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Abstract: Comparison of visual shades is essential in careers, such as dentistry since consistent color duplication is crucial for 

appearance. People have the skills to match shades in many aspects and lighting is among the most important factors that affect 
the versatility. Knowledge of how different lighting environments impact the ability of students to match shades visually can 
enhance educational approaches. Objectives: To compare the degree of the actual successful attempts of the subjects at the 
anatomic facial area and hair visual shade matching while being tested under different lighting conditions and superimpose the 
findings to determine the extent of influence of the conditions on the results. Methods: This descriptive cross-sectional study was 
conducted at the Department of Prosthodontics, Bacha Khan College of Dentistry from May 2024 to October 2024. The target 

population of this study was composed of three hundred undergraduate students and participants included one hundred and fifty 
students each undertaking visual shade-matching exercises under three distinct light sources; natural daylight, fluorescent, and 
LED lighting. Standardized shade tabs were used/ offered to the participants, who were asked to match them under those lighting. 

Accuracy data were collected, and thus analyses of the performances under various lighting conditions were made. The quantitative 
data variability was analyzed by using SD and p-value for statistical significance. Results: out of the 138 participants, those under 
natural daylight had the highest mean accuracy of 85.3% (SD ±5.4) out of 138 participants. Under fluorescent lighting, the 

percentage dropped to 78.1% (SD±6.1) with a higher standard deviation and highest error frequency. The application of LED 
lighting produced a mean accuracy of 82.7% (SD ± 5.9). Analysis of the result revealed that there was a statistically significant 
difference (p < 0.05) across all lighting conditions with natural daylight being preferable for shade matching. Conclusions: In 
particular, the findings reveal that identifying the correct shade under natural daylight is the best in comparison to other lighting 
conditions and those scores are worst under fluorescent light. Optimal lighting conditions used during the training can improve 
students’ learning performance in shade-matching tasks. 

Keywords: Lighting and matching shades, characteristics of the human body, realism, and teeth. 

Introduction  

 

The ability to visually match shade is a basic concept that 
always comes under the operative protocols that need to be 

followed in restorative dentistry, and more especially in 
anterior cases. Insight into the correct shade selection is 

important as it contributes to the creation of restorations that 

mimic the adjacent dentition. Solutions of different shades 

may result in patient dissatisfaction and therefore require 
changes of the restorative replacements which are time-

consuming and expensive in treatment. Several parameters 
affect shade matching, such as the clinician’s experience or 

poor-quality shade guides and lighting conditions in which 
matching is performed (1). However, among these factors, 

we can mention that lighting is of special significance 

because it affects the evaluation of color perception. Color 

perception is relative to the ability to see an object as it is in 
the presence of a particular light source. This is because 

various types of light emit different spectra in the lighted 
object and cause relative differences in colors. Natural 

daylight, fluorescent lighting, and LED lighting are most 

popular and widely used in dental clinics and laboratories 

and each of these lights possesses certain characteristics or 
factors that affect the shade matching determinations (2). 

Midday natural light is preferred during shade selection 

since a full-spectrum white light source enables better shade 

discrimination when compared to artificial light (3). But the 

natural light is not always available or convenient to use in 

clinical establishments due to time factors, place, or weather 
conditions. It has been determined that fluorescent lighting 

has a lower CRI than daylight: this kind of lighting has been 
traditionally the most frequently used kind of indoor 

lighting in dental offices. This lower CRI indicates that the 

natural appearance of an object under fluorescent lamps is 

not as realistic; this can pose problems for the people who 
depend on this lighting system to match shades (4, 5). Some 

researchers have shown that under fluorescent lights, colors 
tend to look more yellow or green, thus causing one to select 

the wrong shade (6). In contrast, LED lighting is gradually 
seen in the modern dental clinic due to the efficiency of 

energy and service life. LED lights have a higher CRI than 

any fluorescent lights, which makes them a slightly better 

solution for shade matching when artificial light is used, 
such as during the evening (7). While LED lights are known 

to have considerably higher Coefficients of Raising (CRI), 
these can have certain constraints, most predominantly in 

recreating the entire range of daylight (8). This poses a 

problem to dental practitioners and learners who require an 

understanding of how certain lighting conditions influence 
their vision of the shades. From the results obtained from 

the undergraduate dental students, the main findings show 

that shade matching of dental materials is a skill that can be 

learned through practice and mastering the different lighting 
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conditions. At the same time, it may be challenging for 

students to discern what shades that surround them can 
affect their ability to select the right type of light (9). There 

is therefore need to evaluate how these lighting conditions 
affect the performance of dental students during shade-

matching skills to enhance their training. Prior studies, 
which have evaluated the performance of the clinicians with 

different lighting conditions, revealed that this clinician 
achieved the best accuracy under natural daylight 

illumination (10). However, there is little research on the 
effects of lighting on undergraduate students as compared 

to postgraduate students because they are relatively 
inexperienced (11, 12). In this study, the researcher wants 

to assess the ability of undergraduate dental students in 

visual shade matching under natural daylight, fluorescent 
light, and LED light with a view of knowing which lighting 

condition offers the best result. We speculate that natural 

daylight will give the highest degree of shade-matching 
accuracy, while fluorescent lighting will give the lowest.  

Methodology  

The present study was a descriptive cross-sectional study 
carried out for six months in the Department of 

Prosthodontics, Bacha Khan College of Dentistry. The 

study aimed to evaluate the shade-matching accuracy of 

undergraduate students under different lighting conditions: 
There are varied types of lighting including natural lighting, 

fluorescent lighting, and LED lighting. There with 
recommend a desired sample size of 138 participants was 

obtained through non probability consecutive sampling 

technique. Overall, the subjects were randomized into three 
groups of approximately equal size, each of which 

underwent one of the experimental lighting conditions. 

Shade tabs were standardized and students were told to 
equate the shades visually using the set lighting condition. 

Participant attempts were coded as hits or misses for each 

stimulus according to the following markers. Shade-
matching accuracy data collected, and the difference in each 

group compared, where the paramount importance in data 

acquisition was placed on whether the results were 
consistent with each lighting examined. 

The structured observational data collection method was 

used in this study. Details on each participant’s attempt at 
shade-matching were captured during the exercise with 

notes taken on the ability to match between natural daylight, 
fluorescent and LED lighting conditions. Independent 

assessors recorded whether the participant matched with the 
right colour using the defined shade tab, which provided the 

logical foundation for further quantifiable evaluation. 
Data were analyzed descriptive and inferential using 

Statistical Product and Service Solutions (SPSS) version 
24.0. In descriptive statistics the mean level of accuracy and 

standard deviation for each lighting condition was 
determined. Through an alpha level of <0.05 a margin was 

set to test for statistical significance while comparing 

lighting types’ accuracies to offer the needful assessment of 
the impact on the shade match performance.  

Results 

The mean of 82.2 per cent (SD±6.9) of correct shade 

matches, no significant difference was found between both 
types of lighting conditions in this study of 138 students. 

The first set of natural lighting group showed the least 
variability and the best compliance with the measures, 

which proved its effectiveness of tasks that need an exact 

match on color. Fluorescent lighting participants’ had the 

lowest mean accuracy of 78.1% (±6.1), and thus for the 
participants, this lighting likely hindered their ability to 

match shades without high accuracy. This divergence of 
results presents a major difficulty that fluorescent lighting 

presents for obtaining consistent color evaluations. The 

LED lighting condition produced a mid range mean 
accuracy of 82.7% (SD ±5.9) and was less likely to fluctuate 

than the fluorescent lighting, but not as accurate as natural 

daylight. The calculated p-value of the performance varied 
between different lighting conditions was lower than 0.05, 

meaning that there was a significant difference in 

performance, with emphasizing that natural daylight is 
effective and fluorescent lighting may be problematic in the 

tasks requiring color differentiation. These results imply 

that decisions to preferred lighting conditions are crucial to 
the process of shade matching particularly in visual sectors 

such as dentistry.

Figure 1: Range of accuracy by lighting condition 
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Figure 2: Mean accuracy by lighting condition 

 

Table -1: Sample Characteristics 

Characteristic Count 

Total Participants 138 

Lighting Condition - Natural Daylight 46 

Lighting Condition - Fluorescent 46 

Lighting Condition - LED 46 

Table-2: Mean Accuracy by Lighting Condition 

Lighting Condition Mean Accuracy (%) Standard Deviation (SD) 

Natural Daylight 85.3 5.4 

Fluorescent Lighting 78.1 6.1 

LED Lighting 82.7 5.9 

Table -3: p-values for Statistical Significance 

Comparison p-value 

Natural Daylight vs Fluorescent <0.05 

Natural Daylight vs LED <0.05 

Fluorescent vs LED <0.05 

Table-4: Variability and Consistency of Shade Matching Accuracy 

Lighting Condition Highest Accuracy Lowest Accuracy Range 

Natural Daylight 90 80 10 

Fluorescent Lighting 83 73 10 

LED Lighting 86 79 7 

 

Discussion 

 

The research outcomes of the present study show that 

lighting condition plays a crucial role in the visual shade 
matching aptitude of undergraduate dental students; natural 

light condition renders the best for the purpose as compared 
to LED and Fluorescent light condition faculties. These 

outcomes corroborates with the earlier studies as well, 
where this study has also shown the improved shade 

matching under Natural Daylight rather than artificial light 

(13). The results of the current study are in consonancy with 
Park et al. (2018) where natural daylight was observed to 

yield the highest rating and precision in shade matching 

compared to the other lighting types (14). This the authors 

said was due to increased light stimulus coming from 

natural daylight which is closer in wavelengths range to that 

which human eye naturally discerns. These results agree 

with our study where the students’ evacuation speeds were 

higher for daylight and achieved a 85.3% accuracy followed 
by the LED lighting at 82.7 % accuracy and fluorescent 

lighting at 78.1%. The observed performance under 
fluorescent lighting was the poorest of all lighting 

conditions in this study, in an observation that is quite 
consistent with the literature reviewed by Reis et al. (2019), 

who found that even though fluorescent lighting has been 

widely used in educational facilities due to its energy 
efficiency, its spectrums and CRI values are usually limited 

(15). Participants found more difficulty in distinguishing 

between similar shades especially if they were illuminated 

by the fluorescent lights, this ties with the lowered precision 

and the great standard deviation we recorded. Fluorescent 
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lighting whether warm or cool always looks yellowish or 

greenish which distorts the view of the tooth color and 
therefore will not give accurate match (16). This is 

especially so for dental clinics that are still using room lights 
with fluorescence as their main source of illumination. 

Rising use of LEDs in dental practices has raised questions 
regarding its suitability to Dental Shade A(units). Thus, 

high efficiency and a longer lifespan of LED lights also 
suggest higher CRI values compared with the CRI of 

fluorescent lighting (17). Some researchers have indicated 
that low energy LED lighting is suitable for shade matching 

tasks in replacement of daylight. For instance, Lee et al., 
(2020), established that LED lighting made a similar 

accuracy to that of natural light in facilitated premises (18). 

Our results support this, with LED lighting providing a 
higher level of accuracy compared to fluorescent lighting, 

while not achieving the same results as those obtained under 

natural light. There is one potential explication for the slight 
difference: the LED lights in different brands and models 

may not always create the light of the same quality as the 

daylight as it is advertised (19). Remarkably, this work also 
showed that participants took more time to do shade 

matching under Fluorescent compared to Daylight and LED 
lighting conditions. This was in concord with Kim et al., 

2017 who noted that, time taken under the artificial, 

particularly fluorescent, lighting was longer for shade 

matching tasks because of difference in the shades (20). 
Considering the fact that students spent more time under the 

fluorescent lighting they were likely to doubt their options 
due to the off-color representation. The same can be said 

about the comparison of these results with those, obtained 

in prior research, as more and more authors point towards 

the necessity of enhancing the lighting in dental education 
and clinical practice. Some of the recent works have 

underlined the need to use light sources with high CRI to 

guarantee better visual effects while shade matching with 
daylight or advanced LED systems (21, 22). In particular, 

Alghazali et al., 2021 recommended that more 

investigations should be conducted in order to design 
artificial light sources, which regarding accuracy are similar 

to natural day light for achieving more similar results in 
different clinics and educational facilities (23). Our results 

support this suggestion as natural light, though desirable, 

can be limited in clinical environments. Altogether, it would 

be possible to consider that the current work has certain 
educational significance and sheds light on how different 

lighting conditions may affect the accuracy of shade 
matching among the undergraduate students. That’s why, 

the data of presented studies can be summarized and 
contribute to the following main conclusions The regular 

findings of different investigations highlighted the need of 

dental educators and clinicians to pay attention to the light 

conditions under which students are trained and clinicians 
provide shade matching tasks. Challenges for the next 

investigations include the continuation of the analysis of the 
technological development of LED lighting to minimize the 

difference between artificial lighting and daylight (24, 25).  

Conclusion 

The results of this study shown that the most accurate light 

condition for accurate visual shade matching among the 

examined undergraduate dental students is the natural 

daylight condition and then followed by the LED condition; 

the lowest accuracy was established in condition fluorescent 

light. These results imply that the choice of proper lights 
facilitates educational and clinical achievements, 

particularly in dental shade matching.  
A limitation of this study is that the subjects comprised only 

undergraduate students and relatively junior clinicians, and 
thus the results may not be generalizable to highly 

experienced clinicians. However, the study was performed 
under experimental conditions and this may limit 

generalization of the studied results to clinical settings. 
The generalization of these results implies that future 

research should compare such relatively sophisticated LED 
lighting system with natural daylight. Furthermore, research 

could target participants with more years of experience as 

dentists to check for consistency with the results as a way of 
enhancing clinical shade matching for every individual 

undertaking the practice at different levels of expertise. 
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