and assessed 
using both spectrophotometry and digital image analysis. 
Measurements were performed for teeth numbers 11 and 
13, from the middle third of the labial surface.

2.1. ΔE Measurements Obtained with Spectrophotometry

Shade selection was performed by one clinician using a 
Vita Easyshade V spectrophotometer (Vita Zahnfabrik, Bad 
Säckingen, Germany). The device was calibrated for each 
measurement according to the manufacturer’s instructions 
(Figure 1). Lightness, chroma and hue (LCH) values from 
CIELAB colour space were determined and ΔE was calculated 
(9).

2.2. ΔE Measurements Obtained with Digital Image Analysis

A Canon EOS 700D digital single lens reflex (DSLR) digital 
camera (Canon, Melville, NY, USA), macro lens (100 mm; 
Canon), and macro twin flash (Yongnuo YN-24EX/TTL; 
Shenzhen Yong Nuo Photographic Equipment, Shenzhen, 
China) were used for the study. Lightness, red-green, blue-
yellow (LAB) values were determined with Adobe Photoshop 
CC software (Adobe Systems Inc., San Jose, CA, USA; Figure 
2) and ΔE values were then calculated using a previously 
described formula (9).
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The normality of the data was analysed using the 
Kolmogorov–Smirnov test. The two methods were compared 
with the Mann–Whitney U test. Measures were compared 
among three appointments using the Wilcoxon signed rank 
test. The intraclass correlation coefficient (ICC) was used to 
evaluate the agreement between spectrophotometry and 
digital image analysis tooth shade results (p<0.05).

Figure 1. Determination of LCH values with spectrophotometer

Figure 2. Determination of LAB values with digital image analysis

3. RESULTS

The shade selection accuracy was compared between the 
digital image analysis method and spectrophotometry.
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The difference in ΔE values between spectrophotometry 
and digital image analysis was not statistically significant 
(p=0.855) (Table 1). The two methods showed a high degree 
of agreement (ICC=0.983).

Table 1. ΔE Values of two different methods for all measurements

Mean±SD Median Q1 – Q3 p
Digital Image Analysis 4.00±2.01 3.43 2.53 – 4.84

0.855
Spectrophotometer 4.08±1.99 3.66 2.54 – 5.07

There were no statistically significant differences between 
the median spectrophotometric and digital image analysis 
ΔE1 values (p=0.808) or ΔE2 values (p=0.957) (Tables 2 and 3).

The 1-week and 3-month follow-up data were 
analysed separately. The mean ΔE value obtained using 
spectrophotometry at the 3-month follow-up was 4.58. 
Values equal to or above the ΔE threshold of 3.3 are 
considered noticeable by clinicians (10), so the colour change 
was clinically detectable in this study.

Table 2. ΔE1 values of two different method

Mean±SD Median Q1 – Q3 p
Digital Image Analysis 3.13±1.04 3.06 2.4-3.4

0.808
Spectrophotometer 3.30±1.26 2.88 2.4-3.7

Table 3. ΔE2 Values of two different method

Mean±SD Median Q1 – Q3 p
Digital Image Analysis 4.88±2.36 4.53 3.28-6.84

0.957
Spectrophotometer 4.88±2.30 4.58 3.27-6.6

4. DISCUSSION

The present study was performed to determine whether 
there is a linear relationship between spectrophotometry 
and digital analysis tooth shade results. The main objective 
was to investigate the practical utility of digital colour analysis 
systems in dentistry. Both methods have their own algorithm 
for colour analysis, and separate ΔE values were obtained for 
each method. The ΔE values were subjected to correlation 
analysis, and the h0 hypothesis that the digital image analysis 
and spectrophotometric measurements would not be 
consistent was rejected (i.e. high correspondence was found 
between the two methods).

Patients’ expectations regarding esthetic outcomes are 
increasing, and esthetic treatments are being performed 
more widely, including bleaching (11). Tooth colour was 
not measured immediately after the bleaching session in 
this study, because dehydration of the tooth can affect 

the measurements. Thus, shade analysis was performed 
1 week and 3 months after the bleaching treatment. The 
effectiveness of bleaching increases with the application of 
highly concentrated H2O2 products over two sessions (12). 
Clinically significant colour improvement is also observed. 
Visual shade selection is the most commonly used method 
by clinicians. However, this technique is affected by a number 
of variables and is subjective (13). Therefore, an instrumental 
alternative method was developed in the late 1990s. 
Shade detection instruments, such as colorimeters and 
spectrophotometers, have subsequently been introduced 
into dentistry. Researchers have reported equivocal 
outcomes when using colour-measuring devices, with some 
authors suggesting that these devices do not provide reliable 
results (14), and others reporting good accuracy (15).

A number of dental photography and software systems have 
been developed, and digital photography has started to be 
used for shade selection (16). Digital images can be analysed 
using convenient software programs that allow all pertinent 
details to be recorded. This represents a major advantage 
over contact-type instruments. However, the factors affecting 
the results obtained with this method, such as the digital 
camera parameters, reproducibility of digital images, and 
lighting conditions, should be investigated. More research 
is also required for standardization of the measurements. 
The CIELAB colour space is three-dimensional, with L*A*B* 
axes. A colour stimulus is indicated by chromatic A* (red/
green), B* (yellow/blue) and L* (achromatic) values. Shade 
differences can be quantified using the CIELAB formula 
based on Euclidean intervals, which has been used widely 
to determine colour differences in both dentistry and the 
industrial sector. CIE created a new colour formula, known 
as CIEDE2000, which is more complex than the CIELAB colour 
space. However, both of these formulae are convenient for 
use in clinical practice (17).

Browning et al. reported a Yonghua significant correlation 
between CIELAB and CIEDE2000 ΔE values (18). On the 
other hand, while Oliveria et al. reported that CIELAB and 
CIEDE2000 ΔE values were similar, they nevertheless showed 
some differences, attributed to the use of two different 
formulae (19). The CIELAB formula was used in the present 
study.

There have been few reports comparing digital image 
analysis and spectrophotometry tooth shade results. Further 
research is therefore needed.

5. CONCLUSION

Within the limitations of this retrospective clinical study, we 
showed that spectrophotometry and digital image analysis 
yielded similar tooth shade results. Thus, digital cameras 
can be used for shade analysis and selection and can also 
facilitate communication between dentists and technicians.
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