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Abstract

Background Selecting the ideal tooth shade is essential to the success of aesthetic dental restorations. Students'’
cognitive abilities are involved in the multifaceted and intricate process of shade matching. Hence, the present study
aimed to assess and compare the shade-matching ability of undergraduate dental students in various years of dental
education under clinical and correcting light.

Methods This comparative cross-sectional study was instigated amongst male 4th, 5th, and 6th-year students of
the dental complex of King Faisal University, Kingdom of Saudi Arabia. A total of 72 male dental students assessed
the shade under clinical (fluorescent light) and correcting light (handheld Dental Base Light) by using VITA Classical
shade guides. Statistical analysis was done using SPSS version 23 (Armonk, NY, USA). The Chi-square test was used to
evaluate the association between correct and incorrect shade matching under correcting and clinical light.

Results Out of 72 male students, 22(30.6%) were from the 4th year, 26(36.1%) were from the 5th year, and 24(33.3%)
were from the 6th year, with a mean age of 22.92+1.01 years. The majority of the 6th-year students selected shade
of anterior tooth # 11 correctly under clinical and correcting light, and 3(12.5%) students selected incorrectly under
clinical and correcting light, with a statistically significant association among them (p=0.004). As far as the shade
selection of the posterior tooth is concerned, a statistically significant difference was observed under clinical light
among all clinical students (p=0.008).

Conclusion The clinical performance of dental students in shade matching improved with advancing years of dental
education. Additionally, the shade matching ability of all groups of dental students was superior under correcting
light compared to conditions under clinical light.
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Background

Achieving precise dental shade matching is a essential
part of aesthetic dentistry, influenced by various factors,
including the light source, recipients, background, tooth
structure, and shape [1-3]. In the pursuit of objectivity,
instrumental shade measurements using spectropho-
tometers, colorimeters, and spectroradiometers are rec-
ommended in conjunction with visual approaches [4—6].
While shade-matching devices aid medical professionals,
they are not without limitations, prompting the reliance
on commercial shade guides for the finalization of the
process [7]. Nevertheless, these guides often fall short in
adequately representing the full spectrum of tooth colors
(8, 9].

Shade-matching proficiency is intricately linked to
age, experience, and congenital color vision deficiencies
[10-12]. The influence of professional expertise, gained
through clinical experiences, is evident among dental
professionals regularly undertaking restorative proce-
dures, although some studies present conflicting views
on the significance of experience [13-15].

The choice of light source plays a critical role in shade
matching for artificial teeth [16]. Dentistry utilizes three
primary light sources: operatory light, natural daylight,
and fluorescent lights [17]. Optimal conditions for dental
shade selection involve light with a temperature between
5500 and 6500 K and a Color Rendering Index (CRI)
exceeding 90 [17].

Efforts to reduce the impact of ambient lighting on
dental shade matching have led to the recommendation
of color-corrected lighting tubes and handheld light-cor-
recting devices [18]. The limitations of older fluorescent
tubes have prompted the introduction of a new genera-
tion of more explanatory and adjustable light-correcting
gadgets, with several studies attesting to their proficiency
in achieving accurate color-matching results [19].

Recent research has investigated into the effectiveness
of combining digital recording devices with color-cor-
recting instruments, as well as the comparative efficacy of
different light sources in dental color matching [20-23].
However, scientific evidence on the variations in visual
shade matching across different types of devices remains
scarce.

This study seeks to address this gap by comparing
the accuracy of visual shade selection under two light
sources—clinical light and correcting light sources—
among male clinical students in their 4th, 5th, and 6th
years. Through this exploration, we aim to contribute
valuable insights into the clinical dentistry, which will
help dental shade selection, and enhance best practices in
aesthetic dentistry.
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Methods

This comparative cross-sectional study was conducted
among male clinical dental students of different train-
ing levels at the dental complex of King Faisal University,
Kingdom of Saudi Arabia, after receiving ethical approval
from the Research Ethics Committee of King Faisal Uni-
versity (KFU-REC-2023-NOV-ETHICS1639). This study
included 72 male dental students in their fourth, fifth,
and sixth years of study who demonstrated normal color
vision by passing the computer-based Ishihara Colour
Blindness Test (24 Plate version) [24]. Students with color
vision deficiencies were not included in this study. Since
no student had been identified as colorblind, there was
no disqualification. Every student signed a formal per-
mission form and got accurate information about the
study guidelines before enrolling.

Patient selection and initial shade matching

The convenience sampling method was employed to
choose the 72 patients sample for 72 dental students. The
primary investigator chose the patient who came in for
the restoration treatment and consented to be chosen for
the study’s shade matching. The teeth numbered 11 and
36 were selected for shade matching. Cases that lacked 11
or 36, had prior restoration or had inherent discoloration
were excluded. The chief investigator used spectropho-
tometers, such as Vita Easy Shade® V, to choose the initial
tooth shade.

Dental operatory selection

For shade selection, similar dental operatories were
selected to maintain the clinical light condition. The color
temperature of the dental operatory light was measured
by using the smartphone application Light Spectrum Pro
EVO having 92 to 98% accuracy (AM Power Software,
Via Localita Passignano, 17 04025 Lenola (LT), Italia),
and the temperature range found was 3400°K+150°K.

Shade selection by students

The shade-matching process by students was carried out
using two VITA Classical shade guides. Shade tabs in
both shade guides was randomly aligned and the recogni-
tion of shade tabs was covered and assigned an identifica-
tion code 1, 2, 3, 4, 5, and so on until 16. The principal
investigator recorded the shade tab coding in both shade
guides. One shade tab was labeled as a clinical light shade
guide and the other one as a correcting light shade guide
as shown in Fig. 1.

Students were advised to match a single shade under
clinical light with a specified shade guide for the ante-
rior tooth (#11) and posterior tooth (#36). The duration
for choosing a shade was restricted to three minutes, as
longer times increase the likelihood of inaccuracy. Shade-
matching under the corrective light was carried out after
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Fig. 1 Specified shade guide for clinical and correcting light

10-minute intervals using a handheld Dental Base Light
(Tri-Shade, Zhengzhou, China) with a designated shade
guide. The Dental Base Light has twelve embedded LEDs.
Based on the corrective light, the optimum color temper-
ature for shade selection was 5500°K.

All the shade matching was done in the daylight
between 10:30 A.M. and 1:30 P.M. under clinical and cor-
rective light. The number of the chosen shade tabs was
recorded, and the accurate matches were computed fol-
lowing the comparison of the chosen items (shade tabs
hiding the identifying code) with a VITA Easy Shade V
shade selection.

Statistical analysis

The data was statistically analyzed using SPSS version
25.0 (IBM Corp., Armonk, NY, USA). Categorical vari-
ables, for instance, gender and the student’s training level,
were expressed as frequencies and percentages, whereas
continuous variables, such as the patient’s and student’s
age, were documented as mean*SD. A Chi-square test
was applied to evaluate the association between correct
and incorrect shade selection of anterior and posterior
teeth under clinical and correcting light with clinical
students. A p-value<0.05 was reflected as statistically
significant.

Results

A total of 72 male clinical students participated in this
study, with a mean age of 22.92+1.01 years. Among the
study participants, 22(30.6%) were from the 4th year,
26(36.1%) were from the 5th year, and 24(33.3%) were
from the 6th year. The mean age of the patients was
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Table 1 Demographic characteristics of male dental students

(n=72)
Variable Mean +SD
n(%)

Student’s Age (years) 2292+1.01

Patient’s Age (years) 30.53+1045

Patient’s Gender Male 45(62.5%)
Female 27(37.5%)

Students training level 4th year 22(30.6%)
5th year 26(36.1%)
6th year 24(33.3%)

30.53+£10.45 years, with 45(62.5%) males and 27(37.5%)
females. None of the students withdraw from this study
after participation, as shown in Table 1.

A comparison of shade selection of anterior tooth # 11
under clinical and correcting light by 4th year students
revealed that 8(36.36%) students selected the shade cor-
rectly under clinical and correcting light, although it was
statistically insignificant (p=0.157). Around 11(42.3%)
5th year students selected the shade correctly under clin-
ical and correcting light, and 8(30.76%) and 3(11.53%)
students selected the shade incorrectly under clinical and
correcting light, respectively, with an insignificant differ-
ence observed among them (p=0.495). Furthermore, the
majority of the 6th year students selected shade correctly
under clinical and correcting light, and 3(12.5%) students
selected incorrectly under clinical and correcting light,
with a statistically significant association among them
(p=0.004), as shown in Table 2.

A comparison of shade selection of posterior tooth #
36 under clinical and correcting light among clinical stu-
dents revealed that a statistically significant difference
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under clinical and correcting light with respect to the training level of

students
Variables Shade Selection under Correcting light (Tooth # 11)
Correct (n%) Incorrect (n%) Total (n%) P-value
4th year Shade Selection under Clinical light (Tooth # 11) Correct 8(36.36%) 1(4.54%) 9(40.9%) 0.157
Incorrect 8(36.36%) 5(22.72%) 13(59.1%)
Total 16(72.7%) 6(27.3%) 22(100.0%)
Sth year Shade Selection under Clinical light (Tooth # 11) Correct 11(42.3%) 3(11.53%) 4(53.8%) 0.495
Incorrect 8(30.76%) 4(15.38%) 2(46.15%)
Total 19(73.1%) 7(26.9%) 26(100.0%)
6th year Shade Selection under Clinical light (Tooth # 11) Correct 17(70.83%) 0(0.0%) 17(70.8%) 0.004
Incorrect 4(16.66%) 3(12.5%) 7(29.2%)
Total 21(87.5%) 3(12.5%) 24(100.0%)

Table 3 The association of shade selection of tooth # 36 under clinical and correcting light with respect to the training level of

students
Variables Shade Selection under Correcting light (Tooth # 36)
Correct (n%) Incorrect (n%) Total (n%) P-value
4th year Shade Selection under Clinical light (Tooth # 36) Correct 4(18.18%) 0(0.0%) 4(18.2%) 0.044
Incorrect 8(36.36%) 10(45.45%) 8(81.8%)
Total 12(54.54%) 10(45.5%) 22(100.0%)
5th year Shade Selection under Clinical light (Tooth # 36) Correct 11(42.3%) 2(7.7%) 13(50.0%) 0.039
Incorrect 6(23.07%) 7(26.92%) 3(50.0%)
Total 17(65.4%) 9(34.6%) 26(100.0%)
6th year Shade Selection under Clinical light (Tooth # 36) Correct 13(54.16%) 2(8.33%) 15(62.5%) 0.088
Incorrect 5(20.83%) 4(16.66%) 9(37.5%)
Total 18(75.0%) 6(25.0%) 24(100.0%)

Table 4 The association between correct and incorrect shade selection under clinical and correcting light with respect to the training

level of students

Variables Students training level
4th year 5th year 6th year p value
Shade Selection under Clinical light (Tooth # 11) Correct 9(40.9%) 14(53.8%) 17(70.8%) 0.122
Incorrect 13(59.1%) 12(46.2%) 7(29.2%)
Shade Selection under Correcting light (Tooth # 11) Correct 16(72.7%) 19(73.1%) 21(87.5%) 0374
Incorrect 6(27.3%) 7(26.9%) 3(12.5%)
Shade Selection under Clinical light (Tooth # 36) Correct 4(18.2%) 13(50.0%) 15(62.5%) 0.008
Incorrect 18(81.8%) 13(50.0%) 9(37.5%)
Shade Selection under Correcting light (Tooth # 36) Correct 12(54.5%) 17(65.4%) 18(75.0%) 0347
Incorrect 10(45.5%) 9(34.6%) 6(25.0%)

was evident in shade selection under clinical and cor-
recting light among 4th year students (p=0.044). Around
11(42.3%) 5th year students selected shade correctly
under clinical and correcting light, with a statistically
significant association among them (p=0.039). More-
over, 11(42.3%) 6th year students selected shade correctly
under clinical and correcting light with a statistically
insignificant association among them (p=0.088), as
shown in Table 3.

The association between correct and incorrect shade
selection under clinical and correcting light with respect
to the training level of students revealed that most of the
6th year students selected the shade of the anterior tooth
# 11 correctly under clinical light, although a statistically

insignificant difference was evident among 4th, 5th, and
6th year clinical students (p=0.122). Likewise, a statis-
tically insignificant difference was evident among 4th,
5th, and 6th year clinical students in the shade selection
of anterior tooth under correcting light (p=0.374). As
far as the shade selection of the posterior tooth is con-
cerned, a statistically significant difference was observed
under clinical light among all clinical students (p=0.008).
Whereas, an insignificant difference was found in shade
selection between correct and incorrect shade selection
of posterior tooth # 36 under correcting light among all
clinical students (p=0.347), as shown in Table 4.
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Discussion

Choosing the right shade of teeth for a prosthetic is a
complicated procedure that necessitates a basic under-
standing of color and aesthetics. The dentist’s skill in
selecting the right shade has an impact on both patient
happiness and the efficacy of therapy. Many factors, such
as background and light, can influence tooth color [25].
Therefore, the shade-matching ability will be enhanced
when a reliable light source and suitable climatic condi-
tions are used. While some studies support the use of
traditional shade tabs, others take into account digital
devices in order to achieve more accurate and precise
measurements [26, 27]. Therefore, this study demon-
strated the shade selection under clinical and correcting
light by the clinical students.

Shade matching depends on the source of light. While
it is true that natural sunshine is the ideal light source for
matching shades, the quality of daylight is inconsistent,
making it difficult to match shades at all times of the day.
As a result, employing a reliable light source in conjunc-
tion with an appropriate ambient setting might enhance
shade-matching performance [3]. This study demon-
strated the shade-matching ability of posterior and ante-
rior teeth by clinical male students under correcting and
clinical lighting conditions.

The degree of education and training received in
shade matching both show a strong correlation with
shade matching accuracy. Previous research has shown
that dental professionals need to participate in hands-
on learning opportunities, continuing education initia-
tives, and further instruction in order to enhance their
shade-matching ability [28]. In the present study, there
was a significant difference (p<0.05) between all shade
tabs of the anterior tooth under clinical and correcting
light among male 6th year students, indicating that stu-
dents’ clinical experience with color matching improves
the accuracy of shade selection. These findings were
endorsed by another study, and their data should moti-
vate dentists to actively participate in using their knowl-
edge, explore precise training for shade matching, and
incorporate color-corrected light devices into their dental
skills [29]. Similar to the current investigation, another
study found that students’ shade matching abilities under
a color-correcting device improved shade selection in
comparison to the traditional method under typical light-
ing circumstances [20].

Shade matching differs depending on the type of light
source. Therefore, dental professionals must employ the
appropriate light source in order to achieve the optimum
shade and provide the patient with the best possible, aes-
thetically pleasing outcomes. An additional investigation
was intended to determine how the clinical experiences
of different dental students and interns affected the accu-
racy of shade matching. When compared to clinical light
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and daylight, that study showed a noticeably higher per-
centage of correct responses for identifying the proper
shade under the correcting light source. According to
that study, the experience of the students does not always
influence the choice of shade [30]. These findings were
corroborated by the present study and revealed that the
majority of students chose the appropriate shade under
correcting light rather than clinical light. The results of
the present study support Nakhaei et al. (2013) and refute
Gasparik et al. (2014), who claimed that there is no dis-
tinction between the three light sources. A light source
that resembled daylight was used to obtain the second-
best shade-matching responses [3, 31]. These results were
in contrast with Jabeen’s (2015) predilection for clinical
light over daylight [32].

The present study revealed that the clinical experi-
ence of dental students plays a significant role in shade
matching under lighting conditions. It was observed that
most of the 6th year students selected the shade cor-
rectly under the correcting light. This was inconsistent
with research by Helene et al., 2009 [15], in agreement
with studies by Samra 2019 [33] and Jaju et al., 2010 [14],
which indicate that professional experience is a major
factor in shade matching. It is essential to advocate for
and encourage students to practice this process more
frequently, in addition to helping them make the right
choices by increasing their knowledge, in order to pre-
vent any issues in their future careers as dentists.

Shade matching is a significantly more complex pro-
cess than it first appears, particularly when considering
hue, value, and chroma. Nonetheless, training, exercise,
and experience all contribute to an improvement in color
perception with time [34]. Similarly, a study conducted
in India, selected students from all academic years of
the dental educational system demonstrated an increase
in shade matching skill with their degree of dental train-
ing [35], which was in contrast with a related study con-
ducted by Jaju et al. on the ability of dental students in
the US to match shades. In the subsequent investigation,
there was no significant correlation between the year of
education and the ability to match tooth colors [14]. As
far as the present study is concerned, it was revealed that
level of the dental education showed an improvement in
the shade selection of anterior and posterior teeth. Addi-
tionally, it was demonstrated that shade matching under
correcting light was noticeably superior to that under
clinical light.

Likewise, another study by Nakhaei et al. was per-
formed to assess the impact of the type of shade guide
and proficient skill on shade-matching outcomes. This
study included 30 dental students, 30 general dentists,
and 30 dental experts. When using the 3D shade guide,
the shade-matching results did not differ among the
three groups based on their level of experience [6]. This
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result is in line with research that found no relationship
between expertise and shade matching [2, 36]. On the
other hand, Dagg et al. found that expertise level affects
shade matching under optimal lighting. Third-year den-
tal students and other inexperienced observers did not
obtain as accurate results as experienced practitioners,
such as technicians and dentists. Nonetheless, there was
no distinction between experienced and inexperienced
observers when exposed to a mixture of fluorescent and
natural light. Dagg et al's study differed from the other
one, possibly because they used a certain number of cor-
rect and incorrect matches as a gauge for shade-taking
proficiency [37]. These findings were inconsistent with
the present study that revealed the level of academic year
had a significant influence on shade matching abilities.
Additionally, shade selection under correcting light was
better than in clinical lightning conditions.

The result of this study should be seen under certain
limitations: multivariate analyses was not performed in
this study as this research included only limited number
of variables. Moreover, no female students participated
owing to the fact that our institute only enrolled male
students. Furthermore, because male students with less
clinical experience were included in the study, its findings
cannot be broadly applied.

It is recommended that more research be done to eval-
uate Dental Base Light (Tri-Shade, Zhengzhou, China)
against alternative correcting lights and to carry out
extensive randomized controlled clinical trials involving
both genders in order to gain a better understanding of
various computerized techniques perform in order to
achieve successful shade matching. Additionally, there
are spectrophotometers on the market that need fur-
ther investigation in order to provide a thorough grasp
of shade matching between the restoration and the tooth.
At last, patients with other characteristics such as inter-
nal discoloration need further exploration.

Conclusions

In summary, all students groups performed better in
the shade selection under correcting light. Particularly,
senior dental students possess a deeper understanding
of the shade selection process, leading to enhanced clini-
cian performance and more aesthetically pleasing patient
outcomes.

Acknowledgements

The authors extend their appreciation to the Deputyship for Research &
Innovation, Ministry of Education in Saudi Arabia for funding this research
work through the project number INST042.

Author contributions

Conceptualization, MA, N.A, AH. and RJ; methodology, NA, MAAA, RJ,;
software, RJ,; validation, RJ. N.A, AH, formal analysis, RJ. M.A.A; investigation,
RJAH., RJ, MAA; re-sources, RJ. AH. NA, data curation, RJ. MA.A,; writing—
original draft preparation, RJ.NA, MA.A,; writing—review and editing,
AH.SAM; MF; NA, MAA, RJ, visualization, MA.A,, R.J.; supervision, R.J.; project

Page 6 of 7

administration, RJMAMAM,; funding acquisition, MA.A,, RJ. All au-thors have
read and agreed to the published version of the manuscript.

Funding

The authors extend their appreciation to the Deputyship for Research &
Innovation, Ministry of Education in Saudi Arabia for funding this research
work through the project number INST042.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Consent for publication
Not applicable.

Institutional review board statement

The study was conducted in accordance with the Declaration of Helsinki,
and approved by the Research Ethics Committee of King Faisal University
(KFU-REC-2023-NOV-ETHICS1639).

Informed consent statement
Informed consent was obtained from all subjects involved in the study.

Conflict of interest
The authors declare no conflict of interest.

Author details

'Department of Restorative Dental Sciences, College of Dentistry, King
Faisal University, Al-Ahsa 31982, Saudi Arabia

Department of Prosthodontics, School of Dentistry, Tehran University of
Medical Sciences, North Karegar St, Tehran, Iran

3Department of Research Analytics, Saveetha Dental College and
Hospitals, Saveetha Institute of Medical and Technical Sciences, Saveetha
University, Chennai 600 077, India

“Department of Prosthodontics, Faculty of Stomatology, Yerevan State
Medical University after Mkhitar Heratsi, Str. Koryun 2, Yerevan

0025, Armenia

Department of Prosthodontics and Implantology, College of Dentistry,
King Faisal University, Al-Ahsa 31982, Saudi Arabia

5Student Research Committee, School of Dentistry, Shiraz University of
Medical Sciences, Shiraz, Iran

’Department of Prosthodontics, Altamash Institute of Dental Medicine,
Karachi 75500, Pakistan

Received: 26 December 2023 / Accepted: 7 February 2024
Published online: 22 February 2024

References

1. Capa N, Malkondu O, Kazazoglu E, Calikkocaoglu S. Evaluating factors that
affect the shade-matching ability of dentists, dental staff members and
laypeople. J Am Dent Assoc. 2010;141:71-6.

2. Bahannan SA. Shade matching quality among dental students using visual
and instrumental methods. J Dent. 2014;42:48-52.

3. Nakhaei M, Ghanbarzadeh J, Keyvanloo S, Alavi S, Jafarzadeh H. Shade match-
ing performance of dental students with three various lighting conditions. J
Contemp Dent Pract. 2013;14:100-3.

4. Jouhar R, Ahmed MA, Khurshid Z. An overview of Shade Selection in Clinical
Dentistry. Appl Sci. 2022;12:6841.

5 YuanK, Sun X, Wang F, Wang H, Chen JH. In vitro and in vivo evalua-
tions of three computer-aided shade matching instruments. Oper Dent.
2012;37:219-27.

6. Nakhaei M, Ghanbarzadeh J, Amirinejad S, Alavi S, Rajatihaghi H. The influ-
ence of Dental Shade guides and experience on the Accuracy of Shade
Matching. J Contemp Dent Pract. 2016;17:22-6.

7. Alnusayri MO, Sghaireen MG, Mathew M, Alzarea B, Bandela V. Shade selec-
tion in Esthetic Dentistry: a review. Cureus. 2022;14:¢23331.

8. Paravina RD. Performance assessment of dental shade guides. J Dent.
2009;37:¢15-20. https://doi.org/10.1016/jjdent.2009.02.005


https://doi.org/10.1016/j.jdent.2009.02.005

Jouhar et al. BMC Medical Education

16.
17.

20.

21

22.

23.

24,

(2024) 24:169

Lee YK, Yu B, Lim HN. Lightness, chroma, and hue distributions of a shade
guide as measured by a spectroradiometer. J Prosthet Dent. 2010;104:173-81.
Nguyen-Tri D, Overbury O, Faubert J. The role of lenticular senescence in age-
related color vision changes. Invest Ophthalmol Vis Sci. 2003;44:3698-704.
Alabdelmoneam M. Prevalence of congenital color vision defects in Saudi
females of arab origin. Optometry. 2011;82:543-8.

Sorkin N, Rosenblatt A, Cohen E, Ohana O, Stolovitch C, Dotan G. Comparison
of Ishihara Booklet with Color Vision Smartphone Applications. Optom Vis Sci.
2016,93:667-72.

Udiljak Z, Ille$ D, Knezovi¢ Zlatari¢ D, Celi¢ R. Effect of clinical experience on
the Shade matching accuracy in different Dental Occupational groups. Acta
Stomatol Croat. 2018;52:132-9.

Jaju RA, Nagai S, Karimbux N, Da Silva JD. Evaluating tooth color matching
ability of dental students. J Dent Educ. 2010;74:1002-10.

Haddad HJ, Jakstat HA, Arnetzl G, Borbely J, Vichi A, Dumfahrt H, Renault P,
Corcodel N, Pohlen B, Marada G, et al. Does gender and experience influence
shade matching quality? J Dent. 2009;37:40-4.

Sikri VK, Color. Implications in dentistry. J Conserv Dent. 2010;13:249-55.
Borse S, Chaware SH. Tooth shade analysis and selection in prosthodon-

tics: a systematic review and meta-analysis. J Indian Prosthodont Soc.
2020;20:131-40.

Gasparik C, Grecu AG, Culic B, Badea ME, Dudea D. Shade-matching
performance using a new light-correcting device. J Esthet Res Dent.
2015;27:285-92.

Jasinevicius TR, Curd FM, Schilling L, Sadan A. Shade-matching abilities of
dental laboratory technicians using a commercial light source. J Prosthodont.
2009;18:60-3.

McAndrew R, Chan PW, Milward PJ. An assessment of shade taking by dental
undergraduates. Eur J Prosthodont Restor Dent. 2010;18:13-6.

Corcodel N, Rammelsberg P, Moldovan O, Dreyhaupt J, Hassel AJ. Effect of
external light conditions during matching of tooth color: an intraindividual
comparison. Int J Prosthodont. 2009;22:75-7.

Hardan L, Bourgi R, Cuevas-Sudrez CE, Lukomska-Szymanska M, Monjaras-
Avila AJ, Zarow M, Jakubowicz N, Jorquera G, Ashi T, Mancino D, et al. Novel
trends in Dental Color Match using different shade selection methods: a
systematic review and Meta-analysis. Materials. 2022;15:468.

Smielecka M, Dorocka-Bobkowska B. Effects of different light sources on
tooth shade selection. Dent Med Probl. 2020;57:61-6.

Color Vision Testing. Colorblind Home Page. [(accessed on 1 July 2014)]. Avail-
able online: http:/colorvisiontesting.com/ishihara.htm

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

Page 7 of 7

Dozi¢ A, Kleverlaan CJ, El-Zohairy A, Feilzer AJ, Khashayar G. Performance of
five commercially available tooth color-measuring devices. J Prosthodont.
2007;16:93-100.

Chen H, Huang J, Dong X, Qian J, He J, Qu X, Lu E. A systematic review of
visual and instrumental measurements for tooth shade matching. Quintes-
sence Int. 2012;43:649-59.

Labban N, Al-Otaibi H, Alayed A, Alshankiti K, Al-Enizy MA. Assessment of the
influence of gender and skin color on the preference of tooth shade in Saudi
population. Saudi Dent J. 2017;29:102-10.

Alkhudairy R, Tashkandi E. The effectiveness of a shade-matching training
program on the dentists’ability to Match Teeth Color. J Esthet Restor Dent.
2017;29:E33-E43.

Clary JA, Ontiveros JC, Cron SG, Paravina RD. Influence of light source, polar-
ization, Education, and training on Shade matching quality. J Prosthet Dent.
2016;116:91-7.

Sarah Aburaisi S, Odeh T, Sabbagh D, Al-Moughrabi T, Al Duraibi S. Shade
matching performance of dental students with three various lighting condi-
tions. Int J Curr Res. 2019;11:3663-6.

Gésparik C, Tofan A, Culic B, Badea M, Dudea D. Influence of light source and
clinical experience on shade matching. Clujul Med. 2014,87:30-3.

Jabeen B, EVALUATING SHADE MATCHING ABILITY, OF DENTAL PROFESSION-
ALS. Pak Oral Dent J. 2015;35:332—4.

Samra APB, Moro MG, Mazur RF, Vieira S, De Souza EM, Freire A, Rached RN.
Performance of Dental students in Shade matching: impact of training. J
Esthet Restor Dent. 2017;29:E24-E32.

Draghici R, Proteasa CT, Tancu AMC, Proteasa E. Dental color assessment
through TTB exercises. J Med Life. 2016,9:61-5.

Jain M, Jain V, Yadav NR, Jain S, Singh S, Raghav P, Kohli J, Sharma A. Dental
students'tooth shade selection ability in relation to years of dental education.
J Family Med Prim Care. 2019;8:4010-4.

Cal E, Guneri P, Kose T. Comparison of digital and spectrophotometric mea-
surements of colour shade guides. J Oral Rehabil. 2006;33:221-8.

Dagg H, O'Connell B, Claffey N, Byrne D, Gorman C.The influence of

some different factors on the accuracy of shade selection. J Oral Rehabil.
2004;31:900-4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


http://colorvisiontesting.com/ishihara.htm

	﻿Analysis of shade-matching ability in dental students: a comparative study under clinical and correcting light conditions
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Patient selection and initial shade matching
	﻿Dental operatory selection
	﻿Shade selection by students
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


