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What evidence do economic evaluations in dental care provide?
A scoping review
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Objective: To collate the body of evidence in economic studies of different dental interventions. Methods: Eligible English studies after 1980
were sourced from MEDLINE using MeSH terms and reviewed independently by 4 teams. Studies were grouped according to the type
of dental intervention and their quality appraised using Drummond’s Checklist. Results: The number of dental economic studies increased
from 1980 to 2016. A total of 91 studies were identified following the search strategy. Most studies were conducted in the United States
(n=23), followed by Germany (n=14), Australia (n=10) and the United Kingdom (n=9). Preventative dental interventions comprised 37%
of included studies (n=34), followed by restorative (n=14), prosthodontic (n=13) and periodontal interventions (n=12). Cost effectiveness
analyses (n=68) comprise 75% of full economic evaluation (EE) studies, followed by cost-utility (n=17) and cost-benefit (n=6). Quality
assessment checklists identified 60 studies as good, 23 as moderate and 8 as poor. Common methodological limitations were identified
in EE studies. Comparison of studies identified trends and common findings within each dental intervention. Conclusion: High quality
economic studies are important in directing resources and funding by policy makers. Standardisation of reporting outcome measures will
improve the potential for interpretation and comparison between studies. Research adhering to recommended quality assessment checklists
will improve the overall quality of evidence to better identify cost-effective treatments for different dental interventions.
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ses include cost-benefit analysis, cost-effectiveness analysis,
cost-minimisation analysis and cost-utility analysis. Critical
appraisal of literary works show that current studies com-
monly undertake partial economic evaluation where only one
of the two factors are considered as highlighted by previous
systematic reviews (Tonmukayakul et al., 2015). As such,
partial EE provides no information on technical and allocative
efficiency which may mislead policy makers in believing one
treatment is more cost effective than the other. In contrast, a
full EE compares both factors in two or more interventions
in addition to providing incremental analyses, which aids in

Background

The cost of treating and providing dental care represents a
considerable portion of the resources allocated to health care
budgeting (Wall and Vujicic, 2015). Furthermore, the average
yearly EU expenditure on oral disease between 2008 and
2012 was €79 billion. In comparison, the average annual
expenditure on respiratory disease and neuromuscular disease
were only €55- and €8 billion respectively (Jin ef al., 2016).
As such, resources and funding by government officials play
a vital role in relieving the economic burden placed on the

population receiving oral healthcare. Economic evaluation
serves an integral role for policy makers in comparing the
costs and benefits of different interventions within a com-
mon framework, guiding the proper designation of limited
expenditure. While health economic information is recognised
as very important, it is however not used in practice (Wil-
liams et al., 2008). This is further supported by another study
stating that despite the increase in the number of economic
evaluation data, little is known about the actual use of such
information in decision-making (Ekcard et al., 2014).
Economic evaluation (EE) is the process of systematic
identification, measurement and valuation of the inputs and
outcomes of two alternative activities, and the subsequent
comparative analysis of these (Drummond, 2005). In an
economic evaluation, two factors, cost and outcome, are
taken into consideration. The four frequently applied analy-

identifying cost differences between treatment alternatives.
Thus, by comparing the amount of costs incurred and the
outcomes derived side-by-side, this paper provides an update
from a previous systematic review paper where partial EEs
were included (Tonmukayakul et al., 2015).

Oral healthcare can only improve with high-quality re-
search to direct decision making and management systems
(Cunningham, 2000). Previous reviews in the literature have
been solely conducted on specific dental interventions such
as fissure sealants and orthodontics (Akinlotan et al., 2017,
Sollenius et al., 2015). While such studies provide valuable
information on the specified treatments, they limit the readers’
perspectives of alternative treatments and their respective ef-
ficiency. Moreover, little has been published to highlight the
abundance, or lack of evidence, on dental care interventions
that could potentially direct future studies in those fields.
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This study aims to collate the body of evidence avail-
able on the economics of oral health care and identify gaps
in knowledge found in the literature to better guide future
research. In addition, all forms of dental interventions using
full EE will be included in this study to better inform the
priority setting in dental care for policy makers.

Methods

This scoping review utilised the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) statement
by Mobher et al. (2009) as a guide for reporting, as no widely
accepted guideline was available for writing scoping reviews.

Eligibility criteria

The present review included studies involving full economic
evaluation (CEA, CBA and CUA) of dental interventions
published between the years 1980 to 2017 as literature search
results before 1980 would be of minimal relevance to current
standards and economics of dental treatment. Papers obtained
in languages other than English could not be read, as the
authors did not have the resources to hire a translator. These
papers were eventually excluded. There were no restrictions
on country of origin or PICOs (Population, Intervention,
Comparison and Outcome) of publications as this review
intended to encompass all forms of dental intervention that
performed a full EE.

Information sources, search and study selection

The search strategy was performed using MEDLINE and
included only human studies from 1980 to 2017. The MeSH
terms used in the search for MEDLINE are outlined in the
Appendix. References from included systematic reviews were
searched for further eligible studies. Any duplicates were
removed during the search.

Data collection process, data items

Titles and abstracts of publications from the search were
screened according to the eligibility criteria using reference-
management software (EndNote version X8). Full texts were
obtained for studies considered to be potentially included.
All full texts were independently reviewed for inclusion by
four pairs of reviewers, with each pair reviewing one quarter
of the texts. Crosschecking was carried out by the project
supervisor to guarantee consistency that eligible studies were
being correctly included or excluded. Any disagreements,
either between pairs of reviewers or between reviewers and
the project supervisor, were resolved by discussion among
the authors and project supervisor. Similarly, papers found
through snowballing of eligible systematic reviews were also
screened and subsequently reviewed. Overall, agreement
among the reviewers and between the reviewers and project
supervisor was good.

Quality of the included studies was assessed according
to the Drummond’s 10-item checklist for papers conduct-
ing full EE as recommended by the Cochrane Handbook
for Systematic Reviews of Interventions. (Drummond and
Jefferson, 1996; Higgins and Green, 2011). The Drummond
checklist appraises the quality of a full EE by assessing the
study design, data collection and analysis and interpretation
of results. Studies were independently assessed for quality
among the four pairs of reviewers and crosschecked by the

project supervisor. The checklist for each study was sum-
marised in a standardised data extraction form on Microsoft
Excel (2016). Characteristics of each study (country of study,
aim of study, study population, outcome of interest and type
of intervention) were recorded to allow for data synthesis as
shown in the Appendix.

Synthesis of results

The quality of full economic evaluations was categorised
as poor (0-4 items), moderate (5-7 items) and good (8-10
items) based on the number of items in the studies satisfy-
ing the Drummond’s checklist. These ranges are arbitrary
as no bands were described by Drummond’s. The studies
were then combined according to their respective country,
aim, population, outcome and dental intervention to allow
for analysis of data and trends.

Results

Study selection

Application of the search strategy is shown in Figure 1. A
total of 6317 studies were identified from MEDLINE. Fol-
lowing title and abstract screening, 6086 studies did not meet
the inclusion criteria and were excluded. Full text screening
was performed on the remaining 231 papers and reasons for
exclusion were noted. Eighty-four studies met the inclusion
criteria for qualitative analysis. Of these 84, 11 were systematic
reviews. Snowballing from the systematic reviews yielded a
further 18 eligible studies. Following the inclusion of snowball
searched papers, the systematic reviews were excluded from
further analysis. A total of 91 full economic evaluation studies
were identified for qualitative analysis.

Study characteristics

Figure 2 summarises the number of studies published over
time and their quality ratings. The number of economic stud-
ies increased from the year 2000, with the highest frequency
between 2010 and 2014 (n= 25). The number of studies
found within the most recent 2 years (2015 — 2016*) was
notably high (n=19) as compared to previous 5-year spans.
Economic studies published in the year 2017 (n= 9) were
not analysed as the search was conducted during that year.

More economic studies were conducted in the United
States (n= 23), than in Germany (n= 14), Australia (n= 10)
or the United Kingdom (n=9).

As shown in Table 1, of the 91 studies analysed, more
than a third (37%) of the studies published were on pre-
ventative dental interventions which included interventions
such as fissure sealants and fluoride treatment. Unsurpris-
ingly, preventative dental interventions were seen to be the
predominant intervention of interest followed by restorative
interventions (15%), prosthodontics interventions (14%) and
periodontics interventions (13%).

The distribution of economic analyses is shown in Table
1. Full economic analyses performed in dentistry are com-
monly cost-effectiveness analyses (n= 68). These comprise
75% of full EE studies. Cost-effectiveness analyses were the
most common analyses performed in all dental disciplines,
except for oral medicine where cost-utility analysis was equally
common, where outcome measures such as QALY (quality
adjusted life years), QATY (quality adjusted tooth years)
and OHRQoL (oral health-related quality of life) were used.
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6317 studies identified from
MEDLINE

—_— 6086 unmet inclusion criteria

excluded

231 eligible studies for full

text screening 147 excluded studies

e 17 non-English studies
e 4 non-dentistry topic
e 94 non-full economic
— evaluation

e 4 protocol registration
e 24 full text not found
e 4 studies before 1980

84 studies included in
qualitative analysis

(11 systematic reviews)

18 eligible studies 11 systematic
from snowballing of |  e————— — reviews excluded
11 systematic following
reviews snowballing

v

91 studies included in
qualitative analysis

Figure 1: Flow diagram of search strategy
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Table 1. Type of economic analysis per dental intervention

Dental Intervention Cost- Cost-utility Cost-benefit
(%) effectiveness

Preventative (37%) 28 2 4
Restorative (15%) 13 1 0
Prosthodontics (14%) 7 5 1
Periodontics (13%) 7 4 1
Oral Medicine (9%) 4 4 0
Endodontics (5%) 4 1 0
Paedodontics (2%) 2 0 0
Oral Surgery (1%) 1 0 0
Orthodontics (1%) 1 0 0
Special Care (1%) 1 0 0
Total 68 17 6
Qualitative Analysis

Our appraisal of the quality of full economic evaluations
using Drummond’s checklist categorised 60 of the studies
as good, 23 as moderate and 8 as poor.

The distribution of each Drummond’s checklist items
is shown in Table 2. Of the 91 full economic evaluations,
34% did not satisfy the criterion of adjusting costs and
consequences for differential timing, 27% did not value
the cost and consequences credibly, while others did not
perform incremental (22%) or sensitivity analysis (23%).
These were the common shortcomings of articles that were
of moderate to poor quality.

Due to the heterogeneity of studies from the disciplines
of dental care, no definitive pattern can be noted. None-
theless, publications on preventative dental interventions
generally concluded water fluoridation to be cost effective
(Birch, 1990; Ciketic et al., 2010; Cobiac and Vos, 2012;
Fyfe et al., 2015; Marino et al., 2007; Wright et al., 2001)
as did those for targeted fissure sealing of patients at high
caries risk (Chestnutt er al., 2017; Goldman et al., 2016;
Leskinen et al., 2008; Quinonez et al., 2005). Prosthodontic
interventions generally found implant-related treatments such
as implant overdentures and implant supported crowns to be
cost effective and provided the best cost-utility as compared
to conventional removable partial dentures and conventional
bridges (Chun et al., 2016; Zitzmann et al., 2013; 2000).

Discussion

Summary of evidence

This scoping review aimed to synthesise the evidence as well
as identify gaps in knowledge within the literature to better
guide priority setting in dental care. Our findings have shown

an increase in the number of published economic studies on
dental interventions since the 1980s. This trend highlights
the growing awareness and importance of economic studies
in analysing the quality of treatment with attention given to
the associated costs. Public health decisions should largely be
dictated by the evidence provided through research (Orton
et al., 2011). The increasing body of evidence on dental
health economics could guide public health budgets and
policies in the efficient allocation of resources. Although
full EE constitutes most of the evidence in this review, other
health economic analyses such as multi-criteria decision-
analysis (MCDA) (Baltussen and Niessen, 2006) should be
recognised for their increasing role in the health economics
despite being beyond the scope of this study.

Most studies conducting full EE used cost-effectiveness
analysis. This is probably due to its’s relative ease, which
does not require a conversion to a common utility measure
such as quality-adjusted life years (QALY) or oral health-
related quality of life (OHRQoL). This hinders comparison
between different EE studies even where treatment options
are similar because the outcome measures may vary. Thus,
cost-utility analyses are better suited for comparing between
different studies as the QALY and OHRQoL measures are
common to all studies.

Furthermore, there was a concentration of evidence
on certain interventions, with preventative interventions
most common in recent studies, due to the trend towards
minimally invasive dentistry. Restorative, prosthodontic and
periodontal interventions were of interest to researchers as
these are the most common treatments provided by general
dental practitioners as compared to other interventions such
as oral surgery, orthodontics and special care. This implies
that research into certain dental interventions is heavily in-
fluenced by the frequency and interest in certain disciplines
of dental care, rather than where more research is needed.
Hence, further health economic research into areas of dental
care where evidence is lacking could benefit future policy
implementation and funding in these fields.

Despite the notable growth in studies over time, the
proportion of good quality studies has been decreasing, with
more moderate to poor quality studies published in recent
years. This could be due to the use of publications as a
performance indicator for researchers in academic institu-
tions, which may lead to the overproduction of publications
to benefit the researchers’ careers (Fanelli, 2010). When the
primary goal of conducting research is to gain publications,
researchers may be pushed to study topics that are more read-
ily published, rather than topics that interest them, resulting
in research lacking in robust protocols and methodologies.

Table 2. Drummond’s checklist quality appraisal of full economic evaluation studies

Drummond’s checklist items Yes No
1. Was a well-defined question posed in answerable form? 90 1
2. Was a comprehensive description of the competing alternatives given? 85

3. Was the effectiveness of the programme or services established? 82 9
4. Were all the important and relevant costs and consequences for each alternative identified? 77 14
5. Were costs and consequences measured accurately in appropriate physical units? 82 9
6. Were the cost and consequences valued credibly? 66 25
7. Were costs and consequences adjusted for differential timing? 59 32
8. Was an incremental analysis of costs and consequences of alternatives performed? 71 20
9. Was allowance made for uncertainty in the estimates of costs and consequences? 70 21
10. Did the presentation and discussion of study results include all issues of concern to users? 88 3
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The overall quality of EE studies can be improved if
future research considers the shortcomings of previous stud-
ies, namely the need for discounting of costs, credibility of
cost values, sensitivity analyses and incremental analyses.
Discounting adjusts the costs and consequences for differen-
tial timing and eliminates the effects of inflation. One third
of studies (34%) failed to discount, which could over- or
underestimate associated costs of treatments. Estimated costs
should also be reported from accessible and reliable sources
to allow for proper comparison between the costs of treat-
ment options. Credible cost values were lacking in 27% of
studies. Sensitivity analysis helps in addressing uncertainty
in values as accepting mean values for largely skewed data
can be misleading. Nearly a quarter of studies (23%) failed
to present evidence of sensitivity analysis. Similarly, 22% of
studies did not perform an incremental analysis, which could
provide a common unit of measurement to compare different
treatment costs and outcomes.

Limitations

This scoping review was unable to include non-English
language publications due to limited resources. In addition,
other databases (e.g. CINAHL, Scopus, the Cochrane Library,
NHS Economic Evaluations Database) were not searched due
to time constraints which limits our scope of results sourced
from MEDLINE alone. Therefore, by limiting ourselves to
only one database we may have omitted some relevant papers.
Nevertheless, to the knowledge of the reviewers, MEDLINE
was the broadest medical online database available and thus,
would have encompassed most relevant studies and be able
to demonstrate the feasibility of a more exhaustive review
of this topic for future research. Full text screening of pa-
pers was divided among four pairs of reviewers. Attempts
to ensure consistency were made by crosschecking by the
project supervisor, but some bias still may have occurred.
The quality of studies was assessed using the recom-
mended Drummond and Jefferson (1996) checklist. While
this approach conveniently appraises the quality of full eco-
nomic evaluations, it limits the ability to compare between
different checklists due to the variation in study designs.
Furthermore, categorising the quality of studies based on the
number of items in the checklists is arbitrary and may cause
misinterpretation of the quality of evidence in certain studies.

Conclusion

The importance of high quality economic studies in direct-
ing resources and funding by government officials is well
recognised (Skelly and Henrikson, 2013). Although 91
relevant economic studies were found in the literature, the
evidence is skewed towards certain dental interventions, with
others lacking in this area. Despite more economic studies
conducted on dental interventions, lower quality studies have
become more common in recent years. Comparisons between
interventions was not possible owing to the heterogeneity of
outcome measures and reporting between studies. Standardi-
sation of reporting these outcome measures may improve
interpretability. Future research adhering to recommended
quality assessment tools may improve the quality of studies.
It is anticipated that future health economic research will
build on the findings of this review to better inform priority
setting of dental care.
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Appendix

MeSH terms for search strategy in MEDLINE

1. “Economics, Dental”’[Mesh]

2. (Econom*[tiab] OR “dental economics”[tiab] OR “health economics”[tiab] OR “medical economics”[tiab] OR “eco-
nomic evaluation”[tiab] OR “Cost-Benefit Analysis” [tiab] OR “Cost Benefit Analysis” [tiab] OR “Cost Benefit Analyses”
[tiab] OR “Cost Effectiveness” [tiab] OR “Cost-Benefit Data” [tiab] OR “Cost Benefit Data” [tiab] OR “Cost-Utility
Analysis” [tiab] OR “Cost-Utility Analyses” [tiab] OR “Cost Utility Analysis” [tiab] OR “Cost Utility Analyses” [tiab]
OR “Economic Evaluation” [tiab] OR “Economic Evaluations” [tiab] OR “Marginal Analysis” [tiab] OR “Marginal
Analyses” [tiab] OR “Cost Benefit” [tiab] OR “Costs and Benefits” [tiab] OR “Benefits and Costs” [tiab] OR “Cost-
Effectiveness Analysis” [tiab] OR “Cost Effectiveness Analysis” [tiab] OR “discrete choice experiment” [tiab] OR Choice
Model*[tiab] OR “Stated preference methods” [tiab] OR Preference [tiab] OR Patient preference [MeSH] OR Choice
behaviour [MeSH])

3.1o0r2

4. “Dental Health Services”[Mesh]

5. “Oral Health”[Mesh]

6. (“dental care[tiab] OR dentist*[tiab] OR “dental health care[tiab] OR “dental health services”[tiab] OR “dental health
service[tiab] OR “dental models™[tiab] OR “dental model”[tiab] OR “dental services”[tiab] OR “dental service”[tiab]

OR “dental techniques”[tiab] OR “dental technique”[tiab] OR “dental treatments”[tiab] OR “dental treatment”[tiab] OR
“dental intervention”[tiab] OR “dental interventions™[tiab] OR “oral health”[tiab] OR denture[tiab] OR tooth[tiab] OR
teeth[tiab])
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