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ABSTRACT
Background: Getting the shade selection right is crucial in restorative dentistry because it 

ensures dental prostheses blend naturally with a patient’s teeth, leading to better aesthetic outcomes. 
Traditionally, shade matching has been done visually with shade guides, though this approach often 
has issues with consistency and accuracy. Digital shade selection devices offer a more objective, 
consistent, and reliable solution.

Objective: This literature review examines the effectiveness, accuracy, and clinical results of 
digital shade selection methods versus traditional visual techniques. It also discusses the advantages, 
challenges, and future potential of digital shade selection in dentistry.

Materials and Methods: A detailed literature review was conducted using databases like 
PubMed and Google Scholar, focusing on studies that compared digital shade selection with 
traditional visual approaches. Studies that evaluated clinical performance, accuracy, and patient 
satisfaction with digital systems were included.

The included studies were classified into the following categories:

1.	 In Vivo Studies: These studies evaluated shade selection methods in clinical or real-life 
settings, assessing the accuracy, reliability, and performance of various shade-matching 
devices (References 1,8,16,20,23,24,25,28).

2.	 In Vitro Studies: In vitro studies focused on controlled, laboratory-based analyses of shade 
selection techniques and device performance under standardized conditions. (References 
3,6,11,13,15,17,18,19,21,22).

3.	 Comparative Studies: Comparative research examined differences between traditional visual 
and digital shade selection methods, including the accuracy, consistency, and reliability of 
various devices in clinical and laboratory settings (References 4,9,11, 23, 28).

4.	 Review Studies: Systematic reviews and literature reviews provided a broader evaluation 
of visual and digital shade selection methods, including factors affecting accuracy, effective 
conditions, and the clinical implications of these technologies (References 2, 5, 7,10,12).
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INTRODUCTION 

Shade selection is a vital component of restor-
ative dentistry, directly impacting the aesthetic suc-
cess of dental prosthetics. Accurate shade matching 
ensures that dental restorations blend seamlessly 
with the natural teeth, enhancing both function and 
appearance(1). This matching is crucial for patient 
satisfaction and for how they perceive the success 
of their treatment (2).

Historically, shade selection has largely 
depended on the clinician’s subjective judgment, 
using visual shade guides like the VITA Classical 
and VITA 3D-Master(3). While widely accepted, 
these guides introduce a lot of variability due to the 
inherent subjectivity of visual perception. Factors 
such as lighting, clinician experience, and even 
the surrounding environment can influence how 
accurate visual shade matching is, often leading to 
inconsistent results (4,5,6).

The introduction of digital shade selection has 
added a new level of precision and consistency to 
the process. With tools like spectrophotometers, 
colorimeters, and digital cameras, clinicians can 
achieve more accurate and reproducible shade 
matches(7,8). These technologies quantify tooth color 
using standardized parameters, helping to reduce 
the inconsistencies associated with traditional visual 
methods (1, 9).

Historical Perspective on Shade Selection Tradi-
tional Methods of Shade Selection

Traditionally, shade selection in dentistry has 
been a largely visual process, relying on the clini-
cian’s expertise and perception. Visual shade guides, 
such as the VITA Classical and VITA 3D-Master, 
have long been the foundation of shade matching (3). 
These guides include a series of standardized color 
tabs that clinicians compare directly with a patient’s 
teeth to select the best match.

This method has several limitations. Visual per-
ception is highly subjective and can be influenced 
by various factors, including the clinician’s experi-
ence, age, and even fatigue levels (2,10).

Environmental conditions, like lighting and the 
colors in the surrounding area, can also distort color 
perception, often resulting in inaccurate shade se-
lection (6, 11). Metamerism, a phenomenon where col-
ors appear differently under different lighting, adds 
further complexity to visual shade matching (12).

Reliance on visual methods introduces signifi-
cant variability, not only between clinicians but also 
for the same clinician over time. This variability 
can lead to inconsistent shade matching, resulting 
in aesthetic outcomes that may not meet patient or 
clinician expectations (13,14).

Despite these challenges, visual shade guides 
remain common in restorative dentistry due to their 
simplicity and accessibility.

Results: This review found that digital shade selection tools generally offer more consistent 
and accurate results than traditional methods. Devices like spectrophotometers, colorimeters, and 
digital cameras can minimize human error and improve patient satisfaction . However, challenges 
like cost, the need for training, and integrating these tools into clinical practice remain barriers 
to widespread adoption (6, 19). Emerging technologies, including artificial intelligence (AI) and 
machine learning, could further enhance the capabilities of digital shade selection .

Conclusion: Digital shade selection represents a significant step forward in restorative 
dentistry, providing a more precise and reliable alternative to traditional methods. While there are 
still challenges to address, the advantages in terms of accuracy, efficiency, and patient outcomes 
suggest that digital shade selection will become increasingly important in clinical practice .

KEYWORDS: Traditional and Digital Shade Selection , Shade Selection, Digital, Shade 
selection
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Challenges in Traditional Shade Matching

The challenges with traditional shade matching 
are well-documented in the literature. Even 
under ideal conditions, there can be considerable 
variability in shade selection between clinicians 
using the same visual guide(10). This variability 
is further affected by factors like the clinician’s 
experience, lighting conditions in the clinic, and the 
presence of nearby teeth or restorations, which can 
all influence color perception (6,7).

One major issue with visual shade matching is 
its reliance on subjective judgment. Human color 
perception is shaped by complex interactions among 
factors, such as the observer’s eye sensitivity, the 
lighting, and the context in which the color is seen 
(15). This subjectivity can lead to discrepancies 
between the perceived and actual tooth color, 
leading to mismatched restorations.

Using visual shade guides also brings practical 
challenges to clinical settings. The process of 
comparing shade tabs to a patient’s teeth can take 
time and may require several attempts to achieve 
a satisfactory match (16). The small size and limited 
color options of traditional shade guides can make 
it challenging to find an exact match, especially for 
discolored or multi-shaded teeth (17).

These challenges have led to an increasing 
interest in more objective and reliable shade 
selection methods, paving the way for digital shade 
selection technologies that aim to overcome the 
limitations of traditional visual methods (5, 7).

Emergence of Digital Shade Selection Techno-
logical Advancements

Digital technologies have emerged to address the 
limitations of traditional shade selection methods, 
offering more accurate and reproducible results. The 
introduction of devices like spectrophotometers, 
colorimeters, and digital cameras marks a significant 
advancement in restorative dentistry (6,15). These 
devices offer an objective approach by quantifying 

tooth color with standardized parameters, reducing 
the subjectivity that comes with visual shade 
matching.

Spectrophotometers, such as the VITA Easys-
hade, measure the light reflected from the tooth sur-
face and match it with a database of shade values, 
delivering a precise shade match (1). This technol-
ogy analyzes the spectrum of light reflected from 
the tooth and matches it to a set of pre- programmed 
reference shades, providing an objective measure-
ment of the tooth’s hue, chroma, and value (8, 16).

Colorimeters, another type of digital shade 
selection device, assess color in a three-dimensional 
color space, such as the CIELAB system. This 
model provides detailed information about the hue 
(color), chroma (saturation), and value (brightness) 
of the tooth, allowing for more precise shade 
matching (2,6). Colorimeters are especially useful 
for detecting subtle color differences, such as in 
matching adjacent teeth or restorations (18).

Digital cameras with specialized software 
capture high-resolution images of the teeth, enabling 
detailed shade analysis and documentation (19). 
These systems can integrate into digital workflows, 
facilitating seamless communication between the 
clinician, dental technician, and lab (10). Digital 
imaging systems also benefit patient education and 
communication by allowing patients to visualize the 
proposed treatment outcomes (13).

Clinical Adoption and Usage

The adoption of digital shade selection 
technologies in clinical practice has been gradual but 
steady. Early adopters have reported more accurate 
and consistent shade matching than with traditional 
methods (15, 16). These tools are particularly valuable 
in complex cases, like matching the shade of adjacent 
restorations or dealing with discolored teeth(2). 
However, the initial investment in equipment and 
training for these digital systems can be a barrier for 
some practitioners (7, 17).
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Several studies have demonstrated the clinical 
benefits of digital shade selection devices. For 
instance, a study by Miyajiwala et al. found 
that digital shade matching led to fewer clinical 
adjustments and higher patient satisfaction than 
traditional visual methods (4). Similarly, Fazi et al. 
showed that spectrophotometers provided more 
consistent and accurate results, especially for 
complex shade-matching cases (1, 20).

Despite the advantages, adoption has been slow-
er than expected. The cost of these devices can be 
prohibitive for smaller practices (7). Additionally, 
there is a learning curve for using digital shade se-
lection devices, which can be challenging for clini-
cians less familiar with digital technologies (10, 21).

Another important factor in adoption is the need 
for training and calibration. Unlike visual shade 
guides, which require minimal training, digital 
devices need a certain level of technical expertise 
to use effectively. Clinicians must learn to use these 
devices accurately, interpret results, and integrate 
this data into their treatment planning (8, 22). Regular 
calibration is also necessary to ensure accurate 
results, adding to maintenance requirements (14, 23).

Despite these challenges, there is a growing 
recognition of the benefits of digital shade selection 
technologies. As these devices become more 
affordable and user-friendly, adoption is expected to 
increase (18). Advances in artificial intelligence (AI) 
and machine learning are also likely to improve 
digital shade selection capabilities, making them 
even more precise and reliable (9, 15).

Comparative Analysis of Traditional and Digital 
Shade Selection Methods Accuracy and Reliability

Studies comparing digital shade selection de-
vices with traditional visual methods consistently 
highlight the advantages of digital tools in achiev-
ing more accurate results. For example, Paul et al. 
conducted a study comparing the VITA Easyshade 
spectrophotometer with traditional visual shade 

matching, concluding that the digital device pro-
vided significantly better accuracy, especially in 
complex cases requiring multiple restorations (3). 
Similarly, Kim-Pusateri et al. showed that digital 
shade-matching devices led to fewer clinical adjust-
ments and higher patient satisfaction, underscoring 
the reliability of digital methods (9, 21).

One of the main benefits of digital shade 
selection devices is their ability to provide 
objective measurements of tooth color, reducing the 
inconsistencies commonly associated with visual 
methods (2, 8). Devices like spectrophotometers and 
colorimeters have proven to offer more consistent 
results across different clinicians and settings, 
making them especially valuable for precise shade 
matching, particularly in anterior restorations (11).

However, the effectiveness of digital devices 
can vary depending on the specific system used 
and the clinical environment. Some studies have 
noted that while digital cameras are excellent 
for documentation, they may not always be as 
precise in shade selection as spectrophotometers 
or colorimeters, partly because cameras are more 
sensitive to lighting variations (1, 5). The presence of 
factors like tooth translucency, surface texture, and 
restorations can also affect the accuracy of digital 
devices, requiring the clinician’s expertise and 
experience to interpret the results accurately (12, 24).

Clinical Performance and Patient Outcomes

Extensive research has focused on the clinical 
performance of digital shade selection devices and 
their impact on patient satisfaction. In practice, 
digital systems reduce the frequency of shade- 
related remakes and adjustments, making workflows 
more efficient (7). Dudkiewicz et al., for instance, 
observed that digital shade matching reduced chair 
time and led to higher patient satisfaction compared 
to traditional methods, demonstrating the practical 
advantages of digital tools in a clinical setting (2).

Patient satisfaction is often higher with digital 
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shade selection, as patients appreciate the improved 
accuracy and aesthetic results (11,14). The use of digi-
tal technology can also enhance patients’ perception 
of the treatment, as many associate these technolo-
gies with modern, advanced care(10,25). However, the 
success of digital shade matching depends heavily 
on device calibration, maintenance, and the clini-
cian’s familiarity with the technology(6). Without 
proper calibration or usage, digital devices can yield 
inaccurate results, negating their advantages over 
traditional methods. Clinician training is essential to 
maximize the benefits of digital shade selection(22,26).

Despite certain limitations, the clinical benefits 
of digital shade selection are clear. By minimizing 
variability and providing more accurate, consistent 
results, digital devices improve the overall quality 
of restorative treatments, leading to greater patient 
satisfaction and fewer post- treatment issues (27, 19).

Benefits of Digital Shade Selection:

Increased Precision and Consistency

One of the primary advantages of digital shade 
selection devices is their ability to deliver precise 
and consistent results. Unlike visual methods, 
which can be affected by subjective factors, digital 
devices provide objective measurements that 
minimize human error (6). This level of precision 
is especially valuable for complex cases requiring 
multiple restorations or matching shades across 
various materials, such as porcelain and composite 
resin (15, 16).

Spectrophotometers and colorimeters have dem-
onstrated high levels of consistency across different 
clinicians and environmental conditions(1,8). This is 
crucial for cases where accuracy in shade match-
ing is essential, such as in the restoration of ante-
rior teeth. By delivering objective measurements, 
digital devices help standardize the shade selection 
process, reducing the variability commonly found 
in visual methods (27, 14).

Reduction in Human Error

Digital shade selection devices also play a 
significant role in minimizing the subjective aspects 
of shade matching, which reduces the risk of 
human error(16,27). For example, spectrophotometers 
eliminate the need for visual comparisons that can be 
influenced by inconsistent lighting, helping to avoid 
issues related to metamerism(8). Digital systems 
often store and recall previous shade selections, 
which can be helpful in cases requiring multiple 
appointments or follow-up work (2, 9).

Minimizing human error is especially important 
in complex cases, such as those involving 
discolored or multi-shaded teeth. In these situations, 
the clinician’s experience remains crucial for 
interpreting the data accurately, but digital devices 
help reduce reliance on subjective judgment, leading 
to more accurate and consistent results (15, 21).

Enhanced Patient Satisfaction

Research indicates that digital shade selection 
can lead to higher levels of patient satisfaction(19). 
The ability to achieve a more accurate and 
aesthetically pleasing result enhances the patient’s 
overall perception of their treatment outcome (13). 
Furthermore, using advanced technology in shade 
selection can improve the patient’s experience, 
as they often view these devices as indicators of 
modern and sophisticated dental care (10, 11).

Patient satisfaction is further boosted by the 
reduction in chair time and adjustments associated 
with digital shade selection. These devices have 
been shown to minimize shade-related remakes, 
streamline clinical workflows, and reduce treatment 
times(17,18). This efficiency is especially valuable 
in busy practices, where reducing chair time can 
improve patient throughput and increase overall 
practice profitability (28).

In general, the use of digital shade selection 
devices significantly enhances the patient’s 
experience, resulting in higher satisfaction levels 
and better clinical outcomes. By offering accurate 
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and consistent results, digital tools help ensure 
that the final restoration aligns with the patient’s 
aesthetic expectations, contributing to the overall 
success of the treatment (16, 23).

Future Directions

The field of digital shade selection is evolving 
rapidly, with new technologies promising to 
enhance accuracy, usability, and integration into 
clinical workflows. Future advancements are likely 
to focus on incorporating artificial intelligence 
(AI) and machine learning algorithms, which can 
analyze large datasets to improve shade selection 
processes based on real-world cases(18). By learning 
from a variety of cases, AI-driven systems could 
enhance the precision of color matching and 
provide clinicians with real-time, patient-specific 
recommendations, reducing the potential for human 
error (15, 25).

Another area of interest is the integration of 
digital shade selection devices into 3D intraoral 
scanning systems. These high-resolution scanners 
could capture not only the shape and contour of 
teeth but also detailed color and translucency 
data, leading to improved aesthetic outcomes 
in restorative procedures (25, 28). As 3D scanning 
becomes more common, incorporating shade 
selection into digital workflows like CAD/CAM 
systems could streamline processes from shade 
matching to restoration fabrication, offering a 
comprehensive approach to digital dentistry (1, 17).

Improvements in mobile and handheld technology 
also show promise for the future of shade selection. 
For example, smartphone-based applications that 
utilize advanced imaging algorithms could make 
shade matching more accessible to a wider range 
of clinicians and even patients (21). These tools 
could allow patients to participate more actively 
in treatment planning, enhancing their engagement 
and satisfaction with the process (19).

There is also a growing focus on personalized 
shade selection, where future devices might account 

for unique patient factors such as tooth morphology, 
texture, and translucency to achieve more individu-
alized matches. This could be particularly beneficial 
in complex cases, where subtle color variations are 
key to achieving natural-looking results (14, 23).

Finally, simplifying training and calibration 
requirements will be crucial for broader adoption of 
digital shade selection technologies. Currently, these 
requirements pose a barrier to some practitioners; 
reducing the learning curve and maintenance needs 
could make these devices more accessible in clinical 
practice. With these advancements, digital shade 
selection is expected to become an essential tool 
in restorative dentistry, contributing to enhanced 
patient satisfaction and clinical outcomes (10, 24).

CONCLUSION

Digital shade selection represents a substantial 
advancement in restorative dentistry, providing a 
more precise, reliable, and efficient alternative to 
traditional visual methods. By offering objective 
measurements and reducing the variability inherent 
in visual shade matching, digital devices can 
improve the quality of restorative care and lead to 
better patient outcomes.

However, digital shade selection technologies 
are not without their challenges. The cost, training, 
calibration needs, and learning curve involved 
in using these devices are significant barriers to 
widespread adoption. Furthermore, digital devices 
have limitations and should be used in conjunction 
with traditional methods and the clinician’s 
judgment for optimal results.

As digital technologies continue to evolve, 
they are expected to play a more prominent role in 
dentistry. With advances in AI, machine learning, 
and digital imaging, the precision, reliability, and 
ease of use of digital shade selection devices will 
improve. By keeping up with the latest advancements 
and receiving adequate training in these devices, 
clinicians can ensure they deliver the best possible 
care to their patients.
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