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Analysis of Various Techniques for Tooth 
Shade Matching: An Umbrella Review

INTRODUCTION
One of a person’s most vital interactive communication abilities is 
through their smile. A beautiful smile with teeth that are naturally 
balanced in relation to one another and arranged in a way that 
complements the patient’s lips, gingiva, and face is the ultimate 
goal of aesthetics in dentistry. One of the trickiest things in 
restorative dentistry might be precisely matching natural teeth with 
an artificial restoration. Natural teeth differ widely in terms of colour 
and form [1].

Determining the colour of the tooth is an important step in restorative 
dentistry. Both optical approaches and the more contemporary 
instrumental methods can be used to determine colour. Visual 
approaches use subjective dental shade that are influenced by 
factors like as the observer’s age, gender, skill level, ambient light, 
and eye tiredness. Nonetheless, because shade guides are easily 
accessible, reasonably priced, and user-friendly, the visual technique 
remains the most popular approach for determining shade [2].

Tooth shade matching has progressed from subjective visual 
methods to objective instrumental and digital approaches. Visual 
methods are affordable but inconsistent, while spectrophotometers 
offer the most reliable results [3]. Emerging tools like hyperspectral 

imaging and Artificial Intelligence (AI) show superior accuracy but 
face barriers including high cost, reliance on training datasets, 
and lack of standardised protocols. Uncertainties remain around 
calibration, lighting conditions, and clinical integration.

Recent innovations such as hyperspectral imaging and AI are 
reshaping tooth shade matching. Hyperspectral imaging captures 
reflectance across multiple wavelengths, enabling precise shade 
discrimination and validated for in-vivo use [3,4]. AI-driven 
systems, using intraoral photography and cross-polarised imaging, 
enhance reproducibility and reduce operator bias [5-7]. While 
spectrophotometers remain the clinical gold standard, these 
technologies highlight a shift towards automated, data-driven 
solutions.

The novelty of this review lies in consolidating traditional and next-
generation approaches, providing a broader understanding of 
current knowledge, persisting uncertainties, and future directions 
for achieving standardised and clinically feasible shade selection in 
aesthetic dentistry

The present umbrella review evaluated the accuracy of several 
instrumental and visual measurements for tooth shade matching 
in order to analyse the precise method to tooth shade selection. 
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ABSTRACT
Introduction: Precise shade matching plays a crucial part in 
restorations, as highlighted by the goal of aesthetic excellence 
in dentistry, which is moulded by social trends and innovative 
technologies. Even if conventional approaches are widely used, 
new digital equipment requires a re-evaluation due to issues like 
subjective interpretation and unpredictability in shade guides.

Aim: To evaluate and compare the existing literature in order to 
determine the best reliable dental shade selection methods for 
tooth colour matching. 

Materials and Methods: In the present umbrella review 
duration of literature search was from January 2000 to February 
2025. The PROSPERO database contains the designed and 
registered protocol of this umbrella review (CRD42023412138). 
Inclusion criteria included systematic reviews including 
cross-sectional studies, cohort studies, case-control studies, 
randomised controlled trials and studies evaluating the 
impact of accurate tooth shade selection. Exclusion criteria 
comprises systematic reviews assessing shade selection 
methods other than instrumental or conventional techniques. 
In order to create the umbrella review, researchers used the 
PRISMA principles. The search method included the following 
terms: “tooth shade,” “natural tooth shade,” “shade selection,” 
“conventional and instrument shade selection,” “digital shade 
selection,” “spectrophotometer shade selection,” “colourimeter 
shade selection” were included. In order to find the applicable 
systematic reviews, the search terms were AND ((systematic 
review) OR meta-analysis) were used. Data was sourced from 

four electronic databases (PubMed, EBSCHO host, Cochrane 
and Scopus databases) were used to perform a literature 
search until 2025. The methodological quality and risk of bias 
of the included systematic reviews were assessed using the 
AMSTAR 2 (A MeaSurement Tool to Assess Systematic Reviews) 
checklist. The AMSTAR 2 score for the reviews ranged from 
‘low’ to ‘critically low quality’.

Results: Six systematic reviews published between 2012 
and 2023 were included in the current umbrella review. 
Shade selection methods included instrumental approaches 
{spectrophotometers, colourimeters, photo-colourimetric 
techniques, Intraoral Scanners (IOS), and digital imaging 
(cameras/smartphones)} and Conventional approaches {Visual 
shade selection with shade guides (Vita 3D Master, Vita Lumin)}. 
Three reviews conducted meta-analysis (using fixed and random 
effects models). Substantial heterogeneity was reported in 
pooled estimates. Instrumental shade-matching methods, 
especially spectrophotometers, provide the most accurate, 
reliable, and reproducible outcomes in dentistry. Digital 
approaches (cameras, smartphones, photo-colourimetry) serve 
as strong alternatives, particularly with standardised protocols 
and cross-polarisation. Visual methods, although less accurate, 
retain clinical relevance as affordable, supplemental tools. IOSs 
currently do not surpass traditional methods in accuracy.

Conclusion: The most exact and precise method of matching 
shades is to use a spectrophotometer. Though visual shade 
matching is inconsistent, they are not less accurate than 
colourimetric measures.
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disagreements or uncertainties about the reviews’ inclusion. In 
order to fill in any blanks or explain any confusing points, the review 
writers of the featured studies were contacted.

Data Extraction
The initial author’s name and nation, publication year, journal name, 
quantity of databases searched, search duration, study design type, 
quality assessment tool, results assessed, study number, subject 
number, meta-analysis model, particular relative risk estimates with 
confidence interval, I² statistics (to evaluate heterogeneity), and 
publication bias were all filled out on the data extraction sheets.

Primary outcome: Accuracy of various instrumental and visual 
measurements for tooth shade matching.

Secondary outcomes: Accurate measurement among instrumental 
measurements for tooth shade matching. Efficiency of visual method 
among tooth shade matching methods.

Study Procedure
Methodological quality assessment using AMSTAR 2 tool: The 
AMSTAR 2 tool, a measurement device for systematic reviews, has 
sixteen parts that were utilised to assess the methodological quality 
of the systematic reviews that were included [Table/Fig-2]. The quality 
of the included reviews was evaluated separately by two reviewers 
(AN and SP), and if there was a dispute, the third reviewer would 
settle it (MK). Depending on the number of non-critical flaws, the 
level of confidence in the review’s findings was categorised as high, 
moderate, low, or critically low. Regardless of the quantity of non-
critical defects, a score of more than one critical fault was deemed 
critically low [9]. The authors were contacted to collect any missing 
data. Cohen’s kappa analysis indicates that the intra-examiner 
agreement and the agreement between the two reviewers (AN and 
SP) were used to evaluate the quality of the included reviews.

This is done by combining data from the highest level of evidence 
using systematic reviews and meta-analyses. In addition, there 
were methodological flaws in previous systematic studies that were 
identified.

The present review aimed to critically evaluate the current literature 
on dental shade selection methods, comparing traditional visual 
techniques with modern digital approaches. It seeks to highlight the 
advantages and limitations of each method and identify the most 
reliable and clinically effective strategies for consistent and accurate 
tooth colour matching.

The present study aimed to evaluate and compare the existing 
literature to identify the most reliable dental shade selection 
methods, encompassing both instrumental and visual approaches, 
for accurate tooth colour matching.

MATERIALS AND METHODS
The PROSPERO database contains the designed and registered 
protocol of this umbrella review (CRD42023412138). In order 
to create the umbrella review, researchers used the PRISMA 
principles [8].

Review Question
Most accurate method of tooth shade matching is through 
instrumental or visual methods?

Inclusion criteria (PICOS Framework):

•	 Population (P): Patients requiring dental shade selection for 
restorative procedures.

•	 Intervention (I): Visual and instrumental methods of tooth 
shade matching.

•	 Comparator (C): Comparison between different shade 
selection techniques (visual vs instrumental).

•	 Outcomes (O): Accuracy, reliability, reproducibility, and clinical 
impact of tooth shade selection methods.

•	 Study Design (S): Systematic reviews and meta-analyses 
incorporating cross-sectional studies, cohort studies, case-
control studies, or randomised controlled trials.

Exclusion criteria: Narrative reviews, scoping reviews, animal 
studies, case reports, conference abstracts, letters, and opinion 
papers. Reviews not specifically assessing visual or instrumental 
methods, non-English publications, and studies with insufficient 
methodological detail were excluded.

Literature Search 
A comprehensive electronic search was performed across PubMed, 
EBSCOhost, Cochrane Library, and Scopus for studies published 
between January 2000 and February 2025. The search strategy 
combined MeSH terms and free-text keywords related to tooth 
shade selection methods with Boolean operators [Table/Fig-1]. To 
identify systematic reviews and meta-analyses, search terms were 
combined with filters for study type. Additionally, the reference lists 
of all included reviews were manually screened to identify potentially 
relevant studies.

Two different reviewers (AN and SP) combined through the whole 
texts and then filtered the titles and abstracts to discover the pertinent 
reviews. A discussion with a third reviewer (MK) helped settle any 

Cochrane Library

(“tooth shade” OR “shade selection” OR “digital shade 
selection” OR “conventional shade selection” OR 
“spectrophotometer” OR “colourimeter”) in Title, Abstract, 
Keywords AND (“systematic review” OR “meta-analysis”)

Scopus

TITLE-ABS-KEY (“tooth shade” OR “shade selection” OR 
“digital shade selection” OR “conventional shade selection” 
OR “spectrophotometer shade selection” OR “colourimeter 
shade selection”) AND TITLE-ABS-KEY (“systematic review” 
OR “meta-analysis”)

[Table/Fig-1]:	 Keywords and search combinations used in each database.

Database Search string/Keywords used

PubMed

(“tooth shade” OR “natural tooth shade” OR “shade selection” 
OR “conventional shade selection” OR “instrument shade 
selection” OR “digital shade selection” OR “spectrophotometer 
shade selection” OR “colourimeter shade selection”) AND 
(“systematic review” OR “meta-analysis”)

EBSCOhost

(“tooth shade” OR “shade selection” OR “digital shade 
selection” OR “conventional shade selection” OR 
“spectrophotometer shade selection” OR “colourimeter shade 
selection”) AND (“systematic review” OR “meta-analysis”)

Item 
No. Domain/Question

Response 
Options

1
Did the research questions and inclusion criteria for the 
review include the components of PICO?

Yes/Partial 
yes/No

2

Did the report of the review contain an explicit statement 
that the review methods were established prior to the 
conduct of the review and did the report justify any 
significant deviations from the protocol?

Yes/Partial 
yes/No

3
Did the review authors explain their selection of the study 
designs for inclusion in the review?

Yes/Partial 
yes/No

4
Did the review authors use a comprehensive literature 
search strategy?

Yes/Partial 
yes/No

5 Did the review authors perform study selection in duplicate? Yes/No

6 Did the review authors perform data extraction in duplicate? Yes/No

7
Did the review authors provide a list of excluded studies 
and justify the exclusions?

Yes/Partial 
yes/No

8
Did the review authors describe the included studies in 
adequate detail?

Yes/Partial 
yes/No

9
Did the review authors use a satisfactory technique for 
assessing the risk of bias (RoB) in individual studies 
included in the review?

Yes/Partial 
yes/No

10
Did the review authors report on the sources of funding for 
the studies included in the review?

Yes/No

11
If meta-analysis was performed, did the review authors use 
appropriate methods for statistical combination of results?

Yes/Partial 
yes/No/N/A
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RESULTS
Search results: After careful consideration, Chen H et al., (2012), 
Raghunathan J et al., (2016), Borse S et al., (2020), Harden L et 
al., (2022) Morsy N (2023), Rashid F (2023), satisfied the inclusion 
requirements [Table/Fig-3] [10-15].

determine heterogeneity, these reviews used the I² test; however, 
Harden L et al., (2022) also utilised the Cochrane Q test [13].

Methodological quality: Due to the presence of either one critical 
defect or no non-critical weakness, the systematic reviews with 
meta-analysis (Borse S et al., 2020 [12], Harden L et al., 2022 [13], 
Morsy N et al., 2023 [14]) were given a ‘low’ grade by AMSTAR 2 [9]. 
The only critical area that was not fulfilled was the assessment of the 
presence and possible impact of publication bias (item 15), despite 
all other critical and non-critical criteria being met. Chen H et al., 
(2012) [10], Ragunathan J et al., (2016) [11], Rashid F et al., (2023) 
[15] were the other three reviews that were classified as “critically 
low” since there was no meta-analysis and there were several 
critical errors in addition to non-significant problems [9]. Items 2, 
4, and 7 were considered key domains, whereas items 1, 2, 3, 4, 
7, 8, and 14 were considered fulfilled. The other domains were not 
[Table/Fig-5]. The included studies have intra- and inter-examiner 
reliability ratings (AN and SP) of 1 and 0.95 (p<0.05), respectively, 
for scoring the AMSTAR 2 items. These levels indicate ‘almost 
perfect’ agreement. Intra- and inter-examiner reliability for AMSTAR 
2 item scoring was assessed using the Intraclass Correlation 
Coefficient (ICC). The null hypothesis of no agreement (ICC=0) was 
tested using an F-test. Statistical significance was set at p<0.05. All 
analyses were performed using SPSS Statistics version 26.0 (IBM 
Corp., Armonk, NY, USA).

DISCUSSION
Outcomes assessed: Outcomes addressed by the six included 
systematic reviews are as follows:

•	 Instrumental measurements using a spectrometer provided 
high shade matching outcomes [10]. (Chen H et al., 2012)

•	 Although visual shade matching was inaccurate, it did not 
always have lower accuracy than colourimetric measures; the 
most exact and precise approach is shade matching using a 
spectrophotometer [11]. (Ragunathan J et al., 2016)

•	 When it came to shade selection, the Visible Electron 
Spectrometer (VES Spectrometer) and the photo colourimetric 
technique both achieved very high levels of accuracy, 
dependability, and repetition. Repetitive visual shade selection 
procedures yielded more consistent outcomes in Vita 3d 
master [12]. (Borse S et al., 2020)

•	 Instead of relying on colour shade tabs, which may lead to 
inaccurate shade matching and noticeable colour variances, 
digital photography and spectrophotometric measurements 
are a best alternative (Harden L et al., 2022) [13].

•	 Instrumental shade selection techniques, including 
spectrophotometers, digital cameras, and smartphones, 
achieve greater accuracy than traditional visual methods. 
However, IOSs do not notably enhance shade matching 
compared to visual selection (Morsy N et al., 2023) [14].

•	 Non-proximity digital imaging techniques offer more reliable 
and consistent results compared to traditional visual methods. 
Under controlled conditions, these digital approaches can 
match or even surpass the performance of spectrophotometers 
and colourimeters. However, the study also highlights 
certain limitations in current research, such as inconsistencies 
in study quality and variations in methodology. (Rashid F et al., 
2023) [15].

Only three results out of six systematic reviews were subject to a 
meta-analysis: The clinical implications for the reviewed studies 
indicate that instrumental and digital shade selection methods, 
including spectrophotometers, VES spectrometers, and digital 
photography, provide greater accuracy, reliability, and reproducibility 
than traditional visual techniques; while standardised visual 
methods, such as Vita 3D-Master, can improve consistency and 
remain more variable (Borse S et al., 2020) [12]. IOSs alone do not 

12
If meta-analysis was performed, did the review authors 
assess the potential impact of RoB in individual studies on 
the results of the meta-analysis or other evidence synthesis?

Yes/Partial 
yes/No/N/A

13
Did the review authors account for RoB in individual studies 
when interpreting/discussing the results of the review?

Yes/Partial 
yes/No

14
Did the review authors provide a satisfactory explanation 
for, and discussion of, any heterogeneity observed in the 
results of the review?

Yes/Partial 
yes/No/N/A

15
If quantitative synthesis was performed, did the review 
authors carry out an adequate investigation of publication 
bias (small study bias) and discuss its impact?

Yes/Partial 
yes/No/N/A

16
Did the review authors report any potential sources of 
conflict of interest, including any funding they received for 
conducting the review?

Yes/No

[Table/Fig-2]:	 AMSTAR 2 checklist table.

[Table/Fig-3]:	 Flowchart for umbrella review process.

Characteristics of included reviews: The characteristics of the 
included systematic reviews were showed in [Table/Fig-4]. The 
systematic reviews were published between September 2012 and 
October 2023 and published in Quintessence International (n=1), 
International Journal of Recent Scientific Research (n=1) Journal of 
Indian Prosthodontic Society (n=1) Materials (n=1) BioMed Central 
journal (n=1) Dentistry Journal (n=1). The systematic reviews used 
the following electronic database (PubMed, EBSCO host, Cochrane, 
web of science, Google scholar and Scopus electronic databases) 
to identify relevant studies in their review. The search period within 
the reviews ranged between inception to 2025. The number of 
studies included in each systematic review ranged from 7 to 85. 
Amongst the six reviews, only three conducted meta-analyses [12-
14] and they used random-effects model and a fixed-effects model 
for evaluation. 

Summary of meta-analysis: The level of heterogeneity among the 
outcome measures was found to be 92% in the study by Harden 
L et al., (2022), 98% in the review by Borse S et al., (2020) and 
more than 50% in Morsy’s N review (2023) respectively [12-14]. To 
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significantly enhance shade matching and should be complemented 
with objective measurements. Clinically, these findings support the 
use of instrumental or digital protocols under controlled lighting, 
combined with visual verification, to optimise aesthetic outcomes 
and minimise colour discrepancies in restorative dentistry.

For pairwise meta-analysis, the two models used were fixed effect 
and random effect model. In case of heterogeneity amongst studies 
included in a meta-analysis random effect models were used [16]. 
Borse S et al., 2020, Harden L et al., 2022 and Morsy N et al., 
2023 used random effect models for quantitative analysis showing 
a substantial heterogeneity in their meta-analysis [12-14]. The three 
reviews that performed a meta-analysis did not assess and report 
on publication bias. 

Principal findings and possible explanations: The capacity 
of the observer or equipment to provide repeated results and 
consistency of each stage of a given measurement technique, 
such as maintaining a stable environment and obtaining the same 
placement point to assess the shade, are the two main factors that 
determine the precision of colour measurement [17].

Harden L et al., (2022) highlighted the effectiveness of the Smile 
Lite MDP device in improving shade matching accuracy in mobile 
dental photography [13]. Beverly L (2021) further emphasised 
that incorporating a cross-polarising filter in the Smile Lite MDP 
significantly enhances photographic shade assessment [18]. 
Additionally, Alfouzan AF et al., (2017) reported that the Vita 
Linearguide 3D-Master shade guide provides more accurate shade 
comparisons than the Vita Lumina, supporting its use for precise 
visual shade selection [19].

Non-proximity equipment, like a digital camera, records hues from a 
distance. Advanced digital cameras, IOSs and smartphone cameras 
are illustrations of non-proximity instruments used in dentistry for 
shade matching. A contact-based instrument assesses an object’s 
colour by contacting its surface directly. In the 1970s, colourimeters 
and spectrophotometers were initially used in dentistry as contact-
based instruments for colour measurement [15].

Tabatabaian F et al., (2021) reported that spectrophotometers, 
positioned close to the tooth surface, focus on a single point, 
yielding high accuracy and precision in shade selection. In contrast, 
IOS scan a larger area, making them more susceptible to ambient 
light and positioning errors, which can compromise their reliability. 
Clinically, this suggests that while IOS are useful for digital workflows, 
spectrophotometers remain superior for precise tooth shade 
assessment, particularly in aesthetic restorations [20].

Spectrophotometers, photo colourimeters, digital imaging 
scanners (SVMAs), and cross-polarised photography made up the 
instrumental part of the procedure. The Vita Easy Shadow (VES) 
spectrophotometer’s principal value lies in the fact that it reduces the 
visual shade approach’s subjective inaccuracy. A spectrophotometer 
can distinguish between a colour difference of 1 ΔE and a colour 
difference of 3.7 ΔE that is visible to the human eye [12].

The intraoral digital spectrophotometer performed much better 
with incandescent light when it came to accurately matching light 
hues, according to a randomised trial that compared the impacts of 
filtered and LED light sources [21].

Digital imaging and colourimeter are auxiliary methods to visual 
measurement when a spectrophotometer or colourimeter not 
available (Ragunathan J et al., 2016) [11]. Two methods of measuring 
shadow were employed by digital cameras in the included studies 

S. 
No Author, year

Name of 
the journal 
published Database searched

Country 
of the first 

author
Search 
period Language

Meta-
analysis 

performed

Number 
of studies 
included

Study design- 
including studies

Instrument 
of Quality 

assessment

1
Chen H et 
al., 2012 
[10]

Quintessence 
International

PubMed (Medline),
Embase

Google Scholar
China

Uptojan 
82012

English No 26
In-vitro
In-vivo

Model studies
PRISMA

2
Ragunathan 
J et al., 2016 
[11]

International 
Journal 

of Recent 
Scientific 
Research

PubMed (Medline),
Embase

Google Scholar
India

From last 
10 years 
to August 
30,2015

English No 36

Cohort
Case Control

Randomised clinical trial
Systematic review

Meta-analysis

PRISMA

3
Siddesh 
Borse et al., 
2020 [12]

Journal 
of Indian 

Prosthodontic 
Society

PubMed (Medline),
Google Scholar

Cochrane Library
Web of Science

India
Jan 

2002-Dec 
2018

English Yes 21

Cross-sectional 
Comparatative

Randomised clinical trial
Invitro

Cochrane 
Collaboration 

tool

4
Louis Harden 
et al., 2022 
[13]

Materials

Web of Science, 
EMBASE, PubMed
Search engines like 
Google Scholar and 
the Cochrane Library

Lebanon
Upto July 
15 2021

English Yes 13
Randomised clinical trial

In-vitro

Cochrane 
Collaboration 

tool

5
Morsy N et 
al., 2023 
[14]

BMC
PubMed, Scopus, 

and Web of Science
Egypt

2010 to 
2022

English Yes 7 In-vivo
Cochrane 

Collaboration 
tool

6
Rashid F 
et al., 2023 
[15]

Dentistry 
journal

Web of Science, 
PubMed Scopus

Australia
Upto 

October 
2023

English No 85

Research articles, 
clinical trials, clinical 

case reports and 
case series, dental 

techniques, and short 
communications

JBI Tool, 
GRADEpro 

GDT

[Table/Fig-4]:	 Characteristics of included reviews [10-15].

Systematic Review/
Meta-analysis

AMSTAR 2 
Rating

Critical Weakness 
Identified Notes

Borse S et al., 2020 
[12]

Low
Item 15 -Publication 
bias not assessed

All other critical & 
non-critical domains 

met

Hardan L et al., 2022 
[13]

Low
Item 15 - Publication 

bias not assessed
Otherwise adequate

Morsy N et al., 2023 
[14]

Low
Item 15 - Publication 

bias not assessed
Otherwise adequate

Chen H et al., 2012 
[10]

Critically 
low

Multiple critical 
weaknesses; no 
meta-analysis

Several additional 
non-critical 

weaknesses

Raghunathan J et 
al., 2016 [11]

Critically 
low

Multiple critical 
weaknesses; no 
meta-analysis

Several additional 
non-critical 

weaknesses

Rashid F et al., 2023 
[15]

Critically 
low

Multiple critical 
weaknesses; no 
meta-analysis

Several additional 
non-critical 

weaknesses

[Table/Fig-5]:	 AMSTAR 2 overall confidence ratings of included reviews [10-15].
Key Domains Considered Critical in AMSTAR 2
• Key critical domains: Items 2, 4, 7
• Other fulfilled items: 1, 2, 3, 4, 7, 8, 14
• Unfulfilled domains: Remaining items
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in the systematic review (Chen H et al., 2012) [10]. Using a digital 
camera to record photographs of the sample and shade guide tabs, 
some researchers conducted shade matching processes visually 
in a simulated clinical setting. Others utilised the sample image to 
estimate ΔE values using colour calculator software [22,23]. 

Visual shade selection technique can therefore be used as a supplement 
to Digital methods to increase accuracy. Due to its affordability and 
ease of use, visual shade evaluation may be performed in cases 
where precise colour reproduction is not required [11]. Small aperture 
colourimeters can result in significant edge loss effects [24], which 
is a drawback of colourimeters. For this reason, several researchers 
have suggested that visual control should be used in conjunction with 
instrumental shade matching approaches [25].

Quality of the individual systematic reviews: “A Measurement 
Tool to Assess Systematic Reviews” (AMSTAR-2) in this extensive 
investigation was used because it provides dependable outcomes, 
excellent validity, and agreement when applied to the assessment 
of systematic review quality [26]. As of right now, this tool is the only 
means to assess how comprehensive systematic reviews are. You 
may use this tool on your own, and it is more objective [27]. Overall 
number of systematic review publications has increased lately. The 
aim of systematic reviews is to locate, assess, and summarise the 
findings of all relevant individual research pertaining to a health-
related subject. This allows decision makers access the available 
data more easily [28].

Therefore, it is crucial to take into account the calibre of the clinical 
studies that are a part of a systematic review in order to assess the 
calibre of the documentation produced by a later meta-analysis. 
‘Critically low’ was the quality rating given to three of the systematic 
reviews that did not include meta-analysis, while three additional 
reviews were deemed ‘low’. A review’s high AMSTAR score is no 
guarantee of high-quality original clinical studies. Upon evaluating 
the existence and potential influence of publication bias, all six 
systematic reviews were given a score of “No” (item 15 in AMSTAR 
2 checklist)

Failure to publish research results based on the direction or intensity 
of such findings is known as publication bias [29]. This might lead 
to the exclusion of research with statistically insignificant or negative 
outcomes from publication in favour of those with statistically 
significant positive results [30]. “That which is created on all levels of 
government, academia, business and industry in print and electronic 
media, but which is not controlled by commercial publishers” is the 
definition of grey literature [31]. Grey literature searches may broaden 
review coverage and reduce publication bias, but they also carry 
the risk of revealing prejudiced or unscientific articles. Eliminating 
unpublished papers may jeopardise the validity/reliability of meta-
analyses and the specificity of systematic reviews [32]. Regardless 
of their level of publishing, it is advised that all writers of systematic 
reviews do a thorough literature search.

The present umbrella review provided a comprehensive synthesis of 
the available evidence on various tooth shade matching approaches, 
presenting robust, evidence-based findings on the accuracy of both 
instrumental and visual methods. The review has several notable 
strengths. First, the protocol was prospectively registered in the 
PROSPERO database, ensuring transparency. Second, a thorough 
literature search was conducted across four major electronic 
databases, minimising the risk of overlooking relevant studies. Third, 
conflicts arising during study selection and data extraction were 
resolved by a third independent reviewer, enhancing methodological 
rigour. Finally, the quality of the included reviews was systematically 
appraised using the AMSTAR 2 tool, in line with standard evaluation 
procedures.

Future research should focus on conducting high-quality, 
standardised trials and systematic reviews to minimise methodological 
heterogeneity and strengthen the evidence base. Advances such as 
AI, hyperspectral imaging, and enhanced IOS algorithms should be 

explored, alongside the development of standardised protocols for 
digital imaging and lighting, to improve accuracy and consistency in 
shade selection.

Limitation(s) 
The present umbrella review has certain limitations. Only three of the 
included systematic reviews performed a meta-analysis, thereby limiting 
the scope of quantitative synthesis. Several of the reviews also 
exhibited methodological shortcomings, which may have influenced 
the strength of the evidence. Additionally, systematic reviews that were 
unpublished or not available in English were excluded, introducing the 
potential for publication and language bias.

CONCLUSION(S)
The most exact and precise method of matching shades is to use a 
spectrophotometer. Though visual shade matching is inconsistent, 
they are not less accurate than colourimetric measures. Colour 
measurements using digital photography and intraoral scanners 
have a lot of promise for accuracy. Furthermore, the comparison 
of various shade-matching results and the regulation of shade-
matching processes need controlled criteria. Therefore, technology-
based methods, shade tabs, and reference images are necessary 
for proper shade matching.
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