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Abstract

Introduction:

The aim of restoring teeth in dentistry is to restore their functionality in the oral cavity and to
restore optimal aesthetics. The demand for an optimal aesthetic outcome in dentistry has
grown significantly over the past few years. The aim of this study was to investigate UK
dentists’ working practices on shade taking and to assess whether these clinical practices are

in accordance with evidence based guidelines.

Methods:

A cross-sectional survey was carried out using a questionnaire designed to elicit both
quantitative and qualitative data. This included two clinical scenarios (vignettes), which
required respondents to describe the steps they would take during shade taking and the
prescription they would sent to the dental technician. It was calculated that a minimal sample
size of 165 responses was required for this study based on the estimate that 70% of dentists
would comply with good practice guidelines with a 95% Confidence Interval of +/- 7%. 200
questionnaires were distributed to General Dental Practitioners (GDPs), specialists within a
university department and postgraduate students studying for a Master’s degree in Restorative
Dental Practice (RDP) which formed the cohort of respondents.

Results:

170 (85%) completed questionnaires were collected and analysed. 167 respondents (98.9%)
used a manual method for shade taking. 98 (57.6%; 95%CI:50%,65%) respondents followed
the guidelines on the first vignette, 73 (42.9%; 95%CI:35%,51%) followed the guidelines on



the second and 41 (26.5%; 95%CI:20%,33%) followed the guidelines for both. Specialist
Professional status ()(2 4=10.76;p=0.03) and more frequent use of daylight (xz in=6.09;p=0.01)
were both predictive of good practice. However, the number of years qualified of the
respondents was not associated with good shade taking practice.

Qualitative data analyses revealed several themes about the quality of clinical shade taking: a)
the time shade was taken, b) light source used, c) shades for different aspects of the tooth, d)
dental care professional (DCP) opinion, and e) photographic support.

Discussion:

Within the limitations of this study, it was demonstrated that dentists needed to improve their
shade taking techniques in clinical dentistry. The results showed that only 25% of respondents
in this study successfully followed evidence-based good practice guidelines. It also showed
that, the many respondents undertook shade taking with a degree of chance and guesswork
without consistently following protocols or techniques, which could potentially introduce
recording errors and errors in communication with the dental laboratories, resulting in sub-
optimal clinical outcomes. These findings highlighted the need to incorporate appropriate
training on shade taking into the relevant dental curricula. This study also highlighted the
importance of compiling accurate and detailed laboratory prescriptions in relation to the shade
of the restorations to be fabricated.

Introduction

The primary aims of restoring teeth are to restore functionality in the oral cavity and to restore
aesthetics. The demand for achieving an optimal aesthetic outcome in dentistry has grown
significantly over the past few years [1]. The drive towards more aesthetic restorations
involves the development of new materials, improvements in the design of tooth preparation,
an understanding of colour and improved communication with technicians [2]. Various
factors influence the aesthetic outcome of restored teeth such as the shape, contour, texture of
the restoration or prosthesis, the colour or shade being pivotal factors [3]. The selection of the
correct shade for the restoration is important as it increases the aesthetic appeal of the tooth

and enhances the harmonious integration of the natural dentition [4].

Research undertaken between 2006-2016 in respect of shade taking in clinical practice were
explored for practical reasons. Two relevant studies were also taken into account, when

designing the study, [5, 6].



To understand these issues, it is important to understand colour and its attributes from a dental
perspective. Steps used by the clinicians when taking an appropriate shade of a prepared tooth
and the adjacent teeth has a significant bearing [1,4] on the final aesthetic outcome of the

restoration.

The concept of colour is based on three attributes_[4]:

e Hue: colour tone i.e. red, green, blue and yellow
e Chroma: saturation of purity i.e. strength of the colour

e Value: lightness or darkness of the colour

Furthermore, Translucency, Opalescence and Metamerism [3] are also considered important in

this concept.

Fundamentally alterations in the hue, chroma, value of a colour results in the different
shades. An understanding of these principles is therefore important for dentists as they

encompass the very rudiments of shading taking of teeth [7].

There are three common methods of taking shade of teeth:
¢ Visual methods, using shade tabs from commercially available shade guides.
e Digital or Instrumental methods, with the help of devices like colorimeter,
spectrophotometer or digital cameras, and
e Customised shade tabs, made by laboratories or custom shade matching carried out by

the laboratory technician utilising material-specific tabs.

The literature indicated that manual shade taking was the most commonly used method. It also
brought into light some recommendations which would enhance the efficacy of manual shade
taking [8, 9] as follows:

1. Take shade at start of the procedure and after preparation — taking tooth dehydration

and eye fatigue into consideration.[10]



2. Use natural daylight or colour corrected light of 5500 Kelvin (K) in the absence of
daylight [11,12]
3. Take into account the characterisation of tooth [1]

4. Take into account shade-mapping [1]

These recommendations do not influence other methods of shade taking e.g. technology-based
methods. However, technology-based methods have their own limitations in terms of
accessibility in mainstream dentistry due to adverse cost implications [15, 16].

However with time and advancement in technology, it could potentially be an inexpensive
modern method to enhance colour matching assessment. The introduction of technology into
shade taking has brought into question the accuracy of the various techniques now available.
Carney & Johstone (2016) investigated the potential role that Red Green Blue (RGB) data
from different shade guides would correlate with their spectroradiometric system and
concluded through regression models, that accurate data could be translated from digital
images to traditional shade tabs. [17]. The development of technology may also have an
impact on inter-observer variability, when taking a shade. Many variables are potential
confounding factors, not least of which is the differences in composite materials when using
the same target and backing material for the tabs. By developing a ‘shade selection
programme’ ‘there could be a reduction in variability in observed selection whilst increasing
patient satisfaction’ [18].

With the complexities of shade taking there is a genuine need for dentists to be trained in the
subtle art of shade taking [6, 7]. There is also a need to assess how well information regarding
shade of tooth/teeth is conveyed to dental technicians.

Established in 1913 the International Commission on Illumination (Commission Internationale
de I'éclairage), was set up to provide information about light, illumination, colour, and colour
spaces. This well respected international commission ‘is devoted to worldwide cooperation
and the exchange of information on all matters relating to the science and art of light and
lighting, colour and vision, photobiology and image technology’,[19] The international
reputation enjoyed by the CIE is pertinent to shade taking in restorative dentistry as much

today as it always has been.



The primary aim of the study was to investigate working practices of general dental
practitioners (GDPs) in shade taking. A secondary aim was to assess the effectiveness of

relaying shade information from the clinical environment to the dental laboratory.

Methods and materials:

A questionnaire was employed as the research tool for this study. To help design this
questionnaire, a database search using MEDLINE was undertaken. The questionnaire included
two evidence based scenarios (vignettes) to test knowledge and compliance. Scoping Sample
Size Based on the General Dental Council’s register (GDC 2015), there were 41,095
registered dentists in UK. The ‘EpiTools Epidemiological calculators’ by Ausvet was used for
estimation of sample size. Assuming that 70% of the participants would answer both vignettes
correctly, a sample size of 165 was required for this study, estimating that 70% dentists would

comply with good practice guidelines with a 95% Confidence Interval of +/- 7%. [20].

A pilot study was undertaken with a cohort including GDPs, postgraduate students and

teachers, (n=20). Their feedback was used to refine and finalise the questionnaire.

This study was classified as an anonymous service evaluation of an essential practice skill,
therefore ethics approval was considered to be unnecessary at the material time. All data were
anonymised.

The study was a mixed methods approach, generating both quantitative and qualitative data.

The triangulation of data enhanced the validity, reliability and robustness of the findings.

The primary research tool employed for this study was a questionnaire, which contained 17
questions in total including 2 clinical scenarios. The first 15 questions were mainly
guantitative in nature. The first few questions gathered relevant demographic information.
Subsequent questions adopted a Likert scale type approach. Likert scale is a survey scale that
can be used to measure opinions and attitudes of people. Using the 5 point Likert scale in the
guestionnaire, was aimed to elicit a better understanding of the thought process of the
respondents and their understanding of the steps involved in shade taking instead of a binary
yes/no answer. The last two questions were clinical vignettes designed to generate qualitative
data. The first clinical vignette required the respondents to outline steps they would follow in



shade taking in clinical practice and the second vignette required them to list the information
they would enter on the laboratory prescription regarding the shade of the restoration to be

fabricated.

The survey questionnaires were distributed in person to GDPs, newly qualified dentists who
were Dental Foundation Trainees (DFTSs), Specialist Prosthodontists, dentists in postgraduate
education and University Academics involved in the teaching of restorative dentistry. Hard
copy questionnaires were distributed by one of the researchers attending places of work of
potential respondents. A total of 170 completed questionnaires were returned of the 190
distributed (89.5%). The answers obtained from the first 15 questions of the questionnaires
generated quantitative data that was entered into the SPSS statistical package version 24 [21]
for statistical analysis.

The data generated from the clinical vignettes were used for both quantitative and qualitative
analysis. A ‘good practice’ acceptance scale to assess these answers was devised based on
opinions from consultants in restorative dentistry and specialist prosthodontists. This scale
contained 6 correct answers, with one mark being allocated to each correct answer. The
consensus from these specialists formed the basis of the marking criteria. The questionnaire
also included enquiries whether dental technician was involved in shade taking. In order to
pass the particular clinical vignette, the respondent had to score a minimum of 3 marks (i.e.
50%). The respondents needed to individually pass both clinical vignettes to be classified as a
pass overall. In order to test the reliability of the scale, 19 questionnaires out of 170 were
selected and graded separately using the ‘good practice acceptance scale’ based on the
consensus from the specialists. The scale was found reliable when assessed using Cohen’s

Kappa scores for inter-observer reliability.

Vignettes Cohen’s Kappa scores F value P value
P=0.000
V1 Cohen’s Kappa =0.69 (95%CI 0.36,0.87) F1,18=5.49
P=0.000
V2 Cohen’s Kappa =0.79 (95%CI 0.55,0.92) F1,18=8.90

Tablel: Reliability of scoring vignettes by two specialists (N=19)

Kappa values between 0.61-0.80 represent substantial agreement in this context [22].

Table 1 shows that there is substantial inter-observer agreement between the



specialists. This scale was used to grade all the 170 responses. Statistical Analyses were
carried out using SPSS version 24. Descriptive analysis of continuous variables were
presented as Mean (SD); Median (IQR). Group comparisons were made by t-test; ANOVA,;
2 as appropriate.

Qualitative data were stored using the ‘Framework’ spreadsheet method [23], which enabled
the data to be analyzed using a thematic approach. Having loaded the qualitative data onto the
‘Framework spreadsheet’ key themes emerged, which formed the structure of the overall

analysis.

Results:

170 completed questionnaires were collected (85%). The mean number of years of
qualification of the respondents was 13.09yrs. 95 (55.9%) of the respondents were male; 120
(70.6%) were UK trained dentists. 167 (98.9%) indicated they used a manual method for
shade taking as opposed to an electronic or a customized approach. 98 (57.6%) of the
respondents followed specialists’ guidelines on the first vignette, 73(42.9%) followed the
guidelines on the second vignette and 45(26.5%) followed the guidelines for both vignettes.
(Table 2)

Sample size N=170, Frequency (percentage)

Vignettes V1 (Q16) V2 (Q17) V1and V2 (Q16,Q17)
Pass
98 73 45
Numbers
Pass
57.6%/(95%CI1:50%,65%) | 42.9%(95%CI:35%,51%) | 26.5%(95%C1:20%,33%)
Percentage

Table 2: Results of Response to Vignettes V1 and V2

A simple score (0, 1, 2) was constructed to indicate how many times respondents followed the
guidelines. Score 0 meant that the respondents had not passed any of the two vignettes, score 1
meant respondents had passed 1 vignette and score 2 meant that they passed both

vignettes. Both Professional status (X24=0.70, P value =0.03) and Use of Daylight (Xfm =
6.090, P value =0.01) showed significant statistical association with faithfully following the

guidelines. Number of years of qualification of the practitioner showed no association.



In relation to the professional status of the respondents, those in possession of
postgraduate qualifications achieved a higher pass rate compared to those not in
possession of any. Pass rate for specialists was the highest amongst all the categories of

respondents. (Figurel).
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Figure 1: Following the Guidelines: Professional status effect

The results also showed, that respondents who used natural daylight when shade taking had a

higher pass rate (Figure2)
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Figure 2: Following the Guidelines: The Use of Natural Daylight



ANOVA (Analysis of variance) test was undertaken to analyse if the number of years
qualified as a dentist affected the pass rate of the respondents.

As illustrated in Table 3, the mean number of years qualified is approximately the same for the
respondents who did not pass any, passed 1 or passed both vignettes, therefore the number of

years of clinical experience did not affect the pass rate.

Potential

. Pass =0 Pass =1 Pass =2
determinant (N=44) (N=81) (N=45) Test Result | P value
No. of years
Qualified 13.91 13.09 _ B
Mean (SD) (11.25) 13.02 (10.3) (12.42) F2167=0.21 P=0.81

Table 3: Number of years qualified in relation to passing the vignettes

The results showed how factors influenced the shade taking procedure in day to day clinical
practice. Figure 3, illustrated how the variables considered, influenced shade taking and its

impact on the perceptions of the respondents.
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The main findings were as follows:

e 76.5% (34.7% always use, 41.8% most of the times) of respondents preferred to use
natural daylight when taking the shade

e 71.1% (32.9% always and 38.2% most of the times) of respondents preferred to seating
patient at eye level when taking the shade

e 62% of respondents would ask patients to remove their lipsticks when taking the shade

e 25 % of respondents would occasionally leave shade taking to the dental technicians

and 56% of respondents would never leave shade taking to the dental technicians.

Analysis of qualitative data revealed several themes: i) Time the shade was taken, ii) light
source, iii) shades for different aspects of the tooth, iv) DCP opinion, v) photographic support

and vi) miscellaneous answers. (Table: 3)

Theme N (%) Example

Time 77 (45) Assess the shade first thing or
early before dehydration has
occurred

Suitable Light Source 75 (44) Patient to stand in natural

daylight by the window

Shade of Different Parts of | 113 (67) Determine the

Tooth lightness/darkness of the
tooth. Then select
hue/chroma using middle 1/3
of tooth. Then select

enamel/incisal shade




Another Opinion 82 (48) Show patient selected shade
with possible options

Photo Support 73(43) Take photos of teeth with
chosen shade tab next to the
tooth

Miscellaneous 45 (26) Seat the patient at eye level.

Remove lipstick and use a

neutral colour bib

Table 3: Qualitative finding of data from the vignettes

It was clear from the above table, that 44% of the respondents would take the shade at the start
of treatment and 45% of the respondents would do so under natural daylight. 67% of

respondents would take shades of the different parts of the tooth.

Discussions:

Whilst there are multiple methods of selecting shades, this study indicates that the manual
method of shade taking is still by far the most commonly used, with 99% of the respondents
using this method. Efficacy of manual shade taking is highly dependent on the skill and
knowledge of the practitioner in the field of shade taking. However it did not appear to be
related to clinical experience. It was encouraging to see that more than half the respondents
complied with good practice guidelines and passed the first vignette.

However the pass rate dropped for the second vignette, indicating that despite following
Specialists compiled evidence-based good practice guidelines, respondents lacked the skills to
convey critical information to the laboratory technician, as demonstrated by the low combined
pass rate for both vignettes.

The results also indicated that when the bar of comparison was raised to ‘good practice

acceptance standards’, only 25% of respondents fully complied. A plausible reason for this



could be, that some respondents might have become complacent and were relying on their
years of experience in shade taking rather than being methodical, following all the good
practice steps whilst other respondents might need to nurture their confidence [24, 25] and
competence by enhancing their skills in shade taking.

Several factors have been considered to be important for manual shade taking, and they have
influenced the results of this study as follows:

First, at what juncture of a dental appointment is the shade of a tooth/teeth undergoing
restorative treatment taken. 90% of the respondents indicated that they would take the shade
before the clinical procedure. This demonstrated that they would take into account the fact that
teeth dehydrate during a prolonged period of time with the mouth open. Respondents who

mentioned this factor in their answer to the first vignette also scored higher.
2. Use of Natural daylight

Second, the use of natural daylight to facilitate shade taking. 75% of respondents stated that
they used natural daylight for shade taking. This demonstrated their awareness that natural
daylight (5500K) is reported to be the ideal source of light for shade taking [16]. It also
demonstrated that ‘Metamerism’ should be taken into consideration given the fact that there
are different sources of light, such as natural light from the window, chair-side light and
overhead room light.

Daylight is the ideal light in which to choose a colour. Quality of daylight varies during the
day and also throughout the year having a spectrum ranging from 1,000 K to 20,000 K. An
ideal light source should have a full colour spectrum. Other factors that have been investigated
that may influence shade matching include the light source, education & training and gender
[16]. This study concluded that natural daylight was the ideal light that can be described as
‘North sunlight at noon on a day with very little cloud cover’. Since it is not possible to have
ideal natural light, hand held colour corrected light in a spectrum of 5,500 K would be best to
do shade selection of teeth.

This study highlighted a strong statistical co-relation between the use of natural daylight in
shade taking and passing the vignettes. Qualitative analysis of the data (thematic analysis) also
showed that 44% of respondents referred to the use of natural daylight as the source of light in
their answers.

Third, respondents showed an awareness of the importance of taking the respective shades for
each part of the tooth, with the understanding that a tooth would not have a single shade



throughout. Such practice would positively influence the outcome of the shade characteristics
of the restoration satisfying both the patient and the dentist.

Fourth, 85% of the respondents reported carrying out shade taking themselves and did not rely
on their technician to do it for them [26]. It was also important that practitioners correctly
conveyed all the information to the dental technicians for the fabrication of prosthesis.
However, the results of the second vignette, which showed a pass rate of less than 50%
demonstrated a lack, on the part of the respondents, of effectiveness in conveying this
information to the technicians. Although practitioners might be carrying out shade taking in
line with good practice standards, if they do not communicate fully and effectively with their
dental technicians, the aesthetic outcome would be sub-optimal.

Fifth, the use of digital single-lens reflex (DSLRs) cameras in clinical practice has become
commonplace [27]. Since the technicians do not usually meet the patient in person, good
clinical photographs from DSLRs would help to convey extremely useful information to the
technicians.

Only 25% of the respondents stated that they used clinical photographs to convey information
as part of their shade taking protocol. This could be attributed to the fact that the questionnaire
did not specify whether the tooth/teeth of concern were in the aesthetic zone. However, if this
question in the questionnaire had specified that the tooth/teeth of concern were in the aesthetic
zone, more respondents might probably have stated that they would take the help of clinical
photos.

Finally, it was interesting to note the wide range of experience of the respondents (1-47 years)
[28]. It would have been reasonable to expect that experience in practice might have positively
influenced the success rate when scoring the vignettes, however the results indicated no such
differences. This may be explained by the fact that recent graduates would probably still
follow shade taking methods they were taught at dental schools, whilst more experienced
practitioners could possibly be more complacent or have developed their own shade taking
routines.

As the vignettes were marked in accordance with a ‘good practice acceptance scale’ which
required all important steps to have been mentioned in the answer to achieve a pass, recent
graduates performed well with a p value of 0.81, indicating no significance in this finding.
With 50% of specialists having passed both the vignettes as in Figure 1, this study
demonstrated that appropriate postgraduate training in restorative dentistry positively

influenced the standard of shade taking in clinical dentistry. This may be due to the fact that



specialists are more knowledgeable in their field of practice, more aware of good practice
protocols and are more likely to adhere to them.

It was fascinating to see that pass rate for DFT respondents was 34.4% compared to 28% for
the GDP respondents in the overall score in the 2 categories. When the bar of comparison was
raised, not many GDP respondents could meet the higher standards threshold. It was likely,
that as DFT respondents were newly qualified, that they would still follow good shade taking

protocols they recently acquired, despite their relative lack of clinical experience .

Conclusion:

This study demonstrates that the practice of shade taking in restorative dentistry has much
room for improvement amongst these respondents. To achieve this, structured training in this
interesting and highly relevant area in clinical practice would be highly desirable mandatory in
the undergraduate dental curriculum and the relevant postgraduate training programmes.

This study highlights the importance of the clinicians writing accurate and detailed laboratory
prescriptions in order to convey the necessary information regarding the colour and
characteristics of the restorations in full to the technicians. The fact remains, that the practice
of shade taking is undertaken by a big majority of respondents in this study, albeit with a
degree of guesswork rather than precision and planning for a significant number of them, and
therefore much improvement is urgently required, if we are to meet the rightful high
expectations of our patients to deliver a high standard of care. Further research in shade taking
with view to improving the working practices is warranted. There are also practical and
financial implications regarding the procurement of Faculty members at Dental Institutes to
help implement effective knowledge transfer [29] in relations to teaching and learning the

scope of which is beyond this study.
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