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Abstract

Objectives—This critical review aimed to identify, consolidate and evaluate the quality of
Willingness to Pay (WTP) studies applied to clinical contexts in the field of dentistry.

Methods—PubMed and Web of Science databases were systematically searched for relevant
publications. Screening and data extraction was then performed. Primary literature in English-
language were included to assess the WTP for oral health interventions, when the valuations were
applied to a clinical measure. Twenty-six publications met the inclusion criteria.

Results—WTP was elicited mainly via face-to-face interviews (13 publications) and
questionnaires (12 publications). The majority (24) of publications selected an out-of-pocket
payment vehicle. Eleven publications adopted a bidding method, nine publications adopted an
open-ended format, and the remaining six studies adopted a payment card or choice method. Pre-
testing was reported in only nine publications, and few studies accounted for starting point bias.
Eight of 11 publications found that higher incomes were associated with higher WTP values. The
female gender, a younger age and higher education levels were associated with a higher WTP in
select studies.

Conclusions—Only a small minority of the studies used strategies to avoid well documented
biases related to WTP elicitation. Cost versus benefit of many clinical scenarios remain
uninvestigated.

Clinical significance—WTP studies in dentistry may benefit from pre-testing and the inclusion
of a script to minimise hypothetical bias. They may also be better conducted face-to-face and via a
shuffled payment card method. Income levels, and potentially education levels, gender and age,
should be assessed for their influence on WTP values.
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Introduction

Expenditure on dental care is substantial globally [1-3]. This expense is financed through
insurance, government funding, out-of-pocket payments by individuals or a combination of
these [4]. Given that financial resources are limited, it is important that they are used
efficiently. Economic evaluation can help ensure efficiency especially when prioritizing the
care delivered with the available resources. In order to undertake economic evaluations, it is
necessary to obtain an accurate and reliable measurement of the value placed on dental
procedures.

Many studies have attempted to determine valuations in healthcare [5, 6]. These valuations
include willingness to pay (WTP), Health Years Equivalent (HYE), Quality-adjusted tooth
years (QATY) and Quality-adjusted life years (QALY). As there is a lack of preference
based measures (such as QALY) [7], WTP remains an important measure of valuation that is
applicable and available to dentistry that allows for economic evaluations that enable
meaningful comparisons across various healthcare provision scenarios.

Willingness to pay (WTP) is a popular approach to the valuation of healthcare benefits [6].
Willingness to pay refers to the maximum amount in monetary terms that an individual
would be willing to sacrifice in order to obtain the benefits of a program [8]. It may be
elicited through a revealed preference approach, i.e. observed consumer choices, or through
an expressed or stated preference approach — the contingent valuation method (CVM) [9].
CVM allows for estimation of individuals’ WTP even in the absence of actual markets, such
as in the valuation of public goods or new product developments. In principle, WTP allows
us to capture the full economic value including non-use and passive benefits, and
opportunity costs of an intervention; reflects individuals’ treatment preferences among
potential alternative uses of monetary resources, and permits comparisons across
interventions with entirely different outcome natures [10]. WTP also allows for a direct cost-
benefit analysis (CBA). When the costs and benefits of each intervention are known and
correct decision making framework is applied, a thorough CBA aids resource allocation with
maximisation of benefits out of a fixed budget [11]. WTP may also be used in pricing and
demand forecasts for individual healthcare services, or to determine the viability of
healthcare programmes when used in conjunction with cost-effectiveness and cost-utility
analyses (e.g. WTP per QALY) [12].

Despite its strengths, WTP has its share of criticisms [13]. WTP elicitations are susceptible
to biases, such as hypothetical bias, compliance bias, strategic bias, warm glow effect, yea
saying bias, starting point bias and range bias. These are explained in detail elsewhere [14].
Carson (2012) elaborated on the need for well-designed contingent valuation studies control
for biases and yield more reliable measurements [15]. Content validity in WTP studies, or
the provision of adequate information to ensure respondents understand correctly what is
asked of them, may be improved by providing a detailed description of the intervention, the
objective of the WTP question, and pre-testing. Piloting of the survey ensures that
respondents understand the benefits of the intervention, and give their true WTP value rather
than a fair price of the intervention (incentive compatibility) [16]. Other study parameters
include an appropriate sample size and demographic distribution, acceptability to
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respondents, internal consistency, and reproducibility. WTP measures have been shown to
have acceptable temporal stability over a short term and variable longer term stability [17,
18]. The sampling frame also requires consideration, as patients may have more familiarity
with procedures, while the general population may provide a less biased perspective for the
overall population. [19, 20].

The WTP elicitation format may also influence the reliability of results. Contingent
valuation can be carried out in a few ways, namely: (1) Open-ended format (OE), (2)
Bidding game format (BG), (3) Payment card format (PC), (4) Dichotomous-choice format
(DC) and (5) Double-bounded dichotomous-choice format (DBDC) [21]. OE valuations are
unrealistic and predisposed to strategic bias [22], while DC methods are susceptible to “yea-
saying” bias [23], and have not been widely used in healthcare as they require a large and
costly sample size [24]. Alternatively, WTP can be determined using conjoint analysis as
part of a Discrete Choice Experiment. The modes of WTP elicitation include survey
questionnaires — mailed, online, paper copy, phone interviews, and face-to-face interviews.
Besides critiquing elicitation methods such as open ended questions, Arrow et al. (1993)
recommended the adoption of in-person interviews by experienced professional interviewers
to motivate respondents to pay close attention to the details of WTP scenarios [22].

Studies pertaining to oral healthcare involve the elicitation of WTP values for periodontal
treatments, orthodontic appliances, prosthodontic tooth replacements, oral medicine and oral
surgery interventions, preventive care, as well as novel dental products and services. While
the scope and number of dental-related WTP studies has expanded in recent years, there is a
lack of studies that summarise and examine the quality of these WTP studies. This review
therefore seeks to identify, consolidate, and evaluate the existing literature on Willingness to
Pay applied to clinical contexts in the field of dentistry.

Methodology

This study reports a critical review that utilized a systematic search. It sought to identify and
evaluate publications that assessed willingness to pay for oral health interventions in a
clinical context.

Inclusion and Exclusion criteria

Only original, English-language publications that included a primary study to assess WTP
for oral health interventions applied in a clinical context were selected. Here the clinical
context was operationalized as the administration of oral healthcare by oral health
professionals in a healthcare facility. Reviews, including systematic and literature reviews,
were examined to identify additional clinical publications and references, but were not
included in the list of publications selected. Case reports, case studies, poster presentations,
conference presentations, letters, news and editorials were similarly excluded. Studies that
relied on simulations with hypothetical WTP values, without a direct WTP elicitation from
respondents, were also excluded.

Various methods of measuring WTP were included in this review. They included, but were
not limited to, direct measurements of WTP, conjoint analyses, discrete choice experiments,
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and contingent valuation. Valuations of benefit, in the form of WTP, made by direct
recipients and/or payors (e.g. parents of school children) of oral health interventions were
accepted. WTP elicitation from healthcare providers was also considered for inclusion. The
payment vehicles included payment out-of-pocket, insurance payments and contributions to
public tax-funded programmes.

Search Strategy

An initial search was conducted on 2" June 2016 to identify the relevant keywords.
Searches for relevant publications were carried out using PubMed (MEDLINE) and Web of
Science (WOS) databases. The PubMed database was searched using a combination of
Medical Subject Headings (MeSH) terms, and general search terms/keywords in “All
Fields” (non-field restricted search). The search strategy used the following search query:
“Willingness to pay” OR WTP OR “Cost benefit analysis” (MeSH) OR “Time trade off” OR
TTO OR “Discrete choice experiment” OR DCE OR “Conjoint analysis” AND “Dentistry”
(MeSH) OR “Dent*”. Web of Science was searched using “All Databases”. The search
query used was: ("Willingness to pay” OR WTP OR “Cost benefit analysis” OR “Time trade
off” OR TTO OR “Discrete choice experiment” OR DCE OR “Conjoint analysis”) AND
TOPIC:(Dent*). Time span was set to include “All years”, and the search language was
English.

Management of records

The search results from each database were downloaded and imported in to EndNote X7.3.1.
Duplicate records were removed, and relevant publications were retrieved. The selection of
publications for inclusion was conducted first by title and abstract screening. If any
publication did not have an abstract, the full article was used for screening. Titles and
abstracts were reviewed by ST. Publications that met all the inclusion criteria were selected.
For publications that met some, but not all the inclusion criteria, or were thought to be of
questionable relevance, a second reviewer (RN) conducted an independent review and a
consensus was sought. Full texts were retrieved for the selected publications and
independently reviewed by the reviewers for inclusion. A final decision of the inclusion or
non-inclusion of the publication was finalised thereafter, and the reasons for exclusion were
recorded.

Selection of studies

A total of 2434 publications were identified, out of which 1246 were from PubMed, and
1188 from WOS. After removing duplicates, 1498 publications remained. Forty one
publications were selected after the title and abstract screening. Nineteen publications were
short-listed for a second review by RN. The full-text for these publications were extracted,
and examined. ST and RN came to a consensus on the exclusion of 15 of the 19 publications
and including the rest of the publications (Fig 1). Three publications [25-27] appeared to
have used the same data set of WTP values. The publications originated from a survey of
205 parents of primary school children in Thailand. As two of the publications analysed
different aspects of WTP — the influence of dental setting and treatment modality, a sub-
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column was included to present the separate result findings in Table 1. The third publication
[25] was excluded. Two publications in Canada also appeared to interview a common study
sample of 196 respondents from the general population. As one of the publications
additionally compared the WTP results with that of 97 periodontal recall patients [28], the
other publication was excluded [29]. In order to account for the various publications from
one dataset, a distinction between the use of publications versus studies is maintained in this
review. Here, the study refers to the overall research work that resulted in a dataset, and a
study might result in multiple publications.

Out of the other 13 publications excluded, one publication was not available in English [30].
We were unable to locate the full text for two publications [31, 32]. Two publications were
meeting abstracts [33, 34] rather than published studies, while another two publications used
conjoint analyses that did not include WTP measurements [35, 36]. Three publications did
not measure WTP directly, but instead ran cost-effectiveness analyses at various hypothetical
WTP levels [37-39]. A publication on the WTP for community water fluoridation [40] and
another for toothbrushes [41], were excluded as they were interventions that were aimed at a
community or group rather than individual clinical interventions. Another publication that
measured WTP in terms of “‘desired cost’ for dental check-ups instead of the maximum price
that respondents would pay was also excluded [42]. Thus a total of 26 publications were
included in the final selection.

Reporting of results

Results

Results were presented in tables, with author(s), year of publication, and major findings
listed. The publications were grouped according to their contingent valuation method, and
the presence and mode of pre-testing, and mode of WTP elicitation were extracted and
described. The effect of potential factors influencing WTP values were also summarized
from multivariate analyses.

The 26 included publications were published between 1999 and 2015. Most studies were
conducted in Canada (six publications), and the United Kingdom (four publications). The
total sample size of the studies ranged from 36 to 990. Four publications assessed preventive
interventions [43-46], another four were related to implants [47-50], three were related to
orthodontics [51-53], and the remaining assessed clinical interventions in other topic areas.

Twelve publications used written or electronic questionnaires to elicit WTP. Thirteen
publications assessed WTP using face-to-face interviews, whereas one publication used a
telephone interview. Eight of the 26 publications elicited proxy WTP values. Four of these
publications elicited the WTP from parents for interventions pertaining to their children [26,
27, 46, 54]. Two publications interviewed respondents for their WTP both for themselves
and their children [51, 52], one publication elicited WTP for respondents themselves and
their “immediate family and co-workers” [4], and two publications elicited WTP from
healthcare providers, in addition to respondents [4, 54]. Another publication elicited WTP
for a one-off donation for a public dental check-up programme for children [43]. The
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remaining publications elicited the WTP for interventions solely for the respondants
themselves. In five of the 26 publications, respondents were recruited from existing
randomized controlled trials. WTP was collected during treatment in one of the studies [46],
after treatment in three of the studies [55-57], and both before and after treatment in the
remaining study [58]. As for payment scenarios, a majority of the publications selected an
out-of-pocket payment vehicle, with the exception of three publications that additionally
elicited WTP either in terms of total premium [28, 47] or the additional premium for
insurance [59], and one publication that additionally elicited WTP in terms of tax
contribution for a public healthcare program [47]. Two studies elicited WTP solely in terms
of additional insurance premium [4, 57]. Probability-based sampling was reported in seven
publications [26-28, 44, 45, 59, 60], and convenience sampling was acknowledged in five
publications [4, 47, 48, 50, 53]. Sampling methods were briefly described with limited
details in the rest of the studies.

Pre-testing was reported in nine publications. This includes discussions with specialists to
assess content validity [4, 26-28, 47], and pilot testing with a sample group to ensure the
comprehensibility and face validity of the survey [26-28, 44, 45, 47, 57, 61], and the
construct validity of decision aids [26, 27]. Follow-up questions were asked in three
publications when zero values were given during WTP elicitation [44, 57, 62]. Responses
were classified as “true or protest” depending on the reason selected for the zero value [62].
All “no” responses to the initial bid of $0 were treated as protest responses and excluded
from analysis in the study by Ethier, Regier [54].

Patients were asked to consider their ability to pay while reporting their WTP in one study
[45], and to answer a separate ability to pay question in two studies [53, 60]. Other studies
called for a “realistic” and “budget-constrained response” [62], and emphasized that
respondents “have this much less money per month to spend or save” [4], and are to “assume
payment” is “from (their) own money” or loan “funds from bank” [47]. On the other hand,
one study asked patients to mark out on a line the amount they would be willing to pay for a
‘miracle treatment’ in a hypothetical scenario where they struck $100,000 in lottery [63].

The test-retest reliability of WTP results was examined in three publications. The intraclass
coefficient was found to be above 0.7 following a repeat survey at six to eight weeks [53],
and 0.78 for a repeat interview after 14-23 days [4]. In the pilot study by Birch et al. [59],
the Pearson’s correlation coefficient was found to be 0.96, with no difference in mean WTP
values. Intrarater reliability was found to be 0.88 in the study by Rosvall, Fields [51]. In
addition to WTP, Esfandiari et al. [56] elicited the willingness to accept value for the
retraction of an administered dental intervention.

Eleven publications used a bidding method to elicit WTP from their participants (Table 1).
Of these, nine publications reported on publications that used bidding methodology with
sequentially increasing or decreasing bids [4, 26, 27, 29, 48, 50, 57, 64, 65]. One publication
used a ping-pong method [54], and another one was not described in the article [61]. The
starting bid was randomly selected for one of the publications [57], whereas it was a fixed
starting point for the others. Among the publications that had fixed starting points, there was
a study that had two starting points to examine the possibility of starting point bias [29].
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Nine studies used an open-ended format (Table 2). One study allowed patients to consider
their willingness to pay at various listed prices prior to the open-ended WTP elicitation [55],
while another study required respondents to select an interval of payment amount before
indicating their precise WTP amount [45]. Two studies [44, 56] asked participants if they
would be willing to pay a given price for the intervention in a yes-no close-ended question
prior to the open-ended WTP question.

Six studies were conducted via a payment card or choice method (Table 3). Respondents
were asked select their WTP [46], their maximum WTP [51, 53], or incremental WTP [52],
from a list of various price options. Only one study was designed for respondents to select
either “yes’ or ‘no’ to paying for a treatment intervention at multiple different price options
[47]. A “shuffled payment card” method was adapted from Smith RD (2006) in the study by
\Vernazza, Steele [62].

Income, gender, age and education were commonly tested as variables that were potentially
associated with WTP values and were often adjusted in regression analyses. Eleven
publications tested for income (Table 4). Eight of these publications tested for household
income [26, 27, 47, 48, 57, 58, 62, 63], while the remaining three tested for annual income
(not explicitly stated if household or personal) [28, 59, 60]. WTP was found to be positively
associated with income in eight publications [26, 27, 47, 48, 58, 60, 62, 63]. Three studies
[28, 57, 59] did not find any statistically significant asociation between WTP and income. In
the study by Srivastava, Feine [47], higher income was associated with higher WTP in a
public funding scenario, but no statistically significant relationship was detected for an out-
of-pocket payment scenario. In the study by Atchison, Gironda [63], a WTP-income
relationship was noted for third molar surgery patients with a preference for jaw wiring, but
not for the other patient groups. This was similar in the study by Vernazza, Wildman [61],
where a positive relationship was reported among respondents who selected RCT or
extraction with implants, but not among respondents who preferred extraction without
replacement. In the study by Widstrém, et. Al (2012) [60], an annual income of EUR 25,000
to more than 50,000 was positively associated with a higher WTP when compared to an
income of less than EUR 10,000, although this was not so for incomes between EUR
10,000-25,000. A related concept, socioeconomic status, was tested in two publications [46,
52]. A better socioeconomic status was associated with a higher WTP in both studies based
on bivariate analyses. A higher family budget was also associated with a higher willingness
and ability to pay [45].

In terms of gender, no statistically significant difference in WTP was found between females
and males in 13 publications (Table 4). Of the three studies that found a significant
difference, females exclusively had a higher WTP [50, 62, 65]. However, the statistically
significant association was limited to respondents who selected RCT, and for posterior tooth
replacements only, in the studies by Vernazza, Steele [62] and Augusti, Augusti [65]
respectively. Age was not related to WTP in 10 publications [45, 47, 53, 57, 59-61, 63, 65,
66]. Among the two publications that found a relationship [26, 27], older respondents were
found to have a lower WTP. Finally, higher education was positively related to a higher WTP
in four publications [26, 45, 50, 67]. WTP values were compared between respondents with
a minimum of a graduate university [47], university [45], or secondary school education [26,
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501, and respondents with a highest level of education below that. Education was not found
to be associated with WTP in nine publications [27, 28, 45, 47, 48, 59, 60, 63, 65]. One
publication found a positive WTP-education level relationship for respondents paying out-
of-pocket for the intervention, but not for respondents paying via private insurance [47].
Another publication found a positive association between WTP and education levels for
dental check-ups and fillings, but not for extractions and placement of dental prostheses
[45].

Discussion

Though WTP has several limitations, it remains important for value measurements in dental
care due to the theoretical difficulties [68] and suggested absence of other suitable measures
[69]. In order to overcome its limitations, several overall methods and specific strategies
have been recommended. Pre-testing is an important strategy for reducing bias and
improving the content validity of WTP studies [16]. Pre-testing could also limit range bias,
if implemented for assessing a suitable range of values, for all methods other than the open
ended format. Pre-testing was described only in about a third (nine) of the publications. In
particular for face-to-face interviews, pre-testing may help to mitigate interviewer effects
and “social desirability” bias [22]. Face-to-face interviews were also recommended over
mail surveys, as they allow for the use of graphic aids, provide adequate range of options
and maintain respondent motivation [22]. Half (13) of the publications used questionniares
with no interactive elements, like those present in a payment card format or a bidding
format. A majority of the publications did not conduct pre-testing, and the use of mailed
questionnaires may have increased the bias in WTP for these studies.

During the consideration of WTP by participants, emphasizing budgetary constraints can
limit hypothetical bias. This was reported explicitly by four publications [4, 45, 47, 61].
None of the studies relied on the other proposed methods to minimize hypothetical bias.
After the participants have expressed their WTP amounts, the identification and
management of “protest zeros” [22] is important in minimizing skewed results. The
management of zero WTP values was described in only four studies. Besides these
strategies, other methods are available to calibrate hypothetical WTP to match real WTP.
Such methods include the use of a statistical bias function [70], a quantitative or qualitative
certainty scale [71], and dissonance-minimizing treatment [72]. Compliance, strategic, warm
glow, and yea-saying bias may be minimized through interviewer calibration, the avoidance
of sponsorship and remuneration for respondents, and warranting that respondents commit
to their payment obligations [16].

The predominant methodology implemented in oral healthcare was different from that in
overall healthcare. While payment card was the most frequently used methodology in
healthcare [73], this was not the case in our review of dental publications. The bidding
method was most commonly adopted, followed by the open-ended elicitation format. Ten of
the 11 publications with a bidding format had a fixed starting point, which may result in
starting point bias [16]. While two starting points were used in the study by Matthews,
Rocchi [28], no further validation test results were reported. Proposed methods to overcome
starting point bias include pre-testing, randomization of starting bids, and accounting for the
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bias statistically in multivariate analyses [74]. Pre-testing was carried out to various extents
in the oral health situations, where some reported more details than others.

Nine publications relied on the open-ended format for WTP elicitation. Criticisms of the
open-ended format include the lack of realism, significant bias, and tendency towards
overstatement [22]. While two publications included a (single value) close-ended
dichotomous yes/no question prior to the open-ended WTP elicitation, no validations of, or
direct comparisons between, the two formats were made. Though the implementation of
open-ended format may be the easiest, its criticisms should limit its further use for the
measurement of WTP.

Expressed WTP values elicited using the randomly shuffled payment card method were
found to be “more likely to reflect ‘true’ WTP” than methods where values were listed from
high-to-low, or from low-to-high [75]. Nevertheless, only one study adopted the shuffled
payment card method. The majority of payment card studies in our review required
respondents to pick a WTP value from a list, although this method has greater deviations and
biases than if respondents considered each price option in turn [76].

Since test-retest reliability estimates for WTP were found to be greater than 0.7 in three
publications, there appears to be a “strong agreement” between self-reported values over two
time periods. However, the stability of WTP values was not tested over a longer term of
more than eight weeks.

Since WTP is associated with the ability to pay, some postulate that it may lead to skewed
resource allocations that favour the rich rather than the majority of the population [77]. This
would especially be true in cases where the sampling is not representative of the target
population. Suggestions to circumvent this include an examination of preferences across
different social classes when eliciting preferences for close substitutes and/or disparate
healthcare interventions, and the application of distributional weights where preference
structures differ.

As seen in the included studies, monetary valuations can be elicited from patients,
caregivers, or the general public who may be taxpayers and/or potential users of the health
services in future [19]. Patients may be more familiar with the interventions being valued,
although the general public may provide less biased valuations [20]. This choice of sampling
frame also depends in part on how the intervention is funded. A societal perspective and a
representative sampling frame may be adopted for public funded interventions, whereas a
more focused sampling frame may be more appropriate for individually funded
interventions.

Factors influencing WTP

Many of the studies that assessed other factors and their effects on WTP were not planned
for these analyses. Thus there may be sampling, study design, statistical testing strategies
and sample-size considerations that may have limited their ability to report statistically
significant relationships. Only factors derived from multivariate analyses were included in
this review due to the limitations of bivariate analyses [78]. These related variables can help
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in planning future studies and help account for the factors during the design and analyses
phases for a more accurate measurement of WTP.

In eight of 11 studies that assessed income, there was a statistically significant association
between income and WTP. In cases where income was related to WTP, the tendency is for
higher WTP values with higher incomes. In one study, a higher income was said to be
associated with a lower mean bid price, but the data reported from regression analysis
indicate an inverse relationship [48]. Where an education-WTP value association was found,
higher WTP values were exclusively associated with groups with higher minimum education
levels. Among these, one study reported a significant relationship and a p-value=0.05 [47].
This may have been due to rounding off errors, and was reported here as such. The rest of
the studies did not find a statistically significant relationship. This may indicate a trend,
where education may play an important role in only some situations and samples. This
contrasts with the findings of a literature review on WTP studies on diagnostic technologies
in healthcare where higher income and education were in general associated with higher
WTP values [79]. A majority of the studies that examined the influence of gender found no
significance, although in select studies, females reported higher WTP. A similar trend was
found when age was investigated, with younger respondents citing higher WTP values in
studies. As most of the included studies were not specifically planned to test the effect of
various variables on WTP, these trends in results suggest the importance of assessing
relevant income related variables, and other variables related to socio-economic status, in
WTP studies.

Conclusion

Based on available evidence, WTP studies in oral health would reduce biases with the use of
pre-testing, face-to-face elicitation, a well tested script, and avoidance of open-ended
questions. Out of the 26 available dental studies on willingness to pay, the two most
common WTP elicitation modes in dental studies were self-completed questionnaires and
face-to-face interviews. Bidding game, open-ended and payment card WTP elicitation
formats were frequently used. Most studies investigated WTP in an out-of-pocket payment
scenario. Pretesting was only reported in nine publications on WTP, and few studies reported
measures to address starting point bias and hypothetical bias directly.

In studies where statistical significance of factors influencing WTP was reported, the trend
suggested that higher income was, associated with a higher WTP. A majority of studies
found no association between gender, age, education and WTP, and the ones that were
significant reported an association between female gender, younger ages and higher
education levels with higher WTP.

Overall, there have been a significant number of WTP studies in oral health and some good
practice was observed. But many studies adopted sub-optimal methodology.
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\ 4

Publications excluded (n=1457)

Screening Publications screened (n=1498)
\ 4
Eligibility Full-text publications assessed for
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\ 4
Included All Publications included (n=26)
Figure 1.

Flow of studies through the inclusion process.
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