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ABSTRACT

Background

Anxiety is associated with delayed dental attendance and
treatment, leading to worsened intra-operative experiences
for patients and clinicians. Ultimately, clinicians must reliably
evaluate and manage dental anxiety to improve patient
compliance and overall oral health status.

Aim

The purpose of this study was to estimate the reliability of
the visual analog scale for anxiety (VAS-A) compared to the
modified dental anxiety scale (MDAS).

Methodology

This systematic review and meta-analysis was conducted
according to PRISMA guidelines. Comprehensive Meta-
Analysis (CMA) 4.0 software was used to analyse data from
17 included studies.

Results

The random effects model was selected due to high
heterogeneity, yielding a correlation of 0.730 (95% CI:
0.615-0.815) between VAS-A and MDAS.

Conclusion

A high correlation between VAS-A and MDAS confirms the
reliability of the tool. Given its simplicity and ease of use,
the VAS-A should be incorporated in routine assessment of
dental anxiety in dental settings.
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INTRODUCTION

Understanding the vicious cycle of dental anxiety and
phobia is critical for clinicians in ensuring better outcomes
for their patients. Fearful patients often delay or avoid dental
visits, which seriously impacts their oral health.' This
cycle of missed appointments, poor oral health, intense
pain and invasive dental care only deepens dental anxiety
and phobia.*® Dental anxiety is most prevalent among
adults, ranging between 10.0% and 29.3% depending
on the outcome measured.®® The primary step towards
an adequate and effective management of dental anxiety,
fear or phobia should include an accurate evaluation of
the problem using proper screening tools. It is therefore
important for clinicians to accurately assess patient's anxiety
and its triggers, using a reliable and validated instrument.
The visual analog scale for anxiety (VAS-A), Corah’s Dental
Anxiety Scale (DAS) and recently the Modified Dental
Anxiety Scale (MDAS) and State-Trait Anxiety Inventory
(STAI) are among the widely used tools to assess dental
anxiety in the dental setting.® 2 Despite its well-established
validity, the use of VAS-A has reduced significantly since its
introduction in 1988.%%* The decline in the use of VAS-A is
attributed to its perceived low reliability compared to MDAS.
The unfavourable comparative reliability of the VAS-A can be
ascribed to methodological inadequacies such as the study
characteristics and, specifically, the low sample size. While
the VAS-A is easy to use and understand, its sensitivity
and reliability have not been quantified. Therefore, the
consistency of VAS-A in assessing dental anxiety remains
questionable.”™ Hence this meta-analysis aims to assess
the reliability of the VAS-A by aggregating the findings from
similar studies.

MATERIAL AND METHODS

This meta-analysis was conducted according to the
Preferred Reporting ltems for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.®

Review question

The following review question formed the basis of this
systematic review and meta-analysis. How does the single-
item Visual Analog Scale-Anxiety (VAS-A) compare with
the multi-item Modified Dental Anxiety Scale (MDAS) in
assessing dental anxiety? In other words, how reliable is
the VAS-A as a measure of anxiety in the dental setting
compared with the MDAS?

Eligibility criteria

All observational studies reporting the correlation of VAS-A
and MDAS or data that could permit the computation of
the correlation of VAS-A and MDAS were considered for
inclusion. Other criteria included the following: (i) Patients
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Table 1: Summary characteristics of included studies
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Author Study design

Luyk et al. USA NI N
Facco et al. Italy NI 1114
Appukuttan et al. India NI 146
Bahammam & Saudi Arabia CS 474
Hassan

Aznar-Arasa et al. Spain Cohort study 102
Appukuttan et al. India CS 200
Gupta et al. India CS 301
Bahammam & Saudi Arabia CS 387
Hassan

Skowron et al. Poland NI 306
Giri et al. Nepal CS 150
Jain et al. India CS 48
Zhang et al. China CS 335
Hoglund et al. Sweden CS 1128
Xu and Xia China Clinical study 136
Ahmad et al. Pakistan CS 200
Leeetal. Korea CS 146
Majumder et al. India CS 500

in a dental clinic setting, irrespective of the procedure
undertaken. (i) Participants aged 18 years or older. (i)
Studies with incomplete data were excluded.

Search strategy

A comprehensive electronic search for literature was
conductedin PubMed, Scopus Google Scholarand MEDLINE
Ultimate, using the relevant MeSH terms. The search was
restricted to English language articles and publications from
1988 to June 2024. The specific search strategies for each
database are presented in Figure 1.

Inclusion and exclusion of studies

Two reviewers (LMM and DPM) independently screened titles
and abstracts; in case of disagreement the third reviewer
(TM) was engaged to resolve the dispute through discussion.
LMM and DPM also read the full-text articles for inclusion
or exclusion based on the established eligibility criteria.
Details of the excluded and reasons are depicted in Figure 1.
Additional hand search and review of references was done to
broaden the pool of included studies.

Data collection

LMM and DPM independently abstracted data from eligible
studies using a predefined form. The tool recorded the
following variables: author details, study design, sample
characteristics (mean age), country, sample size and
correlation coefficients (VAS-A and MDAS). Disagreements
in data collection were resolved by the third reviewer. In case
of missing or incomplete data, authors would be contacted
to provide clarity.

Quality assessment of included studies

The methodological quality assessment of the included
studies was performed using the adapted Newcastle-Ottawa
Quality Assessment Scale for correlational studies.!” This
instrument assessed eight (8) study design factors using the

options “yes”, “no” or “unclear”. The study characteristics

Mean(age) Study Correlation Reference
quality coefficient
32.8 7 0.5 18
54.7 7 0.57 19
32.42 6 0.827 20
39.5 7 0.54 21
26 8 0.69 22
31.92 7 0.835 23
35.20 7 0.901 24
39.55 7 0.73 25
30.64 7 0.76 26
20.93 7 0.838 27
29.98 6 0.494 28
32.6 7 0.102 29
47.25 8 0.45 30
32.97 6 0.542 31
45 8 0.86 32
26 6 0.52 33
30 8 0.95 34

included representativeness of the sample, study setting,
sample size, data collection and measurements, and
statistical analysis. Studies were rated as high or low risk
of bias with scores <4 and >4 respectively. LMM and DPM
independently assessed the quality of the included study,
and disagreements were resolved through discussion.

Statistical analysis

Comprehensive Meta-Analysis (CMA) 4.0. was used in data
analysis for this study. The Pearson correlation coefficient
for each study was used to estimate the overall correlation.
This software permits Fisher’s r-to-z transformation in the
computation of the standardised effect sizes for each
correlation coefficient. This transformation normalises the
distribution of the correlation which increases the accuracy
of the estimate of correlation. The pooled estimates of
correlation were calculated using both the fixed-effect and
random-effect models. However, the reported model was
the random-effects model, due to observed differences in
study characteristics, as well as the computed statistical
heterogeneity (1°>50%). Subgroup analysis was conducted
to investigate the effects of the study and methodological
characteristics on summary estimates. Additional sensitivity
analysis was conducted to assess the effects of each study
on correlation estimates. The assessment of publication bias
was evaluated visually from the funnel plot and confirmed
from the statistical tests (Egger’s test).

RESULTS

Study selection

The search generated 131 articles from which 58 duplicates
were removed. The abstracts of 73 articles were screened,
resulting in the exclusion of 40 papers. Seventeen studies met
the inclusion criteria for this meta-analysis. Figure 1 depicts
the PRISMA flowchart for this study. The screening accuracy
between the two reviewers resulted in a 95% agreement rate
initially and increased to 100% after discussion with a third
reviewer.
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Flowchart for eligibility of studies
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Figure 1. Flow-chart describing the selection of studies

Characteristics of included studies

This meta-analysis included 17 studies (k=17, n=5787)
from 11 countries, published between 1988 and 2023.
The average sample size for the included studies was
336.12, ranging from 43 to 1128. The majority of studies,
12 (70.58%), were from Asia, represented by India and
China. Table 1 shows detailed characteristics of the included
studies,'®34 including quality assessment scores.

The correlation between VAS-A and MDAS

The correlation coefficient between VAS-A and MDAS
was 0.711 (95% Cl: 0.580-0.807), based on the random
effects model, as shown in Figure 2. The Q test revealed
the presence of heterogeneity in the included studies
[@ (16) =1188.50; p<0.000; tau?=2.23; [>=98.595].
Based on the prediction interval (Pl), the true effect size
in 95% of all comparable populations lies between -0.145
and 0.958.

Subgroup analysis and meta-regression

The subgroup analysis included the following moderating
variables: (i) country, which was dichotomised as Asian
countries and others, and (i) sample size, divided into two
groups (=300 and >300). The correlation coefficient between
VAS-A and MDAS was 0.678 (95%Cl: 0.523, 0.834) among
the Asian studies and 0.664 (95%CI: 0.507, 0.821) in

others, p=0.905. Similar, insignificant correlation was found
for smaller versus large studies 0.678 (95%Cl: 0.553, 0.804)
vs 0.669 (95%Cl: 0.443, 0.895), p=0.932. Meta-regression
was not done due to insignificant predictors.

Publication bias

Publication bias was assessed visually using funnel plots
and Duval and Tweedie’s trim and fill method. Egger’s test
provided the statistical measure to confirm the presence of
publication bias. The funnel plot indicated a preponderance of
small studies to the left of the point estimate. This asymmetry
could suggest publication bias (Figure 3). Similarly, the trim
and fill procedure showed evidence of imbalance (evidence
of missing studies) as indicated by differences in effect size
estimates between the observed and adjusted values (Figure
3). However, Egger’s test (t=0.876, p=0.394) indicated that
there was no obvious publication bias in this study.

Sensitivity and meta-regression analysis

Sensitivity analyses are used to evaluate the robustness of
the meta-analysis in the estimation of the effect size. In this
study the following analyses were undertaken: (i) one study
removed, which is the sequential exclusion of a single study
from the analysis; (i) determining the effects of study weights
in the computation of mean correlation (relative weights) and
(iiiy conducting cumulative meta-analysis. After excluding one
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Study name Statistics for each study
Lower Upper
Correlation  limit limit Z-Value
Luyk et al. 1988 0,500 0,242 0,692 3,560
Facco et al. 2011 0,570 0,529 0,608 21,583
Appukuttan et al. 2012 0,827 0,768 0,872 14,094
Bahammam & Hassan 2014 0,540 0473 0,601 13,112
Aznar-Arasa et al. 2014 0,690 0,572 0,780 8,437
Appukuttan et al.2014 0,835 0,787 0,873 16,905
Gupta et al. 2015 0,901 0,877 0,920 25,506
Bahammam & Hassan 2016 0,730 0,680 0,773 18,199
Skowron et al. 2017 0,760 0,708 0,804 17,341
Giri et al. 2017 0,838 0,783 0,880 14,724
Jain et al. 2018 0,494 0,244 0682 3,631
Zhang et al. 2019 0,102 -0,005 0,207 1,865
Hoglund et al. 2019 0,450 0,402 0,495 16,257
Xu and Xia 2020 0,542 0,411 0,651 7,000
Ahmad et al. 2021 0,860 0,819 0,892 18,153
Lee et al. 2023 0,520 0,391 0,629 6,892
Majumder et al. 2023 0,950 0,941 0,958 40,837
Pooled 0,711 0,580 0,807 7,663
Prediction Interval 0,711 -0,145 0,958

Figure 2: Meta- correlation of MDAS and VAS-A

study at a time, the correlation coefficients ranged between
0.681 and 0.736, which is materially and significantly similar
to the mean effect size of 0.711. Similarly, the relative weights
of included studies ranged between 5.47% and 6.03%. The
cumulative meta-analysis showed an increase in correlation
coefficients, from r=0.500 in 1998 to 0.711 in 2023, which
indicates the increasing robustness of correlation estimates
over time. Meta-regression analysis was not done due to
statistically insignificant predictors.

Ethical consideration

No ethics clearance is required for this study, which does
not involve human participants. This systematic review uses
secondary data sourced from published literature.

DISCUSSION

Interpretation of the effect size estimate

This systematic review and meta-analysis found a
substantial positive correlation between the visual analog
scale for anxiety (VAS-A) and the modified dental anxiety
scale (MDAS). The robustness of this pooled estimate
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is predicated by the rigorous methodologies employed
in addressing the following questions: First, is it proper to
compare the numeric VAS-A to the ordinal (5 Likert scale)
MDAS? In other words, is the estimated correlation between
these variables appropriate? Stated differently, can ordinal
variables be treated as numeric variables in the computation
of correlation? Literature indicates that it is defensible to
treat ordinal data as continuous variables, especially when
the variable has more categories.® In this case, the MDAS
is measured on a 5-point Lickert scale, which is sufficient.
Additionally, Majumder et al** and Hoglund et al*® found the
computation of correlation between VAS-A and MDAS to
be appropriate despite the differences in the measurement
scales. These results establish the basis for comparing these
scales as “apples and apples”.

The second question sought to determine whether the
estimation of the effect size was reliable and valid. In other
words, can we show that the effects of bias and heterogeneity
on the pooled estimate are not large enough to render the
findings invalid? Robust statistical analyses were employed
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Figure 3: Funnel plot of correlation by applying Duval and Tweedie’s trim and fill method
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to assess the effects of these threats on the effect size.
The visual tests, subgroup analyses and meta-regression
demonstrated the absence of publication bias and lack
of evidence of heterogeneity. Despite the observed high
heterogeneity (°=99.00), we can conclude that the pooled
estimate in this meta-analysis is robust and justifiable.

Implications of the findings

Patients with higher levels of dental anxiety demonstrate
a lower pain tolerance compared to those with lower
levels of anxiety.®® The increased levels of anxiety correlate
with increased attentiveness to environmental threats
and perceived pain. Consequently, anxious patients are
difficult to manage and treat in dental practices. Therefore,
detecting and measuring the levels of anxiety is critical in its
management, which, in turn, will be beneficial to ensuring
a pleasant dental experience for the patient and clinician.
Currently, the reliable and validated tool to measure dental
anxiety is self-questionnaires. Although VAS-A is widely used
in medicine to measure levels of pain, anxiety and other
psychological states, the routine use of VAS-A has stalled.
Instead, the use of MDAS has increased exponentially,
especially in clinical research. The VAS-A is quick, easy and
convenient to administer, especially for busy practitioners.

This study sought to establish the reliability of VAS-A as a
tool to assess dental anxiety. Several publications have
questioned the reliability of VAS-A due to underpowered
studies, hence its infrequent use in clinical practice or
research.?23278 There is currently no systematic review
or meta-analysis evaluating the reliability of VAS-A. This
meta-analysis is probably the first to synthesise existing
data, thereby demonstrating the comparative reliability of
the VAS-A as a tool to evaluate dental anxiety. Additionally,
the VAS-A is flexible in assessing overall levels of patient's
anxiety, without being confined to the predefined categories
or clinical scenarios. Like classic VAS, the validity and
usefulness of this tool is well established, and this study has
provided evidence of its reliability.

Study limitations

Most of the included studies did not measure item-to-item
correlations.®-® Consequently, the findings of this study are
applicable as estimates of the overall reliability measure and
not the specific item-to-item correlation. The other limitation
is the overrepresentation of Asian studies, which could bias
the results. The impact of factors such as age, gender and
history of dental visits on dental anxiety was not assessed in
these studies. These predictors may affect the estimation of
anxiety levels and correlation.

CONCLUSION

The VAS-A is a reliable and practical instrument for
assessing overall anxiety in the dental setting. Based on the
study findings, we recommend the routine use of VAS-A to
measure the changing levels of dental anxiety.
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