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Foreword

I am very pleased to have the privilege to provide a foreword for Introduction to 
Economic Evaluation in Oral Health Care edited by Associate Professor Carlos 
Zaror and Professor Rodrigo Mariño, and published by Springer.

In recent times, no matter where you live in the world, the routine of life has been 
impacted by biologic forces which at the time of writing are still largely uncon-
trolled. No country, community, or individual has been spared the impact of the 
COVID-19 pandemic. Dramatic, often unexpected changes in the political, eco-
nomic, social, technical, and environmental landscape, continue to affect how health 
and oral health is prioritised, delivered, and managed. The means by which health 
professionals acquire knowledge and skills, and communicate with patients and 
peers are all impacted. In the face of some vocal ill-informed opposition, now more 
than ever, society needs strong, evidence-based decisions, and respect for research 
and science to drive the most effective use of health resources in order to meet the 
multiple challenges we face.

In health service provision, we are interested in differentiating the health benefits 
of different programmes aimed at addressing particular health needs. Our work is 
motivated by the principles of improving equality of access to healthcare and driv-
ing a better quality of life for all. But to achieve this, we have a responsibility to 
provide research-informed evidence that will convince those holding the purse 
strings that this is the most economic means of addressing the issue under 
consideration.

Economic evaluation is playing a growing role in testing and informing policies 
and programmes in health. It is very welcome to see the authors of this book dem-
onstrating how this evaluation does exactly that.

Health economics is helping tool in oral health and a field that has gained pre-
ponderance in the last few decades. This book is aimed at oral health professionals 
and students who do not have any existing knowledge in the field of economic 
evaluation. It is certainly the first book that attempts to achieve this for oral health.

I congratulate Associate Professor Carlos Zaror and Professor Rodrigo Mariño in 
bringing together such an authoritative selection of authors and experts in the field 
to discuss and demonstrate how economic evaluation can be applied to oral health. 
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The book emphasises the explanation of basic concepts and specifically their appli-
cation to oral health situations. The approach taken in this book provides an acces-
sible, practical, and engaging read for a broad range of oral health practitioners and 
researchers.

Mike Morgan
Professor and Dean, Faculty of Dentistry
University of Otago 
Dunedin, New Zealand

Foreword
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Preface

The aim of this book is to explain the concepts and tools required to conduct eco-
nomic evaluations in oral health and to allow practitioners with little or no formal 
training or experience in economic evaluation to enter into this process. Therefore, 
providing the foundation for applying economic evaluation principles to oral health 
programs (e.g., dental caries prevention programs), as well as more advanced tech-
nical information for those interested in acquiring knowledge of health economics 
within the context of oral health care.

This is the first book on economic evaluation specifically for oral health profes-
sionals. However, it should be useful for any health professionals, decision makers, 
and health economists interested in enhancing their practical understanding of eco-
nomic evaluation in the field of oral health.

The book describes the different types of economic evaluation and discusses 
their role and application in oral health care. Different chapters introduce the basic 
concepts required to conduct economic evaluations, such as scope of the problem, 
selection of alternatives for comparison, description of the perspective of the analy-
sis and the time horizon, measurement and evaluation of costs and health effects, 
decision modelling techniques, and presentation and interpretation of the results. It 
also includes a discussion on such issues as reasons for conducting an economic 
evaluation and what the literature tells us about economic evaluation in oral health.

The book provides information on how to assess the literature related to eco-
nomic evaluation and how to use it to inform decision-making in oral health poli-
cies. It has an applied orientation. Each chapter includes practical examples in the 
area of oral health, as well as distinctive aspects of the management of an economic 
evaluation in the oral health field.

Throughout the chapters readers are exposed to real examples of economic eval-
uation to support learning and understanding. Worked examples about how to con-
duct the main types of economic evaluation in the field of oral health are described 
in detail, such as cost-effectiveness analysis (CEA), cost-benefit analysis (CBA), 
and cost-utility analysis (CUA). Therefore, the emphasis is placed on developing 
practical solutions to existing problems and situations.
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In summary, this book offers general and practical guidelines to oral health prac-
titioners and researchers interested in conducting economic evaluations in the field 
of oral health.

Temuco, Chile� Carlos Zaror
Melbourne, VIC, Australia� Rodrigo Mariño 

Preface
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Chapter 1
Overview of Health Economics

Carlos Zaror and Rodrigo Mariño

1.1  �Introduction

Economic evaluations (EE)  are commonly used in decision-making processes for 
health programs. Health programmers and planners need to make recommendations 
and policies, for example, for the introduction of new forms of health technology 
(e.g., preventive programs, pharmaceutical products, diagnostic equipment, or thera-
peutic devices). The introduction of new technologies has represented in many cases 
significant benefits, in terms of prevention, safety, and improvements in health and 
quality of life. At a basic level, to choose between competing technologies, two char-
acteristics of an intervention must be considered: these are its outcomes and its cost. 
Based on cost and outcome, planners must select the option that offers the best results.

However, the correct incorporation and dissemination of technologies has proven 
to be a challenge for all health systems and in many cases is a serious problem. 
Therefore, since available resources are limited, delivering health services involves 
making decisions. As Alan Williams put it, “...We are in a fortunate, yet painful situ-
ation to have at our disposal more beneficial activities than we can fund ... the 
explicit decision to allocate resources to one patient is inevitably an implicit deci-
sion to deny them to another patient” (Williams 1988). This implies that it is neces-
sary to determine what interventions should be offered and how the health system 
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should be organized to achieve optimal health benefit using available resources and 
respecting people’s expectations.

This leads us to a fundamental concept of health economics, the concept of 
opportunity cost (Gafni and Birch 2003). This is defined as the benefits that must be 
foregone by not allocating resources to the next best activity. The resources that will 
be consumed when implementing one technology will no longer be available to 
implement another; therefore, the system will lose the benefits that it could have 
obtained from its implementation. It is important to consider that the “lost” benefits 
of not having been able to implement an intervention should be less than those that 
will be obtained with the chosen intervention, that is, the performance of the chosen 
intervention must present the better opportunity cost. Therefore, health systems 
should allocate their available resources in the best possible way among the possible 
technologies to minimize the opportunity cost, sacrificing the least amount of ben-
efits and obtaining the greatest possible benefits using those available resources.

The effectiveness and safety of any given intervention by itself may not be 
enough to decide on its implementation. Cost-effectiveness, as well as the political, 
organizational, social, ethical, and legal impacts, must be considered, especially 
when applied within the public health context (Vallejos et al. 2014). The goal of EE, 
as of any public health measure, is to maximize the health of the population. For this 
purpose, health service managers, programmers, and planners are required to select 
the interventions with highest impact, based on evidence and prioritizing of high-
risk groups. It is now well established and recognized that EE is a central compo-
nent of the objective evaluation of new technology/therapies and preventive 
programs that seek to replace current treatments or practices (Niessen and 
Douglass 1984).

Current standards for the evaluation of evidence in public health interventions 
include considerations of effectiveness but also require that  – for the use of 
resources – the benefits and costs of interventions are described and evaluated so 
that they can be weighed against other options (Vallejos et al. 2014). Nonetheless, 
the allocation of economic resources between competing health treatments may also 
have an emotional or political burden, so decision-makers prefer to use rational 
evaluative methods aimed at maximizing the efficient use of health funds (Vallejos 
et al. 2014).

In the context of diminishing public resources for oral health care and increas-
ingly sophisticated treatment options, decision-makers may not have enough infor-
mation to identify the financial benefit per monetary unit of resources required for 
most health interventions. The need to understand health and healthcare systems 
and how to best allocate scarce resources requires decision-makers to apply the full 
range of methods and skills to assure these resources are used wisely (Glied and 
Teutsch 2016). It is in this context that economic evaluations are relevant, as they 
provide information that managers weigh, alongside other evidence.

This chapter presents the basic concepts and framework of economic evaluation. 
The chapter presents a description of the main types of economic evaluation, pro-
vides guidelines for selecting the most appropriate type of economic evaluation, and 
describes the main stages of an economic evaluation study. This chapter is not 
intended to be a comprehensive description of all relevant theories.

C. Zaror and R. Mariño
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1.2  �Economic Evaluations

Evaluation has been defined as “the systematic collection of information about the 
activities, characteristics, and outcomes of programs to make judgments about the 
program, improve program effectiveness, and/or inform decisions about future pro-
gram development” (U.S. Department of Health and Human Services 2011).

This definition establishes first and foremost that the collection of data for evalu-
ative purposes must be done in a systematic way. Additionally, another component 
of the definition specifies that the purposes of evaluation are to make judgements, 
improve effectiveness, and make decisions about the program.

However, making judgements and assessing effectiveness by themselves do not 
provide sufficient bases to initiate a program in most healthcare situations 
(U.S. Preventive Services Task Force 1996). Current standards for evaluating evi-
dence on public health interventions include considerations of effectiveness but also 
demand that the benefits and costs of public health interventions should be described 
and evaluated, so they can be weighed against other options for the use of resources 
(Rychetnik and Frommer 2001).

Economics is defined as “the science which studies human behavior as a rela-
tionship between ends and scarce means which have alternative uses,” and its objec-
tive is to maximize human welfare or utility (Robbins 1935). Health economics is a 
branch of economics that studies the production and distribution of health and 
healthcare. Thus, an economic evaluation is “the comparative analysis of alternative 
actions in terms of their costs and their consequences in order to assist in policy 
decision” (Drummond et al. 2005). There are several important components to this 
definition. The first is that an economic evaluation must compare alternative inter-
ventions. It cannot be said that an intervention is cost-effective if it is not compared 
to another intervention. Second, an economic evaluation measures not only costs 
but also results or consequences. Third, the technique should be considered as one 
input to the decision-making process as to whether a program is worthwhile doing. 
Finally, the technique represents only one dimension within a broader, integrated, 
and cyclical decision-making and evaluation process (Drummond et al. 2005).

An economic evaluation is not a substitute for decision-making processes but 
should be used in combination with other evidence as part of those processes. 
Therefore, before conducting an economic assessment, health programmers should 
be certain that the program can work (efficacy); that the program works for a given 
place or situation (effectiveness); and that the program reaches those it aims to reach 
(equity) (Goodacre & McCabe 2002; Shiell et al. 2002).

Additionally, other factors reflecting the immediate trade-offs and broad implica-
tions of providing a service are relevant to the goals and the practical constraints 
confronted by every decision-maker. These might include ethical issues, political 
reality, policy priorities, and availability of resources to implement the program.

Thus, the development of any new treatment or program should ideally result 
from a sequence of studies, ranging from basic research to community trials. To 
evaluate an intervention, we do not only use quantitative methods. Often a 

1  Overview of Health Economics
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quantitative evaluation is complemented by an evaluation conducted in a qualita-
tive manner.

Then comes the question whether it should be used, given other needs under a 
fixed budget (economic evaluation). It is important to clarify that the economic 
evaluations in health focus on measures of effectiveness and non-efficacy, since 
what is relevant is the magnitude of the effect of a certain intervention when imple-
mented in routine conditions.

1.3  �Types of Economic Evaluation

The term cost-effectiveness tends to be used sometimes generically to refer to any 
type of economic evaluation done in health; however, there are different types of 
EE. Drummond and collaborators (Drummond et al. 2005) describe three economic 
evaluation techniques, incorporating the two features that must be present in a true 
economic evaluation: (a) comparison of at least two alternatives and (b) examina-
tion of both costs and consequences of these alternatives. These techniques are:

•	 Cost-effectiveness analysis (CEA)
•	 Cost-benefit analysis (CBA)
•	 Cost-utility analysis (CUA)

If the economic evaluation does not compare the costs and consequences of two 
or more alternatives, it should be designated as partial. The partial economic evalu-
ation involves studies of (1) cost description, (2) cost consequence description, and 
(3) cost analysis. The description of costs is characterized in that it does not com-
pare alternative courses of action, its main purpose being the report of costs associ-
ated with a specific intervention. The description of cost consequence, on the other 
hand, adds to the above the description of outcomes; however, it does not consider 
the evaluation of therapeutic alternatives either. Cost analysis does compare differ-
ent courses of action but examines only the relationship between costs to the detri-
ment of the consequences (Drummond et al. 2005) (See Fig. 1.1).

1.3.1  �Cost-Effectiveness Analysis

The CEA is the approach most often used in health economic evaluation including 
oral health (Mariño et al. 2020) and compares the costs and effects of two or more 
alternative interventions (e.g., two caries prevention modalities, or even between 
dental caries preventions and dental caries treatment techniques). In this case, health 
effects are measured in health units (e.g., caries averted, years of life gained, mortal-
ity avoided, etc.), and it is common in both alternatives. However, an important 
requirement is that benefits of the strategies to be evaluated must not be equivalent 
in terms of quantity. The measure of health benefit that we need to carry out a CEA 

C. Zaror and R. Mariño
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will depend on the objective of the program or treatment to be evaluated. For exam-
ple, if we want to evaluate an oral cancer screening program, the effectiveness will 
be measured by the number of cases detected early; on the other hand, if we want a 
preventive treatment for dental caries, the effectiveness will be measured as cavities 
avoided. To the extent that there is evidence, final outcomes should be chosen over 
the intermediate ones. As in the example of early detection of oral cancer, if we want 
to produce goods valued by the population, we need information on final outcomes 
such as the reduction in mortality.

We could use CEA to decide the most efficient (the least expensive) way to 
achieve our goals.

CEAs have the limitation of being one-dimensional, that is, they evaluate only 
one dimension of benefits. Typically, interventions produce more than one clinical 
outcome (caries incidence or effect adversed); however, the final result cannot be 
summarized in a single value. This not only makes the process of choosing the out-
come to evaluate difficult, since it must try to choose the most representative out-
come of the intervention, but it also limits the possibilities of comparison between 
different interventions. The latter is another limitation in CEA, that is, they do not 
allow us to compare interventions in different areas or even in similar areas if differ-
ent cost-effectiveness measures were chosen.

Cost-minimization analysis is a special case of CEA, where programs under 
comparison get the same outcome and do not differ in their effectiveness, except 
that one costs less.

Fig. 1.1  Types of economic evaluation
Original drawing
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1.3.2  �Cost-Benefit Analysis

When the consequences of two or more programs are not the same or the result can-
not be reduced to a common effect among alternatives (e.g., dental caries prevention 
and oral cancer prevention), it is not possible to perform a CEA.  In these cases, 
analysts use CBA to assign economic value to the outcomes and calculate the eco-
nomic benefits of the intervention. To do this, it is necessary to translate into mon-
etary terms all the effects and benefits, that is, the monetary value attached to the 
health states produced by the two interventions.

CBAs are useful when it is necessary to have a common denominator of inter-
ventions that have different effects. The fact that both benefits and costs are 
expressed in the same unit makes it easier for the final outcomes to be analyzed not 
only in the health field but also in comparison to other social impact programs such 
as education, transport, or environment (Zarate 2010). Thus, a CBA of a health 
intervention might try to measure not only the monetary value of any health benefits 
gained by the patient but also the value to society of other consequences, such as the 
ability to take paid employment (Gray et al. 2011). Therefore, the CBA allows eval-
uation of whether it is justified to invest resources in the provision of a certain treat-
ment, regardless of what the alternatives are.

There are three methods for assigning a monetary value to health benefits: the 
human capital, where the health of the person is valued based on their present and 
future capacity to generate income; revealed preferences, seeking to infer the assess-
ment of health from the decisions that individuals make in practice; and willingness 
to pay, where it is determined how much society is willing to spend to obtain a 
certain health benefit or avoid the costs of a certain disease. However, the concept 
of placing explicit monetary values on health or on life and the variability and meth-
odological uncertainty around the valuations themselves are the main limitation of 
the CBA.

1.3.3  �Cost-Utility Analysis

The CUA, which is a variant of the studies of cost-effectiveness, determines the 
effects on health in an aggregate measure that takes into account the quantity and 
quality of life and that reflects the preferences (utilities) of patients in the face of 
different health states. Utility is a satisfaction measure by which individuals value 
the choice of certain goods or services in economic terms. This is expressed as cost 
per healthy year of quality of life gained by patients or their families (e.g., quality-
adjusted life years [QALY] per intervention unit) after the implementation of the 
program. In oral health the concept of quality-adjusted tooth years (QATY) was 
introduced as an outcome measure to provide an outcome measure which could be 
compared across treatments (Antczak-Bouckoms and Weinstein 1987). Their great 
advantage is that they allow us to summarize all the effects of the interventions in a 
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single value; therefore, they are useful when the interventions have multiple conse-
quences of interest or when we are interested in obtaining an outcome that allows 
the comparison of alternatives that are not related to each other and do not share the 
same consequences.

1.4  �Considerations for Selecting the Appropriate Type 
of Economic Evaluation

The choice of economic evaluation to be undertaken depends upon the question that 
is being asked, which will depend on the type of decision to be made. Questions 
involving allocative efficiency (What would be the best program to implement?) are 
more concerned with the broader healthcare resources available and deciding what 
should be the focus of attention. For example, decisions need to be made about 
whether health programs are more meritorious than those related to education. 
Within the health arena, the question may relate to the proportion of a budget spent 
on primary vs. secondary care, etc.

Once it has been determined what to do, technical efficiency (how to do it) may 
be more relevant. For example, if it has been decided to allocate funding to a school 
oral healthcare program, technical efficiency would indicate what mix of programs 
would get the best outcomes for the available expenditure.

Additionally, the context of where a program is to be implemented may also 
influence the type of economic evaluation. For example, programs may be imple-
mented system wide, within an organizational setting, or within a program setting.

The nature of the benefits/outcomes may influence the type of economic evalua-
tion selected. When the question being asked is about quality of life, rather than 
merely the effectiveness of the program, it suggests that CUA rather than CEA may 
be more appropriate. On the other hand, when non-health sector impacts are impor-
tant and all benefits can be measured in monetary unit equivalents, then CBA might 
be more relevant than CEA.

1.5  �Steps to Conduct an Economic Evaluation

As discussed previously, there are a number of forms of economic evaluation, each 
of which is suited to a different purpose. Every evaluation has unique challenges. 
Still, it is possible to identify the main steps which are common to most forms of 
economic evaluation. In outline, an economic evaluation can be divided into six dif-
ferent steps, although not all of the common economic evaluation methods involve 
all six steps (Splett 1996).

The following six steps for cost-effectiveness analysis serve as a good outline of 
the economic evaluation process (Fig. 1.2).
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1.5.1  �Step 1: Define the Problem or Question to Answer

Like all forms of scientific enquiry, formulating a research question is the most 
important step in the research design and development and therefore is the first step 
in identifying the purpose of the economic evaluation. The economic evaluation has 
to answer a well-defined evaluation question, which represents an uncertainty about 
the efficiency of alternative interventions. The nature of the question that the eco-
nomic evaluation seeks to answer will determine both the study design and the 
analysis technique. The research question must be formulated in a clear and concise 
manner that specifies the interventions or strategies to be compared, the target popu-
lation, and the analysis perspective (MINSAL 2013).

In identifying the context and intent of the study, the evaluator should clearly:

•	 Define the current situation and describe which aspects are going to be affected 
by the proposal put forward

•	 Describe the context of the economic evaluation; identify whether it is part of a 
clinical trial, a retrospective database analysis, etc.

•	 Indicate why the economic evaluation is being undertaken
•	 Define treatment protocols (e.g., duration of treatments) and scenarios

Fig. 1.2  Steps for economic evaluation
Original drawing
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•	 Define the target population (e.g., patients), clearly indicating the criteria for 
inclusion or exclusion of any specific groups or individuals

1.5.2  �Step 2: Define the Framework 
for the Economic Evaluation

1.5.2.1  �Perspective of the Economic Analysis

The analysis perspective is the point of view from which the analysis will be 
focused, such as that of the society, the financier of the health services, insurance 
companies, hospitals, primary care units, health provider, etc. (Meltzer 2001). The 
choice of one or the other perspective has important implications for the rest of the 
elements of the analysis, as it will guide or decide which costs and outcomes should 
be included in the analysis (García-Altes et al. 2011). For example, if the Department 
of Health funded a program, they would consider the costs they experience; costs 
incurred by the patient may be irrelevant from their perspective (Russell et al. 1996). 
Table 1.1 shows the types of costs to be included according to the perspective.

Table 1.1  Main perspectives and types of costs to be included in each economic evaluation

Perspective of economic evaluation

Examples of costs Patient
Healthcare 
provider Hospital Payer Society

Direct medical

Healthcare provider time Yes Yes Yes Yes Yes
Other healthcare personnel time (e.g., 
nurse, technician)

No Yes Yes Yes Yes

Drugs Yes No Yes Yes Yes
Health supplies and devices (e.g., 
syringes, ultrasound)

No No Yes Yes Yes

Laboratory tests No No Yes Yes Yes
Direct nonmedical

Administration No No Yes Yes Yes
Physical facility (e.g., clinic, office) No No Yes No Yes
Utilities (e.g., telephone, electricity) No Yes No Yes Yes
Patient’s travel costs Yes No No No Yes
Temporary hired caregiver Yes No No No Yes
Indirect

Time off from work to visit healthcare 
provider

Yes No No No Yes

Time off work while ill and recuperating Yes No No No Yes
Hire a temporary household help while ill Yes No No No Yes

Reprinted from The Lancet, 358, Meltzer M.I., Introduction to health economics for physicians, 
993–998, © 2001, with permission from Elsevier
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For these reasons, results from analyses done under different perspectives may 
not be comparable. The vast majority of economic evaluations are carried out from 
the funder’s point of view; however, some health economists recommend a societal 
viewpoint (Drummond and Jefferson 1996). This perspective requires measurement 
of all costs and benefits to the community, no matter to whom they accrue (Russell 
et al. 1996; Glied and Teutsch 2016). However, in practice many of these costs and 
benefits are difficult to measure, and a pragmatic view should prevail (Russell et al. 
1996). The societal perspective is the one that represents the public interest rather 
than that of any other groups (Russell et al. 1996). On the other hand, if a program 
puts at risk a sector of the population, a CEA conducted from the societal perspec-
tive should include any harm done as well as the benefits and all related costs.

1.5.2.2  �Alternatives Being Compared

As the economic analysis is based on a comparison of alternatives, its selection 
becomes an important piece of information. As indicated, a true or complete eco-
nomic evaluation compares at least two alternatives (Drummond et al. 2005). The 
choice of alternatives is often crucial to the net results, and all reasonable alterna-
tives should be included. The alternatives being compared should be described in 
detail with a clear and specific statement of the primary objective of each alterna-
tive. It is recommended to use as a comparator the standard practice or the most 
effective practice available at the time (Ministerio de la Protección Social 2010). 
The option “do nothing” can be considered in certain scenarios (Drummond et al. 
2005). This alternative does not mean that there are no costs and no consequences, 
rather it involves the “status quo.” For example, in the case of community water 
fluoridation, the status quo would involve patients with dental caries seeking treat-
ment and that has a cost. The EE would evaluate change in cost and consequences 
as a result of the introduction of community water fluoridation.

The selection criteria will consider the availability of the intervention, its habit-
ual use, the identification by the population according to criteria of relevance, or the 
presence of uncertainty regarding its efficiency (García-Altes et al. 2011). In this 
sense, the chosen alternatives must be justified in the local context for which the 
decision is expected to be made (health system, patients, aspects of clinical practice, 
etc.). In the case of an oral health evaluation, the appropriate comparison is with the 
form of treatment or prevention which the dental health program under consider-
ation is most likely to replace in practice, the most commonly used alternative, or 
the next most effective option.

1.5.2.3  �Time Horizon

The time horizon is the relevant period for the normal course of the intervention 
(Splett 1996). Costs and health effects do not always take place in the same period 
of time. This is especially important in public health interventions, because the costs 
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of the intervention take place in the early years, and the health effects do not appear 
until much later (García-Altes et al. 2011). It must be clearly established when the 
program begins and the appropriate time horizon to track the key outcomes. The 
time period to be covered by an evaluation must be enough to allow for the full 
effects of the program on costs and outcomes. Benefits realized in the future should 
be counted in the analysis if they can be directly related to actions taken during the 
period of analysis used for estimating costs (MINSAL 2013). In general, it will be 
longer for interventions associated with chronic diseases and shorter for acute con-
ditions. Most international guidelines about EE recommend lifetime time horizon 
for chronic disease (Ministerio de la Protección Social 2010; NICE 2014).

1.5.3  �Step 3: Determine Costs and Consequences/Benefits 
of Alternatives

In order to perform an economic evaluation, costs and health effects must be identi-
fied, measured, and then compared. There are several formats to estimate costs and 
benefits in economic evaluation, such as prospective, retrospective, and models. 
Most studies use the “model” format. This modelling is based, as much as possible, 
on real data and real values. When this is not possible, it uses assumptions. 
Consideration must be given to those assumptions; they must be clearly presented 
and will form the basis of the sensitivity analysis (Meltzer 2001).

1.5.3.1  �Determine Costs

As we mentioned previously, the stage of identifying the costs or resources used is 
closely related to the perspective from which the analysis will be carried out 
(Table 1.1). This process, of quantifying costs, must be approached in a systematic 
and careful manner (Russell et al. 1996); therefore, the precision with which costs 
are measured is one of the main determinants of the quality of an economic 
evaluation.

Costs covered would include all supplies and material used by the program, capi-
tal costs, administrative costs, opportunity costs, volunteer labor, staff salaries, 
shared office space, etc., required for implementation of the program, and costs 
incurred by patients and their families. That is, there will be costs involved in orga-
nizing and providing the service; costs to the individuals; and costs external to the 
individual and services during the provision of the program or services (e.g., oppor-
tunity costs) (Meltzer 2001). Costs must be expressed in appropriate physical units 
and then calculated in monetary terms using market costs (Niessen and Douglass 
1984; Horowitz and Heifetz 1979).

Drummond et al. (2005) suggest that three categories of cost must be taken into 
account in an economic evaluation:
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	1.	 Health resources costs, which consist of the costs of organizing and operating the 
program, for example, medication, equipment, hospitalization, etc.

	2.	 Patient and family costs: these include transport and travel expenses to and from 
the community health center or hospital, co-payments, and time to seek and 
receive attention (time is one of the most important resources in a family).

	3.	 Other sectors: volunteers, caregivers, childcare, etc.

Cost analysis involves three main stages: identification, measurement, and valua-
tion. Identification consists of listing the likely resource effects of the intervention 
as comprehensively as possible; therefore, it covers the types of resource use that 
are relevant for the disease and the intervention studied and the level of detail that 
has to be measured and valued. The measurement of resource use is used to deter-
mine the quantities of resources used as part of a given intervention. The final stage 
refers to valuation of these resource effects.

In Chap. 3 we will go into more detail and show examples of how to do costing 
in an economic evaluation.

1.5.3.2  �Determine Consequences

Consequences/benefits are the services, capabilities, and qualities of each alterna-
tive system and can be viewed as the return on an investment (Meltzer 2001). 
Consequences/benefits include direct costs being avoided, such as expenditure on 
oral health and lost or reduced productivity. Benefits also include improved health 
status and improvements in the quality of life of patients. An intervention may also 
bring other benefits (Russell et al. 1996), for example, better nutrition, improved 
social contacts, enjoyment of food, etc.

Economic evaluation relies on the results of epidemiologic and clinical studies to 
establish the effectiveness of an intervention. This is important as poor evidence of 
effectiveness has the potential to mislead resource allocation decision-makers.

The process of identifying beneficial consequences should also be done in a sys-
tematic way. Identifying consequences involves (Splett 1996):

•	 Defining the key outcome or consequence of interest; this is related to the objec-
tives of the intervention.

•	 Specifying the outcome indicator; this is the precise way the outcome is mea-
sured, for example, sound teeth, birth weight, year of life added, etc.

There are three main categories of benefits:

•	 Benefits can be measured in terms of effects (e.g., years of life gained) or health 
states preferences in a CUA or by willingness to pay in a CBA.

•	 Healthcare programs can create other values not necessarily related to an 
improvement in health status. This refers to the fact that patients can gain value 
just from the process of receiving attention.
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•	 Healthcare programs can save resources. These savings are the reflection of costs 
and are measured and valued in the same manner. In fact, savings are costs not 
spent on the alternative program.

While most costs can be quantified in monetary terms, many benefits cannot. 
Putting a value on benefits may look simply, but it might be very difficult to do. This 
is particularly so when some of these outcomes cannot be quantified in monetary 
terms; this is a common case in dentistry. For example, what should the value of 
losing a tooth be? How many dollars should be added to the effect of a preventive 
program because it leads to intact teeth, rather than to perfectly restored ones 
(Niessen and Douglass 1984; Horowitz and Heifetz 1979)? The preference for an 
early cure or for sound teeth is difficult to quantify in monetary terms, although 
there are attempts to do this by using a quality of life measure. However, in dentistry 
there is no consistently used QALY equivalent. Therefore, if we do not give ade-
quate consideration to a lot of factors and we just consider the savings in cost of 
treatments of dental caries as the tangible benefit, the results, both the cost and 
benefits, of any dental preventive method will either be overestimated or 
underestimated.

Analysts include in the cost of prevention some of the visible costs of the pro-
gram and assume that if a program can reduce the cost of treatments, other benefits 
are assured in that way. An alternative way to quantify intangible benefits can be by 
using a subjective, qualitative rating system (National Institutes of Health 1998).

Intangible benefits of preventive programs in dentistry can include freedom from 
pain, a dentition free of dental decay, improved social acceptability, psychological 
value of retaining teeth (aesthetic, taste or speech), less time missed from work or 
school, reduction of prevalence of malocclusion, prevention of future dental prob-
lems, extraction, and treatments or improved quality of life (Niessen and Douglass 
1984; Horowitz and Heifetz 1979).

In Chap. 4 we will delve into how to measure outcomes in an economic evaluation.

1.5.3.3  �Discounting

When the time horizon exceeds 12 months, an adjustment must be made because of 
the temporal distribution of costs (Drummond et  al. 2005; Splett 1996). This is 
achieved through a procedure called “discounting,” which transforms past or future 
costs and benefits to their “present value.” The discount is based on the idea that 
today’s money has greater value than the same amount of money in the future. This 
is valid, even with an inflation rate or a bank interest rate of 0%, as there is an oppor-
tunity benefit in postponing cost payments, as available funds can be used for other 
purposes (Meltzer 2001). For more information see Chap. 3.
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1.5.4  �Step 4: Relating Outcomes to Costs

After collecting and appropriately measuring costs and outcomes, CEA, CBA, and 
CUA comparisons of costs and benefits are expressed in a single ratio (Drummond 
et al. 2005). In this way, the comparative alternatives can be ordered from the lowest 
to the highest cost ratio per unit of effect and the one with the lowest ratio chosen. 
This ratio takes the form of a price, a monetary unit cost per unit of effect, such as 
cost per life year extended, the cost per QALY, or in dental health programs, cost per 
DMFS avoided or cost per “quality-adjusted tooth year” (Fyffe and Nuttall 1995).

The results of economic evaluation are summarized through the incremental 
cost-effectiveness ratio (ICER). This is calculated from the quotient between the 
differences in cost and effectiveness of the evaluated alternatives. Therefore, the 
ICER informs how much more we have to pay to obtain an additional effectiveness 
unit (Drummond et al. 2005) (Box 1.1).

Economists like to use both average cost-effectiveness ratios (i.e., cost per unit of 
outcome for each intervention) and incremental cost-effectiveness ratios (i.e., incre-
mental cost per additional unit of benefits comparing one intervention with another).

In Chap. 6 we will delve into how to interpret the results of an economic 
evaluation.

1.5.5  �Step 5: Sensitivity Analysis

Although in economic analysis we should use the best available data, in most evalu-
ations there is a degree of uncertainty about the accuracy of the underlying data, 
which needs to be combined with subjective estimates. To evaluate these uncertain-
ties, the stability of the conclusions, and the assumptions made, analysts redo the 
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analysis changing assumptions and estimations (Petitti 2000). If the basic conclu-
sion does not vary when a particular feature or assumption is changed, there is more 
confidence in the results. If, however, a relatively small change in the value of an 
input parameter changes the results for the alternative selected, then the analysis is 
considered to be sensitive to that parameter. More effort has to be invested in reduc-
ing the uncertainties and in improving the exactitude of critical variables.

An analysis of the possible range of costs and outcomes, given the uncertainty 
surrounding our estimate of the true costs and benefits, is called a “sensitivity analy-
sis.” Since an economic evaluation might be a key document in the review process, 
reviewers want assurance that the analysis is reliable (National Institutes of Health 
1998). The objective of this analysis is to verify how the results of the study would 
vary if the values of the variables considered changed.

We should always use the best available information in economic analyses. In 
most evaluations it is possible that assumptions are used in the primary analysis, 
which introduces some degree of uncertainty about the accuracy of the underlying 
data. Since the values, for both cost and outcome/effectiveness, are based on litera-
ture, consultation with experts, or an “educated guess.”

There are three types of uncertainty:

•	 Methodological uncertainty: variability of analytical approaches to economic 
evaluation (perspective, type of analysis, discount, etc.)

•	 Structural uncertainty: related to the decisions, simplifications, and assumptions 
required for the construction of a model (number of branches of the tree, the 
defined health states, the duration of the cycle in a Markov model, etc.)

•	 Parameter uncertainty: the fact that the true value of the parameters is unknown

The sensitivity analysis process requires three steps (National Institutes of 
Health 1998):

	(a)	 Identification of input parameters with the greatest influence on the outcome
	(b)	 Repetition of the cost analysis with changed parameters
	(c)	 Evaluation of the results

	(a)	 Identification of Input Parameters with the Greatest Influence on the Outcome

In principle, all the variables included in the analysis are potential candidates for 
sensitivity analysis (Drummond et al. 2005). Nonetheless, in general, the variables 
that are most controversial must be chosen for sensitivity analysis, as the credibility 
of the conclusions of the analysis is based on assumptions about these variables 
(Drummond et  al. 2005). For example, it is always important to do a sensitivity 
analysis for the discount rate.

Typically, analysts consider a range of values for each important variable and 
examine the sensitivity of the results to variations in each variable. Good candidates 
for sensitivity analysis are those with significant cost factors and those with a wide 
range of maximum and minimum estimated values. The reasons for the ranges used 
in the analysis must be included and justified. These ranges should be based on 
evidence and logic (Drummond et al. 2005).
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	(b)	 Repetition of the Cost Analysis

Sensitivity analysis can be done in several ways. The simplest way is a univariate 
(one-way) sensitivity analysis; the assumed values are tested one at a time, while the 
others are kept fixed. However, it could be two ways, three ways, or n-ways, depend-
ing on the number of variables that are combined in the sensitivity analysis. For 
example, in a two-way sensitivity analysis, the expected outcome is determined for 
every possible combination of reasonable estimates of two variables (Weinstein 
et al. 1996; Petitti 2000; Drummond and Jefferson 1996).

A different approach is the “threshold analysis.” In threshold analysis the value 
of one variable is changed and analyses repeated until the alternative decision strate-
gies are found to have equal outcomes and there is no benefit of one alternative over 
the other in terms of estimated outcome (Petitti 2000; Drummond et al. 2005).

	(c)	 Evaluate the Results of the Sensitivity Analysis

This evaluation is done by comparing the original set of inputs and the outcome 
to the results obtained by varying the input parameters. When the assumed value of 
a variable affects the conclusions of the analysis, that analysis is said to be “sensi-
tive.” When the conclusions do not change, the analysis is said to be “insensitive” to 
the variable.

1.5.6  �Step 6: Interpret and Report the Findings

A complete economic evaluation is one that compares the results of one alternative 
(cost-effectiveness ratio) with the results of another, to determine the benefits of one 
treatment over the other (Laupacis et al. 1992). As we have already mentioned, the 
main results of economic evaluations are expressed as incremental ratios (e.g., 
incremental cost-effectiveness ratio). These results are usually presented graphi-
cally on a cartesian plane (Fig. 1.3). In brief, for decision-making, there are four 
possible outcomes for an economic evaluation. Firstly, when the new treatment or 
intervention is less effective and more costly than the current or comparator alterna-
tive and secondly when the new treatment or intervention has an improved outcome 
and costs savings. In these two situations, the decision is unambiguous and clear, a 
new treatment, intervention, or technology should be rejected and accepted, respec-
tively. However, in some cases the decision may not be as simple or as clear, for 
example, when the innovation is more effective but also more costly or vice versa. 
In these cases, the choice depends on a number of additional considerations 
(Drummond et al. 2005; Laupacis et al. 1992). For more details on how to interpret 
the results, refer to Chap. 6.
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1.6  �Final Remarks

Economic evaluations are commonly used in decision-making processes about health 
programs; however, less examples exist in the oral health literature. If, as health pro-
fessionals, we want to be able to define the final use of resources in relation to the 
needs of the population, we must prepare ourselves to deal with basic principles of 
economic evaluation. We hope that this chapter provides the starting point and that 
readers will be motivated to expand their current knowledge and efforts to include an 
economic evaluation in future endeavors, thus contributing to a solid body of eco-
nomic information in oral health. The effective use of economic evaluations will in 
turn make important research information accessible and relevant to a broad audience 
of policy makers, researchers, practitioners, and community leaders.
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Chapter 2
Why Carry Out an Economic Evaluation 
in Oral Health Care?

Susan O. Griffin and Kari Jones

2.1  �Real-World Questions Regarding Oral Health Policy, 
Programs, and Interventions

2.1.1  �Question 1: How to Reduce Untreated Dental Disease 
Among Adults

A publicly available analysis of National Health and Nutrition Examination Survey 
(NHANES) data collected in 2011–2016 indicated that about 40% of working-age, 
dentate US adults living in low-income households had untreated dental caries 
(CDC 2019). This value is more than twice that among higher-income adults. 
Similar to most population surveys, NHANES dentists use visual/tactile assess-
ment, so diagnosed caries is likely cavitated and thus symptomatic (Kassebaum 
et al. 2015). Prevalence and disparities in untreated caries between low- and higher-
income adults have remained stable among working-age adults since 1999–2004 
(Griffin et  al. 2019). Prevalence of untreated decay among low-income, dentate, 
older adults aged 65+ years is lower than that for working-age adults (preva-
lence = 29%) but still is more than twice that among their higher-income counter-
parts (CDC 2019). The trend in disparities by income among older adults since 
1999–2004, however, differs from that for working-age adults—disparities among 
older adults by income level have increased (Griffin et al. 2019). An additional con-
cern regarding older adults is that their risk for tooth decay may be increasing as 
successive generations are retaining more of their natural teeth. Between 1999–2004 

The findings and conclusions in this report are those of the author(s) and do not necessarily repre-
sent the official position of the Centers for Disease Control and Prevention.

S. O. Griffin (*) · K. Jones 
Division of Oral Health, Centers for Disease Control and Prevention, Atlanta, GA, USA
e-mail: sig1@cdc.gov; Kari.Jones@ihsmarkit.com

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-96289-0_2&domain=pdf
https://doi.org/10.1007/978-3-030-96289-0_2#DOI
mailto:sig1@cdc.gov
mailto:Kari.Jones@ihsmarkit.com


20

and 2011–2016, the percentage of adults aged 65+ years who had not lost all their 
natural teeth increased from 73% to 83%, and the mean number of retained teeth 
among these adults increased from 19 to 21 (CDC 2019).

The high prevalence of tooth decay among low-income adults of all ages is likely 
the result of financial barriers (Vujicic et al. 2016). Many poor and older adults do 
not have access to public dental benefits. Fee-for-service or “original” Medicare, the 
US public health insurance program for older adults and some individuals with dis-
abilities, does not cover routine preventive or restorative dental services (Medicare 
2020); some Medicare Advantage plans (Medicare Part C) include coverage for 
dental services (KFF 2017). Medicaid, the public health insurance program for cer-
tain categories of eligible low-income persons that is administered by the states and 
jointly funded by states and the federal government, typically does not cover com-
prehensive dental services—in 2015, only 11 states did so (CHCS 2015).

What can be done to address this health issue? The status quo could be main-
tained, or evidence-based solutions described in the literature as having been effec-
tive include (1) Medicaid coverage of routine dental services, which if implemented 
in all states could affect all eligible enrollees regardless of age (Decker and Lipton 
2015); (2) a Medicare dental benefit, which, if added, could affect all beneficiaries 
regardless of income (Chavez et  al. 2019); and (3) introduce innovative practice 
models that could include increasing use of teledentistry, with lower-cost providers 
such as dental hygienists triaging patients in need of restorative care to dentists 
(Khan and Omar 2013).

2.1.2  �Question 2: How to Reduce Unmet Treatment Needs 
Among School children

Let us next consider a community that has identified unmet dental treatment needs 
as one of the primary causes of school absenteeism and poor school performance. 
The community has decided to explore options to increase access to preventive and 
restorative dental care. They are considering four evidence-based programmatic 
approaches. Under approach 1, children would be screened for dental caries by 
dental hygienists in each school and then referred to participating dentists for pre-
ventive and needed restorative care (CPSTF 2017b). In approach 2, teams of dental 
hygienists and assistants would provide sealants and fluoride varnish using portable 
dental equipment onsite at the school and then inform parents about their child’s 
unmet treatment needs (CPSTF 2017b). In approach 3, children would receive pre-
ventive and restorative care by dentists in a van onsite at the school (Gupta et al. 
2019). With approach 4, which has some evidence of effectiveness, the community 
would implement a policy requiring all children to be screened by a dentist prior to 
registering for school. A referral network would be established for children who did 
not have a dental home (CDHP 2019).
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2.1.3  �Question 3: An Insurance Company Serving Veterans Is 
Examining How to Reduce Oral Cancer Incidence 
and Mortality in Their Insured Population

The company estimates that about 50% of its enrollees are over age 50 years and are 
current or past smokers. Options include retaining the status quo or considering 
implementing one of the following evidence-based programs: (1) reimburse dentists 
to screen all adult patients (AAOM 2010; ADA 2019) and (2) reimburse dentists as 
well as primary care providers to screen for and counsel adult patients regarding 
tobacco use and alcohol misuse (USPSTF 2013).

What criteria should be used to identify the best course of action in the above 
scenarios? To evaluate the economic impacts of competing alternatives, decision-
makers would typically want to know the population’s risk for the disease, related 
treatment costs, and the relative effectiveness and costs of the competing alterna-
tives (Haddix et al. 2003). To allocate their scarce resources most efficiently, they 
would benefit from knowing which of the alternatives offers the highest value (i.e., 
the greatest gain in health per dollar spent). In the next section we discuss key rea-
sons for conducting an economic evaluation and illustrate how an economic evalu-
ation could help determine potential costs, benefits, and the value of a possible 
intervention, using public dental insurance for adults as an example.

2.2  �Key Benefits from Conducting an Economic Evaluation

Economic evaluations can inform decision-makers on which policies, programs, 
and interventions would offer the highest value. The overarching goal of all eco-
nomic analyses is to determine how to use limited resources as efficiently as possi-
ble (Haddix et  al. 2003). Efficiency in economics is typically defined as either 
achieving the greatest level of outcome (e.g., health gain, improvement in quality of 
life) for a given amount of resources (e.g., money) or using the least amount of 
resources to achieve a given level of outcome (Nicholson and Snyder 2016). An 
economic evaluation can help us to (1) identify the burden (e.g., cost and reduced 
quality of life) of oral diseases; (2) quantify how much of the burden could be pre-
vented with various interventions, policies, and programs; (3) quantify the cost of 
various alternatives and the most efficient manner in which to implement and deliver 
them; and (4) quantify the trade-offs from implementing various alternatives and 
identify those that offer the highest value. Each of the first three components, which 
are necessary to identify the highest-value alternative, in themselves could provide 
useful information that policymakers and other stakeholders can consider in 
decision-making (Haddix et al. 2003). In this section we expand upon these key 
reasons to conduct an economic evaluation, provide examples from the published 
literature, and use hypothetical data from a hypothetical country to illustrate some 
of the calculations needed for decision-makers to evaluate alternatives. We assume 
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that in this hypothetical country, public health insurance for the low-income enroll-
ees is administered regionally and for older adults nationally. Low-income retirees 
would be eligible for both types of public insurance. Decision-makers in this coun-
try consider two evidence-based policy options to address the dental needs of public 
health insurance enrollees—adding dental benefits to public insurance for persons 
with low income (Decker and Lipton 2015) and adding benefits for retirement-age 
persons (Willink et al., 2016). The assumptions used in these calculations are pro-
vided in Table 2.1.

2.2.1  �Quantify Cost/Burden of Oral Condition

The burden, or the magnitude of the health problem, can be expressed in monetary 
terms (commonly referred to as the cost of illness) or by the loss in health or well-
being attributable to the problem (e.g., loss in quality of life) (Haddix et al. 2003). 
The two policy options in our illustrative example in this section address slightly 
different, but overlapping, populations. A decision-maker evaluating the costs and 
outcomes to society from providing public dental insurance to all low-income or to 
all retirement-age adults, compared to not providing insurance, likely would want to 
know the burden of untreated dental disease in these two populations in order to 
inform the assessment of the options (Haddix et al. 2003). Providing dental benefits 
also can improve periodontal health and reduce tooth loss (Burt and Eklund 2005), 
but for ease of illustration we will limit our discussion to caries. When estimating 
the burden of disease, it is important to specify the time frame (Sanders et al. 2016). 
Again, to simplify calculations we assume that all new caries is treated at the end of 
1 year and there are no additional costs thereafter, so we will use a time frame of 
1 year. Let’s further assume that our hypothetical country has 74 million low-income 
adults with a caries incidence of 38.7% and 37 million retirement-age adults with a 

Table 2.1  Assumptions used in exercise to evaluate providing public dental insurance to working-
age and retirement-age adults in hypothetical country

Two policies being considered:
 �� Provide public dental insurance to all low-income adults (n = 74 million (M))
 �� Provide public dental insurance to all elderly adults (n = 37 M)
All new caries remains untreated for 1 year
Caries incidence among low-income and elderly without insurance is 38.7% and 15.9%, 
respectively
Restorative dental costs per person ($600) are three times higher than preventive services costs 
($200)
Each case of caries is associated with productivity losses of $18
Without public dental insurance, the probability of receiving preventive care among low-income 
adults of all ages is 30% and for elderly adults (regardless of income) is 48%.
With public dental insurance, restorative visits and associated costs decrease by 25%, but 
preventive visits and associated costs increase by 50%
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caries incidence of 15.9%. The number of cases of caries that remain untreated for 
1 year would be 28.6 million and 5.9 million for low-income and retirement-age 
adults, respectively. Information on untreated dental caries cases alone is likely 
insufficient for decision-makers to evaluate the two options. Before proceeding to 
the next paragraph of the exercise, jot down what additional information decision-
makers might want to know when considering these two policy options.

Information about the burden of untreated disease (i.e., caries) could also be use-
ful to the decision-maker (Haddix et al. 2003). In terms of impact, persons with 
untreated caries may experience pain and infection that can limit their food choices. 
The Global Burden of Disease project uses a common metric, disability-adjusted 
life year (DALY), to quantify the loss in quality of life for health conditions in all 
regions and for most countries in the world (GBD 2016). With this information, 
decision-makers can rank diseases on their relative burden. DALYs, the loss in well-
being attributable to having the condition for 1 year, can range in value from 0, 
representing perfect health, to 1, representing death. The Global Burden of Disease 
has estimated disability weights for three oral conditions: severe tooth loss (having 
8 or fewer natural teeth) with a disability weight of 0.073; severe periodontitis (a 
clinical attachment loss of more than 6 mm or a gingival pocket depth of more than 
5 mm) with a disability weight of 0.0079; and untreated dental caries with a dis-
ability weight of 0.012 (Marcenes et al. 2013). The total DALYs, or equivalent loss 
in annual quality of life attributable to the disease in the population of interest, will 
depend on the disability weight associated with one case of the disease and the 
annual number of cases (WHO).

Returning to our two hypothetical options to reduce caries among adults, if we 
multiply the annual number of cases in our hypothetical country (recall we are 
assuming that caries remains untreated for 1  year) by the disability weight for 
untreated caries, the annual DALYs attributable to having untreated dental caries for 
a year among low-income and older adults would be 0.34 million and 0.07 million, 
respectively (Table 2.2).

As an outcome measure and by themselves, DALYs do not provide an estimate 
of the monetary costs associated with an illness (WHO). The items to include in 
estimating these costs will depend on the perspective of the study (i.e., who is inter-
nalizing the cost). At a bare minimum, costs estimated from the payer perspective 
include treatment (also known as direct) costs. The most expansive perspective is 
societal, where all relevant and measurable costs incurred by society are included. 
Thus, the costs to society would include both the direct treatment costs and indirect 

Table 2.2  Outcomes for hypothetical country under status quo, no public dental insurance

Untreated 
caries cases 
(M)

DALYS 
(M)

Preventive 
costs (M)

Restorative 
costs (M)

Indirect 
productivity 
losses (M)

Total 
costs (M)

Low 
income

28.6 0.34 $4440 $17,160 $515 $22,115

Elderly 5.9 0.07 $3552 $3540 $106 $7198

M is millions, DALYs is disability-adjusted life years
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costs, such as lost productivity (Haddix et  al. 2003). Persons may miss work to 
obtain restorative care, and symptoms arising from untreated caries may also result 
in missed workdays or being less productive at work. The Global Burden of Disease 
provides global and regional estimates of lost productivity attributable to the three 
oral conditions it tracks (Righolt et  al. 2018). The estimated global productivity 
losses in 2015 US dollars attributable to untreated dental caries were $22.1 billion, 
to severe periodontitis $28.9 billion, and to severe tooth loss $126.7 billion (Righolt 
et al. 2018).

Critical pieces of information needed to estimate the cost of illness (i.e., untreated 
caries among low-income and retirement-age adults in this exercise) are the number 
of new cases and the associated cost per case (Haddix et al. 2003). Using a societal 
perspective, let’s assume that the per-person cost of restorative care per case of car-
ies is $600 US dollars and the loss in productivity associated with one case of caries 
is $18 US dollars (Table 2.1). The annual cost burden for caries among low-income 
and retirement-age adults would be, respectively, $17,675 million ($17,160 million 
+ $515 million from Table 2.2) and $3646 million ($3540 million + $106 million 
from Table 2.2).

In estimating the cost of dental diseases, some studies (e.g., GBD 2015; Righolt 
et al. 2018) examine total dental expenditures instead of costs associated with spe-
cific dental conditions such as dental caries. Several published analyses, however, 
have estimated the cost of illness for severe early childhood caries from the Medicaid 
(payer) perspective (Kanellis et  al. 2000; Griffin et  al. 2000; Bruen et  al. 2016). 
Because very young children are more likely to receive care for multiple, complex 
dental restorations under general anesthesia than other age groups, these studies 
have focused on the number of caries-related hospital operating room encounters 
and associated costs (Kanellis et al. 2000; Griffin et al. 2000; Bruen et al. 2016). The 
most recent analysis of Medicaid claims data in six states (Bruen et al. 2016) found 
that 0.5% of enrolled children received caries-related treatment in an operating 
room at an average cost in 2010 and 2011 of about $2500 per case.

Knowledge of the relative burden of diseases can help to prioritize public health 
spending. For example, if a state legislature had budgeted $20 million US dollars to 
improve children’s health, the set of policy/programs/interventions from which to 
choose could be daunting. Understanding the burden of various diseases and condi-
tions among children could help narrow the list of interventions to consider. For 
example, the United States Preventive Services Task Force (USPSTF) makes rec-
ommendations regarding the effectiveness of various preventive services delivered 
in healthcare settings (Kemper et al. 2018). The recommendations of the USPSTF 
influence how insurance companies in the USA set copays (i.e., how much of the 
cost of an intervention must be paid out of pocket by the patient; Griffin et al. 2014). 
Services provided by dentists are not evaluated by the USPSTF (Kemper et  al. 
2018). Oral health services currently recommended by the USPSTF include pri-
mary care providers prescribing fluoride supplements to children whose household 
tap water has low fluoride content and providing fluoride varnish to children under 
age 5 years (USPSTF 2014). Many recommendations by the USPSTF are rated “I,” 
meaning that there is insufficient evidence to recommend the service—almost half 
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of all recommendations regarding childhood screening have an “I” rating, including 
primary care providers conducting caries risk assessments in very young children 
(Kemper et al. 2018). Conducting studies to assess effectiveness of an intervention 
is costly (Kemper et  al. 2018). Efforts to prioritize effectiveness research could 
include an assessment of the relative burden of diseases related to the interventions 
under consideration (GBD 2015).

2.2.2  �Quantify How Much of the Burden Could Be Averted 
with Intervention

Once the burden in terms of health outcomes and costs has been documented, a pos-
sible follow-up question to consider is, “How much disease and associated costs 
could be prevented by each of the proposed alternatives?” To answer this question, 
we would need to know the cost of the illness and how effective the intervention/
program/policy is in preventing it.

The Community Preventive Services Task Force (CPSTF) identifies population 
health interventions that have been shown to “improve health directly; prevent or 
reduce risky behaviors, disease, injuries, complications, or detrimental environmen-
tal or social factors; or promote healthy behaviors and environments” based on 
available scientific evidence (CPSTF 2019a). These recommendations can inform 
decision-makers as they consider public health policies and interventions and their 
associated cost (CPSTF 2019b). Two population-level oral health interventions cur-
rently recommended by the CPSTF are community water fluoridation (CPSTF 
2017a) and school-based sealant programs (CPSTF 2017b). The CPSTF and its 
scientists conduct systematic reviews of economic evaluations of interventions the 
CPSTF has deemed to be effective. The systematic review of six economic evalua-
tions of water fluoridation conducted between 2001 and 2013 (Ran et  al. 2016) 
found that the annual benefit from the societal perspective (averted treatment and 
productivity costs) from water fluoridation in 2013 US dollars ranged from $5.49 to 
$93.19 per person. The systematic review of economic evaluations of school dental 
sealant programs (Griffin et al. 2017) found that the annual averted treatment and 
productivity losses per child attributable to sealant programs in 2014 US dollars 
from six studies ranged from $18.78 to $233.86.

Studies have used claims data to evaluate the effectiveness of implementing vari-
ous policies and interventions by comparing outcomes and treatment costs for per-
sons exposed to the intervention compared to those not exposed (CDC 1999; 
Blackburn et  al. 2017). Thus, significant averted treatment costs and outcomes 
could imply the intervention was effective. For example, an analysis of Louisiana 
Medicaid claims data for children, aged 1–5 years, found that children living in 
parishes (equivalent to a county in other US states) without fluoridated drinking 
water were three times as likely to receive restorative dental care in a hospital oper-
ating room and had dental treatment costs twice as high as children living in 
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parishes with fluoridated drinking water (CDC 1999). Another analysis of Alabama 
Medicaid claims data published in 2017 in JAMA Pediatrics (Blackburn et al. 2017) 
compared caries-related treatment visits and expenditures between enrolled chil-
dren who had received a caries-preventive service from a dentist or primary care 
provider prior to age 2 and those children who had not. The difference in the treat-
ment expenditures between the two groups would provide an estimate of averted 
caries treatment costs associated with receiving preventive dental services prior to 
age 2 years. The findings disproved the hypothesis, which was surprising—com-
pared to children who did not receive early preventive care, caries-related visits and 
annual treatment costs were significantly higher for a child who received early pre-
ventive care from a dentist and were not statistically different for those receiving 
early care from a primary care provider. It is important to keep in mind that treat-
ment and control groups in claims data are not randomly assigned, and thus they 
may be subject to selection bias, that is, there may be factors that influence whether 
a child is in the treatment group and which could also be affecting outcomes and 
costs (Jensen et al. 2015). For example, very young children who visit the dentist 
may have a higher caries risk than children who don’t. There are methods, however, 
to reduce selection bias (e.g., propensity scores, instrumental variables, regression 
discontinuity models). The JAMA Pediatrics study, for example, used propensity 
scores to match children in the intervention and treatment groups.

Selection bias in claims data also can result from differences among providers 
who provide treatment. For example, dentists who place sealants may be less likely 
to place restorations on incipient caries that could possibly remineralize in the 
absence of the restoration. If this were the case, then part of the averted treatment 
costs could be due to dentists’ treatment decisions as opposed to sealant effective-
ness. Weintraub and colleagues found that delivering dental sealants to Medicaid-
enrolled, North Carolina children at high risk for caries was associated with lower 
future restorative costs. The researchers included an indicator variable for each den-
tal provider to control for the effect of differences in dentists’ treatment criteria 
(Weintraub et al. 2001).

Let’s return to our hypothetical country trying to reduce untreated dental caries 
among adults and make a few more simplifying assumptions: (1) providing public 
dental insurance would increase consumption of preventive care by 50% and reduce 
the annual number of cases of untreated caries and associated costs by 25% 
(Table 2.1). From Table 2.3, we see that providing public dental insurance to low-
income adults in the hypothetical country would reduce untreated caries cases to 

Table 2.3  Outcomes for hypothetical country with public dental insurance

Untreated 
caries cases 
(M)

DALYS 
(M)

Preventive 
costs (M)

Restorative 
costs (M)

Indirect 
productivity 
losses (M)

Total 
costs (M)

Low 
income

21.5 0.26 $6660 $12,870 $386 $19,916

Elderly 4.4 0.05 $5328 $2655 $80 $8063

M is millions, DALYs is disability-adjusted life years
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21.5 million cases and DALYs to 0.26 million. It would further reduce restorative 
costs and productivity losses to $12,870 million and $386 million, respectively 
(Table 2.3). Averted adverse outcomes and costs would be the difference between 
providing public dental insurance and the status quo (Table  2.4) or 7.1 million 
averted cases, 0.09 million averted DALYs, and $4419 million in averted cost of 
illness ($4290 million in restorative costs + $129 million in productivity losses from 
Table 2.4). Providing public dental insurance to retirement-age adults in the hypo-
thetical country could avert 1.5 million cases of untreated caries, 0.02 million 
DALYS, and $912 million in the cost of illness (Table 2.4).

Although information quantifying gains in health and averted costs from imple-
menting various interventions provides better information for ranking intervention 
alternatives, we can still do better by using additional information to make more 
informed decisions. What else would you like to know if you had to determine 
which intervention to implement?

2.2.3  �Quantify Costs of Interventions and How to Deliver 
Them Most Efficiently

Information on the cost of the intervention can be combined with information from 
the previous section on averted disease and cost of illness to determine whether the 
intervention offers good value (Haddix et al. 2003). This will be described in more 
detail in the next section. Cost information is critical to program efficiency (i.e., 
delivering the intervention at the lowest cost). In measuring costs, perspective again 
matters (Haddix et al. 2003). From the payer’s perspective (e.g., insurance com-
pany) the primary cost incurred is the amount paid to the provider, e.g., reimburse-
ment fee (Haddix et al. 2003). State Medicaid agencies in the USA typically pay the 
same amount for the same dental procedure (e.g., sealant) for a child regardless of 
how efficient the provider is (KFF 2018). On the other hand, a local program or 
dentist would want to know the cost of all resources used to deliver sealants because 
understanding these costs would be a key to sustainability (Griffin et al. 2018). An 
efficient program or dentist has lower costs and, as a result, will require less revenue 
to operate. Thus, an efficient school sealant program would be more likely to sustain 

Table 2.4  Difference between outcomes for providing public dental insurance and status quo for 
hypothetical country

Untreated 
caries cases 
(M)

DALYS 
(M)

Preventive 
costs (M)

Restorative 
costs (M)

Indirect 
productivity 
losses (M)

Total 
costs (M)

Low 
income

−7.1 −0.09 $2220 −$4290 −$129 −$2199

Elderly −1.5 −0.02 $1776 −$885 −$27 $864

M is millions, DALYs is disability-adjusted life years
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itself on Medicaid/private insurance reimbursements alone than would an inefficient 
program (Griffin et al. 2018).

An accurate understanding of the delivery process and resource costs can also be 
important in evaluating program efficiency over time (Griffin et al. 2018). The sys-
tematic reviews on economic evaluations of school sealant programs (Griffin et al. 
2017) and community water fluoridation (Ran et al. 2016) conducted for the 
Community Preventive Services Task Force identified the key resource cost compo-
nents and those components that had the greatest influence on total cost. Resource 
cost categories for school sealant programs included labor, equipment, sealant 
material and other disposable goods, travel, and administrative (Griffin et al. 2017). 
Because labor costs accounted for about two-thirds of total costs, using labor as 
efficiently as possible can have a large impact on costs (Griffin et al. 2017). Scherrer 
et  al. (2007) simulated how school sealant programs could use their labor more 
efficiently. They found that for large programs, it would be more efficient to have 
one extra chair and dental assistant. This would allow teams of operators to move to 
an open chair rather than stay at the same chair while infection control barriers were 
being changed. Lower paid providers (e.g., dental assistants) could then change 
infection control barriers alone. For these larger programs, the lower costs associ-
ated with dental hygienists not having to wait for each barrier change could offset 
the cost of the extra assistant and chair (Scherrer et al. 2007).

Scherrer also showed that screening and sealing children at two different times 
instead of at the same seating would be more efficient for school sealant programs 
operating in states with practice acts that require a dentist to screen the child prior 
to dental hygienists/assistants placing sealants. Separating the screening process 
from providing sealants minimized the number of hours the highest cost labor 
input—the dentist—spent at the school.

For community water fluoridation, the CPSTF review identified three types of 
costs—one-time fixed investment in fluoridation facilities; recurrent fixed costs to 
maintain, operate, and monitor fluoridation; and variable recurrent costs including 
labor and chemicals (Ran et al. 2016). Because fixed costs accounted for the largest 
share of total cost, water system population had the most influence on total cost. 
Annual per capita costs were less than one dollar (2013 US dollars) for communities 
>20,000 people, compared to a range of $3.36–$24.38 for communities of 
smaller sizes.

Better understanding of different provider resource costs could become impor-
tant to payers as well, given the shift in payments for dental care from fee-for-
service (reimbursement per procedure) to capitated (reimbursement per person). To 
accurately allocate the capitated fee among various providers serving the same 
patient, knowledge of their relative contributions to total costs would be helpful 
(Griffin et al. 2018).

Cost analyses from the payer perspective have also been used to evaluate policies 
and can provide insight into barriers and facilitators of policy implementation. For 
example, to increase dental utilization among low-income children, policymakers 
have tried to stimulate the supply of dentists willing to accept publicly insured chil-
dren by raising reimbursement rates for dental procedures. The impact of this policy 
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was evaluated by Decker (2011). Using the reimbursement for dental prophylaxis as 
a proxy for dental fees, Decker found that increasing this fee from $20 to $30 US 
dollars would increase past 6-month dental use among youth by about 4 percentage 
points. In fact, youth in states where the Medicaid reimbursement was $30 or more 
had utilization rates that were not statistically different from privately insured 
children.

Now, let us return to our example of strategies to decrease untreated dental caries 
among adults. Recall that we assumed that providing public insurance increases the 
consumption of preventive care by 50%. The increase in preventive costs would 
thus measure the cost associated with providing public dental insurance. From 
Table  2.1, we see that the percentage of low-income and retirement-age adults 
receiving preventive dental care under the status quo is 30% and 48%, respectively, 
and that the annual cost to provide preventive care to a person is $200. From 
Table 2.2, we see that the annual cost of preventive care under the status quo is 
$4440 million for low-income and $3552 million for retirement-age adults. 
Providing public dental insurance would increase preventive care costs to $6660 
million for low-income and to $5328 million for retirement-age adults (Table 2.3). 
The incremental cost of providing public dental insurance would thus be $2220 mil-
lion for low-income and $1776 million for retirement-age adults (Table 2.4).

2.2.4  �Quantify Trade-Offs to Identify 
Highest-Value Alternative

We have now come to the gold standard of economic evaluations—combining 
information on the cost and averted burden of various interventions/programs/poli-
cies to identify the alternative with the highest value. To illustrate, let’s return to our 
example on how best to reduce untreated dental caries in adults. In the previous 
sections we found that the averted dental treatment costs of public dental insurance 
($4419 million from adding averted treatment costs and productivity losses in 
Table 2.4) offset the increased preventive costs ($2220 million from Table 2.4) for 
low-income adults. Thus, this option saved society $2199 million (total costs in 
Table 2.4) in annual costs. In economic evaluation, strategy A would dominate strat-
egy B if it has a higher health gain and lower cost (Haddix et al. 2003). Using this 
criterion, providing dental insurance to low-income adults in the hypothetical coun-
try would dominate the strategy of not providing dental insurance because public 
dental insurance was associated with lower costs, fewer cases of untreated caries, 
and improved quality of life (i.e., decreased DALYs in Table 2.4).

For retirement-age adults in this exercise, however, the decreases in cost of ill-
ness did not offset the increased cost of prevention. Providing public dental insur-
ance to retirement-age adults would increase total costs by $864 million and 
decrease cases by 1.5 million and DALYS by 0.02 million (Table 2.4). This option, 
however, could still offer good value. The cost to avert one case of untreated caries 
would be $576 ($864/1.5) and to avert one DALY, $43,200 ($864/0.02). Our hypo-
thetical country would have to compare the incremental costs and health gains from 
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providing public dental insurance for older adults to other competing alternative 
uses of the resources required to provide dental insurance (Haddix et  al. 2003). 
Why, in our example, was public dental insurance cost-saving for low-income but 
not for retirement-age adults? Likely factors include their higher caries risk and 
lower consumption of preventive care under the status quo.

This example was meant for illustrative purposes to provide insight regarding 
questions an economic analysis can address. Because of our simplified assumptions, 
this example cannot be used to evaluate actual policies. For example, it is unlikely 
that all cases of new caries will be treated within the year, and the costs of adminis-
tering public dental insurance may vary between low-income adults and retirement-
age adults. In the USA, for example, public insurance for persons aged 65+ years is 
administered by the federal government, whereas for low-income adults, it is jointly 
administered by each state and the federal government (KFF 2016).

There are several published analyses of interventions to prevent dental disease 
that can inform considerations about public funding. The findings of the CPSTF, for 
example, can be used by agencies funding public health research and programs 
(CPSTF 2019b). The two interventions currently funded by the CDC Division of 
Oral Health to improve oral health outcomes in states, territories, and tribes are 
community water fluoridation and school sealant programs, (NCCDPHP 2018). 
These are the only oral health interventions for which the CPSTF has found strong 
evidence to recommend (CPSTF 2019c). The CPSTF review of community water 
fluoridation found wide variation in annual averted costs per person estimated from 
the societal perspective in the six included studies. In all studies, however, the 
averted treatment costs exceeded the intervention costs (Ran et al. 2016). The review 
of school sealant programs found that school sealant programs were cost-saving 
when they provided services in schools where the children were at high risk for car-
ies (Griffin et al. 2017).

2.3  �Determining When to Implement Economic Analysis 
in Program Evaluation and the Most Appropriate Type 
of Analysis

Evaluation is a systematic method for collecting, analyzing, and using data to exam-
ine the effectiveness and efficiency of programs and, as importantly, to contribute to 
continuous program improvement.1 As illustrated in Sect. 2.2, an economic evalua-
tion always includes the component of costs (e.g., cost of illness, intervention, or 
per unit of health gained), with the ultimate goal of measuring efficiency (i.e., is 
health gain achieved at lowest cost). Data for an economic evaluation can be 
obtained prospectively (i.e., collection throughout the intervention time frame, 
which also could be concurrent with the collection of data to evaluate effectiveness) 

1 https://www.cdc.gov/eval/index.htm
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or retrospectively (after the intervention is implemented using data sources such as 
claims or hospital records (O’Connell and Griffin 2011). The benefits of prospective 
data collection are that it allows for the ongoing review of data and for modification 
of data collection methods to ensure accuracy and to address identified reporting 
issues (O’Connell and Griffin 2011). In addition, concurrent evaluation of effective-
ness and costs could help ensure that the economic evaluation was conducted with 
the same rigor (i.e., random assignment, concurrent control group, and consider-
ation of all aspects of program implementation and service delivery) as the effec-
tiveness study. It also may be less costly to collect cost data at the same time as 
effectiveness data, as opposed to designing a separate economic evaluation later.

When conducting the economic analysis simultaneously with other evaluation 
efforts, it is important to only include the costs of resources that typically are 
required to set up and administer the program (O’Connell and Griffin 2011). Costs 
associated with collecting and analyzing data for evaluation purposes that would not 
normally be incurred by a program should be excluded. It also is important to under-
stand how the cost structure will vary over time (O’Connell and Griffin 2011). For 
example, if there are costs unique to starting the program (e.g., economies of scale 
or high fixed costs), or a learning curve associated with administering the program, 
then costs incurred during the first few years of operation may be significantly 
higher than costs incurred by an established program. An economic evaluation 
would be more accurate by including both start-up and steady-state costs (O’Connell 
and Griffin 2011).

On the other hand, there are interventions with strong evidence of effectiveness 
but insufficient evidence to determine cost-effectiveness (Carande-Kulis et  al. 
2000). Researchers may want to determine effectiveness before allocating resources 
to economic evaluation. The CPSTF often conducts separate systematic reviews for 
evaluations of effectiveness and economic evaluation, with economic evaluations 
typically only being conducted if there is evidence of effectiveness. Among the 
criteria used by the CPSTF to identify interventions for which to conduct systematic 
reviews of economic evaluations is strong evidence of effectiveness (Carande-Kulis 
et al. 2000).

Even when there is strong evidence of effectiveness and cost-effectiveness for an 
intervention in the literature, local programs may find it useful and more informa-
tive to periodically assess their cost-effectiveness using their own data (Griffin et al. 
2018). For example, because of the large variation in reported SSP costs (range: 
$33–$163 per child in 2014 US dollars) in the CPSTF systematic review of eco-
nomic analyses and the CPSTF finding that there is limited evidence of effective-
ness and cost-effectiveness for sealant programs serving children with low-caries 
risk (Griffin et al. 2017; CPSTF 2017a), CDC’s Division of Oral Health encourages 
local school sealant programs in their funded states to periodically assess their 
impact and costs (NCCDPHP 2018). Recognizing that following children longitu-
dinally is costly and may not be feasible, CDC has developed a streamlined approach 
that requires participating programs to collect data on the number of children served, 
children’s caries risk at baseline screening, 1-year sealant retention, and quantity of 
resources used to administer programs and deliver sealants in school settings. With 
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these data, a web application, SEALS (https://www.cdc.gov/oralhealth/dental_seal-
ant_program/seals.htm), developed by CDC can simulate the amount of caries that 
would have occurred with and without the program (i.e., averted caries) and the cost 
to provide services. The Division of Oral Health in the CDC can use these de-
identified, standardized cost, and effectiveness estimates per sealant program to 
develop efficiency benchmarks, controlling for factors that are beyond a local school 
sealant program’s control (e.g., state dental practice act).

Our examples in the previous sections illustrate the many types of questions an 
economic analysis can answer. In Sect. 2.2 we provided examples of two types of 
economic analysis: (1) cost (i.e., cost of intervention, cost of illness, and cost of 
intervention after netting out the cost of illness; see Chap. 3), and (2) cost-
effectiveness (CEA; net cost per gained outcome; see Chap. 7). A cost-utility analy-
sis (see Chap. 9) is a type of CEA that examines the net cost per gained increase in 
quality of life or well-being (Haddix et al. 2003). In our example in the previous 
section on providing public dental insurance to adults, net cost per averted DALY 
would be considered a cost-utility analysis, whereas net cost per averted case of 
untreated caries would not. Cost-utility analyses also can be easier to interpret than 
other cost-effectiveness analyses when comparing interventions with different 
health outcomes or evaluating an intervention that affects multiple outcomes—in 
cost-utility analyses the outcomes are all converted to a common metric, such as 
DALYs. Another type of economic analyses we have not yet described is a cost-
benefit analysis. Whereas cost-effectiveness analyses measure the net cost per 
gained health or quality of life outcome, a cost-benefit analysis monetizes the gained 
outcomes as well as resource costs (Haddix et al. 2003). Typically, the gained out-
come is monetized by how much individuals on average would be willing to pay for 
it (Haddix et al. 2003). One caveat to conducting a cost-benefit analysis is that it can 
be difficult and costly to monetize outcomes. An example of a cost-benefit analysis 
is provided in Chap. 8.

The evaluation question will largely determine which type of economic analysis 
is most appropriate for your evaluation. Table 2.5 provides a summary of what we 
have discussed in this chapter regarding selecting the most appropriate type of eco-
nomic analysis for your evaluation question. As in any analysis, an important con-
sideration is availability and quality of data to perform the analysis.

Table 2.5  Considerations for selecting the appropriate type of economic analysis

Question to address Type of economic analysis

How much is the cost to implement a policy, program, or 
intervention?
Is the intervention being delivered at minimum cost?

Cost of intervention

What is the absolute or relative magnitude of the problem? Cost of illness
Is cost of implementing policy, program, or intervention 
offset by reductions in the cost of illness?

Net cost (typically conducted from 
payer perspective)

What is the net cost per gained health outcome from 
implementing the intervention?

Cost-effectiveness (utility) analysis

Is the dollar value of the benefit offset by the cost? Cost benefit
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Chapter 3
Measuring Cost in Oral Health Care

Laura Ternent, Tara Homer, Jing Shen, and Christopher R. Vernazza

3.1  �Costing in Oral Health

In economic analyses of healthcare interventions, costs have historically received 
less research attention compared to effectiveness (often in the form of utilities see 
Chap. 4). Given their prominence as the numerator of the cost-effectiveness ratio, 
there is no doubt that costs should be valued and measured as rigorously as effec-
tiveness. Ambiguity or confusion in cost calculation could hinder our ability to 
examine cost-effectiveness accurately and may lead to biased results. A set of 
clearly defined costing methodology and terminology is therefore essential, and this 
should be understood along with some important concepts on costing in healthcare.

Firstly, the notion of cost used in economics analysis is opportunity cost – when 
we choose to use resources one way, we lose the opportunity to use the resources in 
another desirable way. The cost of this decision is the benefits we could have 
obtained had we used them in another way. Strictly, opportunity cost is the benefits 
foregone from the resources if they had been used in the next best alternative. This 
is the founding principle of how costs are valued in economic evaluation. Secondly, 
in any cost analysis it is essential to specify the costing perspective (i.e. whose costs 
are being counted). A narrow but commonly adopted perspective examines costs 
from the healthcare provider’s perspective, for example, health system costs, e.g. 
National Health System (NHS) in the UK or the Veterans Administration in the 
USA. This narrow perspective is often widened for different analysis purposes. A 
common extension is to include condition-related costs to the patients and their 
families. Additionally, research suggests that an important cost of oral health condi-
tions is productivity loss due to absenteeism and presentism, which extends the 
costing perspective further to employers (Breckons et al. 2018). In some cases, it 
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may also be relevant to include costs to the sectors beyond health, for example, 
interventions to improve the oral health of children may have an impact on school 
attendance and educational attainments; therefore, the intervention may have impli-
cations for costs to the education sector (Seirawan et al. 2012). The extensions of 
costs beyond the healthcare provider’s perspective are commonly termed as a soci-
etal perspective. Lastly, in oral healthcare, where services may not be free at point 
of access regardless of the healthcare system, it is important to distinguish between 
costs and charges. Charges in oral healthcare are a contribution paid by patients 
towards the costs of dental goods or services, and the level of the contribution is 
usually set by the healthcare provider. Charges do not necessarily reflect the true 
cost of providing the good or service and, therefore, are not appropriate to use when 
calculating costs from the healthcare provider’s perspective. However, charges may 
be relevant in the cost calculation if a patient or societal perspective is taken, as they 
would fall within the costs borne by the patients.

Understanding the costing perspective paves the way for the first step in defining 
the two main cost categories in economic evaluation: direct cost and indirect cost.

Direct Cost  covers all goods, services, and other resources that are consumed in the 
provision of a healthcare good or service, as well as any associated aspect in the 
follow-up to the care. Direct cost can include costs to both the healthcare provider 
and the patients and their families, depending on the perspective chosen.

Indirect Costs  (structural) represent administrative support resources and logisti-
cal support costs. This category could include the costs of electrical energy, mainte-
nance costs, cleaning costs, and administrative support.

Indirect Costs  (productivity) usually refer to productivity loss due to illness and 
this will include absenteeism and presentism.

Within the cost categories, particularly direct cost, costing terminologies are 
defined below with respect to their specific use in oral healthcare.

Total Cost   is the sum of all costs being considered in an analysis. This would cover 
all costs related to delivering an oral healthcare intervention if only direct cost is 
considered and will also include productivity loss due to the oral health condition if 
indirect cost is also counted. Total cost is comprised of both fixed cost and variable 
cost components.

Fixed Cost   is a cost that remains the same regardless of the quantity of output in 
the short term, i.e. a cost that is unrelated to the number of teeth or patients treated, 
for instance, the rental cost of the practice facility. Fixed cost may, however, vary 
with time.

Variable Cost   is a cost that varies with the level of output, i.e. the cost related to 
the number of teeth or patients treated, for example, materials used in making a 
dental crown.
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Average Cost   is calculated by dividing total cost by the quantity of output, so it 
represents cost per patient or tooth treated.

Marginal Cost   is the extra cost incurred from producing one more (or one less) of 
a unit of output, i.e. cost of treating one extra patient or tooth. In the short term it is 
equal to variable cost, but in longer term some costs considered fixed in the short 
term can be changed.

Incremental Cost   is calculated when comparing more than one treatment strate-
gies and represents the difference in average total cost between treatment strategies.

In addition to understanding the costing terms, a set of steps is typically followed 
to assemble costs in order to calculate those specific costs. There are broadly two 
methodologies of gathering costs: the bottom-up approach (micro-costing) and the 
top-down approach (Brouwer et al. 2001).

The bottom-up costing approach involves first identifying the resources used in 
providing the good or service, then obtaining information on each resource identi-
fied (usually via participating clinical practices), and summing up all resources 
required on a per patient basis. This approach is time-consuming but is likely to 
produce the most accurate estimation of cost in question. However, this may only be 
possible if the economic evaluation is undertaken alongside a clinical trial, where 
details on the resources used are collected.

The top-down costing approach generally relies on information obtained from 
routine data sources, and such data are typically based on national averages. This 
approach is less time-consuming but may not capture the true costs of an interven-
tion. This approach may be the only option when undertaking a decision analytic 
modelling study where only routinely collected data are available to use.

In many costing studies a blended approach is common. For example, for inter-
vention costs a micro-costing approach might be used and a top-down approach 
used for health service use (e.g. primary care visits).

Finally, there are a few additional issues to consider.
Costs should be considered for as long as it is relevant. When the costs and ben-

efits of an intervention last more than a year, discounting should then be applied. 
Discounting reflects people’s time preferences – cost arising in the future impinges 
on us less than costs that arise now, and typically the same amount of money is 
valued more highly now than in the future. Appropriate rates of discounting should 
be adopted depending on the purpose of the study and the audience the study is 
conducted for. Internationally recommended rates vary between countries but typi-
cally lie within the range of 3–5% per annum (Drummond et al. 2005).

In gathering costs for different resources, it is likely that prices may be taken 
from different price years. It is then important to convert all costs into a common 
price year, and this requires applying the appropriate inflation index. Commonly 
used inflation indices include those produced by respective country’s national statis-
tics bureau or specifically for the healthcare system, for example, the Hospital and 
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Community Health Services Pay and Price Inflation Index in the UK (Homer 
et al. 2020).

When identifying resources used in an intervention, it is likely capital outlays 
and overheads, for instance, a dental chair or an X-ray machine, will be encountered 
which are not an intervention specific item but may need to be costed. These are 
typically referred to as capital costs, and they include opportunity cost and deprecia-
tion of the item over time. The common way of measuring and valuing capital costs 
is to annuitise the initial capital outlay over the useful life of the asset, though other 
methods are also used (Brouwer et al. 2001).

3.2  �The FiCTION Case Study

The Filling Children’s Teeth: Indicated or Not? (FiCTION) study was a multi-
centre, three-arm, parallel group, patient-randomised controlled trial set in general 
dental practices in England, Scotland, and Wales. The aim of the study was to evalu-
ate three treatment strategies to manage caries in the primary teeth of children aged 
3–7 years with at least one primary molar tooth with carious lesions extending into 
dentine (Innes et al. 2020). The three strategies were conventional with best practice 
prevention (C+P), biological with best practice prevention (B+P) and best practice 
prevention alone (PA). The C+P strategy involved local anaesthetic, the removal of 
carious tissue and filling placement. The B+P strategy involved sealing-in decay, 
selective carious tissue removal and fissure sealants. PA involved dietary and tooth-
brushing advice, fluoride varnish application, and fissure sealants to prevent further 
carious lesions.

Generally, trials have scheduled follow-up visits to collect data on outcomes at 
specific timepoints, but FiCTION was a pragmatic trial with follow-up visits based 
on each practices’ recall schedule, in order that the treatments compared were argu-
ably more representative of how dental care is provided in the UK.

3.2.1  �Costing Methods

Two costing exercises were undertaken as part of this study: micro-costing and 
charges to the UK NHS (Homer et al. 2020). The micro-costing exercise involved 
collecting data on all of the treatments provided (operative and preventive) at each 
visit, the length of each visit, and the dental personnel providing treatment. In the 
UK, dentists can have an NHS contract and/or a private practice. The methods of 
reimbursement for dentists differ between the different countries that make up the 
UK. In England and Wales, reimbursements are based on contracts to provide an 
agreed annual number of “Units of Dental Activity” (UDA). There are three bands 
of UDA reimbursement: band 1 (worth 1 UDA) covers diagnosis, treatment plan-
ning, preventive treatments, and X-rays; band 2 (worth 3 UDAs) covers operative 
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treatments including fillings and extractions; and band 3 (worth 12 UDAs) covers 
complex treatments, which include laboratory element (e.g. bridges). In Scotland 
and Northern Ireland, a “fee-for-service” (FFS) system is in operation. The FFS 
system reimburses dentists for each treatment provided within each course of treat-
ment so each type of service provided (e.g. composite filling) has its own fee.

As with other countries, dentists in the UK receive co-payments from patients for 
dental treatments provided; however, children are excluded from these co-payments 
under NHS contracts so these costs were not considered.

3.2.2  �Perspective

The perspective of the study was that of the UK NHS in the primary analysis. A 
wider perspective accounting for parents’ time and out-of-pocket expenses was 
incorporated in a sensitivity analysis.

3.2.3  �Data Collection

Study-specific data collection tools were developed to capture costs relevant to the 
perspective chosen. The costs for the primary analysis were the costs associated 
with managing caries in primary teeth. A trial case report form (CRF) was devel-
oped and completed by a dental professional at every visit. The CRF collected infor-
mation on staff present, main treatment provided (preventive and operative), any 
other treatment provided (e.g. inhalation sedation), and medication prescribed. 
Parental questionnaires, collecting direct and indirect costs to parents, were com-
pleted by the child’s parent/guardian at every visit. When developing a study-
specific data collection tool, compromises need to be made on the level of data 
required and the respondent burden.

3.2.4  �Micro-costing

3.2.4.1  �Staff Costs

The start and end times of the visit were collected on the CRF to estimate the total 
length of each visit. How long preventive interventions were provided for was also 
collected on the CRF. The rationale for this was because different dental profession-
als could provide different interventions during the same visit. The distinction 
between the staff and the length of time of each treatment was to ensure that the 
costs applied were representative of the staff present. Staff costs were collected 
from online sources (PSSRU/NHS pay scales) and inflated to account for 
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employers’ national insurance and pension costs. This annual salary cost, which 
included annual and administrative leave, was converted into a cost per minute, 
assuming a 37.5 h working week. This staff unit cost was multiplied by the number 
of minutes treatments were provided, as reported in the CRF.

To prevent overburdening respondents, information on all of the staff present at 
each visit was not collected in the CRF. It was assumed, based on clinical advice, 
that a dental nurse would be present for the full duration of a visit, so this cost was 
incorporated into the total staff costs per visit.

3.2.4.2  �Treatment Costs

Information on restoration materials, local anaesthetic, other procedures (e.g. 
extractions), and number of surfaces treated were collected on the CRF to identify 
what treatments were provided. The researcher, using clinical input and dental 
teaching resources, identified the individual resources required to provide each 
treatment. The resources were split into consumable and reusable items.

3.2.4.3  �Costing Consumable Items

Costs associated with consumable items were collected from online dental suppli-
ers, and a VAT rate of 20% was applied. VAT, also known as valued added tax, is a 
tax levied on the sale of goods and services. The use of online suppliers as the 
source of costs meant that potential economies of scale experienced by larger prac-
tices were not considered, but it reduced the burden on practices and potential selec-
tion bias if the data were to be collected at a practice level. Consumable items are 
usually purchased in bulk so these costs needed to be broken down to estimate a unit 
cost per item. Table 3.1 is an illustrative example of how a unit cost per item was 
identified and how these unit costs were used to estimate the total cost of consum-
able items used at every visit.

3.2.4.4  �Costing Reusable Items

The equivalent annual cost of consumable items was estimated to account for pur-
chasing, using, and maintaining an asset over its lifespan. It was assumed that there 
was no residual value associated with these assets. In some instances, capital assets 
may be traded in or sold to generate additional revenue; in these instances the resid-
ual value needs to be included in the equivalent annual cost calculation. Additionally, 
if there are significant operating costs associated with capital items, such as annual 
maintenance fees, these also need to be considered. The inclusion/exclusion of the 
residual value and operating costs of consumable items is study dependent.

Similar to how the cost of consumable items was estimated, the cost of reusable 
items was collected from online sources, and VAT was applied to the total cost. The 
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total cost was divided by the number of items purchased if it was more than one. The 
equivalent annual cost (EAC) was estimated using following equation, where n = 
expected time span of the asset:

	

EAC
asset price discount rate

discount rate
n

=
∗

− +( )−
  

 1 1
	

It was assumed in the primary analysis that the lifespan of dental equipment 
would be 3 years; this assumption was explored in sensitivity analyses. The recom-
mended discount rate in the UK, 3.5%, was applied.

Reusable dental items are also sterilised after every use so the cost of autoclaving 
each item was estimated and added to the cost per use for each reusable item.

The unit costs associated with every consumable and reusable item were esti-
mated using the methods above. Depending on the treatment recorded on the CRF, 
the appropriate unit costs of all the resources required to provide that treatment were 
added together to estimate the total cost of providing treatment at that visit.

Table 3.1  Example of how consumable items were costed

Estimating the unit cost of consumable items
Item No. of units Cost VAT* Total cost Cost/unit Cost/item**

Disposable gloves 100 £5.25 £1.05 £6.30 £0.06 £0.12
Disposable masks 50 £3.45 £0.69 £4.14 £0.08 £0.08
Disposable bibs 500 £15.95 £3.19 £19.14 £0.04 £0.04
Tissues 7200 £25.95 £5.19 £31.14 £0.00 £0.01
Disposable cups 5000 £36.85 £7.37 £44.22 £0.01 £0.01
Mouthwash tablets 1000 £7.95 £1.59 £9.54 £0.01 £0.01
3 in 1 tips 200 £34.75 £6.95 £41.70 £0.21 £0.21
Sheaths 250 £11.65 £2.33 £13.98 £0.06 £0.06

*VAT is 20%; ** cost/item is the cost per unit multiplied by the number of items needed, e.g. the 
GPD would need two disposable gloves which would cost 12p (6p*2)

Estimating the total cost of consumable items used at every visit
Single use items Unit cost No. of units Cost (£) Item

Gloves £0.13 1 £0.12 1 pair
Gloves (nurse) £0.13 1 £0.12 1 pair
Masks £0.08 1 £0.08 1 mask
Masks (nurse) £0.08 1 £0.08 1 mask
Bibs (child) £0.11 1 £0.04 1 bib
Tissues £0.01 3 £0.03 3 tissues
Disposable cups (water) £0.01 1 £0.01 1 cup
Tablets (for the water) £0.01 1 £0.01 1 tablet
3 in 1 tips £0.21 1 £0.21 1 tip
Sheaths £0.06 1 £0.06 1 sheath
Total cost of consumable items used at every visit £0.76
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3.2.4.5  �Other Treatment Costs

If a child had a radiograph, inhalation sedation, or was referred for further treat-
ment, this was collected on the CRF. The cost of radiographs was estimated based 
on the cost of a film; capital equipment costs were not included in this analysis. 
Capital costs were assumed to be fixed where the capital equipment would last for 
a considerable number of years and be used intensively so that the cost per image 
would be very small.

The cost of inhalation sedation was taken from another study which had under-
taken a micro-costing exercise, and this unit cost (excluding staff costs to prevent 
double counting) was inflated to the same price year as the other costs collected for 
the trial (Curtis and Burns 2018).

A patient referral form was created to identify what treatment the child had, who 
provided this treatment, and where this was provided. This information was col-
lected by a clinical researcher on the trial. Each referral was categorised into “pack-
ages of care” and assigned a unit cost based on the information collected in the 
patient referral form.

3.2.4.6  �Medication Costs

Medication costs were sourced from the British National Formulary (BNF) for 
every painkiller and antibiotic recorded in the CRF (British National Formulary 
2018). When information on dose, frequency, and/or duration were missing, BNF 
recommendations were used.

3.2.4.7  �Capital Costs

While it is important to consider capital costs, large capital items, such as the dental 
chair, were not included in the FiCTION study. The rationale for this was that it was 
assumed that the capital equipment would last for a considerable number of years 
and be used intensively, so that the cost per use would be very small.

The inclusion or omission of capital costs will be study dependent and based on 
the magnitude of these costs and their opportunity costs.

3.2.5  �Charges to the NHS

As previously mentioned, in the UK dentists are reimbursed by the NHS for provid-
ing treatments to NHS patients (i.e. not private patients). There are two reimburse-
ment strategies: UDAs and FFS.

L. Ternent et al.



45

3.2.5.1  �Units of Dental Activity (UDAs)

Information on UDA contracts for the English practices in the FiCTION trial was 
available from the NHS Business Services Authority website. The UDA value per 
practice was estimated based on the value of the practice’s contractual payments 
divided by the number of contracted UDAs. For the four Welsh practices, their UDA 
values were not available online, so they were collected via personal communica-
tion. A UDA was reimbursed based on a completed course of treatment, but as the 
CRF did not collect information on whether a visit was related to a previous visit, a 
course of treatment definition had to be created. Clinical input, clinical guidelines, 
and reimbursement guidelines were used to define a course of treatment. Sensitivity 
analyses explored any uncertainty in these assumptions to ensure they were robust. 
The difference in costs between two of the arms (C + P and B + P) decreased in the 
UDA analysis, which was expected, as treatments in both of these arms were reim-
bursed at band 2 (three UDAs per course of treatment). Also, the difference between 
prevention and the other two arms increased as prevention is reimbursed at band 1 
(one UDA per course of treatment).

3.2.5.2  �Fee-for-Service (FFS)

In Scotland, dentists are reimbursed based on the treatment provided. So similarly 
to the micro-costing exercise, a unit cost, from the Statement of Dental Remuneration, 
was applied to every treatment and every visit. In some instances (e.g. clinical 
examination), reimbursements were based on a course of treatment, so the same 
assumptions used in the UDA analysis to define a course of treatment were used in 
the FFS analysis.

The inclusion of the UDA and FFS values in analysis increased the average total 
costs, as additional costs not considered in the micro-costing exercise are included 
in NHS charges (e.g. capital costs); however, the overall conclusions remained 
similar.

3.2.6  �Parent Costs

The parental questionnaires completed at every visit contained information on 
direct (e.g. childcare, pain medication) and indirect (e.g. time off paid work) costs 
to parents. Unit costs for over-the-counter medications and childcare were taken 
from online sources. The median wage rate in the UK was used to estimate parent’s 
time off work. The inclusion of parent costs had minimal effect on our overall con-
clusions. Co-payments were not considered in this analysis as there is no co-payment 
in the UK for child patients.
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3.2.7  �Discounting

Children were followed up for up to 3 years post-randomisation as part of the study; 
hence costs were discounted at the recommended rate of 3.5% (NICE 2013). The 
child’s randomisation date and visit date were used to estimate when a visit occurred 
and what discount rate (if the visit wasn’t in year 1) needed to be applied. Similarly, 
UDAs were discounted based on when a course of treatment started.

3.2.8  �Missing Data

As follow-up visits were based on the practice’s recall, the only visits considered in 
the analysis were visits with an associated CRF. It was assumed that a child did not 
have a visit and hence incurred no costs if there was no CRF. This assumption could 
have led to an underestimation of the average total costs for each arm; however, it 
was considered to be reflective of current practice as children don’t always attend 
the dentist at regular intervals. On average, children had seven visits over their fol-
low-up period.

Of those with a completed CRF, the completion of data within the CRF was rela-
tively high (~95%). Assumptions on missing data (e.g. staff present, length of visit) 
were based on other information in the CRF, information from previous visits, and 
clinical advice. More robust methods of imputation, such as multiple imputation, 
could have been used, but given the percentage of missing data was so low, the 
imputation method chosen would have had a minimal impact on conclusions.

3.2.9  �Sensitivity Analysis

Deterministic sensitivity analyses were undertaken to explore any uncertainty in the 
assumptions made when estimating costs. These analyses included varying the unit 
cost estimates in the micro-costing exercise and exploring different timeframes 
underpinning a course of treatment in the UDA analysis. Overall, while these analy-
ses varied the point estimate results, incrementally they made very little to no differ-
ence, confirming the robustness of the results.

3.2.10  �Conclusion

Overall, a robust costing exercise was undertaken for this study to capture the intrin-
sic nature of dental treatments and dental reimbursements in the UK. Study-specific 
data collection tools were created to capture as much detail as possible while trying 
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to minimise the burden on respondents. Using two costing methodologies (micro-
costing and top-down costing) allowed us to identify the “actual” difference in treat-
ment costs based on the resources required to provide the treatment and the 
difference in treatment costs based on current reimbursement rates, which is argu-
ably more important to the healthcare provider, the NHS.

3.3  �Handling Uncertainty

For all costing studies (and economic evaluations) it is important to consider the 
uncertainty or lack of precision of our estimates of costs. This section will focus on 
parameter uncertainty. Structural uncertainty (e.g. in economic modelling) is 
addressed in Chap. 5.

Parameter uncertainty is uncertainty of the true value of an input, in this case 
costs, for example, the uncertainty of the cost of a medical device or treatment, 
uncertainty around staff costs associated with delivering treatments, the lifespan of 
a medical device, or discount rate. These costs may vary due to different clinical 
settings, different countries, or uncertainty due to ambiguity in how services are 
delivered.

Parameter uncertainty is usually assessed via deterministic sensitivity analysis. 
This can be either one way or multi-way. One-way sensitivity analysis involves 
changing the value of one input parameter at a time and examining the impact of a 
change on the results. This is the most simplistic form of sensitivity analysis, and 
while it will provide some indication of the uncertainty or robustness of results and 
conclusions drawn, it is likely to underestimate the overall uncertainty of results 
(Drummond et al. 2005). Multi-way sensitivity analysis is an extension of one-way 
sensitivity analysis, where a number of parameters are changed at the same time, 
and the impact of the change is examined on the results (Drummond et al. 2005).

There are a number of ways input parameters can be varied, for example, by an 
extreme sensitivity analysis, taking the extreme values of a parameter (high and 
low), or within a plausible range of values. How that plausible range is identified 
will vary. For example, it could be from clinical/expert input.

3.4  �Presenting Results

For all cost analyses, clear reporting procedures should be followed. This should 
always be transparent but will also need to consider the audience, for example, 
policy makers, clinical professionals, academics, patients, and their level of under-
standing. At a minimum, all sources of data should be reported. This includes unit 
costs and resource use (mean and standard deviations or an appropriate measure of 
variance). Total costs should be reported and an appropriate disaggregated level of 
costs presented. This will be determined by the question being addressed and the 
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audience who will be using the results. All assumptions in the costing methods and 
the perspective of the analysis (patient, healthcare provider, societal) should be 
stated. The horizon of costs and discount rate used, if applicable, should be reported. 
Currency and cost year should be stated.

Where appropriate, relevant checklists, e.g. CHEERS (Husereau et al. 2013), and 
guidelines (NICE 2013; Philips et al. 2004) (e.g. NICE, WHO) should be followed.

3.5  �Some Issues in Costing in Dentistry

Most aspects of costing will be no different in oral health than for any other applica-
tion of health economics. However, there are a few areas where oral health presents 
particular challenges, and these stem from some common aspects of dental care 
including the issues raised by patient co-payments and the small, independent status 
of many dental clinics. These two issues have important implications for the per-
spective considered, the treatment of patient co-payments, and difficulties in col-
lecting and aggregating data across multiple independent organisations. While these 
implications are not unique to dental care, with similarities occurring in general 
medical practice, for example, it is worth outlining these here as they will com-
monly be faced by those undertaking costings in dentistry.

3.5.1  �Perspectives to Take

While patient perspectives are always important in understanding the non-health 
service costs of healthcare (e.g. travel, childcare, lost productivity), in dentistry, co-
payments are more likely to feature, and so the patient perspective remains impor-
tant. In many health systems worldwide, dentistry is often treated as a peripheral 
aspect of the health system and is therefore either not covered in some public sys-
tems and private health insurance schemes or requires a co-payment from the patient 
covering some of the cost of the provision of oral healthcare services. This means 
that the patient could be argued to have a greater vested interest in any healthcare 
decisions at a system level, and this increases the value of studying patient-level 
perspectives in oral health.

Another feature of many healthcare systems is that much of dentistry in many 
countries is undertaken in small community-based clinics which run as independent 
businesses contracted to provide dental care by third party payers, such as public 
systems or private insurers. In some settings wider federations of clinics have 
formed often run by corporate dental providers with contracts either still held at the 
individual clinic or alternatively at federation level. Each of these businesses has to 
remain financially solvent, and so each will have to make decisions, sometimes 
within parameters set by third party payers, which economic evaluations may play 
a part in. Therefore, in many cases, it will be useful to consider splitting the 
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healthcare provider perspective into two separate analyses, a system-wide level and 
also a clinic-level analysis. In addition, for those decision-makers at a system level, 
they will have an interest in ensuring that sufficient clinics remain financially viable 
and so will also have a use for clinic-level analysis alongside the usual utility in 
terms of understanding variation and also designing remuneration or contractual 
systems to ensure this is reflected.

3.5.2  �Patient Co-payments and Charges

As already noted, in many settings there will be a co-payment for dentistry that will 
involve the patient paying a charge. However, the nature and details of these charges 
vary greatly between systems (Hunger et al. 2016). This may even extend to differ-
ent arrangements within a country in different provinces, states, or devolved admin-
istrations. In addition, within a system the charges may vary by different dental 
provider type, for example, between primary care general dental clinics and 
hospital-provided specialist dentistry. Often the payments may reflect the remunera-
tion system for the dental team, particularly where a very granular fee per item scale 
is used, where there may be different charges for each treatment item, but in other 
settings there may be a limited number of charges, even to the extent that a single 
flat fee may be charged per dental visit. In addition, charges may be different for 
different individuals. A common case is that those on low income or particular age 
groups (especially children) are fully covered (i.e. they are exempt from any charges) 
or may have a reduced charge to pay. This may also impact on payer charges so that 
where patients pay less, the payer may or may not pay a different amount to indi-
vidual clinics. Finally, in private settings, dental clinics will almost certainly set 
their own patient charges (for those not covered by insurance), and so charges may 
vary across individual clinics.

It would be impossible to describe in detail how to deal with the different patient 
charges in each different context, but those undertaking or appraising economic 
evaluations are recommended to consider patient charges very carefully. It would be 
useful to consult with those working in the system to fully understand the intricacies 
of each system. In addition, the context in which any evaluation is undertaken 
should be fully reported so that the audience can understand how patient charges 
were dealt with and to allow the audience to understand the generalisability to their 
own setting, as well as the applicability of the approach taken to the question posed. 
In addition, where charges vary across clinics, the aggregation of these charges 
should be considered carefully due to the possibility of outliers skewing the overall 
data. Some of the techniques for dealing with variance and uncertainty in costs 
considered in Section “Handling Uncertainty” may be useful here.

Where charges are different for different sections of the population, subgroup 
analyses may be appropriate at the patient perspective level. Finally, when consider-
ing healthcare provider perspectives, if the patient charge revenue returns to the 
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dental clinic or dental system directly, it will be important to consider deducting this 
from the cost to the health service or clinic.

3.5.3  �Determining and Aggregating Costs Across Clinics

In many health systems, the majority of dentistry is delivered in multiple relatively 
small independent dental clinics. While many economic evaluations face problems 
of multiple centres being involved, there are usually some aspects of commonality, 
and some level of data is collected and available. In dental care collecting and deal-
ing with costs are sometimes more difficult, for example, dental clinics may never 
have collected cost information, and it is less likely that any cost data are already 
published. This usually means that a micro-costing approach at individual clinic 
level may be required involving measuring time taken and consumables as well as 
overhead and capital costs. Where economic evaluation is being undertaken along-
side a trial, this may be relatively easy though can be resource intensive, but where 
a model-based evaluation is being undertaken, access to clinics may not be as easy. 
In these cases, it may be necessary to rely on expert opinion, but it will be important 
to make clear any assumptions made (Brocklehurst and Tickle 2011).

Costs collected directly from clinics may vary considerably across clinics, and 
careful consideration will need to be given to the number of clinics and procedures 
sampled to give the relevant level of certainty of costs across the system (Brocklehurst 
and Tickle 2011). It is likely that a mean of costs across different procedures and/or 
clinics will be used for the primary analysis, but as detailed in the following section, 
the variance and uncertainty can be dealt with using a variety of statistical tech-
niques and also sensitivity analysis.
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Chapter 4
Measuring Effectiveness for Use 
in Economic Evaluations in Oral Health

Thomas Davidson

4.1  �Outcome Measures Used in Economic Evaluation

Health economic evaluations analyse both costs and outcomes of health programs, 
often by means of a cost-effectiveness analysis. Such an analysis is intended to pres-
ent a ratio between incremental costs and incremental outcomes with respect to 
alternative interventions. The outcome is generally presented as the denominator in 
the incremental cost-effectiveness ratio (ICER), so that the analysis discloses how 
much it costs to achieve one additional unit of outcome. A key issue is therefore the 
choice of outcome measure.

Health economic evaluations allow for any kind of outcome measure to be used, 
for example, the number of patients recovering or a value on a certain scale. 
However, it is important that the outcome measure is relevant to the issue in ques-
tion – it should reflect the aims of the program under evaluation. For example, the 
outcome measure to be used when evaluating the effectiveness of a caries preventive 
program needs of course to be related to caries, but it might be broader than the 
number of DMFT (decayed, missing, or filled teeth). It could, for example, also 
include pain and aesthetics, but analysis of the patients’ quality of life (QoL) would 
probably also be relevant. If QoL is to be applied as an outcome measure in the 
evaluation of a caries preventive program, it is necessary to use an instrument which 
has the potential to capture how caries is affecting QoL.

Three main types of outcome measure are applicable: clinical outcomes (includ-
ing intermediate outcomes), measures of QoL, and monetary outcomes. All these 
outcomes are presented in this chapter, but the focus is on outcome measures 
related to QoL.
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The outcome measure of choice will depend on the purpose and perspective of 
the analysis. The purpose of the analysis may be to disclose the program which has 
maximum health effects or which program reduces inequality in oral health. The 
main perspectives are an oral healthcare sector or a societal perspective. The cate-
gory of the decision-maker may also be important. For many programs, the deci-
sion-maker may be the single patient and/or the oral health professional. For more 
broadly based public programs, such as caries preventive programs in schools or a 
tax on sugar, the decision-maker may, however, be a politician or society.

4.2  �Clinical Outcomes

When measuring effectiveness in oral health, it is often relevant to use clinical out-
comes (natural units) as the outcome measure, for example, the number of DMFT if 
a caries preventive program is being evaluated or survival of a prosthetic construc-
tion if this is the question being evaluated. As a proxy for a final clinical measure, 
more intermediate measures could also be analysed, such as mm adjustment of 
brackets or the number of bacteria in the mouth, etc. Such clinical outcomes are 
often relevant and easy to estimate in the evaluation and therefore convenient to use. 
Furthermore, they can often be understood by all decision-makers, which may 
improve understanding of the results and facilitate acceptance of the decision.

However, the value of these outcomes may not be known nor how important they 
are assumed to be by patients in relation to other possible programs. Therefore, it 
might be difficult to use such outcomes for efficient priority setting or to reach an 
optimum of resources used. For example, if an analysis discloses that it would cost 
€500 per DMFT prevented in a caries preventive program, it is hard to tell whether 
that is cost-effective or not. Furthermore, if different outcome measures are being 
used, it is hard to compare the different analyses. For example, is €100 per mm 
adjustment better or worse than €1000 per prothesis year gained? Finally, using 
clinical outcomes may limit the evaluation to only one aspect of health, disregarding 
others. In general, if clinical outcome measures are used, it is of value to know how 
these measures relate to broader concepts, such as QoL.

4.3  �Quality-of-Life Outcomes

The purpose of most health programs is to improve an individuals’ quality of life 
(QoL). More specifically, with respect to oral health programs, the aim is to improve 
those aspects of QoL related to oral health – in other words, oral health-related QoL 
(OHRQoL) (Cunningham and Hunt 2001). For example, active caries may nega-
tively affect OHRQoL but might have less effect on general QoL.

It is generally recommended that QoL be defined and valued by the patients, so 
that the outcome measure can determine whether the program delivers outcomes 
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that matter to patients (Ni Riordain and Wiriyakijja 2017). The term patient-reported 
outcome measures (PROM) is often used for this purpose. As many dental condi-
tions may have far-reaching consequences (biological, psychological, and social), 
the use of PROM is important.

When measuring QoL, health-related QoL (HRQoL), or OHRQoL, decisions 
have to be made as to what instruments to use for the measurements, the time point 
for measurement, and the frequency of measurement (Brown 1999). The instru-
ments could roughly be divided into disease-specific and generic measures but also 
into oral health measures and generic health-related measures. An example of a 
disease-specific instrument is the Caries Impacts and Experiences Questionnaire for 
Children (CARIES-QC) (Gilchrist et al. 2018). Perhaps the most commonly used 
generic OHRQoL instrument is the Oral Health Impact Profile (OHIP) (Slade and 
Spencer 1994), which has been translated into many languages. The original version 
of OHIP comprised 49 items, in 7 domains, but shorter versions, of 14 and 5 items, 
respectively, are also available (John et al. 2006; Slade 1997). If OHIP is used as the 
outcome measure in the health economic evaluation, the result would be presented 
as the additional cost per improved OHIP score achieved by one program, compared 
with the best alternative. As in the case with the clinical outcomes, it may be diffi-
cult to know whether such a result reflects a cost-effective use of the resources. 
Other available OHRQoL instruments are, for example, the Geriatric Oral Health 
Assessment Index (GOHAI) (Atchison and Dolan 1990), the Child Oral Impacts on 
Daily Function (Child-OIDP) (Gherunpong et al. 2004), and the Child Perception 
Questionnaire (Jokovic et al. 2002; Jokovic et al. 2004). A systematic review of the 
responsiveness of validated OHRQoL questionnaires to dental caries interventions 
reported that the OHRQoL of children and adolescents improved following caries 
intervention procedures but that the quality of the supporting evidence was very low 
(Aimee et al. 2019).

Generic HRQoL, on the other hand, can be used to measure the effectiveness of 
any health program but is generally less specific than OHRQoL with respect to cer-
tain aspects of QoL that the program tries to affect. Examples of commonly used 
generic HRQoL instruments are the 36-item short-form health survey (SF-36) 
(Rand 2020) and EuroQol’s five-dimension (EQ-5D) instruments (EuroQoL 2020). 
The latter is often used in health economic evaluations in general but not as fre-
quently for oral health. The EQ-5D questionnaire addresses five dimensions of 
health: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. 
In the original version, the multiple choice response to each dimension offers three 
options: no problems (1), moderate problems (2), and extreme problems (3). A 
newer version offers five options in the multiple choice response. At the end of the 
questionnaire, the participants are asked to rate their individual health today on a 
VAS from 0 to 100, where 0 is the worst of health and 100 the best of health. The 
EQ-5D instrument is often used when quality-adjusted life years (QALYs) is used 
as the outcome measure (QALY is presented in Sect. 4.5).

Generic instruments measuring HRQoL may be less sensitive than disease-
specific instruments, as exemplified by the EQ-5D instrument, which consists of 
only five general questions. OHIP has been found to be more sensitive than EQ-5D 
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to differences in oral health, but the latter nonetheless exhibits discriminative valid-
ity and convergent validity in relation to oral health variables (Brennan 2013). As 
EQ-5D does not ask about oral health conditions, it may not capture the full conse-
quences for patients with dental problems. It would therefore be relevant to find a 
path linking disease-specific or OHRQoL instruments to generic ones, in order to 
measure effectiveness in health economic evaluations of oral health. In one such 
attempt, OHIP-14 responses were linked to the value tariff on EQ-5D. One OHIP 
item in particular “painful aching in mouth” was related to the health state values 
(Brennan and Spencer 2006). To make oral healthcare more comparable with gen-
eral healthcare and to prioritize different treatment strategies in dental care, it is 
essential to apply the same methods and outcomes used in healthcare in general to 
assess the cost-effectiveness of dental interventions.

4.4  �Monetary Outcomes

Monetary units comprise the third type of outcome measure. This is often used in 
cost-benefit analyses (in which both costs and benefits are calculated and compared 
in monetary units). The monetary value of a program may be reflected by its market 
price, but only if there is a perfect market, no external effects, and perfect and sym-
metric information. Although oral healthcare is closer to fulfilling these criteria than 
healthcare in general, the market price rarely reflects the true value. Furthermore, 
many oral health programs do not have a market price, for example, broad caries 
preventive programs, or products which have a market price (such as brackets) but 
also require considerable clinical chairside time.

Two methods which may be used to estimate the monetary value are contingent 
valuation (measuring willingness to pay) and revealed preferences.

The willingness of individuals to pay for a procedure would theoretically repre-
sent their preferences for the treatment (and for the related health state), as it is 
assumed that their income is used to maximize their utility, and if more of the 
income is spent on one item, less will be available for other items which may give 
utility. Willingness to pay is often studied with the contingent valuation method, 
which involves the use of sample surveys to elicit respondents’ willingness to pay 
for certain programs (Matthews et al. 1999). Typically, the survey asks how much 
money people would be willing to pay for a program or for the chance to achieve a 
certain health status. The method could also ask how much they would be willing to 
accept in compensation for deterioration of their health. The willingness-to-pay 
value can be compared directly with costs to determine whether the program has a 
positive net benefit (benefits exceed costs): if so, the program would be beneficial if 
implemented by society. The willingness-to-pay method is often, however, difficult 
to use. It has been applied in several studies in dentistry, undertaken in order to 
determine the strength of dental health preferences (Birch et al. 2004; Cunningham 
and Hunt 2000b; Oscarson et al. 2007), but all attempts have potential risks of bias 
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when people are asked about one particular aspect (oral health) and do not actually 
have to pay.

For some topics, individual willingness to pay can also be studied by the revealed 
preferences method (Johannesson 2010). Revealed preferences models assume that 
consumers’ preferences can be revealed by their habits or actions. In their daily life, 
individuals take actions which influence their potential to achieve or maintain good 
oral health. Using this method, it is possible to study how much individuals pay for 
preventive treatment and how much such treatment reduces the risk of oral disease.

When monetary outcome measures are based on individual willingness to pay or 
revealed preferences, their value is generally related to their ability to pay. This 
method may therefore conflict with ethical principles guiding decision-making. 
Moreover, there may be a difference between individual willingness to pay for a 
program and the decision-makers’ willingness to pay: the latter may also take public 
aspects into account in their estimate. There may also be altruistic aspects: individu-
als may be willing to pay for programs of which they themselves have no need, in 
order to help those with greater needs (Johannesson 2010), and this altruistic will-
ingness to pay may be overlooked.

4.5  �Quality-Adjusted Life Years (QALYs)

In healthcare fields other than dentistry, the most common outcome measure in 
health economic evaluations is quality-adjusted life years (QALYs). A QALY com-
bines the value of a health state with the time of being in that health state. It provides 
scores on a scale with common anchor points, which allow for broad comparisons 
of the effects of multiple healthcare programs, in terms of both morbidity and mor-
tality. QALYs are also expected to represent individuals’ preferences for health. 
Sometimes this is also referred to as representing utility, but the way in which 
QALY is measured in practice does not generally fulfil the criteria for a utility. To 
date QALYs have not been as extensively applied in dentistry as in other healthcare 
fields (Hettiarachchi et al. 2018). The concept of QALY is illustrated in Fig. 4.1.

In Fig. 4.1, program A provides a mean health state value of 0.8 during the first 
3 years, thereafter a value of 0.6 for 1 year and 0.4 for the next year, a total of 3.4 
QALY. Program B provides 1 year with a health state value of 0.6, 2 years with a 
value of 0.4, and finally 1 year with a value of 0.2, a total of 1.6 QALY. Thus, the 
QALY gain by implementing program A instead of program B is 1.8 QALY. In this 
simple example, discounting of future effects is not considered.

The health state value might be elicited either by patients valuing their own 
health states or, more commonly, by individuals valuing hypothetical health states. 
It has been shown that this distinction, using patients’ own health states or using 
hypothetical health states, is of importance to the values.

There are several methods for eliciting health state values, as presented below 
and also as discussed in some systematic reviews of preference-based outcome 
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measures in oral health (Matthews et al. 1999; Birch and Ismail 2002). Either direct 
or indirect methods may be used to estimate such values.

4.5.1  �Direct Methods to Elicit Health State Values

Commonly used direct methods to elicit health state values are standard gamble 
(von Neuman and Morgenstern 1944), time trade-off (TTO) (Torrance et al. 1972), 
and the rating scale method. Discrete choice experiments (DCE) have also been 
used for this purpose (Ryan et al. 2006). The standard gamble approach estimates 
the value of a health state by finding a probability (P), in which an individual is 
indifferent to living in that health state or participating in a gamble with a P of living 
with full health, but with the risk (1-P) of immediate death (Fig. 4.2).

The standard gamble technique has been applied in some studies to estimate 
health state values in dentistry (Downer et al. 1997; Fyffe and Kay 1992; Ismail 
et al. 2004). Two of these (Fyffe and Kay 1992; Ismail et al. 2004) did not include 
risk of death in the gamble, and their values can therefore not be interpreted as true 

Fig. 4.2  Standard gamble. Davidson and Tranæus (2016). CC BY 4.0

Fig. 4.1  Illustration of the QALY concept
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preferences (as long as no transformation is undertaken). Instead, these values show 
preferences on another scale, and its value is uncertain. Another method of eliciting 
health state value is the TTO method. It is used to elicit the number of years in full 
health which makes an individual indifferent to living with full health and living in 
a certain state of less than full health, for a specific time (commonly 10 years). If the 
individual states that living 10 years in health state A is equal to living 5 years in full 
health, then the value of health state A is 0.5; see Fig. 4.3.

In some studies which apply TTO in dentistry (Fyffe et al. 1999; Karlsson 1991), 
the number of years has been replaced with sacrifice of free time or sacrifice of time 
with dental health before treatment, and, as in some of the examples presented 
above, this does not provide valid health state values. However, Cunningham et al. 
(2003) have conducted a study in which this method has been applied in a way that 
enables the calculation of QALYs. By using the TTO approach 5 times each for 21 
patients undergoing orthognathic treatment, they found a decrease in health state 
values during the treatment procedure but an increase after completed treatment. 
Overall, the total QALY gain was found to be high (extending the analysis to a life-
time perspective).

Using a rating scale to estimate health state values is easier than the methods 
presented above, but the theoretical foundation of this method is weaker. Using the 
rating scale, individuals evaluate health states by ranking them on a cardinal scale, 
which is usually anchored between “best imaginable health” and “worst imaginable 
health” (see Fig. 4.4). The main theoretical problem is that when individuals do not 
have to choose between alternatives, their true preferences are not revealed.

Some studies have used the rating scale to assess outcomes in dentistry. For 
example, Nassani and Kay (2011) measured values in relation to tooth loss, 
Cunningham and Hunt (2000a, b) estimated values for dentofacial deformity, and 
Fukai et al. (2012) valued health states in order to compare the outcomes of an edu-
cational intervention in the field of dental health. They all concluded that this mea-
sure is feasible.

The use of discrete choice experiments has been tested to value health states. The 
method presents two or more profiles made up of levels of attributes. The 

Fig. 4.3  Time trade-off (TTO). Davidson and Tranæus (2016). CC BY 4.0
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respondent is asked to choose which one he or she prefers, and by an iterative pro-
cess, it is possible to define the preference for a certain attribute in the profile.

Cunningham and Hunt (2000a, b) also compared values for dentofacial defor-
mity elicited by different direct methods and compared the values elicited by 
patients and the general public. All methods used in their study included “dead” as 
an anchoring point. They found no differences between the health state values for 
the two groups of respondents, but the various methods gave different results. The 
highest values for dentofacial deformity were found using standard gamble, 0.85, 
and the lowest using a rating scale, 0.57. This is a commonly found difference 
between the methods. The value elicited by TTO was 0.75. All the methods used 
were found to be acceptable to respondents.

4.5.2  �Indirect Methods to Elicit Health State Values

Indirect methods to elicit health state values are based on questionnaires which can 
be scored using a pre-scored value set, derived by one or several of the direct meth-
ods (using a multi-attribute utility measure). For example, each combination of 
responses on the EQ-5D instrument can be assigned a health state value using spe-
cific value sets. A value set is found earlier with the use of a direct method. The 
British value set for EQ-5D, which is commonly used, has been developed by using 
TTO in a sample of the British general public (Dolan 1995). Moreover, several ver-
sions of the EQ-5D instrument have been developed. There is a version for children 

Fig. 4.4  Rating scale. 
Davidson and Tranæus 
(2016). CC BY 4.0
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(EQ-5D-Y) and a version with five levels of response to each question (EQ-5D-5L), 
which makes it more sensitive. However, values assessed by different versions or 
using different value sets are not directly comparable.

Other questionnaires which can be applied to elicit health state values indirectly 
include the short-form six dimensions (SF-6D) (Brazier et al. 2002), Health Utilities 
Index (HUI) (Feeny et  al. 2002), and Child Health Utility Index 9 Dimensions 
(CHU9D) (Stevens 2012). The EQ-5D (Hulme et  al. 2014) and CHU9D (Foster 
Page et al. 2015) have been used in oral health programs, but both lack some aspects 
of oral health (Foster Page et al. 2015; Kastenbom et al. 2019).

It would be valuable if health state values could be elicited from the OHIP, but to 
date no such value set has been developed. Some studies have however mapped 
results from the OHIP-14 to the EQ-5D in order to elicit health state values from 
OHIP and conclude that this enables health state values to be derived from OHIP-14 
scores (Brennan and Spencer 2006; Hulme et al. 2016).

Below is a calculation showing conversion of an EQ-5D profile into a health state 
valuation. A predefined tariff is required. For example, if an individual’s answers on 
the EQ-5D questionnaire state that he/she has some problems with mobility, no 
problem with self-care, some problems with performing usual activities, moderate 
pain or discomfort, and is extremely anxious or depressed, this would generate the 
health state described as 2, 1, 2, 2, 3. Using the British tariff from 1997 (Dolan 
1997), the value of this health state would be 0.186 (Table 4.1).

In general, other tariffs assign a higher weight to the same health state, especially 
those using a tariff based on standard gamble rather than on time trade-off. 
Furthermore, tariffs using the individuals’ own health states generally yield values 
higher than those based on hypothetical health states, at least for poor health states, 
which is often explained by the tendency of coping with poor health states.

Table 4.1  Example of QALY calculation from EQ-5D

Dimension Coefficient

Constant (because of any problem) −0.081
Mobility (some problems, 2) −0.069
Self-care (no problem, 1) 0
Usual activity (some problem, 2) −0.036
Pain/discomfort (some problems, 2) −0.123
Anxiety/depression (extreme problem, 3) −0.236
N3 (level 3 occurs within at least one 
dimension)

−0.269

Health state value 0.186
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4.6  �Quality-Adjusted Tooth Years (QATYs)

Quality-adjusted tooth years (QATYs) has also been proposed as an outcome mea-
sure of an individual’s OHRQoL (Birch 1986). The measure was introduced in 1986 
but has not been widely used. In short it gives each tooth the maximum value of 1 
QATY for 1 year, and deductions in the value are made for injuries, treatments, etc. 
In the original version, it was proposed that a missing tooth should be weighted at 
0.0, a filled tooth at 0.75, and a filled but carious tooth at 0.1. One study using 
weights derived from OHIP-14 to estimate QATY reported results consistent with 
improvements in clinical measures (Mohd-Dom 2014).

Perhaps the main advantage of using QATY is in modelling the long-term conse-
quences of different programs, as this outcome measure enables modelling at a 
tooth level (rather than at an individual level). For example, a model analysis of 
6-year-old children with high caries prevalence used QATY as the outcome measure 
for evaluating a school-based prevention program for the application of fissure seal-
ants in molar teeth: compared with conventional dental care, QATY increased from 
3.71 to 3.91 (Espinoza-Espinoza et al. 2019).

The main weakness with QATY to date has been to relate its value to individual 
preferences. Moreover, if it is not possible to link the measure to QALY, it will be 
difficult for decision-makers to use the analysis to compare different programs.

4.7  �Discussion

This chapter presents various types of outcome measures applied in economic eval-
uation. Three main types of measures are outlined: clinical outcomes, quality-of-life 
measures, and monetary outcomes. All three may be relevant to measuring effec-
tiveness in economic evaluation in the field of oral health. As QALY is the most 
commonly applied outcome in economic evaluations of healthcare programs in gen-
eral, this should be the preferred outcome measure. The application of QALY allows 
comparison with outcomes of other studies, facilitating the effective prioritization 
of limited resources.

However, if QALY is to be used, it is important to be aware that the methods 
established to create QALY may capture OHRQoL aspects. One study which calcu-
lated and compared health state values (used for QALY calculations) of adults with-
out caries and another group with high caries experience found no differences in 
health state values calculated by EQ-5D, indicating that EQ-5D may not be able to 
capture the impact of dental caries (Kastenbom et al. 2019). Another study which 
analysed the cost-effectiveness of silicone and alginate impressions for complete 
dentures found differences using OHIP-EDENT but not for EQ-5D (Hulme et al. 
2014), which also suggests that EQ-5D might not be sensitive enough for oral health 
programs. The CHU9D could also be used for creating QALYs and may be useful 
in dental research in children, but more studies are needed.
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The concepts of quality-adjusted tooth years (QATY) and willingness-to-pay 
outcomes have also been presented, and they may both be relevant to economic 
evaluations. Monetary outcomes may be especially relevant in dental care, as most 
people are used to paying most of the costs themselves, in contrast to other health-
care fields where most of the cost is covered by society or by insurance companies. 
A study of patients undergoing orthognathic treatment found a correlation between 
willingness-to-pay values and health state values and concluded that willingness to 
pay may be used as a measure of strength of preference (Cunningham and Hunt 
2000a, b).

There are also other outcome measures, which have not been discussed in this 
chapter. For example, use of healthy years equivalent (HYE) has been proposed 
instead of QALY to measure individuals’ preferences. HYE assesses health profiles 
rather than health states (Johannesson 2010), and it has been tested on dental inter-
ventions, with positive results (Birch et al. 1998). HYE has however not been used 
for a long time as it is considered by many to complicate the valuation without 
providing any advantages. Another alternative to QALY is disability-adjusted life 
years (DALY), which calculates the loss of health attributable to a certain disease. 
Poor oral health has been shown to create many DALYs (Marcenes et al. 2013), but 
this is more an indication of the importance of oral health rather than an aid for 
decision-makers in priority setting. There have also been proposals to use quality-
adjusted prothesis year (QAPY), etc. The extensive use of outcome measures leads 
back to the statement at the beginning of this chapter that health economic evalua-
tions allow for any kind of outcome measure to be used but that it is important that 
the outcome measure selected is relevant to the issue in question – it should reflect 
the aims of the program under evaluation.

If the outcome measure is important for the implementation of a program, the 
decision-maker must be able to estimate the value of the outcome. If the applied 
outcome measure is of no relevance for a decision-maker, the analysis will not be of 
any use. Therefore, it is important to consider the decision-maker when choosing 
the outcome measure. Decisions can be approached from different perspectives, and 
an individual may not attribute the same value to outcomes as a decision-maker at 
government level. Health economic evaluations are used to inform the decision-
makers about the cost-effectiveness of proposed programs, so the outcome mea-
sures need to be chosen carefully.
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Chapter 5
Aspects of Decision Modelling 
for Economic Evaluation in Oral  
Health Care

Catherine De La Puente, Rodrigo Mariño, and Gerardo Espinoza-Espinoza

5.1  �What Is a Model in the Context of Economic Evaluation?

A model is a representation of the real world using other elements to represent it, 
making it easier to understand. Oral health professionals work with models on a 
daily basis. The typical models used in dentistry are those three-dimensional repre-
sentations (replica) of a patient’s teeth, which is a reliable, transportable depiction 
of reality with the purpose of planning and making decisions about treatments. 
Scientific models can be visual (e.g., a diagram), mathematical (e.g., formulas), or 
computer models (e.g., algorithms). Although scientific models might be more 
complex than a dental model, they make a specific feature of reality easier to under-
stand and manipulate. This chapter aims to describe how decision analytical model-
ling techniques can be used in economic evaluation and the relevance of each type 
of model when applied to oral health. The chapter introduces the types of decision 
models, the types of uncertainty (methodological, structural, and parameter), and 
the approaches to dealing with uncertainty.

Modelling in economic evaluations is a method to depict the complexities of 
decision-making and accurately captures costs and associated benefits (Hoang 
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et al. 2016). As has been previously mentioned in this book, decisions about the 
perspectives of costs and benefits have a substantial impact on the model outcome. 
Economic evaluation models in health attempt to show all the phases of the health 
situation to be evaluated, in a simplified but understandable way. A model shows 
the consequences and difficulties of, for example, different therapeutic interven-
tions and should correspond as closely as possible to the real health/disease situa-
tion (Nuijten and Starzewski 1998).

These models use a mathematical language (Rodríguez 2004) to infer results, 
both in terms of effectiveness and costs, by combining information from a variety of 
sources, and, by doing this, conduct simulations that will evaluate how an individual 
or the population of interest behaves with the different health intervention (e.g., 
health promotion, preventive services, etc.), diagnostic services, treatments, policy 
options, health technologies, etc., being compared. In this way, the model allows us 
to make decisions in the absence of hard data (Hoang et al. 2016).

5.2  �Why Use Mathematical Models 
in an Economic Evaluation?

Because resources are limited, they should be invested in treatments/health inter-
ventions that provide maximum health benefits to the population within the avail-
able resources. Thus, to adopt a given health technology, decision-makers should 
have information on how much is to be invested and for how long. This is when 
modelling becomes relevant, since it infers health outcomes observed in a clinical 
trial for longer periods (Rodríguez 2004).

Models can be used to estimate the long-term effects and costs of a given treat-
ment. For example, if the purpose is to evaluate two alternative treatments for brux-
ism, occlusal splints versus botulinum toxin (Botox), first we must make a chart 
identifying the stages of the health problem (i.e., bruxism) and, next, populate a 
model with all the variables that may influence the outcome. These include the 
probability of transition from one state of health to another; the probability of select-
ing one alternative over another; and the probability of adverse effects or any com-
plication derived from the treatments. Subsequently, effectiveness data must be 
entered into the model (i.e., quality of life) for each alternative. In the last stage, the 
costs associated with each alternative must be entered, such as the costs of the 
occlusal splints and Botox, dental consultation costs, costs related to adverse events 
or complications, and all costs, both incurred and averted, per alternative treatment.

This example illustrates the data that must be available to be able to extrapolate 
the results within a temporal horizon defined by the time where the costs and con-
sequences of the interventions can be observed. As demonstrated, there are several 
parameters that must be identified and included in the model. Some researchers 
argue that caution must be applied when using the results of an economic evalua-
tion, due to the potential biased data introduced in the model. Because of this, it is 
encouraged, whenever possible, to use data from randomized clinical trials (RCT) 
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for decision-making. However, RCTs also have limitations. Firstly, RCTs are 
designed to evaluate efficacy, that is, an intervention is evaluated under ideal condi-
tions, with health professionals who are experts in treating the pathology under 
controlled situations. This does not always capture the complexity of real-world 
conditions (e.g., compliance with the treatment regime). RCTs do not always use an 
adequate comparison of health technologies, for example, comparing a certain drug 
with a placebo may not be the most appropriate comparator when making the deci-
sion to select a medicine for treatment. Lastly, RCTs often use intermediate clinical 
endpoints, rather than final outcomes (Brennan and Akehurst 2000), as they tend to 
have a relatively short follow-up period (Rodríguez et al. 2008).

Because of the reasons outlined earlier, it is not possible to know exactly the 
incremental cost-effectiveness of adopting a new treatment/intervention/healthcare 
technology, etc. This raises the question, if we do not design a mathematical model, 
what design could incorporate relevant economic aspects in order to make a 
decision?

Pragmatic RCTs might simulate what happens in clinical practice when new 
treatment/intervention/healthcare technology, etc., is introduced. This type of study 
should be carried out in a standard healthcare setting, similar to the environment in 
which the drug or healthcare intervention will be used once it is available in the 
market (Rubio-Terrés et al. 2004). The same applies for the participants in the study. 
Additionally, as the purpose is to evaluate the costs of the intervention, it is neces-
sary to let the treatment be modified or changed, as well as to evaluate the masking 
and biases introduced by health workers and patients who are not blinded to the 
therapy (Buxton et al. 1997). This is because it is necessary to evaluate the advan-
tages or disadvantages of the new therapy or the request for other tests that may 
have not been included in the protocol, as it might occur in real-world practice. 
Finally, the duration of this type of study should be long enough to capture all costs 
and benefits, for example, in the case of chronic disease treatments.

However, the limitation with this type of study is that it presents biases, given 
that patients and clinicians are not always blinded, and they are also very expensive, 
given that the follow-up time is long. That is why the best option is modelling.

5.3  �Objective of Modelling in Economic Evaluations

The objectives of modelling in economic evaluations include the following:

•	 To extrapolate data over a period of time beyond a clinical trial (Rodríguez 
2004), thus obtaining end results for the intervention and comparator being 
evaluated

•	 To deliver relevant information for coverage decisions in health
•	 To synthesize available evidence through a pictorial representation, delivering 

results with data coming from various sources
•	 To relate intermediate outcomes with end results
•	 To generalize results from one context to another
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•	 To carry out simulations of the various parameters that affect long-term out-
comes in terms of costs and effects, which contribute to making coverage deci-
sions in health

5.4  �Modelling Characteristics

Mathematical models are inexpensive analytical tools that extrapolate the effective-
ness and economic consequences of an intervention. However, to ensure reliability, 
they must meet certain characteristic, including that they must be realistic and 
explicit, from their pictorial representation to the possible transitions between health 
states. Although they are able to summarize real-world situations, a model must 
reflect all the relevant information on the conditions in which the disease develops 
and the ways the health technology being evaluated behaves, as well as its compara-
tors. It should be remembered that an economic evaluation must compare all inter-
ventions that are prescribed and available for the health situation under assessment.

Mathematical models must be transparent. The explanation of the model, both its 
graphic representation and the calculations and iterations that it carries out, is of 
utmost importance. In addition, the authors must indicate the sources of the data 
used to populate the model, that is, where the epidemiological data and effective-
ness data were obtained, whether a systematic review was conducted, or data were 
obtained from clinical records. The model must also indicate the source of cost data, 
transition probabilities, and any other data that are incorporated into the model. The 
model must include sufficient information so as to be able to be reproduced by other 
researchers, obtaining similar results.

Every model must be validated by an interdisciplinary team, which includes 
experts in the health condition under study, health economists, statisticians, phar-
macists, and other relevant health professionals, depending on the type of health 
technology being evaluated. An economic model must be built with the best avail-
able evidence. The use of a simple model that captures all relevant events is recom-
mended. This is because it should always be considered that models should be 
populated with data that may not always be available. This may lead the researcher 
to either not be able to complete the economic evaluation, or insert wrong data in the 
model, or assume probabilities, all of which would bias the study.

Another feature to consider is assumptions. As mentioned above, the models 
synthesize complex processes occurring in the real world; although they represent a 
health state, this state is not exact, so it assumes the occurrence of only some situa-
tions. This does not mean that the model is invalid if these assumptions are justified 
and agreed as having a high probability of occurrence in the real world. For exam-
ple, in a study of dental sealants in schoolchildren (Espinoza-Espinoza et al. 2019), 
the authors entered in the model the time and cost of that time that the assistant 
prepared the box before an intervention. For this purpose, as not data was available 
that measured this time, the assumption was included that all dental boxes had to be 
prepared before the intervention and that this time was on average 5 min.
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It is essential to assess the uncertainties of a model that was generated by data 
that may be included in the model as a probability or data representing average 
values, etc. The sources for those uncertainties can be the following:

•	 Model. The structure of the model or its transitions did not capture the natural 
history of the disease. The structure of the model is generally determined by 
considering the relationship between the inputs (natural history of the disease, 
clinical pathways, evidence of the effectiveness of the interventions, utilities 
associated with health states, intervention, other costs, etc.) and the production 
measures required by the decision-maker (Brennan et al. 2006).

•	 Health Technology. An adequate calculation of treatment costs based on correct 
dosage was not conducted, or the health outcomes from the treatment were not 
incorporated. Health technology generates other situations, which may not have 
been added to the model.

•	 Population. The population being modelled could have different characteristics 
to the context population.

•	 Parameters. Uncertainty occurs when there are alternative sources of the data 
that are entered into the model. On the other hand, confidence in the model is lost 
when the author does not present the source of these data. In these cases, it may 
be suspected that the author might be manipulating the data to favor one inter-
vention over another.

As mentioned in previous chapters, in the first stage of an economic evaluation, 
all the inputs which will populate the model, such as effectiveness, costs, and prob-
abilities, must be considered. The sources from which these data were obtained 
should be indicated, whether primary or secondary sources. For that reason, it is 
relevant to corroborate with experts, in those cases where there is no national or 
domestic data available.

As mentioned, the model must resemble the real world, with any assumption 
justified by the disease’s natural history and all the relevant clinical and economic 
parameters for what is to be evaluated. These must also be reviewed by relevant 
experts (e.g., clinicians). Finally, the results of an economic evaluation should 
always be subjected to a sensitivity analysis, where all the variables that influence 
outcomes can be evaluated.

5.5  �Applying Models in Economic Evaluations

Mathematical models are useful for:

•	 Generation of health economic data that can be collected in a relatively short 
interval (Nuijten and Starzewski 1998). The effectiveness associated with the 
costs of a treatment can be projected within a certain time horizon, which might 
even be a lifetime.
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•	 Negotiation of health technologies prices, since they allow for the evaluation of 
which ones generate greater effectiveness at a lower cost. However, this is not 
always feasible, since generally the decision-maker does not have the model 
used for the economic evaluation. Similarly, the models allow evaluation of dif-
ferent cost-effectiveness scenarios. For example, evaluating by subgroups of 
patients allows focusing the coverage in health decision-making on the subgroup 
where health technology is more cost-effective.

•	 Evidence for the inclusion of drugs in the national formulary.
•	 Evidence for the recommendations in the clinical practice guidelines.
•	 Evidence for budgetary impacts of health technologies. According to the health 

technology evaluation process, budgetary impacts are made of technologies 
whose effectiveness is demonstrated as well as their cost-effectiveness, since it 
provides us with evidence at the population level.

5.6  �Classification of Models

Models can be classified according to their probabilistic nature as either determin-
istic and stochastic or probabilistic (Parada-Vargas and Taborda-Restrepo 2011).

•	 Deterministic models are those that use the average number of events in the 
population (Castillo-Riquelme 2010); they represent each of the model’s param-
eters through point estimates (Darbà 2006).

•	 Probabilistic models consider the uncertainty within the calculation, so they use 
randomization techniques to simulate the probabilities of events that can be gen-
erated by chance (Rodríguez 2004).

Models can also be classified according to their structure. The most widely used 
models, including the oral health field, are decision trees and Markov models 
(Marshall et al. 2020).

5.6.1  �Decision Trees

Decision trees are the most commonly used form of model in economic evalua-
tion (Drummond et al. 2005). Decision tree used to represent available strate-
gies and calculate the probability that an outcome will occur if a particular 
strategy is employed (Rodríguez-Pimentel et al. 2007) (see Fig. 5.1). They are 
used when the timeframe is short, the process is not complex, reoccurring of 
events are not important, or there is no interaction between individuals (Hoang 
et al. 2016).

Decision trees are made up of an action or decision node that is represented by a 
square. Branches emerge from these nodes that relate to a chance node. Chance 
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nodes are represented by a circle, and from these nodes the events emerge. Lastly, 
there are terminal/outcome nodes, represented by a triangle, and, as the name indi-
cates, this node ends the events of each branch, so there is no branch associated with 
it. Each of the branches has associated probabilities of the event’s occurrence, 
except the branches that arise from the decision node.

An example of a decision tree is shown in Fig. 5.2. For determined disease (Z), 
there are three alternatives, which begin at the decision node: “no treatment,” 
“surgery,” and “medical treatment.” Each treatment alternative has events that are 
represented by the chance node. Each branch carries a probability of the event 
occurring.

•	 The alternative “no treatment” has only one event: “death.”
•	 If “surgery” is chosen, the person may die or live.
•	 “Medical treatment” has more events. The numbers that are observed under each 

branch are the probabilities of occurrence for each of them.

It is important to note that the total probability for all branches leaving a node must 
be 1 or 100%. For example, in the “surgery” option, the probability that the patient 
dies is 0.5 and lives 0.5, both add up to 1. In the same way, for the alternative “medi-
cal treatment,” the possibility that the patient dies is 0.4 and lives is 0.6, both add 
up to 1.

In this example, the effectiveness was measured in quality-adjusted life years 
(QALYs); at the end of each terminal node the QALYs and costs for each branch are 
reported. “No treatment” has 0.0 QALYs and a cost of USD$ 1,000. Those who 
undergo surgery and live have 0.8 QALYs and a cost of USD$ 3,500. To know the 
total effectiveness of each alternative, the probabilities that are in each branch must 

Fig. 5.1  Decision Tree
Original drawing
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be multiplied by the effectiveness measured in QALYs. When there is more than 
one option, the multiplication of each branch must be added, as shown in Table 5.1.

It is observed that the alternative “no treatment” is not effective, while “surgery” 
is the most effective alternative, although the most expensive. With the cost and 
effectiveness values we can calculate the incremental cost-effectiveness ratio 
(ICER) according to the following formula:

	
ICER

Cost AlternativeB Cost AlternativeA

EffectivenessAlternat

−
iiveB EffectivenessAlternativeB− 	

Fig. 5.2  Decision tree example

Table 5.1  ICER calculation

Alternatives Effectiveness Costs (USD)

No treatment 1 × 0.0 = 0.0 1 × 1,000 = 1000
Surgery (0.5 × 0.0) + (0.5 × 0.8) = 0.4 (0.5 × 3,000) + (0.5 × 3,500) = 3,250
Medical 
treatment

(0.4 × 0.0) + (0.6 × 0.3 × 0,5 × 0.3) 
+ (0.6 × 0.3 × 0.5 × 0.6) +  
(0.6 × 0.7 × 0.7) = 0.375

(0.4 × 1,500) + (0.6 × 0.3 × 0.5 × 2,000)  
+ (0.6 × 0.3 × 0.5 × 2,000) +  
(0.6 × 0.7 × 1,500) = 1,590
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If the cost and effectiveness values of the “surgery” and “medical treatment” alter-
natives are allocated, the ICER would be

	
ICER

USD USD USD
USD QALY=

−
−

= =
3250 1590

0 4 0 375

1660

0 025
66 400

. . .
, /

	

In other words, if the “surgery” alternative is chosen, you would have to invest 
USD$ 66,400 to earn 1 QALY.

Complex decision trees can be represented by subtrees (Rodríguez-Pimentel 
et  al. 2007). These models are recommended only in the case of acute health 
conditions.

An example of a decision tree applied to oral health is given by Münzenmayer 
and her collaborators (2019) (see Fig. 5.3). The model was designed to compare the 
oral health professionals to provide oral hygiene services at residential aged care 
facilities (RACFs) in Victoria, Australia, compared to current practice. The princi-
pal outcome measured in this study is the cost per case of pneumonia averted. The 
first split is the decision node which determines alternatives of oral hygiene provi-
sion path (current practice vs. four possible scenarios). The probability of each 
branch is indicated as proportions, indicating how many residents followed each 
branch. The total proportion of the number leaving the chance node adds up to 1. 
For each outcome, the cost and effectiveness can be determined. These are weighted 
by the overall probability of the outcomes and add ed. to provide the expected cost 
and effectiveness of each option.

5.6.2  �Markov Model

The Markov model is a type of probabilistic model, which assumes that the 
patient is always in one of a finite number of health states called Markov states 
(Sonnenberg and Beck 1993), which are characterized by being exhaustive, 
mutually exclusive, and amnesiac. The fact that the health states are exhaustive 
means that the model must present all the states of the disease being evaluated, 
since it must represent the natural history of the disease as closely as possible to 
reality. For example, dental caries is a preventable disease caused by complex 
interactions between bacteria that accumulate in dental biofilm (or plaque), diet, 
and other multiple factors. At its simplest level, the natural history of dental car-
ies is delineated in Fig. 5.4.

The natural history of dental caries begins with a sound tooth surface that is colo-
nized by cariogenic bacteria, establishing a biofilm over tooth structures. Some of 
the bacteria in dental biofilm live on sugars found in many foods. Sugar is metabo-
lized by the oral bacteria, leading to the production of organic acids (acid forma-
tion). When organic acids are in sufficient concentration to lower the pH of the 
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dental biofilm to the point where it will dissolve minerals (demineralization) in the 
hard structures of the tooth (enamel, dentine, cementum), a microscopic carious 
lesion occurs. When there is a well-balanced equilibrium, remineralization occurs; 
however, when the balance is lost, demineralization prevails and results in micro-
scopically detectable carious lesions which will later merge, forming visible cavi-
ties (Zimmer et al. 2003). If left untreated, the process will continue to destroy the 

Fig. 5.3  Decision tree model to determine alternatives of oral health provision’s cost-effectiveness. 
(Reprinted from Münzenmayer et al. 2019. © 2018 Gerodontology Association and John Wiley & 
Sons Ltd. with permission from John Wiley and Sons)
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tooth and eventually result in pain, pulpal necrosis, tooth extraction, and loss of 
dental function, which may even progress to an acute systemic infection (Centers 
for Disease Control and Prevention 1999).

Markov states are mutually exclusive; a person is assumed to reside in one of a 
finite number of health states (Petrou and Gray 2011). A person cannot be in two 
states of health at the same time, for example, a person cannot be healthy and sick 
at the same time.

A limitation of the Markov model is that they are “amnesic,” that is, they have no 
memory. This is known as the Markovian assumption, and it means that patients 
who are in a state of health have the same probability of having a particular progno-
sis, regardless of previous individual characteristics.

Health states can also be absorbent or nonabsorbent. The first refers to states of 
health in which patients who reach this one cannot go to another, for example, 
death. People who reach nonabsorbent states of health can revert to another state of 
health. For example, a person may be in the sick state and after being treated may 
transition to the healthy state.

Figure 5.5 presents a Markov diagram characterizing the natural history of a 
disease. Three states of health are observed: healthy, sick, and dead. The transitions 
of patients from one health state to another are represented by arrows, which are 
associated with probabilities and indicate the direction of the transition. Transitions 
from one state to another occur in regular periods of time, which can be months or 
years. This period is called the cycle, which is chosen according to the time in which 
these changes occur according to the natural history of the disease. For each cycle, 
costs and effectiveness results are added according to the time the patients are in 
each state of health. Table 5.2 presents the transition matrix of the health states with 
their probabilities. The sum of the transition probabilities of each cycle must equal 
1. This is because there is only one state at each discrete moment of time (Sato and 
Zouain 2010).

It should be emphasized that all transitions that arise from the model must occur 
at the same time. For example, if patients transition from healthy to sick every 

Fig. 5.4  The natural history of dental caries. (Modified from Mariño and Morgan 2016)
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3 months, patients who are sick must transition to either healthy, dead, or remain in 
the sick state every 3 months, according to the probabilities of getting sick, staying 
sick, or dying.

A Markov model simulates hypothetical cohorts of patients, with the character-
istics of an average patient. As previously mentioned, the model considers all 
patients who are in a state of health as being exposed to the same risks. Figure 5.6 
presents the transition matrix of a Markov model, where the number of patients 
passing through each cycle can be observed. This hypothetical cohort begins in 
the healthy state with 10,000 patients. During the initial period there are no sick 
or dead patients; however, during cycle 1, defined by the period of 1 year, 3000 
people go from healthy to sick, and 2000 to death, leaving 5000 people in the 
healthy state.

In cycle 2, 2,000 people go from healthy to sick and another 2,000 to death, so 
that 1,000 people continue to be healthy. From the sick state 2,000 people die, so 
that 1,000 people remain in that state and continue in that state plus the 2,000 who 

Fig. 5.5  Markov diagram

Table 5.2  Markov transition matrix

States of health
Next states of health
Health Sick Death

Health 0.3 0.6 0.1
Sick 0.4 0.2 0.4
Death 0.0 0.0 1.0

C. De La Puente et al.
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come from the healthy state. Then in cycle 3, the patients who were in the healthy 
and sick states die, finishing the projection of the model.

A good example of how a Markov model works in oral health is given by 
Espinoza-Espinoza and his collaborators (2019) who illustrated the progress in den-
tal caries under a school-based prevention program for the application of sealants in 
molars of schoolchildren compared with nonintervention. A cost-utility analysis 
based on a Markov model was carried out using probability distribution. The utility 
was measured in quality-adjusted tooth years (QATY). At each point the patient was 
in one of a finite number of health states and made transitions over a series of dis-
crete time intervals or cycles. For each health state, the patient may remain in that 
state or change to a different state. The final health state is represented by tooth 
extraction.

Once the model is run according to the time horizon of the economic evaluation, 
it results in the final total effectiveness and the final total costs of the health tech-
nologies or intervention that is being evaluated, and in this way the incremental 
cost-effectiveness ratio (ICER) can be calculated.

This type of model is useful when events can reoccur, or the risk of pathology 
is continuous over time, for example, chronic diseases such as high blood pres-
sure, diabetes mellitus, chronic kidney disease, dental caries, etc. They are also 
used when a disease progresses from stage to stage like cancers. Criticisms of the 
Markov models point mainly to their lack of memory and inability to relate a 
patient’s previous medical history with their current transition probability 
(Castillo-Riquelme 2010).

Fig. 5.6  Transition of a cohort in a Markov model
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5.6.3  �Discrete Event Simulation

This modelling technique is useful for representing processes at an individual level, 
where these can be subject to events, whether they are decisions or events over time 
(Marshall et al. 2020). They allow the study of systems or processes whose state 
changes discretely over time (Rodríguez et al. 2008).

These models are made up of a simulation clock, entities, attributes, events, 
resources, and queues. For example, if you want to evaluate the time of care in an 
oral healthcare consultation, the simulation clock will record the time of care 
elapsed since the patient entered the clinic, until he/she leaves. At the same time, 
relevant secondary clocks can be created for the evaluation, such as the exchanges 
with the receptionist, or with the examining general dental practitioner, who makes 
the diagnosis, before referring the patient to a specialist. Every time a relevant event 
occurs, the system variables are updated.

Entities are objects that have attributes, experience events, consume resources, 
and enter queues over time (Karnon et al. 2012). In this example, the entities are 
patients, who have attributes such as age, dental medical history, previous dental 
treatments, etc. These individuals may come and go until the model is com-
pleted. After that, everything that happens during the simulation are events, that 
is, interaction with the receptionist, with the dentist who performs the diagnosis, 
and with the specialist. Another event may be the adverse reaction of a patient 
to anesthesia.

This model, like the previous ones, must have variables, such as effectiveness or 
benefits, costs, discount rate, and time horizon, which are maintained throughout 
the simulation. Both human and physical resources that will be used for the simula-
tion, such as number of dentists, dental assistants, secretaries, dental chair identifi-
cation, etc., must also be included.

Once a patient uses a resource, another patient must wait to receive this resource. 
That is, while the patient is being treated by the dentist who makes the diagnosis, 
the practitioner would be generating queues in the consultation room, which creates 
delays in providing care to other patients.

Each time an event occurs, statistical data is collected, a report is generated, and 
it is evaluated until the next event.

For an example, let’s evaluate the optimization of the resources of a dental chair. 
To do this, we need to know the rate of use of the chair, the number of dental treat-
ments performed, the time taken for dental care, among other details. Then we need 
to identify what the entities will be, in this example the entities will be the patients. 
For each entity, that is, for each patient, the characteristics or attributes by which 
they differ must be identified, these are sex, age, comorbidities, presence of any oral 
disease or condition, such as periodontal disease, previous orthodontic treatment, 
oral hygiene habits, type of dental care required, whether it is urgent or not, etc. 
Another relevant attribute is quality of life, which can also be included in the model. 
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All entities must have the same attributes, but with different values. These attributes 
will influence the events that occur at a later stage.

On the other hand, resources must be identified, such as medical/dental sup-
plies, and human resources such as the receptionist and other administrative staff, 
dental assistants, and other oral health professionals. These resources will gener-
ate an interaction with the entities, which we need to identify, that is, what will 
happen with these patients. This is what we must model; therefore, we must be 
clear about the events that could occur during this interaction. In the present 
example, the events begin with the admission of patients to the dental consulta-
tion, check-in with the receptionist, admission of the patient for initial evaluation 
by a dentist, and when required, admission of the patient for an evaluation by a 
dental specialist. For all these events, the time that elapses from when a patient 
enters the consultation until he/she receives care should be considered. In addi-
tion, any resources involved (e.g. time for each care action, time to discharge, etc.) 
should also be considered.

5.7  �Final Remarks

Modelling in EE combines information from multiple sources into a decision ana-
lytical framework to inform decision-making. Modelling is a powerful tool to repro-
duce events and possible consequences. Models offer several advantages over other 
formats for economic evaluation. The most commonly used models are decision 
trees and Markov models, although other models can also be used. Different models 
are appropriate for different purposes.

In any case, when choosing a mathematical model, the target population must be 
considered, its characteristics, and the disease in which a health intervention, (e.g. 
health promotion, preventive program, screening program, diagnostic services, 
treatments, policy options, health technologies, etc.) is being compared. Also, it is 
necessary to describe all the relevant variables and events of the health condition 
and evaluate which model is most representative of the disease or condition’s natu-
ral history. Decisions about perspectives of cost and benefits have a substantial 
impact on the model. The use of relevant basic evidence from several sources to 
inform the model is one of the strengths of this approach, but it can also lead 
to errors.

Although models must represent and reflect a real situation, it is advisable not 
to make them too complicated. At a minimum, models should be understandable 
for the target population to whom the evaluation will be presented, as well as 
decision-makers. Additionally, simplicity helps to make an evaluation feasible. If 
the model is too complex, it is likely that not all of the data needed to populate the 
model, may be available, and many unjustified assumptions might be made, lead-
ing to error.
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Always keep in mind that all the inputs and outputs of the model must be trans-
parent and straightforward, indicating the sources, presenting alternatives scenarios, 
and carrying out sensitivity analyses. Finally, the limitations of the study should be 
presented.
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Chapter 6
Interpreting Economic Evaluation in Oral 
Health

Marj Moodie, Utsana Tonmukayakul, and Lan Gao

6.1  �Incremental Cost-Effectiveness Ratio

Scarcity of available resources means society needs to make choices and to be effi-
cient with the limited resources available. Be it at the level of an individual, a house-
hold, a hospital, or a healthcare system, decisions are made to purchase some goods 
and services and to forego others. Economic evaluation plays an important role in 
such decision-making; it entails a comparison between two or more options in terms 
of their costs and outcomes. It helps the decision-maker to choose between compet-
ing options, by providing evidence of which will be the ‘best buy’. Determination 
of an intervention’s cost-effectiveness answers the question of whether the benefit 
to be gained from the intervention justifies the cost of implementing it.

Cost-effectiveness evaluations compare the incremental costs and effects of pro-
grams or the additional cost that one program imposes compared to the additional 
benefit it delivers (Drummond et al. 2015). The incremental cost-effectiveness ratio 
(ICER) provides a summary measure of an intervention’s cost-effectiveness or 
‘value for money’. It is calculated by dividing the difference in total costs (incre-
mental cost) by the difference in effect (incremental effect) between two programs 
or interventions.
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where CB and EB are the cost and effect in the intervention group, CA and EA are 
the cost and effect in the comparator group, and ΔC and ΔE are the change in costs 
and benefits, respectively.

The ICER is essentially a ratio of the extra cost per extra unit of health effect 
provided by the intervention being evaluated compared to an alternative. It is most 
useful in a situation where a new intervention is more costly but provides for addi-
tional health gains. The ICER helps to determine whether those extra benefits are 
worth the additional cost.

Let us suppose that the standard treatment for prevention of gum disease costs 
$300 and, on average, leads to 1.3 additional quality-adjusted life years (QALYs) 
for those patients receiving the treatment. A new alternative therapy is found that 
costs $450 and, on average, results in 1.7 additional QALYs. The ICER for the new 
therapy would be $375 per QALY gained, based on the calculation below:

	

ICER fornewtherapy
QALYs QALYs QALYs

$ $

. .

$

.
$

450 300

1 7 1 3

150

0 4

�
�

� � 3375 / QALYgained
	

In the dental field, cost-effectiveness analyses are the most common economic eval-
uation study design. The scoping review of economic evaluations in dentistry con-
ducted by Eow et al. 2019 reported that 68 (or 75%) of the identified studies were 
cost-effectiveness analyses; these reported ICERs as costs per a wide range of 
diverse physical units such as costs per decay averted, cost per periodontal surgical 
procedure reduced, and cost per sealing treatment provided, etc. The heterogeneity 
of the outcome measures used in calculating the ICERs means that the results of 
such diverse interventions cannot be easily compared. On the other hand, 17(19%) 
of the identified studies were cost-utility analyses where the ICERs were expressed 
in terms of a more generic metric which allows for comparison between interven-
tions. ICERs expressed in terms of units such as life years gained, QALYs, or 
disability-adjusted life years (DALYs) saved enable dental interventions to be com-
pared to non-dental interventions. There have also been some attempts to develop 
specific measures of dental utility analogous to QALYs, such as quality-adjusted 
tooth years (QATYs) (Mohd-Dom 2014; Sischo and Broder 2011).

There are several important facts to note about ICERs. Firstly, the ICER captures 
the incremental cost per unit of effect, rather than the average cost (Hoch and Dewa 
2008). The key issue when deciding whether to adopt a new therapy is whether what 
is gained at that point is worth more than what is given up. What is the extra cost? 
What is the extra effect or benefit for the patient, and is the trade-off worth it? So the 
ICER is closely linked to the economic concepts of opportunity cost (benefits fore-
gone of the next best alternate use of resources) and marginal analysis (marginal 
costs and marginal benefits are the costs and benefits of any changes at the margin 
or of one more unit of output). Incremental analysis is different to average analysis 
where costs and benefits are equally spread across all units of production.
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Secondly, negative ICERs are generally not reported given that they can be 
misleading. An intervention that is both less expensive and more effective will gen-
erate a negative ICER, but equally, so will an intervention that is more expensive 
and less effective. A negative ICER, in and of itself, does not convey which of these 
two opposing situations is being presented. Furthermore, the magnitude of negative 
ICERs is meaningless. To avoid confusion, ICERs are not reported in these situa-
tions and are replaced by the terms ‘dominant’ (where an intervention produces 
more health gains and costs less) and ‘dominated’ (where an intervention produces 
less health gains and costs more) (Drummond et al. 2015).

Thirdly, ICERs by themselves do not necessarily indicate whether an interven-
tion is an efficient use of resources. They need to be compared to a benchmark of 
cost-effectiveness, referred to as a ceiling ratio or the cost-effectiveness threshold 
(see Sect. 6.4).

6.2  �Cost-Effectiveness Plane

The results of cost-effectiveness analyses are usually presented in either tables or 
plotted on a cost-effectiveness plane. If reporting in table format, it is useful to pres-
ent results in a disaggregated form showing changes in costs and changes in out-
comes together with the ICER. The example below (Table 6.1) is drawn from the 
cost-effectiveness analysis of biannual fluoride varnish for preventing dental caries 
in permanent teeth conducted by Nguyen et al. (2020). For both arms of the trial, 
total costs, the number of decayed, missing and filled teeth (DMFT), and quality-
adjusted life years (QALYs) gained were reported, plus the ICERs relating to both 
of these outcome measures.

A cost-effectiveness plane visually represents the difference in costs and out-
comes between two alternative options plotted against each other on a four quad-
rant, two dimensional graph (Fig.  6.1). The incremental differences in costs 
(between the intervention of interest and the comparator) are plotted along the y 
(vertical) axis and the incremental differences in outcomes across the x (horizontal) 

Table 6.1  The results of the base-case analysis including the 95% upper and lower limit clinical 
efficacy of biannual fluoride varnish, discounted

Outcomes
Current practice Intervention
Number Cost ($) Number (95% CI) Cost ($) (95% CI)

Total cost 2303 3600 (1117, 3483)
DMFT 15.52 13.99 (13.13, 14.57)
QALY gained 14.74 15.44 (15.19, 15.77)
ICER per prevented-DMFT 849 (494, 1453)
ICER per QALY gained 1851 (1142, 3042)

Reprinted from Nguyen et al. (2020, Table 2. CC BY 4.0)
CI confidence interval, DMFT decay, missing and filled teeth, QALY quality-adjusted life years, 
ICER incremental cost-effectiveness ratio
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axis. The further right you move on the x axis, the more effective is the intervention. 
The further you move up the y axis, the more costly is the intervention.

The four quadrants of the cost-effectiveness plane allow for all possible combi-
nations of costs and benefits; compared with the comparator, the intervention can be 
more or less effective and more or less costly. The two quadrants on the positive 
(right-hand) side of the y axis indicate an increase in effect (health gains) (Fig. 6.1). 
Interventions falling in the lower right-hand quadrant are associated with both better 
health and a reduction in costs. These are termed ‘cost saving’ or ‘dominant’ and 
should be high on a decision-maker’s priority list for funding. Interventions in the 
upper right-hand quadrant also offer better health but at an increased cost; this is 
generally the most common scenario where a new initiative improves health but for 
additional costs. It may or may not be cost-effective, depending on the threshold of 
cost-effectiveness being employed (see Sect. 6.4).

The two quadrants on the negative (left-hand) side of the y axis indicate that an 
intervention is less effective. Interventions in the upper left quadrant are both less 
effective and more costly and are termed ‘dominated’; decision-makers should 
immediately dismiss them from consideration for funding. Interventions falling in 
the lower left quadrant provide for less health gain but at a lower cost; they may 
sometimes enter into funding consideration if the loss of health gain is relatively 
small, whilst there are significant savings in cost to be made.

Where an intervention results in higher health gains coupled with cost savings 
(i.e. lower right hand quadrant), the decision about whether to allocate funds to its 
implementation is clear-cut. Decision-makers should prioritise such dominant inter-
ventions for funding. However, when an intervention results in higher health gains 
but at a higher cost (i.e. in the upper right quadrant), the decision is not straightfor-
ward. Interventions falling in this quadrant may or may not be cost-effective; it will 
depend on the benchmark or threshold for cost-effectiveness that they are being 
measured against.

Fig. 6.1  Cost-effectiveness plane
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The example below (Fig.  6.2) is taken from a study demonstrating the cost-
effectiveness of high value care to improve the oral health of a remote indigenous 
community in Australia. The scatter plot on the cost-effectiveness plane shows that 
all iterations fell in the upper right-hand quadrant, resulting in higher QALY gains 
for higher costs.

6.3  �Cost-Effectiveness Threshold

The cost-effectiveness threshold or ceiling ratio is the maximum amount that a 
decision-maker is willing to pay for a unit of health outcome. Where an intervention 
sits in relation to the threshold, will determine whether it is cost-effective, or, in 
other words, whether the increase in benefit gained is worth the extra cost. The 
threshold is used to develop a decision rule about funding or not funding an inter-
vention (McFarlane and Bayoumi 2004; Brouwer et al. 2018). If the ICER for an 
intervention falls below the threshold, a decision-maker is likely to recommend the 
new intervention (depending on their available budget). On the other hand, if the 
ICER exceeds the threshold value, the intervention is regarded as not cost-effective 
and is likely to be rejected; it is considered too costly in the context of the additional 
benefit which it will provide. The hatched diagonal line on Fig. 6.2 represents the 
cost-effectiveness threshold.

The cost-effectiveness threshold is closely related to the concept of opportunity 
cost. The value of an intervention is considered to be the value of what is foregone 
when it is implemented. In other words, the threshold value equates to the health 
outcome that could have been achieved if the resources required to implement the 
intervention had been used elsewhere.

Fig. 6.2  Example of cost-effectiveness results, high value oral health care for a remote indigenous 
community. (Reprinted from Kularatna et al. 2020. CC BY 4.0)
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The issue arises as to the setting of the threshold value – how or who determines 
the maximum amount that a decision-maker is willing to a pay for an additional unit 
of outcome. Some countries including the UK, Ireland, and the USA have made the 
thresholds used for decision-making explicit. In the UK, the National Institute for 
Health and Clinical Excellence (NICE) currently uses a cost-effectiveness threshold 
in the range of £20,000–£30,000 per QALY (McCabe et al. 2008). Whilst it recom-
mends against funding interventions with an ICER above these thresholds, it some-
times justifies the use of a much higher threshold in special circumstances (such as 
for life-extending treatments for small populations at the end of life or for patients 
with a short life expectancy) (Thokala et al. 2018). McCabe et al. (2008), in their 
analysis of the NICE thresholds, argue that it would preferable to have an explicit 
single threshold rather than a range and that the selected value should be regularly 
reviewed.

Many countries, including Australia, Canada, Brazil, New Zealand, and Scotland, 
do not specify an explicit threshold, despite using cost-effectiveness analyses for 
decision-making (McDougall et al. 2020). In some cases, researchers have implied 
a threshold value based on analysis of historical decisions and then have used it as 
a guide to interpret cost-effectiveness results. Whilst Australia has not formally 
specified a cost-effectiveness threshold, a value of $50,000/QALY is often cited as 
the commonly used benchmark of cost-effectiveness (George et al. 2001). Whilst 
the country’s Pharmaceutical Benefits Advisory Committee employs no single max-
imum ICER when making funding decisions about new drugs, an analysis of its 
funding decisions by Paris and Belloni (2013) showed that new medicines were 
rarely recommended for listing with an ICER above $70,000/QALY, and those 
greater than $45,000 were recommended only in exceptional circumstances, such as 
a high clinical need and where there was no alternative treatment (Wang et al. 2018). 
Likewise, the Pharmaceutical Management Agency (PHARMAC) in New Zealand 
does not have an explicitly stated threshold. Whilst researchers have endeavoured to 
imply the threshold from previous decisions, PHARMAC argues that it is not pos-
sible to infer it as cost-effectiveness is only one of multiple decision criteria used to 
inform decision-making (Thokala et al. 2018).

The WHO Commission on Macro-Economics and Health (2001) recommended 
valuing DALYs at between one and three times a country’s Gross Domestic Product 
per capita (Marseille et al. 2015). In recent years, a few countries have embarked on 
empirical studies to estimate cost-effectiveness thresholds specific to their setting. 
There is no consensus however around the most appropriate methods of determin-
ing threshold values (Claxton et al. 2015). An example of this is the work under-
taken by Edney et  al. (2018)  to establish a reference ICER appropriate to the 
Australia health system; they estimated a value of $28,033/QALY as representing 
the average opportunity cost of decisions to fund new technologies (Edney et al. 
2018). Another methodology which has been suggested for countries lacking a 
threshold is that employed by Huang et al. (2018) who used life satisfaction as an 
indicator of ‘experienced utility’ and estimated the dollar equivalent value of a 
QALY using a fixed effect model. Using a nationally representative longitudinal 
survey of 28,347 Australians followed in the period 2002–2015, they estimated 
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individual willingness to pay for one QALY as between AUD42,000 and 67,000; 
this result is not dissimilar to the QALY threshold of AUD50,000 commonly used 
in decision-making in Australia.

Cost-effectiveness thresholds are specific not only to a particular jurisdiction but 
to the unit of health outcomes being measured. Most economic evaluations of pre-
ventive dental programs report cost-effectiveness in terms of incremental cost per 
the two standard measures of dental caries: DMFS (decayed, missing, and filled 
surfaces) or DMFT (decayed, missing, and filled teeth) avoided (Oscarson et  al. 
2003; Warren et al. 2010; Crowley et al. 2000; Mariño et al. 2012; Tonmukayakul 
et al. 2015). The issue here is that there are no defined thresholds for such ICERs, 
and cost-effectiveness can only be established by comparison with evaluations of 
other similar interventions, if any, which have used the same metrics. A review by 
Tan et al. (2017) identified 25 studies which attempted to elicit willingness to pay 
for oral health interventions; however, the usefulness of their results was limited by 
the lack of methodological rigor and the failure to account for bias.

6.4  �Measuring Uncertainty in Cost-Effectiveness Analyses

The cost-effectiveness plane provides a visual snapshot of the likely spread of the 
cost-effectiveness results and so provides a measure of the uncertainty surrounding 
the ICER. Simulation modelling or bootstrapping is commonly used to facilitate the 
presentation of an uncertainty interval around the ICERs (and other parameters). A 
software and statistical package such as @RISK, TreeAge, R, or STATA can be 
used to conduct the probabilistic sensitivity analysis. Monte Carlo simulations 
allow multiple recalculations of the ICERs; each time, a value is randomly chosen 
from the specified distribution of each input variable in the model. The bootstrap-
ping will result in a ‘cloud’ of results which may span across more than one quad-
rant of the cost-effectiveness plane. For this reason, it is important that the four 
quadrants of the cost-effectiveness plane represent all combinations of possible out-
comes. The cost-effectiveness plane provides a visual summary of how costs and 
outcomes are likely to behave with respect to the particular intervention under 
evaluation.

In the example shown in Fig. 6.3, taken from the cost-effectiveness analysis by 
Tonmukayakul and Arrow (2017) of atraumatic restorative treatment as an approach 
to managing caries in early childhood, the ICER was AUD719 per referral to spe-
cialist care avoided. When probabilistic sensitivity analysis was conducted, all 1000 
iterations of the model resulted in the ICERs falling on the right-hand side of the y 
axis. Most (63%) were located in the lower right-hand quadrant, meaning that the 
intervention results in more health gains at lower cost or is ‘dominant’. The remain-
der of the iterations (37%) were located in the upper-right hand quadrant, which 
indicates that the additional benefits will be achieved with extra costs. However, the 
lack of an established cost-effectiveness benchmark for this outcome measure 
means that it is not possible to determine what proportion of this latter group can be 
classified as cost-effective.
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The 2016 INCENTIVE study (Hulme et al. 2016) compared a blended/incentive-
driven model of dental service provision compared with traditional dental contract-
ing. Using QALYs as the outcome measure, Fig. 6.4 suggests that incentive care 
practice is unlikely to be cost-effective from the commissioner’s perspective. The 

Fig. 6.3  Cost-effectiveness plane: incremental costs per referral to specialist care avoided. 
(Reprinted from Tonmukayakul and Arrow 2017 © with permission from John Wiley & Sons)

Fig. 6.4  Cost-effectiveness plane for incentive care practice compared with traditional care prac-
tice. (Reproduced with permission from Hulme et al. 2016. © Queen’s Printer and Controller of 
HMSO 2016. www.journalslibrary.nihr.ac.uk)
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iteration results are spread roughly equally across the two upper quadrants, making 
it difficult to draw any conclusions on whether the intervention is cost-effective. 
What can be concluded from the cost-effectiveness plane is the wide range of uncer-
tainty around the ICER results; a considerable proportion of the iterations indicate 
poorer health outcomes (fewer QALYs) at higher costs, whilst others indicate 
improved health outcomes for additional costs.

6.5  �Cost-Effectiveness Acceptability Curves

The examples given in the previous section indicate that when multiple iterations of 
an intervention are simulated, the resultant ICERs may be distributed across more 
than one quadrant of the cost-effectiveness plane. This may mean that an interven-
tion deemed cost-effective may not necessarily be so in some circumstances. Such 
uncertainty may give rise to the possibility that a funding decision made on the basis 
of it may prove to be incorrect. A decision-maker will be interested in the probabil-
ity that a new technology is cost-effective compared to the existing alternative. That 
probability will depend on the proportion of the scatter plot points that fall below 
the cost-effectiveness threshold.

As an example, Cobiac and Vos (2012) found that extending the coverage of 
water supply fluoridation to all Australian communities of at least 1000 people 
would lead to improved population health (3700 DALYs averted) and have a 100% 
probability of being dominant or cost saving. On the other hand, extending the inter-
vention to smaller communities would not be cost-effective, despite significant 
improvements in health. The median cost-effectiveness ratio for that scenario was 
AUD92,000 per DALY, with only a 10% probability of being under the AUD50,000 
per DALY threshold.

Since the cost-effectiveness threshold will vary depending on the jurisdiction, 
the construction of cost-effectiveness acceptability curves has gained popularity 
amongst health economists as a way of visualising the information from the boot-
strapping results. The concept of the cost-effectiveness acceptability curve was 
developed by van Hout et al. (1994) as a way of expressing the uncertainty inherent 
in cost-effectiveness calculations, in a statistically meaningful way. The probability 
that the intervention under study would be cost-effective is plotted on the y axis over 
a wide range of possible thresholds, depicted on the x axis (Cohen and Reynolds 
2008). It shows the probability that an intervention is cost-effective for a range of 
different values that a decision-maker might be willing to pay for a unit change of 
outcome (Hoch and Dewa 2008). They were essentially developed as an alternative 
to the statistical challenge of determining confidence intervals around ICERs.

The cost-effectiveness acceptability curve is constructed by plotting from the 
scatter plot of results on the cost-effectiveness plane the proportion of cost and 
effect pairs that are cost-effective for a range of willingness to pay values. Returning 
to our earlier example from the INCENTIVE study (Sect. 6.5) (Hulme et al. 2016), 
the cost-effectiveness acceptability curve below (Fig. 6.5), based on 10,000 itera-
tions, shows that the probability of incentive care practice being cost-effective for a 
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range of threshold values between £0 and £60,000 per QALY. There is a 37% prob-
ability of the intervention being cost-effective against the threshold of £20,000 rec-
ommended by NICE, compared to a 63% probability for traditional care practice 
(Hulme et al. 2016).

6.6  �League Tables

Much of the discussion in both this chapter and this book has centred on the eco-
nomic evaluation of single stand-alone interventions in the dental field. However, 
often when allocating resources, decision-makers will need to compare interven-
tions and to make choices and trade-offs. Health economists have traditionally used 
league tables, which rank interventions in order of their ICER, to provide informa-
tion to decision-makers about the relative merits of different interventions. Too 
often, however, league tables are compiled by drawing on the results of single inter-
vention studies in the published literature. The included studies are likely to differ 
quite markedly in terms of methodology and assumptions related to choice of com-
parator, reference year, target group, perspective, outcome measures, time horizon 
and discount rate, etc. Such methodological variations will influence the rankings 
produced by the league table and may potentially lead to questionable funding deci-
sions (Mauskopf et al. 2012; Wilson et al. 2019).

The ACE (assessing cost-effectiveness) methodology was developed in Australia 
as an ‘ideal’ approach to priority setting (Carter et al. 2008). It was an attempt to 

Fig. 6.5  Cost-effectiveness acceptability curve based on bootstrap replications for incentive com-
pared with traditional practice care. (Reproduced with permission from Hulme et  al. 2016. © 
Queen’s Printer and Controller of HMSO 2016. www.journalslibrary.nihr.ac.uk)
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address the reservations about league tables compiled from economic evaluations in 
the published literature with no regard to differences in methods, context, and set-
ting. In the ACE approach, the economic evaluations of multiple interventions are 
undertaken as an integral part of the priority setting exercise, using standardised 
methods which are open to scrutiny and facilitate comparison of results. The setting, 
context, comparator, and outcome measures are common to all of the interventions, 
and country-specific data are used for costs and demographic and epidemiological 
inputs. The methodology entails a two-stage concept of benefit. For each interven-
tion evaluated, the technical cost-effectiveness results are considered alongside a 
series of implementation filters or other factors which are important in the making 
of resource allocation decisions; these filters include equity, strength of evidence, 
feasibility of implementation, and acceptability of stakeholders.

Whilst there have been no ACE studies conducted specifically for oral health, the 
large ACE-Prevention study conducted in Australia evaluated 5 oral health interven-
tions as part of its evaluation of 150 preventive and treatment interventions 
(Table 6.2) (Vos et al. 2010). Only one of the five oral health interventions – fluori-
dation of public water supply of all Australian towns with a population of at least 
1000 – was cost-effective. It was dominant, resulting in both health gains and cost 
savings. It was one of 23 prevention interventions in the study which fell into the 
dominant category. The standard methodology employed across all intervention 
(both oral health and non-oral health) enabled this cost-effective intervention to be 
ranked against others in terms of different parameters such as ICERs, costs, health 
gains, cost offsets, etc.

The ACE-Obesity Policy study (Ananthapavan et  al. 2020) provides a recent 
example of the use of the ACE dual concept of benefit process to rank and prioritise 

Table 6.2  Oral health interventions evaluated as part of the ACE-Prevention study

ICER (cost/
DALY)

Lifetime 
DALYs

Lifetime 
intervention 
cost Filter issues

1. Public water fluoridation for 
all towns >1000 people

Dominant 3700 $13M Limited strength of 
evidence; public 
acceptability

2. Public water fluoridation for 
all towns in Australia

$92,000 5900 $680M Limited strength of 
evidence; public 
acceptability

3. Annual dental check at ages 
12–17; oral examination only

$54,000 590 $32M No evidence

4. Annual dental check at ages 
12–17; oral examination, 
X-ray and clean

$220,000 590 $130M No evidence

5. Annual dental check at ages 
12–17; oral examination, 
X-ray and clean and scale and 
sealant

$620,000 590 $370M No evidence

Source: Compiled from Vos et al. (2010)
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multiple interventions. For each of the 16 policy interventions targeting obesity 
prevention, each implementation filter was given a rating, high, medium, or low, 
based on the best available evidence. Eleven of the 16 interventions were classified 
as dominant and therefore could not be ranked in terms of their ICERs; alterna-
tively, they were ranked in terms of health-adjusted life years (HALYs) gained or 
one of the other parameters. The study highlights how the ranking of interventions 
will vary substantially depending on the parameter being used as the basis of the 
ranking.

6.7  �Net Benefit

This chapter has focused on the calculation and interpretation of ICERs, which have 
commonly been used by health economists for the past several decades as a sum-
mary measure of the results of economic evaluations. Yet ICERs are not without 
their critics; there have been some recent moves to encourage health economists to 
replace them by measures of net benefit.

Paulden (2020) specifies a number of arguments as to why the ICER should be 
abandoned. He argues that the ICERs are laborious to calculate, difficult to inter-
pret, require a threshold to facilitate their interpretation, cannot be used to rank 
strategies or to consider relative cost-effectiveness, and cannot be easily used for 
sensitivity or scenario analysis, probabilistic analysis, or in the consideration of 
equity concerns. Paulden promotes the abandonment of ICERs in favour of net 
monetary benefit (NMB).

The net health benefit equates to the net of the health gain experienced by patients 
receiving the intervention under study minus the health loss experienced by other 
patients whose treatment has been forgone as a result. For example, if a dental 
health intervention results in 27 QALYs and $1.2 million cost, assuming a threshold 
of $50,000 per QALY, the health loss experienced by other patients equals $1.2 mil-
lion/$50,000 or 24 QALYs. The net health benefit then equals 27 QALYs  – 24 
QALYs =3 QALYs.

To calculate the NMB for each intervention, the net health benefit is multiplied 
by the threshold, which reflects the monetary value of the unit of benefit. Assuming 
the intervention has a benefit of 27 QALYs, this equates to a monetary value of 
$1.35 million. The NMB is calculated by subtracting the cost of the intervention 
from this benefit ($1.35 million – $1.2 million = $150,000).

ICERs and NMB are both methodological tools which assist in determining 
whether an intervention is cost-effective, but they differ in a number of fundamental 
aspects. The ICER is a ‘pairwise’ measure that is based on incremental analysis of 
two options (usually an intervention and usual practice), regardless of the total num-
ber of strategies being evaluated. On the other hand, NMB can be calculated for 
each intervention individually. Secondly, the ICER is a ratio between incremental 
costs and incremental benefits of an intervention measured against a comparator, 
whereas measures of net benefit are not ratios. Thirdly, a threshold is required to 
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calculate measures of net benefit but is not required to calculate ICERs; conversely, 
a threshold is required to interpret ICERs but is not required to interpret measures 
of net benefit. The ICER framework was specifically developed for use in the area 
of health, whereas other sectors such as transport and agriculture have traditionally 
used measures of net monetary benefit. To move beyond the ICER would probably 
require decision-makers to be explicit about the threshold value.

6.8  �Reporting Cost-Effectiveness Analyses

Whilst there are no guidelines for measuring the quality of economic evaluations, 
there are established guidelines relating to their reporting. The Consolidated Health 
Economic Reporting Standards (CHEERS) statement (Husereau et al. 2013) was 
developed in 2013 in an attempt to consolidate and update previous health economic 
evaluation guidelines into one current, useful reporting template. The recommenda-
tions are contained in a user-friendly, 24-item checklist. The aim of the guidelines 
is to improve the reporting of economic evaluations by promoting completeness and 
transparency of reporting of both context, methods, and results. It is recommended 
that the checklist be routinely used in the preparation of all journal articles reporting 
on economic evaluations; some journals now require the checklist to be completed 
as a condition of article submission.

6.9  �Summary

This chapter has laid the groundwork for understanding the concept of cost-
effectiveness. It illustrates the different formats of presenting cost-effectiveness 
analysis results and discusses the issues associated with their interpretation. It intro-
duces willingness to pay thresholds, which provide a necessary guide in assessing 
whether an intervention offers good value for money. The chapter also touches on 
the use of league tables in prioritising multiple interventions, the reporting of cost-
effectiveness results, and the potential use of net monetary benefit as an alternative 
measure of an intervention’s cost-effectiveness.
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Chapter 7
Worked Example in Cost-Effectiveness 
Analysis

Ann S. Goldman-Hawes

7.1  �Step 1. Objective of the Economic Evaluation

This chapter presents the findings of an economic evaluation of a community ran-
domized oral health prevention trial in a low-income, underserved population in 
Brasilia, Brazil. The trial compared two primary oral health strategic approaches to 
preventing the development of dentine carious lesions on permanent molars. It eval-
uated the comparative cost-effectiveness of a supervised toothbrushing (STB) edu-
cation promotion program with that of a clinical intervention program, using two 
different sealant intervention strategies.

7.2  �Step 2. Define the Economic Evaluation Framework

7.2.1  �Perspective of the Economic Analysis

Brazil has sought to develop a national oral health policy and integrate oral health 
into its National Health System [Sistema Único de Saúde (SUS)] (Pucca Jr. et al. 
2015; Goldman et  al. 2017). The national program’s policymakers and program 
developers, who are interested in identifying the most cost-effective approaches to 
achieving improved oral health outcomes, were the primary audience for the evalu-
ation. Dental practitioners and other private oral health service providers are inter-
ested stakeholders.
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The study adopted a government oral health program perspective. Costs included 
were those incurred in delivering services such as sealant placement and supervi-
sion of toothbrushing in the schools; societal and patient costs were excluded.

7.2.2  �Alternatives Being Compared

The approaches compared were two clinical intervention strategies: treatment with 
composite resin (CR) and atraumatic restorative treatment (ART) high viscosity 
glass-ionomer sealants (HVGIC) and one health education behavioral change strat-
egy of supervised toothbrushing. Each clinical strategy applied different techniques 
and materials. The study evaluated the cost-effectiveness of the impact of these two 
strategies on the prevention of dentine carious lesions.

The study had three objectives: (1) to collect all relevant costs associated with 
each strategic approach adopted in the process of protecting the developing perma-
nent molars; (2) to estimate the unit cost of each primary care strategy in terms of 
protecting molar development, e.g., placement of sealant intervention and the health 
education promotion of supervised toothbrushing; and (3) to evaluate the incremen-
tal cost-effectiveness for each prevention strategy in protecting the first permanent 
molars, given their rates of caries-free survival after 3 years.

7.2.3  �Time Horizon

The study’s 3-year time frame covers the period when the primary or deciduous 
teeth exfoliate, and the permanent teeth erupt. During this period it is important, for 
the normal development of the oral cavity, to protect the deciduous teeth until they 
are ready to exfoliate to ensure normal eruption of the permanent teeth, particularly 
the first and second molars. Currently, most cost-effectiveness research considers a 
minimum of 3–4 years.

7.3  �Step 3. Determine Costs and Benefits of Alternatives

7.3.1  �Study Activities

Full details of the study and its results, summarized here, were published in Caries 
Research in 2017 as “Treating High-Caries Risk Occlusal Surfaces in First 
Permanent Molars Through Sealants and Supervised Toothbrushing: A Three-Year 
Cost-Effective Analysis” (Goldman et al. 2017).
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The effectiveness study was a cluster randomized controlled clinical trial of 
6–7-year-old children (de Amorim et al. 2012); it used a parallel group design. The 
study was implemented in all six public primary schools of Paranoá, a low-income 
suburban area of Brasilia, Brazil, where the water system was artificially fluoridated 
(de Amorim et al. 2012). Children who participated were in good general health 
with at least two cavitated dentine carious lesions in vital, pain-free molars; erupted 
first permanent molars with the occlusal surface fully visible and accessible; high-
caries risk occlusal surfaces in first permanent molars with medium or deep fissures 
and/or an enamel carious lesion; and a consent form signed by the child’s parent 
or carer.

The study groups reviewed were divided into three categories; one supervised 
toothbrushing group and two sealant intervention groups, one, CR, for application 
with conventional methods and rotary equipment group, and the other, ART/
HVGIC, for sealants applied with the minimal intervention atraumatic restorative 
treatment (ART) method and hand instruments group. A dmfs evaluation done at the 
initiation of the study showed no differences between the three study groups, with 
respect to dmfs (de Amorim et al. 2013).

Of the six primary schools in Paranoá, the CR intervention strategy group was 
allocated to the only two equipped with dental units; these had not been used in over 
5 years. The remaining ART/HVGIC and STB strategy groups were randomly allo-
cated among the remaining four schools.

In the two clinical intervention strategy groups, before the sealant treatment 
started, pits and fissures were cleaned with toothbrushes and toothpaste (Goldman 
et al. 2017), three trained and calibrated pedodontists, aided by trained dental assis-
tants, placed the sealants between May and July 2009, on the school premises.

At the start of the study, and annually during the evaluation period, all children 
participating in the study group received an oral hygiene kit with a conventional 
toothbrush, a 1000-ppm fluoridated toothpaste, plaque-disclosing paste, and dental 
floss. The children were instructed on how to use these devices and encouraged to 
brush their teeth twice daily. Each month a dental assistant visited the four schools 
where the CR and ART/HVGIC sealants were performed to check if there were any 
complaints.

Toothbrushing supervision took place daily during the school year for the STB 
group, from May 2009 to December 2012. One dental assistant, trained in identify-
ing plaque, supervised the toothbrushing sessions. When necessary, brushing 
instructions were repeated. The assistants encouraged the children to maintain the 
same hygiene practices at home and during school vacations (Goldman et al. 2017).

7.3.2  �Study Measurement

Given the study’s assumption of a government perspective, the study inputs costed 
were those that would best reflect a government-level program. These included sala-
ries and per diem for the three pedodontists and their dental assistants, 
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transportation costs to and from the schools, dental equipment, and instruments and 
supplies utilized in the study. Cost data were collected prospectively for all inputs, 
whether purchased or donated.

7.3.3  �Cost Data Collection

The principal investigators used a Microsoft Excel instrument designed for the 
study to collect data prospectively from the University of Brasilia and the study 
participants. Salary data came from the university. Most purchases, especially of 
instruments and supplies, were made through the university.

Study data were collected prospectively during the community trial, estimating 
the cost per sealant and comparing the costs per additional outcome averted (cavi-
tated dentine carious lesions) for each intervention group.

7.3.4  �Calculate Costs

Costs of instruments and supplies were recorded by group. Transportation and 
equipment costs were apportioned by group, according to the number of interven-
tions performed in each group. Personnel costs were apportioned by group, and data 
on dentists’ and dental assistants’ time was factored into the cost.

In this study, some instruments were donated or purchased outside of the coun-
try, and the HVGIC was donated. Two of the schools had dental chairs not acquired 
for the study; their replacement cost was researched in the local market and their 
annual cost calculated and attributed to the study. The costs of any instruments and 
supplies donated or purchased outside the country were also researched, and because 
they were purchased in a foreign currency, those costs were converted to the national 
currency and adjusted to the year of the study.

Other costs that might be factored into an analysis like this include facilities 
costs – the annualized cost of a building or office, annual rent, and/or utilities such 
as electricity and water. In this study, a decision was made not to collect that cost 
information since study implementation took place in schools that had similar facil-
ities and costs.

7.3.5  �Data Collection

Baseline data for the community randomized control trial were collected by the 
dental assistants during the intervention. Evaluation was performed by two indepen-
dent evaluators at 6 months and 1, 2, and 3 years. An experienced epidemiologist 
trained and calibrated the evaluators before each session. Inter-evaluator 
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consistency was measured; the kappa coefficient was 0.76  in assessing carious 
lesions at each of the four evaluations; percentage of agreement of scores was 86.7%.

Personnel time data, estimates of the time the pedodontists devoted to the seal-
ants, were collected in two ways. Dental assistants recorded sealant placement times 
for all sealants on the study data form, “beginning with the moment the pedodon-
tists lifted their instruments until the moment they put them down once finished” 
(Goldman et al. 2017). The second method, the activity sampling method (Ampt 
et  al. 2007), enabled the evaluation of the reliability of the data collected in the 
study as well as the collection of data on the entirety of the implementation sessions, 
thus including treatment and other ancillary activities (Goldman et al. 2017).

A countdown timer was used to collect data sampled in 15-min intervals in 
approximately 30 4-h intervention sessions. In each session, the timer was set at a 
different time after the session began at 8:00 am to avoid the bias of sampling the 
same intervals each day (Goldman et al. 2017). The last digit in the ID number of 
the first participant determined the amount of time elapsed before the timer was set. 
Each time the timer went off, the assistant would record the activity the pedodontist 
engaged in on the session data collection sheet. Activities were categorized as clini-
cal (e.g., performing an examination or a sealant), complementary (e.g., instrument 
preparation), or nonclinical (e.g., equipment failure, coffee break, patient absent) 
(Goldman et al. 2017).

7.3.6  �Discounting, Adjustment, Annualization

The discount rate of 3% (WHO 2003) was applied to study outcomes, including 
effectiveness data, costs incurred in implementation, and adverse events costs. The 
value of capital equipment was annualized at a rate of 3%. All costs were recorded 
in the Brazilian currency, reais (BRL). The World Bank GDP inflation deflator was 
used to adjust costs to 2012 values (The World Bank 2016). For the purposes of 
reporting, the costs were later converted to 2012 USD values; this conversion did 
not account for purchasing power parity (Goldman et al. 2017).

7.3.7  �Definition of Outcomes

The presence of cavitated dentine carious lesions on the first permanent molars after 
3 years was the prevention effectiveness outcome measured.

The cost outcome evaluated was the net cost per cavitated dentine carious lesion 
prevented over 3  years; this included sealant placement costs, supervised tooth-
brushing costs, and adverse event costs. Adverse events costs were defined as the 
cost to restore cavitated dentine carious lesions on the first permanent molars that 
developed after the intervention. Adding adverse event costs to sealant placement 
costs or toothbrushing supervision costs results in net costs. The pedodontists 
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restored the first permanent molars that developed dentine carious lesions in keep-
ing with each protocol; the restoration costs were added to the costs of the corre-
sponding program (Goldman et al. 2017).

7.3.8  �Evaluation Design

An incremental cost-effectiveness ratio (ICER), which measures the additional cost 
associated with preventing an additional adverse outcome (in this study, cavitated 
dentine carious lesion) for each intervention strategy, was employed to analyze the 
cost-effectiveness of the three strategies. The reference group was the CR sealant 
group, chosen as the comparator because it is considered the standard of care for 
sealants (Goldman et al. 2017).

7.3.9  �Data Analysis

With the ICER, the intervention strategy with the worst effectiveness outcome is 
used as the base against which the other strategies are compared (Haddix et  al. 
2003; Gold et al. 1996). Thus, the results are ranked by effectiveness outcome, start-
ing with the worst outcome first. For example, to calculate the ICER calculation for 
the study sample, the difference in the costs between the 2 sealant methods was first 
obtained by subtracting the total cost of the CR (reference group) which had the 
largest number of cavitated dentine carious lesions, from the total cost of ART/
HVGIC. Next, the number of cavitated dentine carious lesions that developed for 
ART/HVGIC was subtracted from those for CR. Finally, ART/HVGIC and CR were 
compared in a ratio where the difference in the costs of the interventions was divided 
by the difference in the effectiveness of the interventions. This process was repeated 
for the STB-ART/HVGIC comparison (Goldman et al. 2017)

Because of interest in how the parameters of the study findings would hold in a 
larger population, the study results were applied to a projection of 1000 sealants/
high-risk molars per group. The projection was created by increasing project inputs 
(such as personnel time, instruments and supplies, and transportation) proportion-
ally, at the same rate as they occurred in the study sample. In addition, the sizes of 
the groups were uneven, so creating the projection standardized all of the groups. 
Annualized equipment costs were applied according to the proportion of time it 
took to create the number of sealants in the sample (4.5% per year) and the projec-
tion (25% per year for 1000 sealants) (Goldman et al. 2017). The assumption here 
is that there will not be economies or diseconomies of scale.
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7.4  �Step 4. Relate Costs to Outcomes

7.4.1  �Effectiveness Results

At baseline, a total of 169 sealants were performed on 70 children in the CR group, 
69 sealants were performed in 37 children in the ART/HVGIC group (Table 7.1), 
and 71 permanent molars in 38 children were identified and kept under observation 
in the STB group. After 3 years, the cumulative effectiveness of preventing dentine 
carious lesions in the molars was 95.6% in the STB group, 91.4% in the CR group, 
and 90.2% for the ART/HVGIC group. The effectiveness of the interventions, in 
terms of the number of dentine carious lesions that developed in the molars over the 
3 years in the CR group, was 12, 6 in the ART/HVGIC group, and 3 in the STB 
group (Hilgert et al. 2015; Goldman et al. 2017).

7.4.2  �Cost Results

Treatment time for performing ART/HVGIC sealants in the sample and the activity 
sampling data was close to 50% more at 6 min and 9.58 min than CR at 4.50 min 
and 6.77 min. The cost (USD 7.22) and net cost (USD 8.02) of performing the ART/
HVGIC sealant were almost twice as high as for the CR application (cost, USD 
3.74; and net cost, USD 6.96) in the sample data. In the activity sampling data, the 

Table 7.1  Characteristics for the sample of children for high risk molars at baseline and at year 3 
after the intervention

Interventiona

Composite resin 
(CR)

ART/
HVGIC STB

Baseline
Schools (n) 2 2 2
Children (n) 70 37 38
Sealants (n) 169 69 71
D3MFT (SE) 0.27 (0.56) 0.27 (0.51) 0.23 (0.42)
d3mft 6.11 (3.12) 5.78 (3.94) 5.18 (2.51)
Year 3
Children (n) 47 27 28
Sealants (n) 120 51 50
Dentine carious lesion increment (n) 
[cumulative]

12 6 3

Effectiveness [cumulative] SE 91.4% (2.9) 90.2% (5.0) 95.6% 
(2.5)

Reprinted from Goldman et al. 2017, with permission from S. Karger AG, Basel.
a CR composite resin, STB supervised toothbrushing, ART/HVGIC a traumatic restorative treat-
ment/high-viscosity glass-ionomer cement, SE standard error
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differences in the costs between the two groups were slightly lower. As the number 
of sealant applications reached 1000, the differences continued to narrow. The cost 
for ART/HVGIC from USD 7.22 in the sample decreased to USD 4.86 in the projec-
tion, while the cost of placing CR sealants rose from USD 3.74 to USD 4.81. For the 
STB initiative, the costs of supervising the brushing of molars in the STB group 
(180 days per year for 3 years for the study sample) were USD 18.56, at least 2.5 
times higher than the sealant application method in the sample and activity sam-
pling data and USD 9.14 in the projection.

7.4.3  �Inputs

The analysis of intervention inputs revealed personnel was the major cost driver, 
consuming the most resources for all groups; the STB group led with 95% of the 
intervention costs, followed by CR with 54% and ART/HVGIC with 42%. Materials 
and supplies consumed by the CR and ART/HVGIC groups represented 38% and 
56% of the costs, respectively, while STB consumed only 5% (Goldman et al. 2017).

7.4.4  �Incremental Cost-Effectiveness Ratio

When the outcomes were ranked for the sample data for calculating the incremental 
cost-effectiveness ratios, the first ratio compared the ART/HVGIC and CR 
approaches and the result was a savings of USD 37 per new cavitated dentine cari-
ous lesion prevented in favor of ART/ HVGIC (Table 7.2). When STB (180 STB 
visits took place each year over 3 years) was compared to ART/HVGIC, the out-
come was a cost of USD 264 per cavitated dentine carious lesion prevented. ART/
HVGIC was cost-effective for the sample data, and CR was cost-effective for the 
projection of 1000 sealants/molars treated. When evaluated against STB, both seal-
ant methods were cost-effective (Goldman et al. 2017). CR had a better outcome 
than ART/HVGIC with cost savings of USD 17. In the ratio comparing CR and 
STB, the result was that STB cost USD 140 per cavitated dentine carious lesion 
prevented for every 1000 sealants/molars treated.
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7.5  �Step 5. Adjust for Uncertainties

7.5.1  �Sensitivity Analysis

Sensitivity analyses were conducted to evaluate how variations in the incidence of 
cavitated dentine lesions would affect the ICER. The impact of changes in the num-
ber of STB visits on the cost per lesion averted was explored. The daily supervision 
by dental assistants in the schools (180 days/year) was highly labor-intensive, and 
the expectation that the resulting cost might not be sustainable for a government 
program prompted the development of two alternative scenarios to evaluate the 
impact of fewer STB visits on costs.

In these scenarios the dental assistants would visit the children during the school 
year to ensure the habit of toothbrushing is adopted. The parameters for the first 
scenario were 36 visits per school year and an increase of 33% in the number of 
cavitated dentine carious lesions. In the second scenario, dental assistants visited 
the schools nine times a year, and caries increased by 52%. These analyses assumed 
that effectiveness in both scenarios over 3 years would be similar to that in the study. 
This assumption requires further investigation (Goldman et al. 2017).

Table 7.2  Results of the incremental cost-effectiveness ratios for the sample and projection of 
1000 sealants by treatment group at year 3 (USD 2012)

Treatment

Effectivenessa, new 
cavitated dentine 
carious lesions Cost

New cavitated 
dentine carious 
lesions 
prevented

Incremental 
cost

Cost per new 
cavitated dentine 
carious lesion 
prevented

Sample
CR 11 738 DOMINATED
ART-
HVGIC

6 553 6 −185 −37

STBb 3 1346 3 793 264
Projection, 1000 sealants/group
ART-
HVGIC

84 5506 DOMINATED

CR 69 5322 16 −184 −17
STB 41 9138 27 3816 140

a Effectiveness outcomes are discounted by 3%.
b For the STB study, the toothbrushing supervisor went to the schools 180 days per year to super-
vise the children. Reprinted from Goldman et al. 2017, with permission from S. Karger AG, Basel.
CR composite resin, STB supervised toothbrushing, ART-HVGIC atraumatic restorative treatment/
high-viscosity glass-ionomer cement
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7.5.2  �Sensitivity Analysis Results

The sensitivity analysis focused on STB supervision because supervision costs 
accounted for 95% of the cost of the intervention. And, although STB was domi-
nated by the sealant intervention approaches in the analysis, exploration of supervi-
sion in terms of the number of visits and the incidence of cavitated carious lesions 
would provide information about how the comparison of STB, and the sealant 
approaches might be affected.

The results of the sensitivity analysis, shown in Table 7.3, revealed that the net 
cost per STB molar decreased considerably as the number of days of supervision 
decreased. For Scenario 1, with 36 days the net cost ranged between USD 2.71 for 
the sample and USD 1.50 per caries free STB molar, while for Scenario 2 the range 
was USD 2.15 to USD 1.21 per caries free STB molar.

With respect to cost-effectiveness, Table 7.4 shows that despite increased inci-
dence of cavitated dentine lesions in both scenarios, the cost of STB decreased 
markedly in comparison to both sealant interventions. STB produced savings of 
USD 180 in Scenario 1 and USD 395 in Scenario 2 compared to ART/HVGIC in the 
sample data. The comparison of STB to CR in the projection results showed savings 
of USD 273 and USD 686 for Scenarios 1 and 2, respectively, per 1000 STB molars.

7.6  �Step 6. Summary and Interpretation

A major struggle in the field of successful primary care prevention efforts is demon-
strating their true value in the act of preventing the occurrence of adverse health 
outcomes. Economic evaluation of primary oral healthcare curative and preventive 
services provides us the opportunity to attach a price to the prevention of one addi-
tional bad outcome – in this case a cavitated dental caries lesion in the study popula-
tion. The two key contributory elements that enable the capacity to conduct 

Table 7.3  Sensitivity analysis: costs and net costs per STB molar for the sample, activity sampling 
data, and a projection of 1000 STB caries free molars, by STB Scenario

Sensitivity analyses STB S1 36d/yr STB S2 9d/yr

Cost per STB molar
Sample 2.17 0.77
Activity sampling 2.17 1.55
Projection of 1000 sealants 1.07 0.72
Net costa STB molar
Sample 2.71 2.15
Activity sampling 2.57 1.95
Projection of 1000 sealants 1.50 1.21
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cost-effectiveness analyses of oral health intervention and promotion efforts are (i) 
the ability to cost all the inputs that went into achieving the strategic prevention 
outcome and (ii) the ability to generate the unit cost of the occurrence of an addi-
tional bad outcome per intervention strategy  – its incremental cost effectiveness 
ratio (ICER) value which represents the incremental cost per adverse event 
prevented.

This project analyzes the cost of adopting a health education promotion effec-
tiveness approach versus an early clinical intervention approach. The early 

Table 7.4  Sensitivity analysis: incremental cost effectiveness results by STB Scenario for the 
sample and a projection of 1000 STB caries-free molars

Effectivenessb, new 
cavitated dentine 
carious lesions Cost

New cavitated 
dentine carious 
lesions 
prevented

Incremental 
cost

Cost per new 
cavitated dentine 
carious lesion 
prevented

STB 
scenario 1
Sample
CR 11 738 DOMINATED
ART-
HVGIC

6 553 5 −185 −37

STB 4 193 2 −361 −180
Projection, 1000 sealants/group
ART-
HVGIC

84 5506 DOMINATED

CR 69 5322 16 −184 −12
STB 55 1499 14 −3823 −273
STB 
scenario 2
Sample
CR 11 738 DOMINATED
ART-
HVGIC

6 553 5 −185 −37

STB 5 159 1 −395 −395
Projection, 1000 sealants/group
ART-
HVGIC

84 5506 DOMINATED

CR 69 5322 16 - 184 −12
STB 63 1209 6 −4113 −686

STB S1, scenario where toothbrushing supervision takes place weekly or 36 days over one school 
year; STB S2, toothbrushing supervision takes place monthly or 9 days over one school year. CR, 
composite resin; STB, supervised toothbrushing; ART/HVGIC, atraumatic restorative treatment/
high-viscosity glass-ionomer sealants.
a Net costs include the cost of STB supervision per molar and restoration if cavitated dentine cari-
ous lesions developed.
b Effectiveness outcomes are discounted by 3%. Reprinted from Goldman et al. 2017, with permis-
sion from S. Karger AG, Basel.
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intervention clinical approach involves the application of two kinds of sealants. The 
study presents and analyzes its findings, first, in terms of the costs per molar per 
group and a breakdown of the inputs that contributed to the interventions, providing 
information about basic costs and cost drivers. Next, the two sealant intervention 
methods are compared, and finally, the more cost-effective sealant intervention is 
compared to the STB education promotion program approach. It generates an ICER 
value that compares the cost of having to treat one additional bad outcome for each 
comparison.

The objective of this chapter is to present the cost-effectiveness outcome findings 
in a practical and applicable manner so that they may be of value to oral health poli-
cymakers, program developers, and dental care service providers. Adding the addi-
tional information on costing associated with one primary care intervention 
approach versus the other serves to further inform their decision-making process. 
Possessing this level of costing detail gives the decision-maker the power to use the 
information to implement effective primary care programs that best fit their avail-
able technical and administrative resources. In applying these methods, researchers, 
policymakers, program managers, and practitioners are able to determine the most 
cost-effective oral health primary care program in terms of protecting the pits and 
fissures in permanent molars to prevent the development of dentine carious lesions 
in children whose permanent teeth are beginning to erupt.

7.6.1  �Report on the Study and Its Findings

The data used in the cost-effectiveness study presented here were collected prospec-
tively. Costs of supplies, instruments, and equipment unique to each approach were 
allocated directly or according to the estimated amount used per intervention. 
Transportation was allocated similarly, since each time the pedodontists and their 
assistants went to a school all children were treated through the same approach. 
Other supplies used in common by all groups were allocated according to personnel 
time. Sampling of treatment sessions through activity sampling captured informa-
tion about the amount of time it took to perform the interventions. The cost analysis 
included the oral hygiene kits given to each of the children in all six schools, the 
time devoted to teaching them how to take care of their teeth, as well as the time 
spent by the one assistant who visited the schools to supervise toothbrushing.

Cost data were evaluated using incremental cost-effectiveness ratios (ICER) to 
generate the additional cost associated with preventing an additional adverse out-
come (in this study, the cost per additional cavitated dentine carious lesion) for each 
of the three primary care prevention strategies used. Study results showed both CR 
and ART/HVGIC sealants for the sample and the projection of 1000 sealants per 
group were more cost-effective than supervised toothbrushing. Nonetheless, 
although CR had the lowest cost, the difference between the two was minimal. 
Thus, the choice of sealant approach used might be related to other factors.
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Although supervised toothbrushing promotion had the best outcome after 
3 years, the two different clinical intervention strategies cost less and were therefore 
more cost-effective compared to STB promotion. The study results of the incremen-
tal cost-effectiveness analysis for the sample data and the projection show that STB, 
as administered for 180 days per year, had the highest costs and was too expensive 
to be viewed as affordable.

Consequently, policymakers and program managers might consider the lower 
costing CR as an alternative if costs are a priority. In efforts to reach larger segments 
of the population under conditions where dental clinics and equipment are scarce, 
ART/HVGIC, given its portability, might be the preferred alternative (Goldman 
et al. 2017).

7.6.2  �Implications of Findings

A closer examination of the study data, specifically, the role of personnel as a major 
cost driver in the supervised toothbrushing intervention, prompted tests of the fre-
quency of supervisory personnel in the intervention in the sensitivity analyses. The 
results of this analysis suggest an STB program in the schools could be cost-
effective. The results from reducing supervisory personnel time point to the poten-
tial feasibility and affordability of STB. Further research could inform researchers, 
policymakers, and program managers in how such a program could be structured to 
function within Brazil’s community-based oral healthcare policies. Key questions 
include: How much supervision will produce a good result? Who needs to do the 
supervision?

With such a program, in Brazil oral health professionals could examine children 
and provide them with oral health education in schools. These professionals could 
also train teachers and parents to replace the assistants and implement daily STB, 
developing a community-based preventive approach which would contribute to fur-
thering national progress in oral health and lowering costs. If, in Brazil, teachers and 
parents could not perform STB, another option would be assigning the task to the 
country’s national health program primary care family health team members, such 
as the oral health assistant or community health worker in areas where oral health 
teams are not available.

The effectiveness of STB and the sensitivity analysis, conducted on toothbrush-
ing supervision, indicate there would be value in further research on the benefits of 
developing STB programs for school-age children in other countries, as well as in 
Brazil. Longitudinal research could investigate the conditions under which the chil-
dren solidly adopt toothbrushing with fluoridated toothpaste – the number of annual 
visits by educators and supervisory personnel and the impact on the incidence of 
new cavitated dentine carious lesions – making the program cost-effective. Program 
managers could evaluate their administrative and technical resources and deploy 
them for country-appropriate programs.
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This study demonstrates the basic elements of designing and implementing a 
cost-effective analysis. It highlights the importance of understanding the context of 
a cost-effectiveness analysis and who the principal audiences for this are likely to 
be. These techniques can be applied in other areas of oral health, covering both oral 
health promotion and clinical intervention programs.

Oral health policymakers, program managers, and practitioners can utilize the 
results of this and other cost-effectiveness studies to design programs that make the 
best use of the available resources and address the urgent need for effective oral 
health prevention strategies. In turn, this will help to address inequalities by adopt-
ing measures to increase health gain among the most vulnerable populations 
(Granham 2004; Moysés 2012; Goldman et al. 2017).
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Chapter 8
Worked Example in Cost-Benefit Analysis

Rodrigo Mariño

8.1  �Cost-Benefit Analysis

As described in Chap. 1, there are different ways to conduct economic evaluations. 
These will depend on the perspective of the analyst and the evaluation method 
adopted. In general, the main difference is the way economic evaluations measure 
the results of the outcome, benefits, or consequences of the intervention or program. 
These can be measured in terms of effects (e.g., decayed, missing, filled tooth sur-
faces) in a cost-effectiveness analysis (CEA), or health states preferences as in a 
cost-utility analysis (CUA), or by willingness to pay as in a cost-benefit analy-
sis (CBA).

Cost-benefit analysis is defined by Drummond as the type of economic evalua-
tion which takes into account all costs and consequences of a program or interven-
tion and expresses or values them in monetary terms (Drummond et  al. 2015). 
Therefore, when the consequences of two or more programs are not the same or the 
outcome cannot be reduced to a common effect between alternatives, it is not pos-
sible to conduct CEA.  In these situations, analysts assign an economic value to 
results and calculate, in monetary terms, the economic benefits from the interven-
tion, in the form of a CBA. Thus, using CBA you can compare two completely dis-
similar outcomes, while CEA and CUA are restricted to programs that produce 
similar units of outcome.

Government programs and interventions usually have multiple impacts, as well 
as short- and long-term effects, which may not all be under a common portfolio. 
Using CBA it is possible to answer questions about allocative efficiency (e.g., den-
tal caries prevention program vs. construction of a highway), while CEA and CUA 
are more used for productive efficiency once it is decided in a program where strat-
egy should be selected for that purpose (in the case of a dental caries prevention 
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program, community water fluoridation, toothpaste, dental sealants, etc.). However, 
in order to use CBA, it is necessary to translate all effects to its benefits in monetary 
terms. Putting a value on benefits may look simple and straightforward, but it might 
not always be an easy task. For example, placing monetary values on attributes like 
human well-being for which no market price exists is often complicated, expensive, 
and controversial (Greenhalgh et al. 2017). CBA has been criticized for not produc-
ing ethically relevant information, as it might ignore immeasurable, intangible, or 
indirect benefits that are difficult to assess, even though they might be important 
(Greenhalgh et al. 2017).

8.1.1  �Problems and Pitfalls in Cost-Benefit Analysis

The monetarization of all values creates limitations as there are some benefits that 
cannot be translated into money value or measured in monetary terms (Greenhalgh 
et  al. 2017). For this reason, there are some debate about the validity of CBA 
(Greenhalgh et al. 2017). This is because while most costs can be quantified in mon-
etary terms, many benefits cannot. This is a common case in oral health. For exam-
ple, what should the value of losing a tooth be? How many dollars should be added 
to the effect of a preventive program because it leads to intact teeth, rather than to 
perfectly restored ones? (Horowitz 1986; Niessen and Douglass 1984). In those 
case, much of the value of an intervention or program can be lost (Greenhalgh et al. 
2017). There is always debate on which costs and benefits to select for the analysis.

In oral health, it is difficult to measure the intangible values. For example, the 
preference for an early cure or for sound teeth is difficult to quantify in monetary 
terms, although there are attempts to do this by using a quality-of-life measure. 
Therefore, if we do not give adequate consideration to a lot of factors and we con-
sider the saving only in cost of treatments of dental caries as the tangible benefit, the 
results, both the cost and benefits, of any dental preventive method will either be 
overestimated or underestimated.

Analysts often include in the cost of prevention some of the visible costs of the 
program and assume that if a program can reduce the cost of treatments, other ben-
efits are assured in that way (Weinstein and Stasson 1977). Intangible benefits of 
preventive programs in dentistry include the following (Horowitz 1986; Niessen 
and Douglass 1984):

•	 Freedom from pain.
•	 A dentition free of dental caries.
•	 Improved social acceptability.
•	 Psychological value of retaining teeth: aesthetic, taste, speech.
•	 Less time missed from work or school.
•	 Reduction of prevalence of malocclusion.
•	 Prevention of future dental problems, extraction, and treatments.
•	 Reduction of anxiety and fear for oral heath treatments.
•	 Improved quality of life.
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According to Drummond and his collaborators (2015), a basic principle of CBA 
is that it is the individual who assigns the monetary value for the outcome. There are 
generally three approaches to assigning value to health outcomes: human capital; 
revealed preference, and willingness to pay (not that people necessarily will pay for 
it). Human capital refers to the investment done in an individual in terms of indi-
vidual production due to the intervention.

Revealed preference is an approach which assigns value to the wage rate required 
for an individual to accept that intervention, regime, treatment, etc. (Drummond 
et al. 2015).

Willingness to pay refers to the amount of money that an individual is prepared 
to sacrifice to obtain a given health benefit (Tan et al. 2017). Individuals are asked 
how much they would be prepared to pay to accrue a benefit or to avoid certain 
events, for example, individual willingness to pay to reduce the probably of oral 
diseases.

However, costs calculation puts limitations on CBAs in oral health. For that rea-
son, other economic evaluations, particularly CEA and, to a lesser extent, CUA, are 
the preferred economic evaluations techniques in oral health (Mariño et al. 2020). 
Nonetheless, in the oral health literature, some studies described a cost-benefit anal-
ysis, for example, Wallace and her collaborators study (2019). However, the litera-
ture also indicates that there has been some confusion between CBA and the 
“benefits” from a study (Mariño et al. 2013). This is because of the imprecision of 
terms and language (Mariño et al. 2013). In economic evaluations “benefits” is a 
generic term that may indicate the outcome, which could be units of disease and 
therefore a CEA, or qualitative, and therefore a CUA, not a true CBA. Benefits are 
the services, capabilities, and qualities of each alternative system and can be viewed 
as the return on an investment. Benefits include direct costs being avoided, such as 
expenditure on oral health, and lost or reduced productivity. However, more recent 
reviews indicate improvements, as documented in detail by Mariño and his collabo-
rators (Mariño et al. 2020).

8.2  �Worked Example of Cost-Benefit Analysis

8.2.1  �Step 1: Define the Objectives of the Economic Evaluation

8.2.1.1  �Study Objectives

The objective is to model the potential economic benefits that might be achieved 
through the Senior Smiles program, from a societal viewpoint if the program is 
extended across the Australian state of New South Wales (NSW). “Senior Smiles” 
is a preventive model of oral healthcare for people living in residential aged care 
facilities (RACFs).
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8.2.1.2  �Background Information

This project targets older people living in RACF, an underserved, high-risk popula-
tion and one with greater oral health needs. This project will promote affordable, 
timely oral healthcare by testing an oral health model in which qualified oral health 
practitioners (i.e., dentist oral health therapists) visit RACFs to provide preventative 
oral healthcare.

Older people living in RACFs have been identified as a significant risk group for 
dental diseases in Australia, and the changing demography and oral health needs of 
older Australians will present many challenges for the dental profession over the 
next 40 years. In 2020, there were more than 300,000 Australians living in high- or 
low-care residential facilities on a permanent basis in around 2,672 such facilities in 
Australia (Australian Institute of Health and Welfare 2021). These residents have 
poor oral health, and face significant barriers accessing dental services. They are 
often physically and cognitively impaired, medically compromised, and dependent 
on others to maintain their oral hygiene (Hopcraft 2015).

Oral health among residential aged care facility (RACF) residents has been iden-
tified as being in a state of crisis by Australia’s National Oral Health Plan 2015–2024 
(Council of Australian Governments 2015). Three out of ten adults have untreated 
tooth decay (Council of Australian Governments 2015). Dental plaque, or dental 
biofilm, is a significant factor in the development of tooth decay and gum disease as 
it contains bacteria which can destroy the enamel on the outer surface of teeth.

Improvements in oral health in Australia over the past 50 years have translated 
into more older adults retaining more teeth, increasing the risk of caries and peri-
odontal disease. In the Australian state of Victoria, just over half of the residents are 
dentate, and dental treatment needs are high. Face-to-face patient’s examinations 
are regarded as the most accurate method for correct oral health diagnosis. However, 
only 11% of residents have seen a dentist in the past 12 months, with few dentists 
available to provide dental care for residents of aged care facilities (Hopcraft et al. 
2008). In fact, only half of Victoria’s dentists reported providing care to residents of 
RACFs, and these spent only 1 h per month providing care (Hopcraft et al. 2008).

8.2.1.3  �Define Patients (e.g., Inclusion/Exclusion Criteria)

Older people living in the 291 RACFs located in the Australian state of New 
South Wales.

8.2.1.4  �Define Treatment Protocols (e.g., Duration of Treatments) 
and Scenarios

Under the Senior Smiles’ model, a qualified oral health practitioner (i.e., dentist oral 
health therapists) is placed within the facility to:
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•	 Provide the residents with oral health risk assessments and care plans.
•	 Establish referral pathways with private and public dentists, prosthetists, and 

specialists in geriatric dentistry to manage the more complex needs.

The practitioner also collaborates with other staff members in the facilities to 
ensure oral health becomes part of daily care needs and that a holistic approach to 
residents’ care is established.

The program offers a preventive focus on oral care:

•	 It treats immediately simple oral health conditions such as xerostomia or ulcers.
•	 It initiates referral in a timely manner for more complex problems (periodontal 

disease, caries, or oral cancers).

8.2.1.5  �Describe the Context of the Economic Evaluation

This evaluation models the roll out of Senior Smiles across all RACFs in New South 
Wales (NSW). Data used for the model came from the best data available from three 
scenarios:

	(a)	 The pilot of the project in five RACFs.
	(b)	 The rollout in 17 RACFs in New South Wales (NSW).
	(c)	 Where data were not available, academic evidence and the literature were used. 

Therefore, the report corresponded to an evaluation based on secondary analy-
sis of outcome data collected as part of the model.

8.2.1.6  �Indicate Why You Are Doing the Economic Evaluation

An economic evaluation was conducted to understand the value impact achieved 
through the Senior Smiles program to understand the return on investment and 
opportunity for wider rollout. It may also help focus decision-making on the scale 
and decidedly which elements of the program are most suitable for replication.

8.2.1.7  �State the Question Being Examined

The question being examined was “What would be the cost and outcome if residents 
of RACFs located on the NSW took part in the Senior Smiles prevention program?”

8  Worked Example in Cost-Benefit Analysis
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8.2.2  �Step 2: Define the Framework 
for the Economic Evaluation

8.2.2.1  �Identify the Type of Economic Evaluation to Be Conducted

The form of economic evaluation used in this study was cost-benefit analysis.

8.2.2.2  �What Is the Perspective of the Economic Analysis? (Whose 
Resources Are at Stake?)

The evaluation used a societal perspective.

8.2.2.3  �The Type of Program or Intervention Under Evaluation 
and Its Alternatives

The intervention group was the Senior Smiles program, and the comparator was no 
intervention (status quo).

8.2.2.4  �Define the Time Horizon for Costs and Outcomes

The time horizon was 3 years.

8.2.3  �Step 3: Assessment of Costs and Benefits of Alternatives

The study used diverse sources to identify cost and outcomes benefits. It included 
costs which fell on the public health system (i.e., the Australian government) but 
also captured the private costs of social care and costs falling on volunteers. The 
study also attempted to capture productivity costs. The Australian government uses 
standardized unit cost databases, which provided data for the CBA.

8.2.3.1  �Determine and Calculate Costs

The study captured costs which fell on the public health system (i.e., the Australian 
government) but also captured the private costs of social care and costs falling on 
volunteers. The study also attempted to capture productivity costs.
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8.2.3.2  �The Costs Represented in the Study Were the Following (See 
Table 8.1)

•	 The dental hygienists’ salaries.
•	 The cost of dental and GP referrals (when applicable).
•	 The healthcare costs generated by the decreased mortality, primarily additional 

length of stay resulting from patients who survive in hospital because mortality 
has fallen.

•	 The project management costs (salary of the project manager) when applicable.

8.2.3.3  �Determine Consequences

Fourteen significant monetarised benefits of the program were identified, across the 
three benefit streams of cash-releasing and noncash- releasing healthcare system 
savings and societal benefits (See Table 8.2).

Health -system- related cash- releasing benefits were those benefits that pro-
duced immediate cashable savings to the provider. For example, the reduction of 
prescriptions following intervention. Health -system-related noncash- releasing 
benefits were those benefits resulting from a reduction in the demand of services. 
Noncash releasing included, for example, reduced hospital length of stay and 
reduced readmissions, etc. Social benefits were benefits to the public, For example, 
employment- related benefits, such as fewer sick days, improved health and wellbe-
ing and quality of life, etc. QALY was given a financial following Huang et al.’s 
(2018) assessment.

8.2.3.4  �Document Assumptions

Where data used were available, assumptions came from the results of a pilot imple-
mentation of the Senior Smiles program or from the actual implementation of the 
program. When data were not available for those two sources, it was based on the 
literature of experts’ evidence.

Table 8.1  Overall costs ($,000, 2014 prices)

Year 1 ($) Year 2 ($) Year 3 ($) Total ($)

Dental hygienists’ salary 4419.6 4166.2 3927.4 12,513.2
Project management costs 10,758.1 10,141.5 9560.2 30,459.9
Dental appointments (referral) 1413.5 1331.2 1253.7 3998.3
Healthcare costs (generated by decreased 
mortality)

14,839.9 13,849.3 13,164.0 41,853.1

Total 31,431.1 29,488.2 27,905.3 88,824.6
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8.2.3.5  �Discounting

Because the time horizon is more than 12 months, discounting is indicated. Costs 
and outcomes were discounted to their present value using an annual discount rate 
of 4% following Department of Treasury and Finance guidance (Government of 
Victoria 2014).

8.2.4  �Step 4: Relating Outcomes to Costs 
for Cost-Benefit Analysis

For standard CBA, the benefit-cost ratio is simple:
	

Cost benefit ratio benefitsexpected from the program cost of the� � / pprogram 	
The formula reflects the sum of all the benefits divided by the sum of all the 

costs. For the present example, those calculations are presented in Table 8.3.

8.2.5  �Step 5: Adjusting for Risk and Uncertainty

8.2.5.1  �Perform a Sensitivity Analysis

A sensitivity analysis using the Monte Carlo simulations technique was undertaken 
to test the robustness of the results to estimated parameter values (Drummond 
et al. 2015).

Table 8.2  Overall benefits ($,000, net present value, 2014 prices)

Year 1 ($) Year 2 ($) Year 3 ($) Total ($)

Healthcare system cash-releasing savings 1636.0 1540.7 1451.0 4627.7
Healthcare system noncash-releasing savings 73,626.0 69,334.6 65,299.8 208,260.3
Societal benefits 99,685.2 93,971.7 88,585.7 282,242.7
Total benefits 174,947.2 164,847.0 155,336.5 495,130.7

Table 8.3  Total costs, total benefits, and benefit to cost ratio for the overall Senior Smile program 
($,000, 2014 prices)

Year 1 ($) Year 2 ($) Year 3 ($) Total ($)

Total benefits 174,947.2 164,847.0 155,336.5 495,130.7
Total costs 31,431.1 29,488.2 27,905.3 88,824.6
Net present value (benefits - costs) 143,516.1 135,358.8 127,431.2 406,306.1
Benefit to cost ratio 5.57 5.59 5.57 5.57
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The sensitivity analysis showed that benefits could vary between $0.390bn and 
$0.706bn at the 90% confidence level. At the lower end of this range, the benefit-
cost ratio was reduced to 4.55:1, assuming costs remained constant.

8.2.6  �Step 6: Interpret and Report the Findings

The study, which looked to identify the costs and benefits of the Senior Smiles pro-
gram, indicated that the program was estimated to deliver tangible value in the order 
of $5.57 of benefit within the healthcare system for every $1 invested in the project 
for its implementation through NSW.  That is, present findings suggest that the 
Senior Smile program would lead to an improved oral health outcome and a reduc-
tion in total costs (i.e., savings).

In CBA a cost-benefit ratio greater than one indicates a positive outcome sug-
gesting that it should be considered supporting such a program. Furthermore, in the 
present case, the cost-benefit ratio of the program remained positive even with more 
stringent and pessimistic assumptions than those projected for the base case. Thus, 
it is concluded that, considering the study assumptions and for situations equivalent 
to those prevailing in the Australian state of New South Wales, the implementation 
of a Senior Smile preventive program would represent an efficient use of commu-
nity resources.

8.3  �Discussion

Oral health among residential aged care facility (RACF) residents has been identi-
fied as in a state of crisis by Australia’s National Oral Health Plan 2015–2024 
(Council of Australian Governments 2015). Given that 200,000 Australians are liv-
ing in high- or low-care residential facilities on a permanent basis in around 2,672 
such facilities in Australia, it was considered important to evaluate the implementa-
tion of a model to provide prevention oral healthcare for these communities.

The CBA worked example examined both costs and consequences of the Seniors 
Smile program compared with no intervention (status quo) from a societal view-
point. It could be argued that not all costs and benefits accruing to society were 
measured. For example, the reputational value and staff confidence and satisfaction 
levels were not included. In a CBA only monetary benefits, or those which can be 
converted into monetary benefits, are included. Also, the 3-year time framework 
maybe limiting, as benefits of the Seniors Smile program may extend for periods 
longer than 3 years.

The effectiveness of the program was established by data from pilot testing in 
five RACFs, which would reflect what would happen in regular practice. Potential 
biases from pilot studies were discussed. All the important and relevant costs and 
consequences for each alternative were identified in a range wide enough for the 
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research question to be answered. Costs and consequences were measured accu-
rately in appropriate physical units (e.g., hours of dental hygienist time, number of 
dentist visits, etc.) and using the original source data where possible to identify the 
most relevant and credible source (e.g., NSW Department of Health, Independent 
Hospital Pricing Authority, etc.). The year of reference was also provided.

Costs and consequences were “discounted” to their present values using a pub-
lished discount rate. Also, allowances were made for uncertainty in the estimates of 
costs and consequences. A sensitivity analysis was included in the report.

Overall, conclusions of the analysis were based on an incremental cost-benefit 
ratio. The study also discussed the generalizability of the results to other settings 
and its limitations. Issues around implementation were discussed and addressed in 
the report.

8.4  �Final Remarks

The use of economic evaluation of oral healthcare projects, intervention programs, 
or policies is being increasingly published in the literatures (Mariño et al. 2020). In 
this chapter, the structured review of a CBA study provided a practical demonstra-
tion of the elements of designing and implementing this type of economic analysis 
in oral health. It highlighted the importance of understanding the assessment of 
costs and benefits in a CBA. CBA techniques can be applied in any area of oral 
health, from oral health promotion and oral disease prevention to clinical 
intervention.

The use of a monetary terms, particularly in the assessment of benefits, may 
facilitate allocative efficiency decisions to either endorse or reject a particular pro-
gram. However, some methodological and ethical issues may limit its uses. It has to 
be emphasized that CBA studies deal with health economics, not with their human 
aspects. Additionally, oral health policymakers, program managers, practitioners, 
and any type of consumers of economic evaluations should be cautious about stud-
ies labelled as CBA in oral health, without carefully assessing their methodology. 
Mislabeling of economic evaluations could be problematic. Still, economic evalua-
tions can provide useful information to decision-makers to help make allocative 
decisions regarding the use of available resources.
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Chapter 9
Worked Example in Cost-Utility Analysis

Gerardo Espinoza-Espinoza and Carlos Zaror

9.1  �Background

Cost-utility analyses allow for the evaluation of the success or failure of an interven-
tion in a way that approaches real-life situations (Listl et al. 2019; Zarate 2010). In 
dentistry, when the effectiveness of a preventive intervention is analyzed, success is 
measured by a dental caries process being avoided (Bertrand et al. 2011; Chi et al. 
2014), and that outcome is assigned a maximum value (i.e., value = 1), and failure 
is understood as a dental caries process which was not avoided, with the minimum 
value assigned (i.e., value = 0). However, clinically there are several intermediate 
values between 1 and zero (Mohd-Dom 2014). That is, if the value of a sound tooth 
is 1, and a tooth lost due to caries is valued at 0, intermediate values would depend 
on at what point the caries diagnosis was made and the treatment options available 
at that point. Thus, failure would be very different when we perform a minimally 
invasive restoration with an excellent prognosis, compared to when we have a large 
restoration with a high risk of fracture, or when the pulp is compromised at a level 
that could be solved only with endodontic treatment, or would require an extraction.

Although clinicians may use assessments based on biological criteria to decide 
that a minimally invasive restoration is very close to 1, a large restoration will be 
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assessed with a score between 1 and 0 and the extraction with 0. However, it is also 
necessary to be aware of patients’ options and preferences in this assessment (Listl 
et al. 2019). If 1 is a sound tooth and 0 a tooth loss, how does a patient assess the 
possibility of having a restoration that improves aesthetics and function to their 
tooth and where no one notices that they had dental caries? Most likely, the assess-
ment made by the patient would be much better than that made by the clinician, 
since the patient may not look long term and may not see the future consequences 
of the loss of the obturation and the successive retreatments throughout life. Under 
this perspective, measuring the effectiveness in terms of health utility could provide 
us with a broader spectrum of the different health states considering the preferences 
of the patients, especially if we consider that the objective of any dental program is 
to improve oral health-related quality of life of the people (Zaror et al. 2019).

Any model of economic evaluation is a simplification of reality (Ney et al. 2014), 
but when measuring effectiveness in terms such as caries either avoided or not 
avoided, it is an even greater simplification than allowing for intermediate values 
adjusted for success and failure weighted by the quality assessment that clinicians 
and patients give to the different outcomes which result in not avoiding dental caries.

In dentistry a cost-utility analysis (CUA) allows including patient preferences in 
the economic evaluations, approximating the model to a scenario that is more simi-
lar to how we value success or failure in reality.

9.2  �Step 1. Objective of the Economic Evaluation

The objectives statement is very important in any scientific inquiry (Hernandez-
Sampieri and Mendoza 2018), and it also gives the case for a cost-utility evaluation. 
The objective determines what is to be assessed. This chapter analyzes the study 
entitled “The Cost-Utility of School-Based First Permanent Molar Sealants 
Programs: A Markov Model”(Espinoza-Espinoza et al. 2019). That study presents 
the results of a hypothetical model that allows for the analysis of the cost-utility of 
an intervention to apply dental sealants on all first permanent molars (FPM) within 
a school-based prevention program, compared to a no-sealing strategy.

A Markov model, which contains all possible health states, from a sound molar 
to extraction, considering their intermediate states, is proposed. Within the school-
based prevention program, children receive care once every 2  years from 6 to 
12 years of age. The aim of this study was to determine the incremental cost-utility 
ratio (ICUR) of a school-based dental caries prevention program, applying dental 
sealants on first permanent molars in school children, compared with noninterven-
tion, from the payer’s perspective and after 6  years in the conditions prevailing 
in Chile.
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9.3  �Step 2. Define the Economic Evaluation Framework

9.3.1  �Perspective of the Economic Analysis

To decide the perspective of the analysis, it was taken into consideration that the 
model aimed to replicate the care for a hypothetical cohort of children in the school-
based prevention program that provides the dental sealants. The program is cur-
rently funded by the local government (i.e., municipality). For that reason, the most 
appropriate perspective for this analysis is that of the payer, that is, the body who 
finances the intervention.

9.3.2  �Alternatives Being Compared

Ideally, an economic evaluation considers all possible alternatives for treatment 
(Bertrand et al., 2011); however, since the purpose of the economic information was 
to contribute to decision-making in the specific context where the study was carried 
out, only two alternatives were considered: (a) seal all first permanent molars of a 
hypothetical cohort of children who are under the school-based sealant program, 
and (b) do not provide a dental sealant intervention.

The literature reports a third alternative, the application of sealants with a caries 
risk approach (Akinlotan et al. 2018; Chi et al. 2014), but caries risk screening is not 
currently a realistic alternative within the specific school-based program’s jurisdic-
tion, since such program in Chile considers intervening all children regardless of 
their caries risk. Thus, its inclusion would introduce a variable to the model that 
would not fully reflect the local situation for the purposes of this analysis.

9.3.3  �Time Horizon

The study’s time horizon simulates the healthcare protocol as it takes place in the 
local school-based program. Under those protocols, school-age children aged from 
6 to 12 years receive an oral health checkup and care as appropriate, once every 
2 years (JUNAEB 2014). Thus, the time horizon extends for 6 years, and the Markov 
cycles correspond to 2-year cycles, since the information we want to reproduce in 
the model is that children receive care at 6, 8, 10, and 12 years of age. The model 
considers that the changes in dental status are reflected at the moment of the bian-
nual controls.

9  Worked Example in Cost-Utility Analysis



130

9.4  �Step 3. Determine Costs and Benefits of Alternative

9.4.1  �Define Interventions

An economic evaluation can be based on a clinical trial or on a theoretical model 
that allows for the simulation of the reality of the study, using the best available 
evidence (Petrou and Gray 2011). The example we are working on is the latter, a 
study based on a model, specifically on a Markov model (Espinoza-Espinoza 
et al. 2019).

The model reproduces the follow-up of two cohorts of children: one covered by 
the school-based dental sealant program and another cohort which is not. Both 
cohorts have equivalent sociodemographic characteristics: 6-year-old children of 
low socioeconomic status, with fully erupted, sound first permanent molars, who 
are at high dental caries risk. The model assumes that, apart from exposure to the 
dental sealants program, these children are similar in other characteristics.

The intervention was modeled to reflect what would have happened if the pro-
gram was carried out in urban public primary schools with access to community 
water that contains optimal levels of fluorides.

The “Seal all” intervention included in the theoretical model consisted of the 
application of dental sealant on all sound first permanent molars, regardless of the 
risk of caries. All estimates incorporated in the model, both for effectiveness and for 
costs and probabilities of transitions, considered that the intervention had the fol-
lowing characteristics: the resin-based sealants were applied to all erupted FPM in 
a fully equipped dental clinic, with cotton roll isolation and saliva suction, by den-
tists working in the public healthcare system, with clinical experience of between 1 
and 10 years and with the help of a dental assistant.

Interproximal caries lesions were not assessed due to low X-ray coverage. The 
model simulates a 6-year follow-up of children, with controls every 2  years, in 
which hypothetical checkup examinations were carried out. Teeth with cavitated 
caries were filled, partially or completely fractured sealants and restorations were 
repaired or replaced, and any tooth with no treatment options was removed. The 
school-based oral healthcare program does not include endodontic care. Although it 
allows for referral to a service network for treatment, the reality is that the network 
has very low coverage, and children from 6 to 12 years old are not prioritized (at 
least at the date of the study); therefore, this procedure was not included in the model.

The comparison strategy was “Not to seal,” that is, no intervention with dental 
sealants. This alternative is comparable to children left without coverage from the 
school-based sealant program. A 6-year follow-up with 2-year  cycles was set in 
both groups. However, it was assumed that when the patient had a cavitated caries, 
he/she would go to the public oral healthcare center for conventional treatment or 
for emergency care. These local healthcare centers do not include endodontic care, 
being referred to the same health network as school-based care, therefore not affect-
ing the model.
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9.4.2  �Specify Measurements

Since this example is model based, no direct measurements were made. But the 
model was built with the best available evidence of (a) effectiveness of the dental 
sealants (Ahovuo-Saloranta and Forss 2013); (b) quality-adjusted teeth years 
(QATY) (Bhuridej et al. 2007); (c) increases in dental caries prevalence in FMP 
every 2 years; (d) probability of FMP extraction; (e) probability of resealing in case 
of total or complete loss of dental sealants; and (f) probability of repeat of restora-
tion in cases where it is partially or completely fractured (Fig. 9.1).

9.4.3  �Collect Cost Data

The cost of a preventive strategy, as is the case in this analysis, considers the costs 
of implementing the strategy, as well as the costs of the consequences that could not 
be avoided (Ney et al. 2014). Therefore, this study (Espinoza-Espinoza et al. 2019) 
included data on costs for the initial placement of a dental sealants, which is the 
same for cases in which it is necessary to repeat a partially or totally fractured seal-
ant. It also included the cost of treatments when caries was not avoided. This 
included the cost of restoring cavitated dental caries, as well as the cost of extrac-
tions. The costs of a root canal were not considered since the probability of this 

Fig. 9.1  Diagram with the 
inputs used in the model. 
(Reprinted from Espinoza-
Espinoza et al. 2019. CC 
BY 4.0)

9  Worked Example in Cost-Utility Analysis
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population having access to a molar root canal is very low. Since this study’s per-
spective was the payer, it only included direct costs such as the costs of equipment, 
instruments, and supplies necessary for each intervention and the cost of the human 
resources necessary for each procedure.

9.4.4  �Calculate Costs

Data costs were collected through either micro costing technique or by quoting the 
cost of supplies from three local dental suppliers; human resource data were col-
lected from the local municipality salary table available online.

Estimates of the cost of instruments and supplies were obtained from quotes 
from three different dental providers, and the average of the three quotes was 
included in the model. Additionally, the highest and lowest values were considered 
in the sensitivity analysis. The equipment’s lifetime span was considered to be 
10  years, which is the average time determined by the municipalities to renew 
equipment.

To calculate human resources costs, the salary of a dentist and his/her dental 
assistant was taken from the salary table of the local municipality (Municipalidad de 
Temuco 2013). The average salary of professionals with between 1 and 10 years of 
experience was obtained. This was used to calculate the cost per minute worked 
placing dental sealants, which was determined by the time assigned for each inter-
vention according to the school-based oral healthcare services guideline, which 
standardizes procedures for school dental clinics (JUANEB 2012). This corresponds 
to 15 min for the placement of dental sealants, another 15 min for an oral examina-
tion, and 30 min for dental restorations (i.e., fillings).

It is recommended that the cost models be carried out in local currency (Husereau 
et al. 2013); therefore, calculations were made in Chilean pesos as for May 7, 2019, 
and adjusted with the consumer price index (Instituto Nacional de Estadistica de 
Chile 2020). However, for the purposes of this chapter and other publications, the 
values were expressed in US dollars using the Central Bank of Chile exchange 
(exchange rate 1 USD = CLP 681.09) (Banco Central de Chile 2019).

9.4.5  �Discount

The discount rate allows for the expression in present value, costs that will be spent 
in the future. It is important to follow the guidelines that each country has regarding 
the discount rate; in the case of Chile, the Methodological Guide for the Economic 
Evaluation of Health Interventions establishes a discount rate of 3% with a range of 
0–5% to be used in sensitivity analysis (MINSAL 2013).
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9.4.6  �Define Outcomes

The study was planned as a cost-utility analysis; therefore, when defining the con-
sequences, the outcome must be expressed as utility. Classic utility indicators such 
as quality-adjusted life years or disability-adjusted life years are difficult to equate 
with the health-related loss of quality of life of a FPM. For this reason, it was neces-
sary to identify an indicator of a tooth’s own quality; thus, quality-adjusted tooth 
years (QATY) were used (Fyffe and Nuttall 1995; Mohd-Dom 2014). QATY is a 
measure of dental health analogous to quality-adjusted life year that provides an 
outcome measure which could be compared across dental treatment. The assump-
tion underlying QATY is that teeth with any health status (painful, poor aesthetic, 
filled, missing, etc.) are not equivalent to sound teeth without that health conditions 
(e.g., sound); thus it provides an adjustment to account for this difference (Fyffe and 
Nutall 1995). Therefore, QATY is an indicator that better reflects the reality of a 
tooth affected by caries. Nonetheless, to express its success or failure as a dicho-
tomic outcome is impractical as we know that between the healthy tooth and the 
extraction there are several intermediate states that can be assessed and expressed in 
terms of the quality of the tooth. A filled tooth is superior to an extraction but infe-
rior to a sound tooth.

In this example, a value of QATY = 1 was assigned to a sound or sealed sound 
tooth with no evidence of dental caries after a 6-year follow-up; a value of 
QATY = 0.81 was assigned to teeth that required restoration and a value of QATY = 0 
for extracted teeth (Bhuridej et al. 2007).

9.4.7  �Select Evaluation Design

Information on the cost-utility of the dental sealants applied to the first molars at the 
age of 6 years was needed in the school-based model of oral healthcare. For these 
purposes, a cost-utility analysis was designed, using a Markov model, which allows 
for modeling the natural course of events that represent different states of health. 
The Markov model assumed that, at any time, patients existed in one of a finite 
number of health states and transitioned between these health states during a series 
of cycles (Siebert et al. 2012) (three cycles of 2 years each).

A probabilistic model was chosen because it allowed for a better simulation of 
the current reality, considering the range of values that the variables can assume in 
each of the cases. It also allowed for the examination of how this variability can 
affect the cost-utility ratio and, at the same time, allowed for a multivariate sensitiv-
ity analysis. The design of the model was validated by a pediatric dentist and a 
health economist, both with extensive training in health technology assessment. 
Figure 9.2 shows a diagram of the model for each of the strategies.

9  Worked Example in Cost-Utility Analysis



134

9.4.8  �Data Collection

A systematic review of the literature was carried out to obtain the effectiveness of 
the dental sealants at 2, 4, and 6 years after application. The review determined 
effectiveness of 78% (CI 95%: 66–85%) after 24  months and 60% (CI 95%: 
49–69%) after 48 months (Ahovuo-Saloranta et al. 2017). To determine effective-
ness of the resin-based sealants after 72 months, a variation of 6% per year in ado-
lescents was considered, as reported in the literature (48%; CI 95%: 37–57%) 
(Heyduck et al. 2006).

A review of local literature and of similar geographical areas allowed for the 
calculation of increases in the prevalence of dental caries every 2 years. Therefore, 
the prevalence studied in the untreated population was estimated at 25% in children 
aged 6 years, while prevalence for the other ages was determined under the assump-
tion that the increase in caries (percentage increase of prevalence in each Markov 
cycle) was continuous over time. The increase in the prevalence of caries in the 
untreated population was 10.3% during each 2-year cycle. The prevalence values 
used in the models were 25% at 6 years, 35.3% at 8 years, 45.6% at 10 years, and 
55.9% at 12 years (see Table 9.1).

A survey of dentists working in school-based oral healthcare allowed for the 
estimation of transition probabilities that were not found in the literature, such as 
tooth loss due to caries, resealing, and replace-restoration rates for each 2-year cycle 
(see Table 9.1).

Fig. 9.2  Markov models for each strategy. (Reprinted from Espinoza-Espinoza et  al. 2019. 
CC BY 4.0)
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9.4.9  �Data Analysis

Analysis for a base case scenario and sensitivity analyses were carried out. Firstly, 
the cost-utility analysis was performed: the incremental cost-utility ratio (ICUR) 
was computed, as incremental costs divided by incremental effects, to obtain the 
cost per additional QATY increased. An issue that was difficult to resolve was 
deciding on a payment threshold. The payment threshold for QALYs has a long his-
tory, and there are clear guidelines for countries to weigh the cost utility of interven-
tions, but for QATYs this is not yet the case. Consequently, in the absence of a 
willingness to pay per QATY threshold, this study used a threshold of USD 29.36 
(CLP 20,000). This figure represents the cost of a dental restoration in the Chilean 
public oral healthcare system in March 2018 (MINSAL 2010) and seemed reason-
able and appropriate.

Table 9.1  Parameters, probabilities, and distributions used in the model

Items
Seal everyone or 
Seal all (%) No seal (%)

Type of 
distribution used

Effectiveness of sealants (CI 95%)a 2 Y: 78 (66–85) – A probability table 
was used4 Y: 60 (49–69) –

6 Y: 48 (37–57) –
Prevalence of caries in first permanent 
molars (range for sensitivity analysis)b

6 YO: 0 6 YO: 25 Normal
8 YO: 8 (± 2) 8 YO: 35.3 

(± 2)
Normal

10 YO: 18 (± 2) 10 YO: 
45.6 (± 2)

Normal

12 YO: 29 (± 2) 12 YO: 
55.9 (± 2)

Normal

First permanent molars lost in each
2-year cyclec

Cavities 1 in 1000 1 in 1000 Beta
Other causes 1 in 10,000 1 in 10,000 Beta
Reseal rate per cycle (range for sensitivity 
analysis)c

3 (0–13) – Beta

Refilling rate per cycle (range for 
sensitivity analysis)d

1 (0–14) 1 (0–14) Beta

Reprinted from Espinoza-Espinoza et al. 2019. CC BY 4.0
a Cochrane systematic review
b Local evidence from Chile and Latin America
c Survey of ten experts working in school-based dental clinics
dSurvey of ten experts working in school-based dental clinics and literature review for the 
variability
Y years since application, YO years old
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9.4.10  �Types of Sensitivity Analysis Performed

The objective of the sensitivity analysis is to scrutinize changes in the results of the 
cost-utility ratio under the effects of possible variations in the base values of the 
model parameters, due to uncertainties. In this analysis, a two-stage sensitivity anal-
ysis was conducted.

–– Deterministic sensitivity analysis. This is a type of one-way sensitivity analysis. 
The average value of each variable is taken as the base case, and different param-
eters are used for the sensitivity ranges depending on parameter. For effective-
ness data, confidence intervals were considered (Anneli Ahovuo-Saloranta et al. 
2017); for the incidence of caries, a variation of ±2% was used; for the repetition 
of sealant rate, a range of 13% was considered to take into account the clinicians’ 
variability (Quiñonez et al. 2005). For the rest of the parameters, a variation of 
±20% of the base value was considered. Finally, the results were ranked from 
highest to lowest and plotted on a tornado diagram.

–– Probabilistic sensitivity analysis. This type of sensitivity analysis explores the 
simultaneous variation in the values of one or more variables. The probability 
distributions were assigned to each of the parameters (Table  9.1). Through a 
Monte Carlo simulation, 1000 iterations were performed, considering a random 
value within each distribution and generating an incremental cost-utility ratio 
(ICUR) result. This allowed us to estimate how the simultaneous variation of the 
parameters would affect the cost-utility estimator.

9.5  �Step 4. Relate Cost to Outcomes

Table 9.2 shows details of the costs considered for each intervention and its conse-
quences. The average cost of sealants was USD 5.4 (CLP 3682), ranging from USD 
4.68 to USD 6.39. The average value used for composite restoration was USD 11.13 
(CLP 7580), ranging from USD 9.63 to USD 13.08. The mean value used for dental 
extractions was USD 3.98 (CLP 2717), ranging from USD 3.46 to USD 4.66. The 
average value for a dental examination was USD 0.19 (CLP 131), ranging between 
USD 0.173 and USD 0.236.

Considering the effectiveness of the dental sealants in preventing dental caries, 
and the prevalence of caries in FPM in the control population, the prevalence of car-
ies in FPM for the population under study was estimated. This corresponded to 8% 
2 years after the placement of a sealant, 18% 4 years after placement, and 29% 
6 years after the intervention (Table 9.1).
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9.5.1  �Ratio

The “Seal all” strategy was more favorable, with a positive difference of 0.2 
QATY. The ICUR for the “Seal all” strategy, compared to no-intervention, was USD 
6.48 (CLP 4412) per QATY gained (Table 9.3; Fig. 9.3).

9.6  �Step 5. Adjust for Uncertainties

The deterministic sensitivity analysis is summarized in the tornado diagram 
(Fig. 9.4). The parameter that most influenced ICUR was the increase in the preva-
lence of caries in FPM in the control group. The base case was calculated by esti-
mating this increase in the prevalence of caries in FPM at 10.3% in each 2-year cycle. 
In populations where this increase in caries prevalence was greater than 17%, the 
“Seal all” strategy dominated, while in populations where the increase in caries was 
less than 5%, the ICUR doubles.

Table 9.3  Incremental cost-utility ratio applying a Monte Carlo simulation

Strategies
Costs 
(USD)

Incremental cost 
(USD)

Utility 
(QATY)

Incremental 
utility

Incremental utility 
cost ratio

No seal 10.77 3.71
Seal all 12.06 1.28 3.91 0.2 6.48

Reprinted from Espinoza-Espinoza et al. 2019. CC BY 4.0

Fig. 9.3  Cost-utility plane. (Reprinted from Espinoza-Espinoza et al. 2019. CC BY 4.0)
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It must be noted that if the increase is 2% or less in each 2-year cycle, the ICUR 
is four times higher. If caries in FPM is less prevalent, this favors the “Do not seal” 
alternative. This is because, although there is no intervention, the number of cavi-
tated caries will be lower. Therefore, the costs of restoring dental caries that were 
cavitated decrease, which means that in the “Seal all” strategy, the cost of each 
QATY gained becomes higher. On the other hand, if dental caries in FPM is more 
prevalent (i.e., both strategies would have more caries), this greatly affects the “Do 
not seal” arm, because the increment is completely transferred, while in the “Seal 
all” arm the increment will be reduced by the sealant’s effectiveness.

Other variables that generated ICUR uncertainty were the probability of repeat-
ing either sealants or restorations. In relation to sealants, the assumption is that a 
percentage of them had to be completely or partially repaired/repeated in each 
cycle. According to experts’ opinion, the average proportion of sealants that needed 
to be repaired/repeated in each 2-year cycle would be 3% with an uncertainty range 
of between 2.5% and 13.0%. This resulted in a variation in the ICUR range from 
USD 5.85 (CLP 3988) to USD 19.71 (CLP 13.430). Variations in this parameter 
only affected the “Seal all” arm; thus, when the percentage of sealants that had to be 
repaired or replaced was as high as 13.0%, this increased the base case ICUR in 
about three times but remaining within the payment threshold.

The repetition/repairing of restorations affected both arms of the study; however, 
it affected more the “Do not seal” than the “Seal all” strategy. This is because in that 
arm there would be more restorations, so there is also a greater probability of having 
to repair or replace a restoration. For this reason, the “Seal all” strategy becomes 
dominant (more effective and cheaper) when the probability of redoing restorations 
reached 14% in each cycle.

Fig. 9.4  Tornado diagram for univariate sensitivity analysis. (Reprinted from Espinoza-Espinoza 
et al. 2019. CC BY 4.0)
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Other parameters had little influence on the ICUR. The “Do not seal” strategy 
was not dominant in any scenario, which reflects the robustness of the results.

To assess the joint influence of all the parameters included in the model, a Monte 
Carlo simulation was conducted. As explained previously, this type of analysis con-
siders 1000 hypothetical patients who assume some random value within the uncer-
tainty range and according to a type of distribution. The type of distribution used is 
found in Table 9.1. With the data of these 1000 hypothetical patients, 1000 ICUR 
values are obtained, and using a payment threshold of USD 29.36 (CLP 20,000), in 
0.9% of cases, the “Seal all” strategy did not produce a utility, it was dominant in 
3.3% of the cases, and in 95.8% of the cases that strategy showed different levels of 
cost utility, mainly concentrated around the average profit of 0.2 QATY (Fig. 9.5).

9.7  �Step 6. Summarize, Interpret, and Report Findings

The present analysis model (Espinoza-Espinoza et al. 2019) showing that the appli-
cation of resin sealants to all the first permanent molars in 6-year-old children, in the 
context of a school-based dental healthcare system, is a cost-utility measure, espe-
cially in populations where the prevalence of caries in FPM had an increase of 
10.3% or more every 2 years. This is consistent with Bertrand et al.’s (2011) find-
ings who, using a model with the mouth as the unit of analysis and considering 
indirect costs, reached similar conclusions regarding the cost utility of dental 

Fig. 9.5  Probabilistic sensitivity analysis. (Reprinted from Espinoza-Espinoza et  al. 2019. 
CC BY 4.0)
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sealants in school settings. In fact, the authors noted that, compared to other dental 
sealing strategies, school-based dental care is the best cost-utility option.

The sensitivity analysis highlights the fact that the parameter with the greatest 
influence on the ICUR was the increase in the prevalence of caries in the first per-
manent molars. The “Seal all” strategy became dominant when the increased preva-
lence of caries in the FPM was greater than in the base case, by at least 3%. This 
finding agrees with reports by Griffin et al. (2016) in their economic evaluation of 
pits and fissure sealant in the context of school-based dental care serving low-
income children in the United States. They assumed a similar increase in caries to 
the present scenario and concluded that this parameter was also the most influential 
in the cost-effectiveness ratio. They also concluded that the program saved societal 
resources and remained profitable over a wide range of realistic values. Several 
other studies also confirmed that sealants have better utility than restorations, when 
applied to children with high caries prevalence (Bhuridej et  al. 2007; Leskinen 
et al. 2008).

Another variable that generated uncertainty is the proportion of sealants that 
need to repeat/repair in each cycle. When a sealed molar comes to the next checkup 
with the sealant partially or fully fractured, there are additional costs to consider. In 
circumstances where the repetition rate of the sealant is high, the ICUR increases 
considerably. This was also reported by Chi et al., who analyzed the reverse situa-
tion. They observed that when the retention rate was 10% higher than the base case, 
the cost reduced to less than half, per obturation avoided (Chi et al. 2014).

A strength of the study presented was the use of a probabilistic analysis that 
assessed the joint effect of all of the parameters considered. This produced a model 
that best resembles the real-life scenario, including willingness to pay as reference, 
and uses a Monte Carlo simulation, which considers a thousand iterations. That 
analysis indicated that in more than 95% of the cases the “Seal all” strategy would 
be considered cost utility, and only 0.9% would be above the defined threshold, 
indicating that in less than 1% of the cases the strategy would not be 
cost-effective.

This model simulated the chance for children to repeat the sealant treatment in 
their 2-yearly checkups when a sealant was partially or completely lost. This 
increases the benefit of the sealant, since the effectiveness is calculated starting 
from when the sealant is repeated but also translates into an increase in cost in this 
strategy. For this reason, a resealing rate of 13% can triple the cost per QATY.

When considering the findings of the study, it is important to bear in mind that it 
is a theoretical model, in which both costs and effectiveness are estimated, some 
from the literature and others from general market conditions. To minimize this 
limitation, the literature was reviewed to include the best available evidence on the 
effectiveness of resin-based sealants. Local costs and conversions were used to 
facilitate the understanding of results.

This study simulated a dental sealant program within a school-based dental 
healthcare context, in which all permanent first molars were sealed without any car-
ies risk analysis. This was because in the context in which the study was conducted, 
caries risk analysis is not part of the protocol. However, deciding whether to 
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consider a risk analysis or not would depend on the prevalence of dental caries in 
the first permanent molars. Available evidence shows that the cost-effectiveness of 
the strategies depends on that prevalence. On the one hand, some studies have found 
that in populations where the prevalence of caries in the FPM is high, the “Seal all” 
strategy becomes more favorable compared to sealing only patients with high caries 
risk (Griffin et al. 2002; Quiñonez et al. 2005). Other authors have concluded that 
sealants have higher cost utility when placed on high-risk patients only (Bertrand 
et al. 2011; Gooch et al. 2010; Weintraub 2001). These conclusions depend on two 
factors” when sealing all FPM, there are higher costs because some of them, due to 
their risk analysis, might not need sealants, and secondly, because they are pro-
grams with limited coverage, they might leave high-risk children, who would ben-
efit from the sealant, out of the program (Leskinen et al. 2008).

Another aspect to consider is that some of the probabilities were not obtained 
from the literature but from a panel of experts. These included the percentage of 
sealants and restorations that would fail in each cycle and the number of tooth 
extractions due to caries or due to other causes. However, although it is advisable 
that the likelihoods used in an economic evaluation should be based on clinical data, 
when this information is not available, expert opinion can ensure that the model 
reflects real-life practice (Simoens 2006).

Future studies should include long-term costs and expenses, benefits shown by 
determinants of quality of life, risk subgroup analyses, and patients’ point of view. 
This would allow a better understanding of the social utility of dental sealants as a 
preventive measure, as proposed by Kitchens (2005). Additionally, in Chile the pub-
lic and private costs are very different, so it may also be interesting to consider these 
differences in future analyses.

Despite these limitations, the study (Espinoza-Espinoza et  al. 2019) provided 
evidence of the cost utility of dental sealant programs in schoolchildren with a high 
prevalence of caries, under the conditions prevailing in Chile. Considering that car-
ies has an important social gradient, this evidence supports public policies for the 
targeting of state resources to finance comprehensive oral healthcare.

9.8  �Final Remark

As reported in Chap. 11, there are an increasing number of publications describing 
CUA in oral health in the last few years (Mariño and Zaror 2020). This highlights 
the need to make future studies in oral health more in accordance with commonly 
used CUA in the health field. This chapter examined the use of CUA in the oral 
health context, its structure, and purpose together with the steps necessary for its 
development. Now we will summarize some key aspects to take into consideration 
when designing a CUA.

A comparative advantage of CUAs over other types of economic evaluation is 
that it considers the preferences of patients when evaluating the cost-effectiveness 
of competing interventions. This is particularly relevant when the purpose is to 
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evaluate the cost-effectiveness of oral healthcare programs. Oral healthcare treat-
ments often fail to resolve the condition completely (e.g., tooth loss) or require 
complex long-term treatments, impacting the quality of life of those who suffer 
from them. Within this context, a CUA is able to provide us with a more comprehen-
sive evaluation of the worth of the various treatments and programs by considering 
the perspective of the users.

A second advantage is that CUAs allow us to compare interventions with differ-
ent consequences by summarizing the effects in a single value, supporting the effi-
cient allocation of resources. However, the main difficulty when deciding on a CUA 
is choosing the utility outcome measure that best represents the different health 
states in the oral health field. In this regard, although QALYs have not been widely 
used in dentistry, it appears to be the best measure of utility as it would allow a bet-
ter relationship between oral and general health.

As already mentioned, models are simplifications of reality, but a model that 
considers utility would be a better representation of reality. For that reason, in the 
design of CUA it is important that the information on which this model is based 
must be of the best available quality, according to the technology evaluated, popula-
tion studied, and perspective.

To conclude, please bear in mind that using probability distributions is better 
than using point values or averages. This is because the distribution of the values of 
a variable better simulates all the dispersion options of the values that the variable 
can assume. Also, consider that local costing is a necessary requirement to support 
local decision-making, but it can limit the transfer of conclusions to other contexts 
or jurisdictions; therefore, it is always advisable to carry out a sensitivity analysis 
that covers different cost scenarios.
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Chapter 10
What Is the Literature Telling Us About 
Economic Evaluation in Oral Health

Rodrigo Mariño and Carlos Zaror

10.1  �Economic Evaluations for Decision-Making in Dentistry

Oral health is about ensuring that people’s lives are not affected by a range of condi-
tions. Two major threats to oral health are dental caries and periodontal disease. 
However, there is a number of other oral health conditions such as dento-facial 
anomalies, diseases of the oral mucosa, oral cancer and precancerous lesions, and 
maxillofacial trauma and other less common conditions such as temporo-mandibular 
joint disorders, which also have an impact in at the individual, the healthcare ser-
vices, and society levels. In many countries, the cost of providing oral healthcare 
represents a considerable proportion of the nation’s health resources. For example, 
in Australia oral healthcare represents 6% ($10.2 billion) of the nation’s health 
expenditure (Australian Institute for Health and Welfare 2019). In the EU the year 
expense in oral health is 5% of the total health expenditure (Platform for Better Oral 
Health in Europe 2020). It has been reported that in many countries, this is between 
5% and 10% (Masood et al. 2015). However, this expenditure in oral healthcare 
does not include the cost of acute oral conditions in terms of restricted the participa-
tion of adults in the workforce, including restricted duties and lost workdays due to 
oral health-related illness.

To put this into perspective, oral healthcare expenditure exceeds that for other 
chronic diseases, including cancer, heart disease, stroke, and dementia in Australia 
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and Europe (Platform for Better Oral Health in Europe 2020). Furthermore, the 
global burden of oral diseases is estimated to affect more than half of the world 
population (i.e. 3.58 billion people), with oral disease and conditions being in the 
top five most prevalent conditions (World Health Organisation 2020).

Based on cost and outcome, those responsible for policy making and planning 
public health programs must prioritize health interventions and select the option 
that offers the most advantages (Morgan and Mariño 2012). They must determine 
the most appropriate programs for using resources that could otherwise be employed 
in delivering a range of other types of services (Christell et al. 2014). The issue of 
how to best allocate scarce resources between competing health interventions is not 
uncommon in this field. At a basic level, decision-makers compare the value of 
competing alternative interventions that may have or may not have different health 
outcomes, and its benefits and its cost of an intervention must be considered. Based 
on that information, they select the interventions that offer the most financial benefit 
(Morgan and Mariño 2012).

Economic evaluations are useful in a situation of diminishing public resources 
for healthcare and increasingly sophisticated treatment options and demands and 
hard trade-offs about what services to choose. In this context healthcare planners 
and programmers rely on evidence from different sources, including economic eval-
uations, to allocate resources for different health interventions (Morgan and Mariño 
2012). For that, they need to have the correct information and evidence to identify 
the economic impact of resources used for most interventions in oral health. That 
information must be sound in quality. Furthermore, to best allocate resources among 
competing alternative, healthcare planners and programmers are required to com-
bine different sources of evidence and a full range of methods and skills to assure 
these resources are properly used.

Different strategies have been developed to help healthcare planners, program-
mers, and decision-makers in this process. It is in this framework that economic 
evaluations (EE) are relevant, as they are part of this process providing information 
that managers weigh, alongside other evidence. Nonetheless, although there are 
examples in the literature of EE in oral health, comparatively until recently reports 
on economic evaluations conducted in oral health were limited. More recent reviews 
indicate that this is changing (Mariño et al. 2013; Mariño and Zaror 2020).

Chapter 1 describes different types of methodological frameworks that exist to 
conduct EE, each of them aimed at addressing specific questions. This includes 
cost-effectiveness analysis (CEA), cost-utility analysis (CUA), and cost-benefit 
analysis (CBA). Nonetheless, although the first EE in oral health was published in 
1976 (Higson 1976) and the interest in EE in oral health tends to increase in the last 
few years, still it is an under-used element in oral health evaluation. Reports indicate 
that not only the quantity has increased, but also their quality has been improving 
compared to EE published earlier (Mariño et al. 2020). This is important because if, 
as health professionals, we want to be able to provide evidence about what would be 
the most efficient use of scarce health resources for the benefit of the population, we 
must be prepared to understand and utilize the basic principles and types of EE to 
monitor their quality and influence policies (Mariño et al. 2020).
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Some authors claim that systematic reviews of economic evaluation studies are 
of limited relevance, because of the issue of transferability of results (Anderson 
2010). Furthermore, systematic review of economic evaluations of oral healthcare 
has been described as more difficult than that of other interventions in health, due to 
the lack of standardization in the choice of oral health outcome measure, which 
makes difficult comparisons of the cost-effectiveness ratio (Akinlotan et al. 2018). 
Thus, it was not the purpose of this chapter to conduct a proper scoping review of 
the literature, rather an umbrella review, as defined by Grant and Booth (2009). This 
approach was used to review and compile evidence from multiple reviews into doc-
ument to assist in the provision of recommendations for practice and provide in 
recommendations for future research. The foundation for applying economic evalu-
ation principles in the oral healthcare. This chapter is focused on the methodologi-
cal quality of EE in oral health, hoping that this effort would guide program and 
better inform the priority setting in oral healthcare for policy makers. We hope to 
have clearer guidance for programmers and decision-makers, as to provide adequate 
information to promote shared informed decision-making.

10.2  �Description of the Literature in EE in Oral Health

A systematic search in Medline was conducted to identify EE in oral health, particu-
larly, for systematic and scoping reviews, from 2000 to 2020. In addition, references 
for all included articles were also reviewed to identify missing reviews. Details 
about the search are presented in Appendix 1. The reviews identified that there has 
been a gradually increased number of reviews in EE with 20 published since 1999, 
with 14 in the last 5 years. Topics varied from community water fluoridation (CWF), 
orthodontics, dental sealant, preventive interventions, etc. Table  10.1 provides a 
summary of the included reviews.

There is no gold standard evaluation tool to assess the quality of economic evalu-
ations, instead there are several evaluation tools available that can be used to support 
reviewers and interested parties in assessing the quality of EE (Anderson 2010), for 
example, the Critical Appraisal Skills Programme (CASP) (Critical Appraisal Skills 
Programme 2017), the Consolidated Health Economic Evaluation Reporting 
Standards (CHEERS) (Husereau et  al. 2013) checklist, the University of York 
checklist (Centre for Reviews and Dissemination 2009), and the Drummond et al. 
checklist (Drummond et al. 2015), to name a few. These tools capture elements of 
perspective, time horizon, discounting, outcome, etc. However, depending on which 
one of those is used, it may provide different review results. The CHEERS is now 
the most widely used in the medical literature (Listl and Weyant 2019). Nonetheless, 
in the present review, the Drummond checklist was one of the most used, followed 
by CHEERS.
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10.2.1  �Topic of the EE

These reviews indicate that there is a concentration of the economic evidence on 
certain interventions, with dental caries preventative interventions most common 
studies. Fissure sealants and fluoride treatment (e.g., community water-F) were the 
predominant intervention of interest of the studies published, followed by restor-
ative interventions, prosthodontics interventions and periodontics interventions. In 
fact, community water-F dominated EE in oral health prevention (Mariño and 
Zaror 2020).

This might be an indication that EE are also influenced by the trends and interest 
of oral health disciplines, rather than whether more research is needed (Eow et al. 
2019). 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.

While dental caries is the most common disease affecting humankind, other oral 
health conditions also have some serious financial consequences to individuals, oral 
healthcare providers, and society. For example, dental caries, together with peri-
odontal disease and tooth loss, are on the top five most prevalent conditions (National 
Advisory Committee on Oral Health, 2004); however, these oral health conditions 
are less common than the matters of EE, which highlights that research into certain 
oral health conditions is in need of economic assessment. Additionally, there were 
few EE studies on oral cancer, and no studies assessed the cost-effectiveness of 
interventions for molar-incisor hypomineralization (MIH) or dental and orofacial 
injuries, which present larger societal impact (Rogers et al. 2019).

10.2.2  �Type of EE

Reviews indicate that most studies have been conducted using predominantly cost-
effectiveness analysis (CEA), although some cost-utility analysis (CUA) and cost-
benefit analysis (CBA) have also been included. This could be related to the 
relatively easy way to conduct this CEA analysis, but it may also be because the 
priority has been in allocate efficiency, rather than other types of considerations 
(Eow et al., 2019). CUA is increasing, in particular, in treatment evaluations. As 
with other types of EE, there is increasing number of publications describing CUA 
in the last few years (Hettiarachchi et al. 2018; Mariño et al., 2020). CUA expresses 
effectiveness measuring of what an intervention means to patients (mostly quality-
adjusted life years (QALY) or disability-adjusted life years (DALY)).

The use of quality of life allows for the comparisons of cost-effectiveness across 
interventions and health conditions. We strongly believe that oral health interven-
tions can improve quality of life of the population. However, CUA is less used in EE 
or oral health interventions but is an area of expansion in oral health research. In 
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fact, a review by Hettiarachchi (2018) found 23 studies for 2000–2016 using 
CUA. The majority of those studies used QALY and to a much lesser extent DALY, 
quality-adjusted tooth years (QATY), quality-adjusted prosthesis years (QAPY), 
and one study used quality of tooth years (QLTY) as qualitative outcome developed 
for oral health. But again, this type of studies requires the conversion of data to a 
common unit of quality (Hettiarachchi et al. 2018). However, QATY does not take 
into consideration the relationship between oral health and general health, as some-
times it is difficult to assess QATY, and it is only useful when DMFT/S is used as 
outcome (Rogers et al. 2019, Qu et al. 2019). Highlighting the need to develop an 
oral health measure for oral health outcomes that facilitates the use of QALY in 
future EE in oral health (Rogers et al. 2019).

10.2.3  �Time Period of an Analysis

The time periods covered by oral health evaluations were usually short and some-
time not sufficient to allow for the full effects of the programs on costs and out-
comes. Because of the nature of analyses required to inform decisions, prospective 
epidemiological data for all the lifespan of a population, or at least from early child-
hood to old age, are needed (Mariño and Zaror 2020). Demand for evidence-
supported decision-makers will require longitudinal studies, which now are lacking.

One study was found using synthetic cohorts. Campain and her collaborators 
(2010) modelled the cost-effectiveness of community water fluoridation (CWF) 
including the influences of an ageing population, lower rates of edentulism, and 
consequently higher rates of periodontal treatment need and replacement of restora-
tions. They found that CWF continued to be a cost-effective measure. However, the 
study also suggested that CWF might stop being cost-effective due to the additional 
costs of treatment of periodontal disease and retreatment and replacement of broken 
or dislodged crowns and restorations, etc., highlighting the need to organize preven-
tive interventions for other oral health problems (i.e., periodontal disease), not just 
interventions to prevent dental caries.

10.2.4  �Location of the Studies

The review would indicate that most of the EE studies have been conducted in the 
USA, the UK, Germany and Australia, Sweden, and several other countries. There 
was a general lack of EE in African countries and to a lesser extent in Asian coun-
tries. In Latin America, apart from Brazil and Chile, there is also a general lack of 
EE. This would indicate that there are no EEs available to support the prioritization 
of oral health program. However, it is possible that studies in those countries are not 
included in systematic review due to language limitations from the research teams, 
who commonly exclude non-English publications.
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EEs are very context specific and most likely reflect the local conditions only, 
and conclusions from one jurisdiction may not be readily applicable to other popu-
lations and jurisdictions (Murray et  al. 2000). Thus, care must be exerted when 
generalizing results, as it remains difficult to compare economic results from one 
country to another (Mariño and Zaror 2020) or even within a jurisdiction from a 
given year to another, and the cost of a technology may also vary after its initial 
introduction (Laupacis et al. 1992).

There are a number of reasons for this, which support the contention that EE 
should be constantly reviewed and locally based (Anderson 2010; Mariño and Zaror 
2020), among them: (i) differences in price for resources; (ii) variability in willing-
ness to pay for health and healthcare; (iii) variations in prices of health consequences 
(O’Brien et al. 1997); (iv) variation in approaches to treatment and resource use; 
and (v) risk behaviours of the population, healthcare infrastructure, and a society’s 
ideological and ethical norms could also differ (Mariño and Zaror 2020). 
Furthermore, the prevalence of a condition has a high level of influence in determin-
ing whether health interventions are cost-effective or not (Källestål et  al. 2003, 
Amilani et al. 2020). For example, a reduced prevalence of caries may render earlier 
model assessment of an intervention’s cost-effectiveness outdated (Källestål et al. 
2003). Also, the cost of a technology at the points of its introduction may be differ-
ent from its cost at a different point in time (Laupacis et  al. 1992; Hutubessy 
et al. 2002).

10.3  �Quality of EE Gaps in Knowledge in the Field

Several reviews of EE in oral have suggested that although there has been an increase 
in the number of economic evaluations conducted in oral health over the last few 
years, existing economic evaluations may not provide strong evidence to draw con-
clusions from. This would be mainly because their standards still needed improve-
ment to increase the robustness of the EE in oral health (Mariño et al. 2020; Källestål 
et al. 2003; Mariño et al. 2013; Tonmukayakul et al. 2015). These conclusions were 
reached by reviewing EE done on wide area of oral health programs, comprising 
both prevention and treatment. Moreover, a recent systematic review of decision 
analytic models for the prevention and treatment of dental caries also concluded that 
the methodological quality still leaves room for improvements and suggested that 
future EEs should adhere to good practice guidelines, especially with respect to data 
quality evaluation and handling of uncertainty analysis (Qu et  al. 2019; Mariño 
et al. 2020).

Reviews of economic evaluation in dentistry, as well as in other health areas, 
indicate that there is also some confusion in what constitutes a true economic evalu-
ation, the appropriate labels of different types of economic evaluation, the correct 
methodology to be used, etc. (Hawe et al. 1990; Walker and Fox-Rushby 2000). 
These reviews also suggested several other areas where further improvements could 
be achieved. Areas in need of improvements include:
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•	 Insufficient consideration given to the reporting of time horizon of the study. The 
time horizon is the relevant period for the normal course of the intervention 
(Splett 1996). The time period to be covered by an evaluation must be sufficient 
to allow for the full effects of the program on costs and outcomes (Drummond 
et al. 2015). For example, for preventive interventions, benefits are often achieved 
in the future. Therefore, if the time horizon does not allow for these benefits to 
be achieved, they might be not included or appear to be worth very little.

•	 The incorporation of additional information on discounting, including informa-
tion about the choice of discount rate, as well as information to warrant the cred-
ibility of cost and cost discounting.

•	 Accounting for uncertainties is central when using models modelling. The inclu-
sion of sensitivity analyses is essential in any economic evaluation. Therefore, 
detailed information about chosen variables and range used to conducting sensi-
tivity analysis must be declared. This should also include evidence of the validity 
of the data used in the sensitivity analysis, particularly when working with 
assumptions.

•	 Lack of inclusion of productivity costs and intangible costs. Additionally, several 
authors (Kroon and Wyk 2012a, b; Mariño et al. 2014, 2020) emphasized the 
difficulties in measuring indirect or intangible outcomes in oral health (e.g., 
sound teeth, or less pain, or disability), since they are difficult to quantify in 
monetary terms. This is because oral health EE do not usually capture all the cost 
involved or fail to recognize the full economic benefits of interventions in oral 
health beyond immediate benefits within an oral health scope (Akinlotan et al. 
2018). This has implications for decision-making, because if an intervention is 
not cost-effective, resources might be employed in delivering other types of 
services.

•	 Failing to report on the perspective of the EE. This is important because the per-
spective determines the input parameters and measurement of costs in an 
EE. Depending on the perspective of the study (e.g., health sector, patient, soci-
etal), costs and consequences are seen differently from different points of view. 
For example, whether costs for productivity lost due to the time spent in oral 
healthcare, costs of transportation to and from the health centre, are to be included 
or not (Mariño et al. 2020).

•	 Improvements in the reporting incremental cost-effectiveness analysis. The 
ICER informs how much more we must pay to obtain an additional effectiveness 
unit of the new intervention in relation to its comparator. It is essential that the 
studies report the ICER or at least the basic information to calculate it to facili-
tate the interpretation of the results by health decision-makers.

•	 Failure to choose the model used and the key parameters on which it was based. 
One study reviewed the decision analytical model in EE in the field or dental 
caries (Qu et al. 2019). They found that even though the quality of the models 
used is comparable to those used in other areas of health, they were still unsatis-
factory. The quality and availability of effectiveness data are key element in 
modelling studies; however, it is not always based on systematic reviews. In any 
case, the selection of models should be based on the natural history of the disease 
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under study and the characteristics of the different alternatives of intervention. 
The quality of the data should also be reviewed, particularly when using models. 
Some reviews reported lack of data, or of sound, recent data on which to base 
models on as a major limitation in their evaluation (Mariño et  al. 2020). For 
example, in the absence of updated data it would be problematic to estimate the 
real prevalence of dental caries (Mariño and Zaror 2020). Furthermore, Anopa 
and her colleagues indicated that some of the studies include in the different 
reviews were underpowered or pilot studies (i.e., using small sample sizes), 
which makes it difficult to draw conclusion (Anopa and Conway 2020).

On the other hand, there is evidence that the methodological quality and the 
reporting of EE in oral health have improved in the last few years (Mariño et al. 
2013, 2020; Anopa and Conway 2020). Among the most notable progress in report-
ing has been seen in stating the type of economic evaluation utilized and its justifi-
cation, in the provision of more comprehensive information about the sensitivity 
analyses, and in declaring the perspective and comparators (Mariño et al. 2020). 
Additionally, Anopa and her collaborators (2020) did not find mismatch in the study 
descriptor in the EE studies included in their review.

Although there are studies in oral health analysing willingness to pay (Srivastava 
et  al. 2020), willingness to pay has not been widely explored in oral healthcare 
(Listl and Weyant 2019). Willingness to pay (WTP) assigns a market value to health 
benefits by eliciting individual preferences according on the amount society is will-
ing to pay for health. WTP is an important measure of valuation that is applicable 
and available to dentistry that allows for economic evaluations that enable meaning-
ful comparisons across various healthcare provision scenarios (Tan et al. 2017). The 
main difficulty is that there is no accepted payment threshold to establish the WTP 
of interventions when health outcomes are expressed in natural measures (e.g., car-
ies avoided or child free from caries). Although attempts have been made to estab-
lish an acceptable WTP in the dental field, its usefulness is limited due to the 
deficient methodological rigor used (Tan et al. 2017).

10.4  �Direction to Better Guide Future Economic Evaluations 
in Oral Health

To improve the quality of future EE studies, there seem to be a clear need for both 
health economists and oral health researchers to work together on EE studies that 
achieve increased internal, as well as external validity (Morgan and Mariño 2012). 
This will increase the chances of decision-makers in selecting the most appropriate 
program to save future costs and provide better benefits to a wider population. 
However, oral healthcare has not received the same attention than other areas of 
healthcare (Listl and Weyant 2019) among decision-makers. This is not consistent 
with the burden of oral health disease and conditions affecting humankind with 
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several health and financial consequences, to the individual, oral healthcare provid-
ers, and the society at large.

We have pooled together the main conclusions of several reviews of economic 
evaluation in oral healthcare, but caution is needed when comparing one study to 
another. A major limitation of these reviews (and of individual economic evalua-
tions) is that the studies varied considerably in methodology, choice of outcome 
measures (e.g., tooth surfaces with dental caries history averted, dental visits, QATY 
averted, number of cavitation due to caries averted, QALY, individuals free from 
dental caries, etc.), assumptions used in the evaluation, setting, timeframe of the 
analysis, and so on. All this makes the cost-effectiveness ratios from the studies not 
exactly comparable to other studies because of the diversity in oral health indica-
tors. This lack of standardization of oral health outcome measured has been indi-
cated as one of the main limitations to the direct comparison of EE results (Akinlotan 
et al. 2018). Furthermore, oral heath EE varies a lot in terms of methodology out-
come measure, assumptions, and perspective which makes comparisons difficult 
(Akinlotan et al. 2018).

While the volume of published economic evaluations in oral health has increased 
in the last few years, there is still a general lack of EE in African countries and to a 
lesser extent in Asian countries and Latin America, where apart from Brazil and 
Chile, there is also a lack of EE. However, it is possible that studies in those coun-
tries are not included in systematic review due to language limitations from the 
research teams, who commonly exclude publications in languages other than 
English (Hettiarachchi et al. 2018).

Call for more studies in high-, medium-, and low-income countries with follow-
up programs to analyse clinical and financial efficacy is also necessary. As previ-
ously explained, EE is so context specific, and conclusions from one jurisdiction to 
another may be directly applicable. This would indicate that EE might not be avail-
able to prioritize health programs.

In particular, future studies should aim to identify the full benefits of oral health-
care interventions (i.e., prevention and early treatment). Risk-based delivery of 
intervention delivers better EE outcome as opposed to interventions that are given 
to the whole community/pop under study, leading to increased savings (Akinlotan 
et al. 2018). Therefore, it is relevant that EE evaluate the cost-effectiveness in dif-
ferent subgroups of populations, for example, according to cariogenic risk, age 
group, severity of the condition, etc.

Although, as with other types of EE, there is increasing number of publications 
describing CUA in the last few years (Hettiarachchi et al. 2018; Mariño et al., 2020), 
the need to increase of studies using CUA is worth to mention (Hettiarachchi et al. 
2018). CUA allows for comparisons of the CEA across interventions and health 
conditions. However, CUA is less used in EE of oral health interventions. Some 
studies used QATY, however. As mentioned, QATY does not consider the strong 
interconnection between oral health and general health (Rogers et al. 2019). This 
indicates the need to develop an oral health measure for oral health outcomes that 
facilitate the use of QALY in future EE in oral health (Rogers et al. 2019). Thus, to 
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make studies more in accordance to commonly used CUA in the health field, future 
studies in oral health should include QALY (Rogers et  al. 2019, Hettiarachchi 
et al. 2018).

10.5  �Final Remarks

Economic evaluations are commonly used in decision-making processes about 
health programs; however, comparatively, less examples exist in oral health. 
Furthermore, significant limitations have been highlighted in the quality of report-
ing economic evaluations done on oral health interventions. The literature also 
shows an increased awareness about the need to include EE in oral healthcare, with 
indications that this type of evaluations will only increase in the future (Buck 2000; 
Cunningham 2001). Despite this, there have also been increases in the quality of the 
reporting of economic evaluations. However, economic evaluation in oral health has 
not been extensive, and the majority have been targeted toward clinical interven-
tions and dental caries preventive interventions, such as CWF and sealants. This 
suggests that the available research in EE in oral health has been somewhat nar-
rowly focused, and other important interventions have not been investigated, for 
example, assessing the economic value of disease prevention, in particular, regard-
ing the impacts on older people.

Accordingly, current information may not be fully appropriate to provide evi-
dence on other oral health conditions which also have some serious financial 
consequences to individuals, oral healthcare providers, and society. As a conse-
quence, in a context of diminishing public resources for oral healthcare and 
increasingly sophisticated treatment options (Morgan and Mariño 2012), users of 
these reviews (e.g., decision-makers) may not have enough information to iden-
tify the financial benefit per monetary unit of resources used for most interven-
tions in dentistry.

To understand economic evaluation, let alone conducting one, requires a degree 
of expertise, and interested parties are encouraged to expand their current knowl-
edge and efforts to include an economic evaluation in future efforts, thus contribut-
ing to a solid body of economic information about oral healthcare in both prevention 
and treatment. The effective use and conduction of economic evaluations will in 
turn make important research information accessible to a broad audience of policy 
makers, community leaders, practitioners, and researchers (Morgan and Mariño 
2012). Evidence of sound quality will assist policy and decision-makers (Mariño 
et al. 2014; Salkeld et al. 1995).

Despite the limitations highlighted in this chapter, oral health researchers and 
health economists continue to conduct EE. It was an attempt to summarize what the 
literature is telling us about the scope and quality of economic evaluation reporting 
done on oral health interventions. The present chapter also aims to provide the 
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foundation and encouragement for more economic evaluations, as well as quality 
appraisals in order to maintain and improve the standard of economic evaluations 
conducted and published in the future.
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Chapter 11
Assessing the Quality and Usefulness 
of Economic Evaluation in Oral Health: 
A Practical Approach for Clinicians

Carlos Zaror and Alonso Carrasco-Labra

11.1  �Evidence-Based Dentistry

Every day we see the emergence of new health technologies and a large volume of 
research findings. Around 75 clinical trials and 7 systematic reviews are published 
daily (Bastian et  al. 2010). This means that healthcare professionals should read 
approximately 19 articles a day to keep up. Yet, the time available to health profes-
sionals to keep up to date is less than <1 h a week (Sackett et al. 1996).

Although there is currently abundant evidence informing the effectiveness of 
interventions, it can take anywhere between 17 and 20 years for healthcare profes-
sionals and policymakers to finally implement those interventions in clinical prac-
tice (Ho et al. 2003).

Healthcare professionals should be aware of the large volume of published sci-
entific information and know strategies to manage and keep their knowledge up to 
date. Failing to incorporate research findings into practice is to the detriment of the 
patients, who could have benefited from a readily available intervention if the evi-
dence had been applied quickly.

Another problem that healthcare professionals and decision-makers in health-
care face is that not all evidence is created equal. This means that users of evidence 
need to appropriately identify more from less trustworthy clinical studies and 
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bodies of evidence. Ignoring the need to consider methodological rigor when using 
evidence to inform practice translates into heterogeneous and incorrect clinical 
decisions, resulting in an increase in clinical complications, costs for health institu-
tions, and a detriment to the quality of patient care.

To respond to this issue and to integrate clinical research into decision-making 
for patients, in 1981, David Sacket introduced the concept of evidence-based medi-
cine, which was defined as “the conscientious, explicit, and judicious use of current 
best evidence in making decisions about the care of individual patients” (Guyatt 
1991). Later, this approach was expanded to include other areas of health, such as 
dentistry. The American Dental Association defines Evidence Based-Dentistry 
(EBD) as “an approach to oral healthcare that requires the judicious integration of 
systematic assessments of clinically relevant scientific evidence, relating to the 
patient’s oral and medical condition and history, with the dentist’s clinical expertise 
and the patient’s treatment needs and preferences”(ADA).

EBD considers the integration of three aspects that are basic for clinical decision-
making (Brignardello-Petersen et al. 2014) (Fig. 11.1):

•	 Evaluation of the best available evidence: the dentist must be able to assess the 
validity, adequately interpret, and apply the available scientific evidence.

•	 Recognition of your clinical expertise.
•	 Understanding, elucidating, and incorporating patient’s values and preferences 

in clinical decisions.

Depending on the nature of the clinical question (e.g., prevention, etiology, diag-
nosis, treatment, prognosis), the different study designs follow a hierarchy from 
lowest to highest risk of bias. For example, for questions regarding therapy or pre-
vention, well-designed and conducted randomized controlled trials are the most 
appropriate designs. For harm, etiology, and prognosis, observational studies are the 
preferable study designs.

Clinical expertise is the ability to use one’s clinical skills, experience, and knowl-
edge to rapidly and correctly diagnose the particular patient state of health and 
assess the different interventions’ benefits and harms considering the particular 
clinical condition and the clinical setting. Even if the research evidence may 

Fig. 11.1  The components 
of evidence-based dentistry 
(EBD). (Reprinted from 
Brignardello-Petersen et al. 
2014, with permission 
from Elsevier)
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indicate that an intervention is effective, if clinicians do not have the skills or 
technology to carry out the procedure correctly, we should offer the patient another 
alternative.

Finally, the last element to consider is knowing and understanding the prefer-
ences and values of our patients to integrate them into any diagnostic or treatment 
plan. This is relevant since clinical procedures are associated with possible adverse 
effects and costs for patients. Understanding how much importance patients assign 
to the desirable and undesirable consequences of planned treatment and using that 
information to guide the decision-making process is at the essence of evidence-
based practice.

11.2  �The Process of Evidence-Based Dentistry

The principles of EBD are based on the ability to identify, critically appraise, and 
apply current best available evidence from relevant research to decisions made in 
practice in response to a question that arises from clinical practice. There are five 
steps, also called 5 As, to carry out the EBD process (Fig. 11.2):

•	 Ask: convert clinical needs or problems into clinical questions so that they can 
be answered.

•	 Access: search for the best available evidence to answer the question.
•	 Appraise: critically appraise the validity (i.e., risk of bias, study limitations) and 

applicability of the evidence.
•	 Apply: Apply the results of appraisal in clinical practice, considering clinical 

experience and patients’ values and preferences.
•	 Assess: assess the process and your performance.

Fig. 11.2  Five steps of 
EBD process. (Original 
drawing)
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11.2.1  �Formulation of Clinical Question

The formulation of a clinical question is a critical step in searching for evidence to 
inform clinical decisions. There are two main types of clinical questions: back-
ground questions and foreground questions. Background questions allow clinicians 
to contextualize a topic or problem, for example, what is dental caries? Or what are 
the symptoms of temporomandibular disorders? This information is available in 
secondary or tertiary sources such as narrative reviews or books, and it shouldn’t 
take more than 10 min to find the evidence to answer these questions. On the other 
hand, clinicians also have more complex questions or foreground questions because 
they generally contain several concepts and often reflect the need for information to 
determine a clinical course of action between a specific set of interventions or clini-
cal tests. For the well-informed clinician, these types of questions require evidence 
to be answered. Some examples of these questions are: Is water fluoridation more 
cost-effective than applying sealants at the community level? Are implant-supported 
prostheses more effective in improving chewing and quality of life than mucosa-
supported dentures?

The first step in formulating the question of interest is to identify the nature of the 
question, which determines the type of evidence the search will target. There are 
four fundamental types of clinical questions (Brignardello-Petersen 2014):

•	 Diagnosis: Assess the performance of a test in differentiating between patients 
with and without a condition or disease.

•	 Harm or etiology: Evaluate how exposure to risk factors influences patient-
important outcomes.

•	 Therapy: Determine the effect (i.e., benefits and harms) of intervention on 
patient-important outcomes.

•	 Prognosis: Estimate a patient’s future course of disease based on prognostic 
factors.

A well-structured clinical question should include four components, also called 
PICO components:

•	 Population: key patients’ features relevant to the question.
•	 Intervention: the treatment or prevention strategy or, possibly, the harmful expo-

sure of interest.
•	 Comparison: the alternative management strategy used as a reference against 

which to compare the intervention.
•	 Outcomes: the healthcare consequences of the interventions in which we are 

interested.

Examples of clinical questions about economic evaluation are:

•	 What is the cost-effectiveness of a school-based oral health prevention program 
compared with non-intervention, from the societal perspective?
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•	 What is the cost utility of arthrocentesis using corticosteroids compared with 
arthrocentesis not using corticosteroids for treatment of temporomandibular joint 
internal disorders, from the patients’ perspective?

•	 What is the value of a periodontal preventive program in older adults from the 
healthcare perspective?

11.2.2  �Searching Evidence

Finding relevant evidence for foreground questions requires conducting a focused 
search of the peer-reviewed professional literature based on the appropriate method-
ology. The PICO components provide the key terms for this step.

There are three categories of information resources:

•	 Summaries and guidelines: provide updated clinical evidence or guidance/rec-
ommendation for patient’s management, e.g., UptoDate (www.uptodate.com), 
DynaMed (https://dynamed.ebscohost.com), International Guideline Library 
(https://g-i-n.net/library/international-guidelines-library), and GuidelineCentral 
(https://www.guidelinecentral.com/).

•	 Pre-appraised research: provides synthesis of evidence like systematic review or 
structured summaries of main study information (synopses), e.g., Cochrane 
Clinical Answers (https://www.cochranelibrary.com/cca/about), the journal 
Evidence-Based Dentistry (www.nature.com/ebd/index.html), the Journal of 
Evidence-Based Dental Practice (www.journals.elsevier.com/journal-of-
evidence-based-dental-practice/), and the Dental Elf (www.thedentalelf.net).

•	 Non-pre-appraised research: provides access to primary studies, e.g., Medline 
(www.ncbi.nlm.nih.gov/pubmed/), Embase (www.elsevier.com/online-tools/
embase), and LILACS (https://lilacs.bvsalud.org/es).

There are also some EBD electronic resources specialized in economic evalua-
tions (see Table 11.1). These databases provide not only primary studies but also 
pre-appraisal and research summaries. Evidence shows that a search in NHS EED 
along with a supplementary search in Medline through PubMed is an appropriate 
resource for economic evaluations (Alton et al. 2006).

Finally, there are resources providing access to evidence at all levels, such as the 
American Dental Association’s Center for Evidence-Based Dentistry (http://ebd.
ada.org/en/evidence/), Trip (www.tripdatabase.com), SUMSearch (http://sum-
search.org), and Epistemonikos (www.epistemonikos.org).
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11.2.3  �Critical Appraisal

Critical appraisal of the scientific literature is the ability to assess the validity, inter-
pret study results, and apply the research findings to practice. This process com-
prises three stages, which are carried out sequentially: (a) assess the validity of the 
study, that is, the risk of the study suffering from bias (i.e., systematic error); (b) 
evaluate and interpret its results; and (c) evaluate its applicability, that is, the gener-
alization of the results to other contexts. In Sect. 11.3, we will describe how to 
appraise an article addressing economic evaluation.

11.2.4  �Applicability of the Results

Once we have assessed the evidence that can answer our clinical question, a crucial 
step comes to apply it to the patient and clinical scenario that initially triggered the 
question. At this point, a clinician needs to determine whether the characteristics of 
the patient and condition of interest are different enough from the participants 

Table 11.1  Evidence-based dentistry resources for economic evaluation

Database Content Availability Type of resource

Cost-effectiveness 
analysis registry

Healthcare 
cost-utility 
analysis

Free access from
https://cevr.tuftsmedicalcenter.org/
databases/cea-registry

Pre-appraised 
resource

COnnaissances et 
Décision en EConomie 
de la Sante (CODECS)

Economic 
evaluation

Free access from
https://www.ces-asso.org

Pre-appraised 
resource

Econlit Economic 
evaluation

Subscription access from
https://www.aeaweb.org/econlit/

Non-pre-
appraised 
resources

Health economic 
evaluation database 
(HEED)

Economic 
evaluation

Subscription access from https://
www.healtheconomics.com/
resource/
heed-the-health-economic-
evaluations-database

Non-pre-
appraised 
resources

Health technology 
assessment database

Healthcare 
technology 
assessment

Free access from https://www.crd.
york.ac.uk/CRDWeb/

Non-pre-
appraised 
resources

International health 
technology assessment 
database

Healthcare 
technology 
assessment

Free access from https://database.
inahta.org/about

Non-pre-
appraised 
resources

NHS economic 
evaluation database 
(NHS EDD)

Economic 
evaluation

Free access from https://www.crd.
york.ac.uk/CRDWeb/

Comprehensive 
resources

Pediatric economic 
database evaluation 
(PEDE)

Economic 
evaluation

Free access from http://pede.ccb.
sickkids.ca/pede/

Non-pre-
appraised 
resources
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included in the study that the study’s findings cannot be applied back to the clinical 
scenario. The applicability of research findings not only relates to the similarity of 
patients’ features to the study participants, but it also applies to other barriers 
regarding the indication of a certain type of dental materials or equipment, technical 
skills, and cost implications.

Therefore, before applying the results to our patients, we need to ask ourselves 
the following questions:

•	 What are the characteristics of the participants of the study? Are the study par-
ticipants similar to those where the intervention will be applied? It is important 
to assess the baseline characteristics of participants of the study, as well as the 
inclusion and exclusion criteria of the study.

•	 Are the settings of the study similar to the settings where the intervention will be 
applied? Is the treatment available?

•	 What alternative interventions are available?
•	 Are the potential benefits outweighing the harms and burdens?
•	 Are the outcomes reported in the study patient important?

11.2.5  �Evaluation of the Process

Once we have applied the intervention, the final step of the EBD approach is to 
evaluate the results of our intervention. If a patient’s response is different than 
expected, it is necessary to investigate why they did not respond to the changes and 
what can be done to address the issue. Therefore, we should ask ourselves a new 
question and start the EBD process again.

11.3  �Critical Appraisal of Economic Evaluation

The process of using an economic evaluation to inform clinical decisions involves 
assessing the risk of bias (are the results valid?), the results (what are the results?), 
and the applicability of the results (will the results help in caring for my patients?) 
(Drummond et al. 2005; Abrahamyan et al. 2015). Below, we will describe the usual 
structure for critically appraising the scientific literature to inform clinical decisions 
based on a hypothetical clinical scenario. Table 11.2 summarizes the specific ques-
tions to address these three areas.
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11.3.1  �Clinical Scenario

You are in charge of the dental services within a health department dependent on a 
municipality in Chile. The director of the health department, your boss, knows 
about your evidence-based dentistry skills and asks for your help in deciding if they 
should implement a new oral health preventive strategy. This new strategy consists 
of a community-wide application of fluoride varnish (FV) in preschool children in 
rural areas. As financial resources are limited, your boss is particularly interested in 
learning to what extent the program’s benefit would be worth the costs. You decided 
to conduct a search for a formal economic analysis that compares the application of 
FV versus the “status quo” to inform a final decision.

11.3.2  �Economic Evaluation Identified

You decided to conduct a literature search in MEDLINE via PubMed to answer the 
following question: What is the cost-effectiveness of a community fluoride varnish 
application program compared to no intervention, from a public payer perspective? 
The terms used were “child, preschool” [Mesh] (943,208), fluoride varnish (1638 
citations), and “cost-benefit analysis” [Mesh] (84,706 citations). The search identi-
fied 13 citations, of which 8 were economic evaluations addressing the cost-
effectiveness of FV in preschool children. Two of them were conducted in Chile, 
and you decided to review both since they seem to match your target population. 
The first article is an economic evaluation that used a decision-analytic model to 
evaluate whether FV application increases the proportion of caries-free children in 
the Chilean preschool population at an acceptable cost (Palacio et al. 2019). The 
second study is a trial-based economic analysis that assessed the incremental cost-
effectiveness ratio of the community-wide application of FV to prevent early 

Table 11.2  User’s guides for economic evaluation of clinical practice

Are the results valid?
 �� Did the analysis provide a full economic comparison of healthcare strategy?
 �� Did investigator adopt a sufficiently broad viewpoint?
 �� Are the results reported separately for relevant patient subgroups?
 �� Were consequences and cost measured accurately?
 �� Did investigators consider the timing of cost and consequences?
What are the results?
 �� What were the incremental cost and effects of each strategy?
 �� Do incremental cost and effect differ between subgroups?
 �� How much does allowing for uncertainty change the results?
Will the results help in caring for my patients?
 �� Are the treatment benefits worth the harms and cost?
 �� Could my patients expect similar health outcomes?
 �� Could I expect similar costs?

Source: Abrahamyan et al. (2015)
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childhood caries in non-fluoridated areas (Zaror et al. 2020). The main characteris-
tics of the studies are presented in Table 11.3.

11.3.3  �Are the Results Valid?

As with any other study design, the validity of an economic evaluation is deter-
mined by the extent to which the study’s authors implemented methodological strat-
egies to minimize the effect of bias (Drummond et al. 2005). Aspects such as the 
target population and subgroups, study perspective, comparators, time horizon, cho-
sen model, methods to determine the effectiveness, and cost, among others, must be 
stated (Husereau et al. 2013).

Table 11.3  Characteristics of studies identified

Features Palacio et al. 2019 Zaror et al. 2020

Type of 
economic 
evaluation

Cost-effectiveness Cost-effectiveness

Perspective Payer (public health system) Payer (public health system)
Alternatives 
compared

Five health interventions were compared: 
Counselling-only intervention, FV 
application in preschool setting with and 
without screening, and FV application in 
primary health care setting with and 
without screening

The intervention protocol included 
FV of 5% sodium fluoride, oral 
health exams, education for the 
parents, and delivery of a toothbrush 
and toothpaste kit every 6 months 
for 2 years
The comparator was the same 
protocol but without FV

Benefit 
measure(s)

Caries-free child Caries-free child

Source(s) of 
effectiveness 
data

Cochrane systematic review (Marinho 
et al. 2013)

Randomized clinical trial by 
Muñoz-Millán et al. 2018

Estimates of 
resource use

Obtained from different studies and 
Chilean health source (MINSAL 2012; 
MINEDUC 2015)

Randomized clinical trial by 
Muñoz-Millán et al. 2018

Source(s) of 
cost data

Costing study of health intervention in 
the national health fund (MINSAL 2010) 
and Ministry of Treasury (Ministerio de 
Hacienda 2015)

Randomized clinical trial by 
Muñoz-Millán et al. 2018 and study 
of cost-effectiveness of health 
interventions by the Chilean 
Ministry of Health (2010)

Time horizon 2 years 2 years
Discount rate 3% cost and benefit 3% cost and benefit
Price year/
currency unit

2015/Chilean pesos (CLP) 2019/Chilean pesos (CLP)

Sensitivity 
analysis

Univariate deterministic sensitivity 
analysis

Univariate deterministic sensitivity 
analysis
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Many tools are used to evaluate the validity or risk of bias of economic evalua-
tions (Drummnond et al. 2005; Evers et al. 2005; Husereau et al. 2013) (see Chap. 
12). However, for a more simplified approach, we suggest assessing the following 
criteria: (i) consideration of a relevant alternative, (ii) consideration of subgroups, 
(iii) accurate measurement of consequences and cost, and (iv) consideration of tim-
ing (Guyatt et al. 2008).

11.3.3.1  �Did the Analysis Include a Full Economic Comparison 
of Healthcare Strategies?

As we stated in Chap. 1, a full economic evaluation compares two or more interven-
tions, programs, or strategies, and it must consider both the costs and the outcomes 
or consequences of these alternatives (Drummond et al., 2005). When only the cost 
or outcomes are compared (partial economic evaluation), such analysis does not 
allow a comprehensive assessment to define the extent to which the benefits of the 
intervention justify the resources allocated. Therefore, this analysis should not be 
used for decision-making.

Returning to our example, both studies identified were full economic evaluations 
that assessed the cost-effectiveness of FV in the prevention of caries in preschool 
populations because they included costs and effect in terms of “caries-free chil-
dren.” Palacio et al. compared five dental interventions: counseling, FV application 
in a preschool setting with or without screening, and FV application in a primary 
healthcare setting with or without screening, while Zaror et al. assessed the cost-
effectiveness of biannual FV applications versus educational intervention to prevent 
early childhood caries in children from non-fluoridated rural areas. In addition, both 
studies considered an educational component as a comparator. At least, an eco-
nomic evaluation must consider all standard treatment alternatives, including the 
status quo. Thus, an economic evaluation should consider the relevant strategies in 
the comparison and include patients with different baseline risks.

11.3.3.2  �Did the Investigators Adopt a Sufficiently Broad Viewpoint?

Several perspectives can be viewed in an economic evaluation, including an indi-
vidual perspective (e.g., patient), an organizational perspective (e.g., hospital), or a 
payer or societal perspective. When we consider costs and consequences, one should 
be explicit as to which perspective we are using. The viewpoint chosen should 
depend on the question that is asked. For example, in our clinical scenario, the rel-
evant viewpoint would be that of the public payer, which corresponds to a local 
municipality. Then, only direct costs, such as human resources and supplies, are 
relevant. They considered direct medical costs (dental team’s salary, FV, fillings, 
oral hygiene kit, etc.) and direct nonmedical costs such as transportation of the den-
tal team to and from the preschool institutions. When considering an individual 
(e.g., patient) or societal perspective, however, indirect costs are relevant. For 
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example, Griffin et al. (2016) evaluated the cost-effectiveness of school-based seal-
ant programs in the United States, using a societal perspective. Together with esti-
mating the direct cost of implementing the program and managing the consequences, 
they also included the productivity losses for a parent taking a child to the dentist. 
From a societal perspective, determination of cost should include the therapy’s 
effect on the patient’s ability to work.

11.3.3.3  �Are the Results Reported Separately for Relevant 
Patient Subgroups?

Cost and consequences may differ among patient subgroups (e.g., age, sex, illness 
severity). Thus, it is necessary to establish whether an intervention remains rela-
tively more effective than its comparators across different types of patients (Schuper 
2008). For example, a water fluoridation strategy may not be cost-effective in a 
small community (<1000 habitants); however, it may be a dominant strategy for 
large size communities (Mariño and Zaror 2020).

Appropriately reflecting subgroups and their heterogeneity has the potential to 
increase population health gains by focusing on the use of an intervention in people 
for whom the health gain would be greater. It is implied that ignoring these differ-
ences can result in a misleading interpretation of results (Schuper 2008).

In our example, none of the studies reported subgroup analysis. An important 
subgroup to consider in economic evaluation for oral health prevention is the risk 
of caries.

11.3.3.4  �Were Consequences and Cost Measured Accurately?

In economic evaluations, the evidence on consequences (desirable and undesirable 
outcomes) may be collected, ideally, from a randomized control trial (RCT) or sys-
tematic review (Drummond et al., 2005). The use of other types of design with a 
lower level of evidence could lead to potential bias in the results. For example, 
empirical evidence shows that dental economic evaluations frequently use cross-
sectional studies as the source of epidemiological data (Mariño et al. 2020).

Although appropriately conducted RCTs provide high validity, their weakness 
could be in the generalizability of the results when the participants enrolled may not 
be typical of community practice owing to the specific inclusion criteria set for the 
RCT.  An evaluation based on meta-analyses summarizing the body of evidence 
from all available RCTs can help to increase generalizability because the pooled 
estimate of effectiveness is derived from a broader spectrum of patients.

Of the two studies discussed here, Zaror et al.’s (2020) was immersed within the 
clinical trial in Chilean preschoolers. In contrast, Palacio et al.’s (2019) was a mod-
eling study using an RCT conducted in the United States population (Weintraub 
et al. 2006). Thus, the first study better represents the relevant scenario since it was 
based on a Chilean rural population with high caries risk.
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As we stated previously, the perspective determines the range of cost and conse-
quences in an economic evaluation. In reporting costs, it is important to report the 
physical quantities of resources consumed or released by the dental treatments. This 
allows the reader to calculate the cost in a different setting and come to a conclusion 
regarding the cost-effectiveness of the new intervention in their context.

The main difference between both studies analyzed for the hypothetical scenario 
was that the consumption of resources and the cost of the intervention in Zaror et al. 
(2020) were obtained directly from the clinical trial, whereas Palacio et al. (2019) 
determined the use of resources and cost from diverse sources. Both studies reported 
the sources of unit costs and the year of that cost.

11.3.3.5  �Did Investigators Consider the Timing of Cost 
and Consequences?

The consequences and costs of healthcare interventions can occur at different times. 
For example, although most of the costs to implement a preventive oral health pro-
gram occur when the program is launched, the benefit of the prevention of oral 
pathologies can occur years later. Generally, people prefer benefitting from the 
intervention sooner and postpone costs for the future. This is called “discounting” 
(Severens and Milne 2004) (see Chap. 1).

In both studies considered here, the author discounted the cost and benefit to 
occur in the future at a rate of 3% according to Methodological Guidelines for the 
Economic Evaluation of Health Interventions in Chile (MINSAL 2013).

11.3.4  �What Were the Results?

If the answer to the first question was positive, and the economic analysis yields an 
unbiased assessment of the costs and outcomes of the clinical strategies, then the 
results are worth examining further.

The guides under this second question consider the size of the expected benefits 
and costs from adopting the most efficient strategy and the level of uncertainty in 
the results.

11.3.4.1  �What Were the Incremental Cost and Effects of Each Strategy?

As discussed in Chap. 6, the results of economic evaluation are summarized through 
the incremental cost-effectiveness ratio (ICER), representing the differences 
between the cost and effectiveness of the evaluated alternatives.

The first step for this analysis is to look at the tables in the publication that list 
the costs and outcomes of each dental intervention. Keep in mind that the costs are 
the product of the estimation of resources used by unite price, which should include 
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the cost incurred to produce the treatment and the cost consumed in the future asso-
ciated with clinical events attributed to intervention or program. Therefore, these 
costs should be explicitly identified so that a reader can calculate the costs or trans-
late the costs to their particular setting.

In our example, Palacio et al. (2019) did not report details of the resources con-
sumed, which makes it difficult to determine if the costs of the interventions were 
well calculated and if they could be applied to our scenario. When comparing FV 
application in a primary care setting without screening with a counselling interven-
tion, they reported an extra cost for FV of Chilean pesos (CLP) 4836 per child. 
Zaror et al. (2020) reported a total cost per child of CLP 67,739 for the preventive 
protocol without FV and a total cost of CLP 67,757 for the strategy that included FV 
at 2-year follow-up (incremental cost of CLP 18).

The effectiveness in both studies was measured in natural units as “caries-free 
children.” Both studies showed higher effectiveness in favor of the FV protocol; 
however, as the source of effectiveness was different, Palacio et al. (2019) reported 
higher effectiveness (risk difference 27% vs. 11%).

The second step in this analysis is to interpret the ICER. However, it should be 
kept in mind that an intervention that is more effective and more costly than a con-
trol treatment can have the same ICER as an intervention that is less effective and 
less costly than the control. Instead, it is key to evaluate whether the differences in 
costs and effectiveness are large enough to have a clinical and policy-relevant 
impact (Abranhamayan et al. 2015). For more information on how to interpret the 
ICER, see Chap. 6.

In summary, both studies concluded that the FV program was more expensive 
than counseling intervention but provided a more significant number of caries-free 
children. As expected, the ICER was also higher in the study by Palacio et al. (2019) 
compared with Zaror et al. (CLP 130,849 vs. CLP 173.84).

11.3.4.2  �Do Incremental Cost and Effect Differ Between Subgroups?

A crucial step in the appraisal of economic evaluations is to consider whether cost-
effectiveness may differ among subgroups of patients. For example, Schwendicke 
et al. (2018) assessed the cost-effectiveness of FV application in clinical settings in 
populations with different caries risks, using a payer perspective. The analyses 
showed that the cost-effectiveness of FV applied twice a year was a function of the 
patient’s caries risk (i.e., baseline risk for experiencing a new caries lesion). The 
ICER was 343 Euro spent per single increment in avoided DMFT, becoming less as 
the risk of dental caries increased (93 Euro/DMFT and 8 Euro/DMFT for medium 
and high caries risk, respectively). The authors concluded that FV application in the 
clinic setting was unlikely to be cost-effective in low-risk populations.

Returning to our scenario, the researchers in both studies failed to report the dif-
ference in cost-effectiveness per subgroup, mainly according to baseline caries risk. 
As we saw in the example above, caries risk affects the cost-effectiveness ratio. 
Therefore, one cannot know whether FV is more cost-effective in Chilean 
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preschoolers with a high risk of caries. Zaror et al. based their analysis on an RCT 
conducted in a population with an expected high caries risk due to its age, rurality, 
and lack of access to fluoridated drinking water.

11.3.4.3  �How Much Does Allowing for Uncertainty Change the Results?

Although we should always use the best available information in economic analy-
ses, these often combine evidence from different sources to estimate the ICER. This 
introduces some degree of uncertainty about the accuracy of the underlying data. 
Incorporating uncertainty into the economic analysis allows us to understand the 
consequences of decision-making in the presence of uncertainty.

The conventional approach for handling uncertainty in economic analysis is to 
undertake sensitivity analysis in which key variables are altered one at a time (one-
way sensitivity analysis) or in combination with other variables (multiway sensitiv-
ity analysis) to explore uncertainty related to methodological (e.g., cost and 
effectiveness of intervention) or structural uncertainty (e.g., number of branches of 
the tree, the duration of the cycle in a Markov model, etc.) and determine the robust-
ness of the economic analysis findings to the uncertainty sources (Drummond 
et al. 2005).

Concerning our case, both articles explored changes in the results of the cost-
effectiveness ratio due to possible changes in the values of the main parameters, 
using a univariate deterministic sensitivity analysis. They concluded that their esti-
mate of cost-effectiveness was most sensitive to the caries rate of the population. 
For example, Zaror et  al. (2020) showed that if the caries rate in the population 
without varnish was at its lowest limit (47%), the ICER increased considerably from 
CLP 173 to CLP 188,584 per additional healthy child in a 2-year follow-up. At the 
other extreme, where the rate in the population without varnish was the highest 
(64%), everything was in favor of applying varnish since this option is dominant 
(most economical and more effective).

In addition, Palacio et al. (2019) conducted a probabilistic sensitivity analysis 
that involved generating a distribution of the possible underlying true values associ-
ated with each variable. Repeated simulation (Monte Carlo simulation) generated a 
large number of cost-and-effect pairs that provided estimates of underlying uncer-
tainty. The results of the probabilistic analysis are usually presented using a cost-
effectiveness acceptability curve.

In Palacio et al. (2019), the probabilistic sensitivity analysis for the base-case 
scenario, all FV simulations were more effective but more costly than counsel-
ing only.
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11.3.5  �Will the Results Help in Caring for My Patients?

If the economic analysis yields valid and relevant results, the next step is to examine 
how to apply these results to the clinical setting of interest. Therefore, we need to 
interpret the ICER in the decision-making and to ascertain the extent to which the 
costs and effects could be applied to your practice setting.

11.3.5.1  �Are the Treatment Benefits Worth the Harms and Cost?

As we described previously, when a dental treatment is compared with another, we 
have four possible outcomes according to the cost-effectiveness plane (see Chap. 6 
for more details). Both studies analyzed fell into the quadrant where the interven-
tion is more effective and more expensive than the control. Palacio et  al. (2019) 
reported an ICER of CLP 130,849 and Zaror et al. (2020) an ICER of CLP 173.82 
per additional caries-free child. So, how can we interpret this ratio? Is CLP 130,849 
an acceptable price to pay for an additional caries-free child?

A first approach to deal with this is to compare the ICER with another similar 
alternative in practice; however, the specificity of the outcome can make such a 
comparison impossible. Another option would be to explore how much one is will-
ing to pay for an additional measure of effectiveness, in this case, for a caries-free 
child. Here, a payment threshold should be established, that is, how much society is 
willing to pay per unit of outcome. Establishing a monetary threshold for a unit of 
effectiveness is not an easy task as the threshold values differ by outcomes, they are 
not always transferrable between countries, they may change over time, and they 
can vary depending on who decides on the value (Abrahamyan et al. 2015). In such 
circumstances, plotting the cost-effectiveness acceptability curve (CEAC) allows us 
to evaluate the probability that a given treatment strategy is cost-effective for differ-
ent values of the willingness-to-pay threshold. For more information on how to 
interpret the CEAC, see Chap. 6.

In Chile, there is no available evidence about how much Chilean society would 
be willing to pay for a caries-free child. Zaror et al. (2020) established an educated 
threshold of CLP 20,000, which represents the cost for a tooth filling in the Chilean 
public oral healthcare system (MINSAL 2010). Under this assumption, their esti-
mated ICER (CLP 174/caries-free children) is quite low and assumes high 
cost-effectiveness.

The last criterion when applying an economic evaluation to a given scenario is to 
analyze the local opportunity cost, that is, the health decision-maker must determine 
whether the implementation of a new strategy will decrease the probability of pro-
viding or adopting other oral healthcare interventions or how they or the society 
could have, otherwise, spent this money.
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11.3.5.2  �Could My Patients Expect Similar Health Outcomes?

The first issue to evaluate is whether the evidence used in the economic evaluation 
can be applied routinely in our context. To assess whether patients in a specific set-
ting can expect the same health outcomes, one must examine whenever the patients 
in the study are similar to the patients of interest and if the clinical management 
applied in the study can be replicated in the local setting.

Examining the RCTs from which the outcome data were taken in both economic 
evaluations included in our scenario (Muñoz-Millan et al. 2018; Weintraub et al. 
2006), their eligibility criteria were similar to the scenario of interest. In the same 
way, the interventions applied are similar to the recommendations from the Ministry 
of Health of Chile (MINSAL 2012).

The second issue is determining the extent to which the observed effect and cost 
data are transferable to other jurisdictions. This issue has been reviewed widely in 
Chap. 12 (transferability).

11.3.5.3  �Could I Expect Similar Costs?

Cost data may not be transferable from country to country. In the same way that 
clinical practice can vary depending on the setting, resources consumed can also 
vary as local prices differ from those used in the study. Thus, it is important that 
authors of economic evaluations report resource use and costs separately, so that 
readers will be able to ascertain whether practice patterns and prices apply to their 
setting. If the unit costs are different and the researchers were transparent in their 
reporting, users of the study can recalculate the total costs by applying the unit costs 
that are more typical for their setting.

For the scenario of interest, all costs of both economic evaluations were expressed 
in Chilean pesos and used local and reliable sources to estimate them.

11.3.6  �Resolution of the Scenario

Returning to the original scenario, and based on the appraisal conducted, you are 
ready to inform the director of the health department about the available evidence to 
inform the decision.

The results of both economic evaluations reported that FV was more expensive 
but also more effective. The population, effectiveness, resources used, and price 
data are applicable and relevant to our local situation since both studies were carried 
out in Chilean preschoolers.

The director of the health department needs to decide if an ICER up to 
CLP130,849 per caries-free child is acceptable. You emphasize that the cost-
effectiveness ratio was highly dependent on the caries rate of the population in the 
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sensitivity analysis. Therefore, a slight change in this parameter can result in a shift 
in direction of the ICER.

The director tells you that a local study showed that the baseline caries risk is 
even higher than the one reported in the studies, so the ICER is expected to be even 
lower for his population. Finally, considering all these antecedents, the director 
decides to implement the program, as the strategy provides an adequate opportunity 
cost ratio at the local level.

11.4  �Final Remarks

A high-quality economic evaluation and the definition of its framework are the main 
elements to consider when informing decision-making in oral health. Assessing the 
validity and applicability of the available evidence is an essential step when using 
the scientific literature to guide economic evaluation decisions from an efficiency 
standpoint.

This chapter provides tips to assess the validity and usefulness of economic eval-
uations. A starting point is that a true economic evaluation should involve at least 
two interventions. At a minimum, the new intervention or the intervention of inter-
est should be compared with the current state (i.e., status quo). In addition, the study 
should specify the perspective (e.g., patient, mid-level healthcare provider, health 
system) to ensure that we can evaluate the relevance of the study to our question. 
Failing to do so would lead to difficulties with the identification and measurement 
of costs and benefits.

It is essential that study under assessment provides a comprehensive description 
of the interventions, costs and benefits included, and the parameters or characteris-
tics of any sensitivity analysis. Limitations in the reporting or depth of these issues 
seriously threaten the generalization of the study results to practice.

Another important aspect to considered is the time horizon reported of the stud-
ies. Not only because it allows evaluating the need for discounting the costs and 
benefits occurring in the future but because of the importance that the period of time 
should be long enough for the consequences/benefits/downsides to emerge.
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Chapter 12
Using Economic Evaluations to Inform 
Decision-Making in Oral Health: 
Transferability

Marianela Castillo-Riquelme, Bernardo Martorell, 
and Mauricio Baeza Paredes

12.1  �Decision-Making for Resource Allocation 
of Health Technologies

Ideally, all decisions in healthcare that involve resource allocation should be 
informed by an economic evaluation. This is especially necessary in resource-
constrained settings where the decision to grant coverage to one intervention or 
program can imply high ‘opportunity costs’. That is, deciding to spend on one group 
of patients or one specific technology means that we will not be able to allocate 
these resources to another group of patients or to another health technology. 
However, economic evaluations are lengthy and expensive and require forming 
multidisciplinary teams with a wide level of competences, such as epidemiology, 
health economics, mathematical modelling, and biostatistics. For this reason, cost-
effectiveness studies are frequently prioritised based on factors such as costs, bur-
den of disease, availability of effective interventions, vulnerability of affected 
people, and the level of uncertainty around the previous factors.

In many countries, decisions about what studies can be undertaken from a plan-
ning perspective fall within the remit of the agencies or institutions responsible for 
health technology assessment (HTA). HTA has been defined as a broader frame-
work that involves specific actors, methods, and processes to conduct a systematic 
analysis that goes beyond economic evaluation of health interventions and 
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examines social, equity, and other considerations of its implementation (Drummond 
et  al. 2008). The International Network of Agencies for Health Technology 
Assessment (INAHTA) defined HTA as ‘a multidisciplinary process that uses 
explicit methods to determine the value of a health technology at different points in 
its lifecycle. The purpose is to inform decision-making in order to promote an equi-
table, efficient, and high-quality health system’ (https://www.inahta.org).

HTA has evolved to become a participative, transparent, and auditable process. 
The World Health Organisation (WHO) states that HTA is ‘the systematic evalua-
tion of properties, effects and/or impacts of health technologies and interventions. It 
covers both the direct, intended consequences of technologies and interventions and 
their indirect, unintended consequences’ (https://www.who.int/health-technology-
assessment/en/).

Among several HTA agencies, the most well-known are probable the National 
Institute for Health and Care Excellence (NICE) in the United Kingdom (UK), the 
Institute for Quality and Efficiency in Health Care (IQWIG) in Germany, the 
Pharmaceutical Benefits Advisory Committee (PBAC) in Australia, and the 
Canadian Agency for Drugs and Technology in Health (CADTH) in Canada 
(Neumann et  al. 2010; Mathes et  al. 2013). HTA agencies in different countries 
dictate the rules, define the processes, and issue technical guidelines for each of the 
HTA components, including economic evaluation guidelines (Mathes et al. 2013). 
In the case of economic evaluation – which is probably the main component of an 
HTA process – these guidelines are known as the ‘reference case’. A reference case 
gives indications of aspects such as what perspective should be used, what is the 
preferred outcome measure, what discount rate to use, how to report uncertainty, 
etc. Although not all countries have an institutionalised HTA agency, most will have 
national guidelines for economic evaluation.

Despite the development and implementation of HTA worldwide, and an increas-
ing number of economic evaluations published each year, studies are still sporadic 
at country level. Therefore, policy makers do not always have a ‘de novo’ cost-
effectiveness analysis conducted for their specific setting, to make resource alloca-
tion decisions (involving coverage, pricing, or reimbursement of health technologies). 
In this way, the generalisability and potential transferability of published cost-
effectiveness or cost-utility studies performed for other contexts play an important 
role in making an efficient use of the available evidence.

On the other hand, decision-making can make use of economic evaluations in 
different formats, directly as evidence on costs and effects, as part of an HTA involv-
ing deliberative processes, or within a framework of multi-criteria decision analysis 
(MCDA). Thus, for HTA and MCDA, cost-effectiveness is only one of several cri-
teria which represent the values of each decision setting. In MCDA, criteria are 
normally weighed by predefined algorithms, to generate an overall performance 
score for each alternative (Jakab et al. 2020). Although in most settings neither cost-
effectiveness ratios nor MCDA scores convey to automatic decisions about incorpo-
rating, rejecting, or reimbursing technologies, they are key to informing 
decision-making.
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12.2  �Generalisability and Transferability of Economic 
Evaluations Across Settings

Based on inductive reasoning, the scientific method is constantly testing a hypoth-
esis through observation and experimentation in order to generalise its results to 
different contexts, in search of models or theories that help predict reality. This 
same idea of extrapolating results is what motivates generalisability and transfer-
ability of economic evaluations. However, the result of any economic evaluation is 
highly dependent on context and is never expected to carry universal value. Results 
are especially sensitive to reference case decisions, relative costs, and available 
comparators, assuming high-quality methods. Not limited to these parameters, the 
validity of the results in different contexts will be dependent on all input data, such 
as the baseline prevalence/incidence of the disease, absolute costs, cost-effectiveness 
thresholds, and even health system organisation and characteristics, among others.

The concepts of generalisability and transferability of cost-effectiveness studies 
have been found in the literature at least since 1999 (Spath et al. 1999). The basic 
motivation is that creating de novo economic evaluation studies is a costly and 
timely endeavour, which might not be feasible in different countries or contexts, 
especially in view of the ever-growing available health technologies or heath inter-
ventions. As such, health systems or health services that wish to efficiently distrib-
ute scarce resources might do so by tapping into the wealth of information available 
from existing economic evaluations. This is not however a simple mechanistic pro-
cedure. As mentioned above, results are highly dependent on context and methods, 
and simply applying results from one setting to another might result in highly inef-
ficient decisions, sacrificing health outcomes or other valuable outcomes. Thus, we 
must explore the issue of generalisability and transferability in greater detail.

Several terms have overlapping meanings in this issue, for example, generalis-
ability, transferability, applicability, external validity, and extrapolation, among oth-
ers, might cover the same fundamental problem. We will use primarily the first two 
of these. Drummond Pang and McGuire (2001) applied the term ‘generalisability’ 
to refer to the extent to which the results of an economic evaluation are held true in 
a context different from the original study. Sculpher et al. (2004) define generalis-
ability of economic evaluations as ‘the extent to which the results of a study based 
on measurement in a particular patient population and/or a specific context hold true 
for another population and/or in a different context’.

Willke (2003) makes the distinction between ‘generalisability’ as the generic 
term for the problem at hand and ‘transferability’ as the specific task referring to 
extrapolating study results from one country to another. Welte et al. (2004) pub-
lished a transferability tool that has been widely used and has been the basis for 
subsequent work in the field. We discuss this tool in detail in the next section. In 
2009, a Pharmacoeconomics and Outcomes Research (ISPOR) taskforce discussed 
transferability of CE results across different jurisdictions. The taskforce discussed 
whether cost-effectiveness estimates could be transferred to another specified juris-
diction and, if not, what adjustments of these estimates or even the 
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cost-effectiveness study were possible or necessary (Drummond et al. 2009). The 
authors made recommendations depending on whether the analyses were multina-
tional trial-based or using modelling approaches. For small countries they recom-
mend collecting data on costs and conducting observational studies to collect 
baseline risk, since evidence on relative risk is deemed to be more transferable 
(Drummond et al. 2009). Pichon-Riviere et al. (2012) define transferability as the 
potential for adjusting an analysis and making results relevant to different contexts.

12.3  �Evaluating the Quality of Economic Evaluations

A first step in the transferability of economic evaluations published is checking the 
quality of the studies of interest to confirm the validity of the results obtained. 
Nowadays, most journals specialising in economic evaluation have fairly thorough 
peer-review systems guided by selected quality check instruments, which ensures 
compliance with methodological standards and an optimal level of reporting. 
Ultimately, it is a detailed report that allows us to verify the quality and review the 
methodological correspondence for the transferability of results.

Choosing articles published in journals that expressly publish economic evalua-
tions can be a guarantee of quality and standardised reports. The main journals in 
this category are Health Economics, Journal of Health Economics, Value Health, 
PharmacoEconomics, Cost-effectiveness and Resource Allocation, International 
Journal of Technology Assessment in Health Care, The European Journal of Health 
Economics, Journal of Medical Economics, and Medical Decision Making.

Another publication worth mentioning is Health Technology Assessment, from 
the National Institute for Health Research in the UK (https://www.nihr.ac.uk/
explore-nihr/funding-programmes/health-technology-assessment.htm). This jour-
nal, launched in 1997, has been publishing full reports mainly applied to the UK 
decision-making context.

Regardless of the source of the study published, we need to check the quality of 
the study as an initial step towards determining transferability to another context. 
There are currently several instruments for evaluating the quality of economic eval-
uations; here we present the main ones. Drummond and his collaborators (2005) in 
their widely known book Methods for the Economic Evaluation of Health Care 
Programmes, first published in 1987, introduced a ten-point checklist to assess the 
quality and reporting standards.

In the Quality of Health Economic Studies (QHES) published in 2003, 120 inter-
national health economists participated in a conjoint analysis, where they developed 
and validated a grading system of sixteen selected factors weighted, using regres-
sion models (Chiou et  al. 2003). The Consensus on Health Economic Criteria 
(CHEC), published in 2005, was derived from three Delphi rounds involving 23 
worldwide experts in economic evaluation (Evers et al. 2005).

In 2013 an ISPOR taskforce published the Consolidated Health Economic 
Evaluation Reporting Standards (CHEERS) (Husereau et  al. 2013), which 
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comprises 24 items (equally weighted). Currently CHEERS is used by the journal 
of PharmacoEconomics in its peer-review process. The UK-based Critical Appraisal 
Skills Programme (CASP) issues guidelines for different methodologies related to 
producing and using published evidence, including economic evaluations (Critical 
Appraisal Skills Programme 2018).

The only instrument that considers a comprehensive assessment of the technical 
aspects of modelling is Philips et al. (2004). Therefore, this tool should be consid-
ered together with one of the previous general instruments, when studies make use 
of models in the analysis.

Table 12.1 provides an overview of the methodological aspects covered by each 
instrument, showing that there are many points of agreement across tools.

When using these tools to verify the compliance of the article with each point, it is 
also necessary to judge the overall assessment. In doing this, some researchers con-
sider the number of points satisfactorily addressed as a score of quality, while some-
times a minimum level of compliance is defined, in terms of a minimum score or 
threshold. Weighting items differently or considering critical points is also possible.

12.4  �Comparing Monetary Values from Different Economies, 
Currencies, and Time Points

An important aspect of transferability is comparing resource use or costs across dif-
ferent settings and times. Countries have different currencies, and depending on 
their economic conditions, inflation rates and exchange rates are different too. The 

Table 12.1  Characteristics of instruments to evaluate the quality of economic evaluations

Name/author
Drummond et al. 
2005 CHEERS CHEC QHES CAPS

Last reviewed (year) 2005 2013 2005 2003 2018
Number of items 10 (33) 24 19 16 12
Population description √ √
Choice and description of alternatives √ √ √ √
Study design √ √ √ √
Time horizon √ √ √ √ √
Study perspective √ √ √ √ √
Identification and measurement of 
costs

√ √ √ √

Identification and measurement of 
outcomes

√ √ √ √ √

Adjustment of costs for time 
differences

√ √ √ √

Sensitivity analysis √ √ √ √ √
Presentation of results √ √ √ √ √
Researchers’ independence √ √ √
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challenge of comparing costs and incremental cost-effectiveness ratio (ICER) is 
firstly to be able to put all values in the same currency and secondly to update these 
values to a unique point in time. Only in this way can we compare the levels of 
resources used in healthcare interventions across countries with some level 
of confidence.

The general recommendations are to use local currencies to firstly update costs 
to the comparison time point and then exchange rates to convert local currencies to 
euros or dollars. Of course, other currencies are also possible.

Concerning inflation, there has been extensive debate regarding the use of gross 
domestic product (GDP) deflators, which translates into using international pur-
chasing power parity (PPP) conversions. However, international US dollars in PPP 
are not always available for all settings, and when available, sometimes these mea-
sures overestimate non-US-based values, thus casting some doubts on the validity 
of these comparisons. Here we stick to the recommendation of updating the values 
for the inflation of the country where the intervention took place, and then for the 
specific time points of comparison, converting the values by the standard exchange 
rate. Sometimes, when studies have published their results in US dollars (despite 
being a non-US economy), this involves first converting the values back to the origi-
nal currency, applying local inflation, and then converting them again to the specific 
currency for comparison.

12.5  �The Main Tools and Approaches for Transferability 
of Economic Evaluations

At present, several tools and approaches are available for assessing the transferabil-
ity of economic evaluations in health. A critical point for the design of such tools is 
the identification of factors that could threaten the transferability of economic eval-
uations between different countries. Important contributions have been made in the 
identification and classification of these factors. For example, Goeree et al. (2007) 
developed a classification system of more than 80 factors grouped into 5 categories, 
including characteristics of the patient, disease, healthcare provider, and health-
care system.

Based on these factors, several authors have proposed different tools and 
approaches to evaluate or measure the potential transferability of economic evalua-
tions, including a sequenced flow chart-type approach, an evaluation of critical cri-
teria in a first stage, followed later by an evaluation of other non-critical factors, as 
well as scoring systems or quantitative indices to measure the potential for transfer-
ability (Boulenger et al. 2005, Antonanzas et al 2009, Goeree et al. 2011).

Within these approaches, Welte et al. (2004) created one of the most widely used 
tools for carrying out the transferability of economic evaluations. For the develop-
ment of this tool, a systematic review identified potential factors that could influ-
ence transferability. Of the factors identified, 14 were finally selected due to their 
relevance: perspective; discount rate; medical cost approach; productivity cost 
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approach; absolute and relative prices in healthcare; practice variation; technology 
availability; disease incidence/prevalence; case mix; life expectancy; health status 
preference; acceptance, compliance, incentives to patients; productivity and work-
loss time; and disease spread. Since these factors could be analysed separately, the 
authors developed a checklist, which was grouped into three categories: method-
ological characteristics, characteristics of the health system, and characteristics of 
the population. However, in order to pre-select the studies that would be submitted 
to this list, the authors included three general knockout criteria: (i) The relevant 
technology is not comparable to the one that would be used in the decision country; 
(ii) the comparator is not comparable to the one that is relevant to the decision coun-
try; and (iii) the study does not possess an acceptable quality.

The authors present a decision chart that begins with the general knockout crite-
ria to quickly discard studies that are considered non-transferable. Once the knock-
out criteria have been passed, the transferability checklist is applied to test the 
specific criteria. For studies that pass all criteria, a model fit to improve transfer-
ability will be assessed based on the data availability. For example, if the model 
does not need to be adjusted because the available data were fully applicable to the 
local context, the results of the study are fully transferable. For studies where model 
adjustments are required, the tool also guides the user in identifying whether the 
study results are transferable after adjustments. If the data of the country to which 
we want to transfer a study are partially available, it is necessary to replace all the 
available parameters and calculate a new incremental cost-effectiveness ratio 
(ICER), which can give two types of results, the study can be qualitatively transfer-
able or not. On the other hand, when data are not available, in relation to the criteria 
proposed by the authors, both from the local country and from the selected studies, 
the results of the study would not be transferable.

The transferability tool proposed by Welte et al. (2004) has been applied to vari-
ous international cost-effectiveness studies covering the areas of interventional car-
diology, vaccination, and screening (Goeree et al. 2011). This tool is still considered 
one of the most useful in the field of transferring economic evaluations. Although in 
certain cases the authors considered the need to remodel with local data, the appli-
cation of this tool has allowed significant savings in work time, since the models 
take much longer to build than to adapt to other contexts.

12.6  �Case Application: Transferring the Cost Utility 
of Caries Preventions Interventions to Chile

To choose an international study to illustrate its transferability to Chile, we first 
identified the systematic review of economic evaluations of oral health interventions 
from Hettiarachchi et al. (2018). This review selected 23 cost-utility analyses pub-
lished between 2000 and 2016, whose quality standards were assessed using the 
CHEERS checklist. We conducted a transferability analysis following the main 
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features of Welte et al. (2004) decision chart, that is, checking the compliance with 
the 3 general knockout criteria and then with 12 specific factors (out of 14) as the 
main guiding tool. To check correspondence in each item we considered Chilean 
guidelines on cost-effectiveness analysis and unpublished recommendations on 
transferability of economic evaluations from other settings to the Chilean context 
(Ministerio de Salud 2016).

12.6.1  �Economic Evaluation Guidelines and Health 
Technology Assessment in Chile

Chile does not have an HTA agency yet, but its functions are performed within the 
Ministry of Health (Castillo-Riquelme and Santelices 2014). The Health Economic 
Department within the Ministry of Health published guidelines for economic evalu-
ations in 2013 (Ministerio de Salud 2013), and there are unpublished recommenda-
tions for the analysis of transferability of economic evaluation into the national 
context (Ministerio de Salud 2016).

Methodological guidelines in Chile highlight a reference case that recommends:

•	 Using a public healthcare perspective.
•	 QALY gained or DALY averted as measures of outcome.
•	 A 3% discount rate on costs and outcomes (0–6% for sensitivity analysis).
•	 Defining the comparator in line with current practice.
•	 Using modelling for a time horizon representing the survival time of the cohort/

population analysed.
•	 Exploring deterministic and probabilistic sensitivity analysis on results.

In Chile EQ-5D health state valuations were derived from a sample of adults liv-
ing in Santiago, the Chilean capital (Zarate et  al. 2011), and whenever possible 
these should be used in building QALY. Regarding the maximum willingness to pay 
for QALY gained or DALY averted, the guidelines suggest using one GDP per cap-
ita, as a reference.

On the other hand, Chile’s guidelines for transferability recommend starting by 
formulating a well-defined research question, in which intervention and comparator 
are clear. The guidelines continue by identifying the potentially transferable studies 
through a systematic review of economic evaluations which address the research 
question. Studies can be identified through recently published systematic reviews of 
cost-effectiveness analysis. The tool uses Welte et al.’s knockout and specific crite-
ria (Welte et al. 2004), to perform the comparison between each country’s method-
ological features and its correspondence in Chile. For the specific transferability 
factors, two factors are ignored as they apply only to social perspective ((1) produc-
tivity cost approach and (2) productivity and work-loss time). While there is no 
recommendation to recalculate the costs or the ICER, or rerun the model for the 
Chilean case, data for Chile is required on the potential costs of the interventions 
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and healthcare, as well as demographic data such as life expectancy, which affect 
QALY gained, or DALY averted (Ministerio de Salud 2016).

12.6.2  �General Context of Oral Health Policy for Children 
in Chile

Oral health public policy in Chile began in 1978 with a minor program for the res-
toration of oral health in children. During the 1980s and the 1990s, water fluorida-
tion began, and preventive services for children were set for ages 2 and 4. The 
decade 2000–2010 saw an important health sector reform, with the creation of 
National Health Goals and a list of legally binding priority health services (Health 
Guarantees Regime - GES). Comprehensive dental care for 6-year-old children was 
included in the GES guarantees regime. Later, preventive strategies for 12-year-old 
children and a preventive preschool program were initiated with limited coverage 
(Cartes-Velásquez 2020).

In oral health, programs are developed and financed at a national level, mainly by 
the Ministry of Health; however, other governmental areas such as JUNAEB, depen-
dent on the Ministry of Education, also contribute. JUNAEB is historically in charge 
of food programs in schools but also developed a preventive oral health program in 
public schools with limited coverage. This program is very similar to the ministry 
of health programs, and efforts are constantly made to not duplicate coverage. From 
6 years old and after the complete eruption of permanent molars, the program con-
siders sealing the first permanent molars (FPMs) of all children.

Oral health data shows that in 2010, children aged two had 17.5% prevalence of 
dental caries, with 19.9% in lower socioeconomic groups versus 6.7% in higher 
socioeconomic groups. At age 4, 50.4% of children had dental caries, 56.5% in low, 
versus 24.2% in high socioeconomic groups (Ministerio de Salud de Chile 2010). 
At age 6, 7% had dental caries, with a decayed-missing-filled (DMF) index of 3.7 
teeth (Ministerio de Salud de Chile 2014).

More recently, in 2015, the government made a significant increase in coverage 
of preschool prevention through the Ministry of Health with the program Sembrando 
Sonrisas. And following this, in 2017, a stratified approach aimed at identifying 
high-risk children for more intense preventive care (program CERO) was inaugu-
rated (Ministerio de Salud de Chile 2019). These programs work in collaboration 
with other child preventive service programs in public healthcare (PHC) including 
the early childhood development program Chile Crece Contigo (Cornejo-Ovalle 
et al. 2015). This risk-based preventive approach was incorporated into an existing 
PHC monitoring system with financial incentives measuring the percentage of chil-
dren under 3 and 6 years of age free from cavities. Thus, children, from 6 months of 
age, are screened annually, and a risk measurement tool is used to classify and thus 
stratify the intensity of preventive controls. These include regular preventive sealing 
and educating families and parents as crucial caretakers of children’s oral health. 
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Children in publicly funded preschools will also gain access to periodic fluoride 
applications and additional educational interventions as mentioned and PHC con-
trols at ages 2, 4, 6, and 12 (Ministerio de Salud de Chile 2019).

12.6.3  �Transferability of a Sealing of First Permanent Molar 
in Iowa (2004) to Chile

Bhuridej et al. (2007) reported an economic evaluation comparing sealed and non-
sealed first permanent molars in children under 6, in the Iowa Medicaid Program. 
We use this study as an academic exercise to transfer the results of an intervention 
that was not widely used in Chile before 2005, as it was in the USA, which is now 
(as 2021) covered by the GES program.

The evaluation included the clinical study based on a retrospective cohort of 
Medicaid-enrolled children in a dental program between 1996 and 2000. Eligible 
children needed to be 6 years old and continue in the program during the study 
period. The time horizon was 4 years, and they reported a special type of cost-utility 
analysis, from a societal perspective. They sought to identify the group of children 
for whom sealant was most cost-effective. Fees by the American Dental Association 
were used (assuming these represent better societal costs), while families direct 
costs or productivity losses were omitted.

The outcome measure used in the study was quality-adjusted tooth years 
(QATYs), which basically represents 1 year of a tooth free of caries and restorative 
treatment, a measure deemed easily transferable between settings. However, states 
and utilities could be defined and valued locally to accommodate for other poten-
tially relevant tooth states. Utilities were derived by dentists and the general popula-
tion in a previous study. Although there are no universal threshold values or 
maximum willingness to pay for outcomes such as QATY, valid comparisons are 
possible within the remit of cost-effectiveness alone or cost-utility analysis when 
utilities for teeth states are validated.

Table 12.2 shows the application of the knockout criteria as well as the other 12 
specific factors from Welte et al. (2004). As pointed out before, 2 out of the 14 criti-
cal factors are omitted, since they do not apply to a public healthcare provider per-
spective, being only relevant for the societal perspective.

To compare costs, we present Table 12.3 where the unit costs published in the 
study were updated to 2021 US dollars and are compared to the most equivalent 
dental services in Chile. As in the published study where they used ADA fees, we 
used fees from the Chilean College of Dental Surgeons (published in 2018) as base-
line costs. Although in Chile there are fees from the National Health Fund 
(FONASA) in the so-called institutional modality, these fees do not represent real 
opportunity costs for the public healthcare system since they are usually outdated 
reference costs not used for reimbursement. Besides, treatment such as Pulp/root 
canal therapy (RCT) and crowns are rare in children, since sealant for the four 
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Table 12.2  Transferability analysis of Bhuridej et al. (2007) to the Chilean context

Knockout criteria 
reformulated

Criteria/
score Transf. Commentary

The evaluated 
technology is 
relevant for the 
Chilean context

Knockout 1 Yes In Chile dental sealant is and has been available, but it 
was not included in national programs at the time of 
publication

The comparator 
used in the study 
is valid for Chile

Knockout 2 Yes No dental sealant (of the first molars) was the 
comparator, which was also a valid comparator for 
Chile at the time of the study

The study has 
acceptable 
quality (using 
CHEERS in this 
case)

Knockout 3 Yes See appendix 1 for the full application of CHEERS 
instrument. Twenty-two of the 24 items were 
applicable, the two points alluding to modelling were 
deemed not applicable
The authors did not fulfil 2 out of the 22 remaining 
factors. They did not disclose the source of funding nor 
the potential conflicts of interest

Relevant specific criteria for the transferability to Chile’s reference case
Perspective 2 2 A societal perspective was declared in the paper, 

despite only direct healthcare costs were included, 
patients’ costs (normally included in social 
perspective) were omitted. Chile uses a public 
healthcare perspective. From this point of view, the 
perspective finally implemented is transferable, as 
Medicare is a public sector provider

Discount rate 2 2 The study uses 3% on costs and effects, similar to 
Chile’s EE guidelines

Approach to 
costing (direct 
costs)

2 2 Direct costs to Medicaid were considered, using a 
2001 survey of dentist fees by the American dental 
association (ADA) for unit costs. Medicaid costs were 
used in sensitivity analysis. Chile’s approach to costing 
is considering direct cost to healthcare too, and the fees 
of the dentist college are likely to represent real 
opportunity costs, especially when these services are 
covered within the general budgets, without a fee 
reimbursement system

Absolute and 
relative prices of 
healthcare

2 1 See Table 12.3 for cost comparison. After adjustments 
for inflation, the costs in the USA are higher than 
current costs in Chile (converted to US dollars as of 
May 2021). Relative costs are not very different, but in 
Chile, restorative care services are slightly less 
expensive in relation to sealant costs

Clinical practice 
variability

1 1 Sealant teeth in children seem to be a very standard 
procedure across countries, especially by 2021

Technology 
availability

1 1 This technology is available in Chile

(continued)
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permanent molars (and some non-permanent teeth too) have existed since 2006. To 
compare to Medicaid fees, used in sensitivity analysis, we considered two services 
covered by FONASA in the free-choice modality (Modalidad Libre Elección, 
MLE), which constituted real reimbursement fees. For the other services not cov-
ered through this modality, we kept the fees from the Chilean College of Dental 
Surgeons as better proxies for real healthcare system costs. For the baseline com-
parison, relative costs were estimated taking the sealant costs as reference. The 
details of the cost update and conversion are included as Appendix 2. To arrive at 
only one value in procedures where more than one code exists, we averaged the 
closest alternatives found, validated by clinical experts.

We can see that unit costs based on dentist fees are lower in Chile than in the US 
ADA fees in today’s values. However, costs for sensitivity analysis are more similar 
between countries, these are slightly higher in Chile, but crowns are more expensive 
in Chile, while root canal therapy is more expensive in the USA. Differences in 
private costs can be due to changes in human resources costs, which tend to be 
higher in more developed countries and, due to changes in the cost of technologies 
over time, becoming more affordable as time passes. Importantly, relative costs (in 
reference to sealant costs) show that costs of restorative treatments are slightly 
lower in Chile today, than these were in the USA around 2001.

Table 12.2  (continued)

Knockout criteria 
reformulated

Criteria/
score Transf. Commentary

Incidence and 
prevalence

1 – The study does not describe epidemiological features 
of the condition in the USA. In Chile, in 2010 children 
aged 2 had a 17.5% prevalence of cavities, 50.4% at 
age 4, and 70% at age 6 (Ministerio de Salud de Chile 
2014)

Case mix 1 1 Presumably, the case mix of caries profile in children 
under 6 years is not too different between Medicaid 
and Chilean public health users

Life expectancy N/A N/A The study defined a time horizon of 4 years, and the 
outcome measured does not consider standard life 
years or QALY gains

Health states 
preferences

1 1 Outcome measure for QATY calculation uses three 
values: 1 for healthy tooth, 0.81 for treated tooth, and 0 
for lost tooth. These utilities could be validated and 
replicated in Chilean studies

Incentives to 
patients

1 1 Not addressed in the paper, but presumably as 
Medicaid is a public program, there are not such 
incentives to patients

Disease spread 1 1 Caries is not contagious, and its spread, beyond 
potential differences in incidence and prevalence, is 
unlikely to affect the study results

Total 15 13

EE economic evaluation, N/A not applicable, QATY quality-adjusted tooth years
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The potential ICER for Chile could be recalculated for each first molar as in the 
study, using Chilean costs and assuming the same utilisation data published in the 
study (ignoring the fact that costs are already discounted). The ICER is the result of 
dividing incremental costs with incremental QATYs when comparing sealing ver-
sus non-sealing first molars. In other words, the costs of the intervention (dental 
sealants) are contrasted with costs averted because of the effectiveness of the sealant 
program. In the study, sealed versus non-sealed first permanent molars were com-
pared in terms of the observed probabilities of occurrence of subsequent treatment 
(teeth restoration, crown, endodontic therapies, and extractions).

The authors report a cost per QATY averted for each first permanent molar and 
stratifying low- to high-level users. Sealant placement was most cost-effective for 
tooth 19 in low utilisers (cost/QATY ratio of $171.1) and least cost-effective per 
tooth 3 in high utilisers (cost/QATY ratio of $510.3). Based on this pattern, non-
utilisers (children who did not attend preventive dental services and were not part of 
the study) might show even better cost-effectiveness. In sensitivity analysis using 
Medicaid fees the cost/QATY ranged from $134.1 for tooth 19 to 265.8 for tooth 3. 
The authors also present the ICER for a change from a restored tooth year (utility 
0.81) to a non-restored tooth year (utility of 1), that is, 0.19 QATY.  This ICER 
ranges from $36.7 to $83.5 by sealed molar.

Table 12.3  Comparison of unit costs (Bhuridej et al. 2007) updated to 2021 US dollars

Baseline costs (private fees)
Sensitivity analysis (public 
fees)

Charges
American Dentist 
Association (US)

College of Dental 
Surgeons (Chile)

MEDICAID 
(US)

FONASA 
(Chile)

Absolute 
costs

Relative 
costs

Absolute 
costs

Relative 
costs

Absolute 
costs

Absolute 
costs

Sealant 48.50 1.00 34.71 1.00 29.51 34.70
1-surface 
restoration

111.35 2.30 69.41 2.00 66.39 69.40

2-surface 
restoration

138.58 2.86 92.55 2.67 84.10 92.50

3-surface 
restoration

166.00 3.42 104.12 3.00 101.80 113.30

Crown 958.53 19.76 323.93 9.33 162.29 323.9
Root canal 
therapy

930.44 19.18 251.62 7.25 568.02 185.10

Extraction 133.48 2.75 69.41 2.00 73.46 69.40

Inflation rate in the USA, for the period 2001–2021, was 52.1% (Bureau of Labor Statistics).
Chilean costs are the most updated values in Chilean pesos (CLP), converted to USD by the mean 
daily exchange rate observed between Jan and May 2021. One USD equal 719 CLP (Chilean 
Central Bank).
For FONASA MLE, fees were available for 3-surface restoration (code 2503001 diagnosis, pre-
vention, and obturation for a tooth) and PULP/RCT (mean values of codes 2,503,004, 2,503,005, 
and 2,503,006 referring to uni-, bi-, and multi-radicular endodontic treatment).
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Without doing further estimations for the Chilean context, we can say that lower 
unit costs would yield lower cost/QATY (as demonstrated by the authors in the 
sensitivity analysis when they use Medicare fees), but on the other hand, lower rela-
tive cost (to dental sealant) will increase pressure in the opposite way, that is, 
increasing the ICER. Overall, we may conclude that the results are transferable to 
the Chilean context, since the transferability is quite high, with a score of 13 out of 
15 points (87%) as shown in Table 12.2.

How can a policy maker in Chile use these results? In light of the high level of 
transferability, this study might inform a Chilean policy maker as to the benefits of 
a sealant program, saving precious time and resources in generating similar local 
data. Beyond cost comparison, could the effectiveness of a sealant program be more 
or less effective in Chile? Prevalence data are lacking from the study context, which 
is fundamental to understanding whether both settings (Iowa and Chile) show simi-
lar levels of dental damage or not. However, if the level of dental damage were simi-
lar, one would expect similar effectiveness of a sealant program. On the other hand, 
if we consider that at the time of the study in Chile coverage for restorative treat-
ment was scarce, teeth extracted as consequence of lack of prevention were proba-
bly higher than in the USA; thus potential gains in terms of QATY would be higher 
for Chile, reducing the ICER. One difficult point to assess in this transferability 
exercise is the willingness to pay for a healthy tooth year. Though in Chile, the WTP 
for a QALY has been set at 1 GDP per capita, no such threshold has been considered 
for a QATY. However, cost per QATY would be a relevant argument for both health 
and finance ministry officers when negotiating health budgets. If universal coverage 
of sealant programs were a decision-making problem in Chile, it would be useful to 
check whether better effectiveness studies (hopefully randomised) were available 
and preferably using QALYs. These, together with good quality and highly transfer-
able cost-effectiveness studies, would be highly useful in a country context where 
novel clinical trials and economic evaluations are relatively infrequent.

12.7  �Final Remarks

Economic evaluations in healthcare are very useful for informing decision-making 
about efficient allocation of resources. This is more relevant for countries with cen-
tralised systems, where healthcare is funded by general taxes collected from all citi-
zens. In this chapter we have reviewed and applied a practical instrument to evaluate 
the potential transferability of an economic evaluation performed originally in a 
country or province, different to the one that is requiring this information to make a 
decision. In the case of dental interventions which can be considered standardised 
procedures, transferability analysis could be a valid option where the possibility of 
doing a ‘de novo’ study is scant. The existence of country-published guidelines 
facilitates this analysis as well as adherence to cost-utility analysis with universal 
outcomes such as QALY. In this example we have analysed a study published for the 

M. Castillo-Riquelme et al.



197

USA in the year 2007, which used an intermediate measure of outcome validated in 
dental preventive programs.

As demonstrated here, the potential transferability of the results of studies from 
one place to another depends greatly on the quality of the study, the adherence to 
economic evaluation guidelines, the level of detail when reporting, and the possibil-
ity for recalculating ICER if necessary. Having information on absolute and relative 
costs is key but cannot always allow for recalculating an ICER. This is especially 
true when complex modelling and longer time horizons are used.

�Appendices

�Appendix 1: Evaluation of Quality Standards of Bhuridej et al. 
(2007) Using CHEERS Checklist

Section/item
Item 
no Recommendation

Reported on page no/
brief description

Title and abstract
Title 1 Identify the study as an economic 

evaluation or use more specific terms 
such as ‘cost-effectiveness analysis’, 
and describe the interventions 
compared

Page 191 /
The title explicitly states that 
the study is a cost-utility 
analysis (CUA) and describes 
the interventions compared. 
‘Four-year cost-utility 
analyses of sealed and 
nonsealed first permanent 
molars in Iowa Medicaid-
enrolled children’

Abstract 2 Provide a structured summary of 
objectives, perspective, setting, 
methods (including study design and 
inputs), results (including base case 
and uncertainty analyses), and 
conclusions

Page 191 /
The study presents a 
structured summary with the 
corresponding components

Introduction
Background and 
objectives

3 Provide an explicit statement of the 
broader context for the study.

Page 191–192 /
‘The purposes of this study 
were to a) assess the 4-year 
incremental cost utility of 
treatment outcomes of sealed 
first permanent molars, 
compared with nonsealed 
molars, of 6-year-old children 
enrolled in the Iowa Medicaid 
program, using a societal 
perspective and b) identify 
the group of children for 
whom sealants are most 
cost-effective’
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Section/item
Item 
no Recommendation

Reported on page no/
brief description

Present the study question and its 
relevance for health policy or practice 
decisions

Page 191–192 /
The study tacitly presents the 
question and its relevance for 
health policy in the context of 
Medicaid (a state and federal 
healthcare program in the 
USA)

Methods
Target population 
and subgroups

4 Describe characteristics of the base 
case population and subgroups 
analysed, including why they were 
chosen

Page 192–193 /
The characteristics of the 
population (a group of 
children enrolled in Iowa 
Medicaid) and subgroups are 
described. The children 
socioeconomic status and 
their patterns of dental 
services utilisation are 
reported

Setting and 
location

5 State relevant aspects of the 
system(s) in which the decision(s) 
need(s) to be made

Page 192 /
The study is set in Iowa USA, 
with Medicaid as provider. 
Medicaid is widely known as 
the public health funder/
provider for the poor and the 
unemployed in USA

Study perspective 6 Describe the perspective of the study 
and relate this to the costs being 
evaluated

Page 192 /
They use social perspective 
but only direct costs of 
services are included

Comparators 7 Describe the interventions or 
strategies being compared and state 
why they were chosen.

Page 192 /
The study describes and 
explains the interventions 
being compared (sealed and 
non-sealed first permanent 
molars)

Time horizon 8 State the time horizon(s) over which 
costs and consequences are being 
evaluated and say why appropriate

Page 192 /
The time horizon was 
4 years, which was the 
follow-up of each children. In 
the discussion the authors 
acknowledge that longer 
follow-up could have yield 
better outcomes but may be, 
also, additional costs of 
treatment
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Section/item
Item 
no Recommendation

Reported on page no/
brief description

Discount rate 9 Report the choice of discount rate(s) 
used for costs and outcomes and say 
why appropriate

Page 193 /
Using the shadow price-of-
capital approach, costs and 
quality-adjusted tooth years
(QATYs) were discounted 
3%, which approximates the 
‘social rate of time 
preference’ that transforms 
the future consumption losses 
and gains into the present 
value of current investments 
and benefits

Choice of health 
outcomes

10 Describe what outcomes were used 
as the measure(s) of benefit in the 
evaluation and their relevance for the 
type of analysis performed

Page 192 /
Outcomes measures were 
QATYs, which represents a 
healthy tooth-year (i.e. a 
tooth free of restoration and 
extraction). This is a 
validated measure of outcome 
in the prevention of dental 
caries

Measurement of 
effectiveness

11a Single study-based estimates: 
Describe fully the design features of 
the single effectiveness study and 
why the single study was a sufficient 
source of clinical effectiveness data

Page 192 /
The description is adequate 
and measurement are shown 
in tables.
‘A retrospective cohort study 
was used to assess the costs 
and outcomes of treatments 
rendered to sealed and 
nonsealed first permanent 
molars in a group of Iowa 
Medicaid-enrolled children’

11b Synthesis-based estimates: Describe 
fully the methods used for 
identification of included studies and 
synthesis of clinical effectiveness 
data

Not applicable

Measurement and 
valuation of 
preference based 
outcomes

12 If applicable, describe the population 
and methods used to elicit 
preferences for outcomes

Page 192 /
The preferences to determine 
the relative values of the 
different teeth states (three 
states) used to calculate 
QATYs were obtained from 
Fyffe and Kay 1992 (a 
Scottish study)
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Section/item
Item 
no Recommendation

Reported on page no/
brief description

Estimating 
resources and 
costs

13a Single study-based economic 
evaluation: Describe approaches 
used to estimate resource use 
associated with the alternative 
interventions. Describe primary or 
secondary research methods for 
valuing each resource item in terms 
of its unit cost. Describe any 
adjustments made to approximate to 
opportunity costs

Page 192 /
The identification and 
measurement of costs is 
based on the observational 
study. Then, to price the 
costs, they use the ADA 2001 
Survey of Dentists Fees, 
which was the most current 
published schedule of 
average dental fees in the 
USA at the time of analysis

13b Model-based economic evaluation: 
Describe approaches and data sources 
used to estimate resource use 
associated with model health states. 
Describe primary or secondary 
research methods for valuing each 
resource item in terms of its unit cost. 
Describe any adjustments made to 
approximate to opportunity costs

Not applicable. The study is 
based on an observational 
study

Currency, price 
date, and 
conversion

14 Report the dates of the estimated 
resource quantities and unit costs. 
Describe methods for adjusting 
estimated unit costs to the year of 
reported costs if necessary. Describe 
methods for converting costs into a 
common currency base and the 
exchange rate

Page 193 /
The currency used is 
American USD of 2001. 
Inflation adjustments were 
not reported

Choice of model 15 Describe and give reasons for the 
specific type of decision-analytical 
model used. Providing a figure to 
show model structure is strongly 
recommended

Not applicable

Assumptions 16 Describe all structural or other 
assumptions underpinning the 
decision-analytical model

Not applicable

Analytical 
methods

17 Describe all analytical methods 
supporting the evaluation. This could 
include methods for dealing with 
skewed, missing, or censored data; 
extrapolation methods; methods for 
pooling data; approaches to validate 
or make adjustments (such as half 
cycle corrections) to a model; and 
methods for handling population 
heterogeneity and uncertainty

Page 192–194 /
All these aspects are 
described in the context of 
the observational study, 
which was the basis of the 
analysis
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Section/item
Item 
no Recommendation

Reported on page no/
brief description

Results
Study parameters 18 Report the values, ranges, references, 

and, if used, probability distributions 
for all parameters. Report reasons or 
sources for distributions used to 
represent uncertainty where 
appropriate. Providing a table to 
show the input values is strongly 
recommended

Page 196 /
Baseline values (from 2001 
ADA survey of fees and 
utility values suggested by 
Fyffe and Kay 1992) and 
sensitivity analysis ranges 
(obtained from 2001 Iowa 
Medicaid reimbursement 
rates) were reported and 
presented in a table

Incremental costs 
and outcomes

19 For each intervention, report mean 
values for the main categories of 
estimated costs and outcomes of 
interest, as well as mean differences 
between the comparator groups. If 
applicable, report incremental 
cost-effectiveness ratios

Page 195 /
Mean annual discounted costs 
and QATYs, total annual 
costs and QATYs of each first 
permanent molar, and 
incremental cost-
effectiveness ratios are 
reported

Characterising 
uncertainty

20a Single study-based economic 
evaluation: Describe the effects of 
sampling uncertainty for the 
estimated incremental cost and 
incremental effectiveness parameters, 
together with the impact of 
methodological assumptions (such as 
discount rate, study perspective)

Page 197 /
A deterministic sensitivity 
analysis was used. A one-way 
sensitivity analysis was 
conducted to evaluate the 
stability of the conclusions of 
the CUA and to identify the 
most critical parameters of 
analysis

20b Model-based economic evaluation: 
Describe the effects on the results of 
uncertainty for all input parameters 
and uncertainty related to the 
structure of the model and 
assumptions

Not applicable

Characterising 
heterogeneity

21 If applicable, report differences in 
costs, outcomes, or cost-effectiveness 
that can be explained by variations 
between subgroups of patients with 
different baseline characteristics or 
other observed variability in effects 
that are not reducible by more 
information

Page 195 /
A table shows the relevant 
differences between 
subgroups
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Section/item
Item 
no Recommendation

Reported on page no/
brief description

Discussion
Study findings, 
limitations, 
generalisability, 
and current 
knowledge

22 Summarise key study findings and 
describe how they support the 
conclusions reached. Discuss 
limitations and the generalisability of 
the findings and how the findings fit 
with current knowledge

Page 196–198 /
These aspects are detailed in 
the discussion. A paragraph 
that summarises the main 
findings and their 
implications is presented 
below.
‘Given the limited resources 
available to most public 
health programs, these results 
support policies that target 
dental sealants to those in 
most need and are least likely 
to utilize other dental 
services’

Other
Source of funding 23 Describe how the study was funded 

and the role of the funder in the 
identification, design, conduct, and 
reporting of the analysis. Describe 
other non-monetary sources of 
support

No

Conflicts of 
interest

24 Describe any potential for conflict of 
interest of study contributors in 
accordance with journal policy. In the 
absence of a journal policy, we 
recommend authors comply with 
International Committee of Medical 
Journal Editors recommendations

No

�Appendix 2: Procedure for Updating and Comparing Costs 
for Transferability Analysis

Step 1 Updating the study unit costs
Charges 2001 ADA 

fees
2001 
Medicaid

Inflation 
factor

2021 
ADA 
fees

2021 
Medicaid

Sealant 31.89 19.4 1.52 48.47 29.49
1-surface restoration 73.21 43.65 1.52 111.28 66.35
2-surface restoration 91.11 55.29 1.52 138.49 84.04
3-surface restoration 109.14 66.93 1.52 165.89 101.73
Crown 630.2 106.7 1.52 957.90 162.18

M. Castillo-Riquelme et al.



203

Pulp/RCT 611.73 373.45 1.52 929.83 567.64
Extraction 87.76 48.3 1.52 133.40 73.42
The factor 1.52 allows for the update of the cumulative rate of inflation of 52.1%, determined 
between 2001 and 2021, by the US inflation calculator available at https://www.
usinflationcalculator.com/inflation/current-inflation-rates/ whose source is the US Bureau of 
labor statistics.
Step 2 Identifying similar unit costs for the Chilean 

costs
Sources Fees from the Colegio de Cirujano Dentistas, in 2018 values, 

still valid for 2021. Available from https://dentonet.cl/uco/
Treatment Original name/

description
Chilean pesos 
(CLP)

Sealant Sealant application $24,954
1-surface restoration Restoration class I – 1 surface $49,908
2-surface restoration Restoration class II – 2 surface $66,544
3-surface restoration Restoration class III – 3 surface $74,862
Crown Full metal crown $216,268

Three-quarter metal crown $216,268
Complete perforated 
crown

$232,904

Plural fixed prosthesis insertion crown $266,176
Root canal therapy (RCT) Incisor and vital canine endodontics (UCO 6) $99,816

Endodontics in vital premolars (UCO 
7)

$116,452

Endodontics in incisors and vital canines (UCO 
8)

$133,088

Endodontics anterior teeth (incisors and canines) 
with apical lesion (8.5)

$141,406

Endodontics vital premolars (UCO 9) $149,724
Tri-radicular premolar endodontics (without 
lesion)

$216,268

Tri-radicular premolar endodontics (with lesion) $249,540
Endodontics premolars with apical 
lesion

$166,360

Endodontics in vital upper molars $216,268
Endodontics in vital lower molars $199,632
Endodontics in upper molar with 
lesion

$249,540

Endodontics in lower molar with 
lesion

$232,904

Extraction Simple extraction tooth $49,908
UCO are units that express different complexities of interventions
Step 3 Getting mean or final values for each service and 

transforming them to USD of 2021
Final cost in 
CLP

Exchange 
rate

USD 
2021

Sealant $24,954 719 $34.71
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1-surface restoration $49,908 719 $69.41
2-surface restoration $66,544 719 $92.55
3-surface restoration $74,862 719 $104.12
Crown $232,904 719 $323.93
Pulp/RCT $180,917 719 $251.62
Extraction $49,908 719 $69.41
The exchange rate of 719 CLP per one USD corresponds to the mean value obtained from the 
daily observed rate between the first and 31st of May 2021. Available from the Central Bank of 
Chile at https://si3.bcentral.cl/indicadoressiete/secure/IndicadoresDiarios.aspx
Step 4 Comparing absolute and relative costs in 2021 

USD
US ADA fees Chilean dentists’ 

fees
Charges Absolute 

costs
Relative 
costs

Absolute 
costs

Relative 
costs

Sealant 48.47 1 (ref) 34.71 1(ref)
1-surface restoration 111.28 2.30 69.41 2.00
2-surface restoration 138.49 2.86 92.55 2.67
3-surface restoration 165.89 3.42 104.12 3.00
Crown 957.90 19.76 323.93 9.33
Pulp/RCT 929.83 19.18 251.62 7.25
Extraction 133.40 2.75 69.41 2.00
Relative costs were calculated taking the sealant cost as the reference
We need to replicate this procedure for the Medicare costs to compare them to Chilean 
equivalent fees by the National Health Fund (FONASA).
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Chapter 13
Economic Evaluation: Uses and Potential 
Uses in Oral Health Policy Development

John Rogers

13.1  �Oral Health Policy and Economic Evaluation

The World Health Organization (WHO) defines health policy as ‘decisions, plans 
and actions that are undertaken to achieve specific health care goals within a soci-
ety’ (World Health Organization 2020). In the broadest sense health policy is a 
strategic outline of priorities for action to improve the public health. Health policy 
includes legislation, regulation, strategic plans, policy papers, budget papers and 
funding protocols. It can also include initiatives at a dental clinical level such as 
clinical guidelines.

At the government level, health policy is concerned with decisions that direct 
public resources in one direction and not another. In effect, choices about who gets 
what, where, how and why.

Economic evaluation is the ‘comparative analysis of alternative courses of action 
in terms of both their costs and consequences’ (Drummond et al. 2015) and can 
assist in shaping health policy by determining the most effective and efficient use of 
resources. Being ‘concerned with maximising people’s health and well-being given 
available resources’ (Listl and Weyant 2019), it is therefore intimately linked to the 
making of health and oral health policy.

Such research can provide details about the cost of commencing or expanding a 
program or evidence for advocacy for a new program or technology (Morgan et al. 
2012). Economic evaluation can assist policy makers to answer questions of health 
program efficacy (is it working?), effectiveness (is it working well?) and equity (is 
it reaching those it is supposed to reach?). These questions are related to allocative 
efficiency (what to do) and technical efficiency (how to do it).

Oral health policy is a subset of health policy and comprises activities under-
taken to achieve community oral health goals  – hopefully within the dental/oral 
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public health endeavour of preventing oral disease and promoting oral health 
through organised community efforts. These efforts may be via legislation (com-
munity water fluoridation, workforce regulation), budget decisions (funding of pub-
lic sector prevention and treatment programs), strategic plans (development of 
national oral health plans) or best practice guidelines (at the clinical level). Economic 
evaluation can provide evidence to inform decisions in all of these areas as will be 
outlined in the following sections.

13.2  �Economic Evaluation’s Influence on Oral Health Policy

There is limited literature on the impact that overall oral health research has on 
influencing oral health policy (Bell et al. 2014; Crocombe et al. 2016). Crocombe 
and colleagues’ review of the oral health research literature determined that analysis 
of how policy is formed is a very small research area within oral health. They found 
that the issues of evidence translation into policy were seldom studied with just a 
few studies reviewing evidence-practice translation (Rogers 2012), improving the 
translation of evidence from clinical trials (Barnett and Pihlstrom 2004) and clinical 
guidelines (Clarkson et al. 2010). Apart from the issue of community water fluori-
dation, their conclusion was that most oral health research evidence is not policy-
relevant, and most of the time, policy is not drawing on the evidence (Bell et al. 
2014, Crocombe et al. 2016).

As in broader oral health research, there has been little study of the impact that 
economic evaluation in dentistry has had on policy. As outlined in other chapters, 
economic evaluations have been conducted across a broad range of oral health areas 
encompassing prevention and dental care. The systematic reviews of these studies 
conducted over the last 5  years (Murthy and Fareed 2020; Marino et  al. 2020; 
Marino and Zaror; 2020; Eow et al. 2019; Fraihat et al. 2019; Rogers et al. 2019; 
Tonmukayakul et al. 2015a, b) have not identified whether any of the research has 
actually influenced oral health policy.

A scoping literature review was undertaken for this chapter to determine the 
impact that economic evaluation has had on influencing oral health policy. Details 
about the search are presented in Appendix 1.

The searches of the databases identified over 300 studies when using the eco-
nomic evaluation and dentistry terms. Less than 20 studies were identified when 
‘and policy’ was added to the search. However, the references to ‘policy’ were pre-
dominantly that the results of the study should be considered by policy makers. No 
study actually stated that the evidence did in fact influence oral health policy.

The search of grey literature identified studies in three areas where economic 
evaluation had led to the introduction of policy or support for the implementation or 
continuation of programs. These initiatives were in the areas of extension of com-
munity water fluoridation (Australia, see case study in Sect. 13.5), prevention inter-
ventions for preschool children (Scotland, see (Anopa et al. 2015; Macpherson et al. 
2019; Althous et  al. 2020); Australia, see case study in Sect. 13.5) and clinical 
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guidelines (e.g. Public Health England, Delivering better oral health: an evidence-
based toolkit for prevention 2017 (Public Health England 2017)).

Opportunities to use evidence from economic evaluation to influence policy will 
be highlighted in the following sections. A third case study from the general health 
policy research will also be included in Sect. 13.5.

13.3  �How Economic Evaluation Can Further Contribute 
to Influencing Oral Health Policy

It has been said that there are two things that should not be watched – the making of 
sausages and the making of laws or policy. This remark has been attributed to the 
nineteenth-century German Chancellor, Otto von Bismarck, but others have made 
similar comments. It refers to the often-messy process of making laws and policy, 
as distinct from the systematic, evidence-based process favoured by researchers 
(Lewis 2005).

The making of health policy is a complex, dynamic, social and political process 
based on ideas and values (Lewis 2005). It can be unpredictable and chaotic. On the 
other hand, the policy development process may follow a rational comprehensive 
approach and include specific stages, if not sequential, within a policy cycle (Althous 
et al. 2020). The process typically involves many players and can be highly con-
tested. Lewis notes that it involves a complex network of continuous interactions 
(Lewis 2005).

Two frameworks will be presented that outline the key components and stages of 
making public health policy: Kingdon’s agenda-setting theory (Kingdon 2010) and 
the policy cycle model (Althous et al. 2020). The relevance of these frameworks to 
making public oral health policy, and examples of how economic evaluation has 
been, or could have been, incorporated will be explored. Case studies of policy 
processes that successfully used economic evaluation research will be presented in 
more detail in Sect. 13.5.

The key players in making oral health policy are the same across each of the 
policy frameworks. Politicians make the final decisions about major budget matters, 
legislation and workforce planning. They are advised by ministerial advisors and 
public servants (in health departments but also in finance departments) and also 
consider input from oral health professional groups, oral health researchers, private 
dentists, community members, health and welfare advocacy groups and industry 
lobbyists. The media can be an important player as can a politician’s own dentist. 
These key players are likely to have different values, political goals and perceptions 
of oral health issues.

Kingdon’s Agenda-Setting Theory
Kingdon’s agenda-setting theory is particularly useful in understanding, developing 
and gaining acceptance of policy as the theory focuses on a set of processes 
(Kingdon 2010). Kingdon proposes a multiple policy streams analysis in which 
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policy solutions can only be reached at a ‘window of opportunity’ when the prob-
lem, the policy change required to resolve it and the desire of the politicians to do 
so all align (Fig. 13.1). The streams develop and operate largely independent of one 
another but come together at critical times (Kingdon 2010).

For Kingdon, agenda setting is a key factor in the policy process. The policy 
agenda is the list of issues or problems to which government officials, or those who 
make policy decisions (including the community), pay serious attention. Each prob-
lem must compete for official attention because of limited time and resources. 
According to Kingdon, moving an idea onto, or higher up, the agenda involves the 
three processes: problems, proposals and politics (Kingdon 2010).

Problems refer to the process of persuading policy decision-makers to pay atten-
tion to one problem over others. The chances of a policy proposal rising on the 
agenda are better if the associated problem is perceived as serious and the issue 
strikes an emotional chord. Decision-makers about health policy need to see the 
issue as real and be able to relate to it. They are always considering how a problem 
compares to the myriad of other health problems.

The problem of poor oral health might be framed to include the economic and 
emotional costs: for example, the prevalence of very young children having general 
anaesthesia to treat dental caries and the impact on quality of life of poor oral health 
(ability to eat, speak and socialise, impact on schoolwork and employment). Also 
relevant are inequality in oral health; long waiting lists for public dental care; the 
high cost of dental care; and prevention being better than cure with possible cost 
savings.

Economic evaluation can contribute to framing the problem by clearly identify-
ing the economic impact of poor oral health, thereby strengthening the case for 
policy change. The high prevalence of dental caries and periodontal disease means 
that the mouth is among the most expensive parts of the body to treat (Listl et al. 

Fig. 13.1  Kingdon’s agenda-setting theory. (Source: Kingdon 2010)

J. Rogers



211

2015). There are financial impacts on the health system through pressure on hospital 
emergency departments and operating theatres. Costs are also incurred through 
workers’ lost productivity and school children’s days lost from school (Australian 
Government 2015). The impact on families of dental treatment costs and the incon-
venience of working parents taking children for care were reasons for a recent 
expansion of school dental services in Australia (Victorian Labor Government 2018).

The definition of the problem and economic impacts should also recognise that 
there are common risk factors (CRF) between oral and other chronic conditions 
such as obesity, diabetes, cancers, cardiovascular disease and respiratory diseases. 
These CRFs include poor dietary practices (particularly excessive sugar consump-
tion), smoking and excessive alcohol intake in addition to the broader social deter-
minants of health. An integrated approach to the promotion of both oral and general 
health is more efficient and effective than just targeting a single disease or condition 
(Watt and Sheiham 2012; Sheiham and Watt 2000).

Proposals represent the process by which policy proposals are generated, 
debated, revised and adopted for serious consideration. Policy proposals are likely 
to be more successful if they are seen as technically feasible, compatible with 
decision-maker values, reasonable in cost and appealing to the public (Kingdon 
2010). Values matter because some politicians value reduction of inequality highly, 
whereas others focus more on decreasing public expenditure.

Economic evaluation has contributed to the adoption of policies that benefit oral 
health in a range of countries as identified by the scoping review (Sect. 13.2). Policy 
makers agreed to extend community water fluoridation to rural areas in Victoria, 
Australia, partly on the economic ‘killer fact’ that 25 years of community water 
fluoridation in the capital, Melbourne, had led to a $1 billion saving in dental treat-
ment costs (as detailed in the first case study in Sect. 13.5). In Scotland, cost-
effectiveness research on the impact on future dental treatment costs of supervised 
toothbrushing in preschool settings, as part of a program called Childsmile, deter-
mined that estimated savings would be more than two and half times the costs of 
program implementation within 8 years (Anopa et al. 2015). This evidence, com-
bined with other successful impacts of Childsmile, has contributed to national UK 
oral health policy (Macpherson et al. 2019).

Economic and oral health status data to support a proposal will be more persua-
sive if the decision-maker has seen direct evidence of the impact of poor oral health 
and has an emotional involvement. The personal can become political when policy 
makers have an experience with the oral health system. For example, an Australian 
senior policy maker became a supporter of a public dental program after he paid for 
expensive private dental care for his daughter and so became aware of how treat-
ment costs can be a significant barrier for low-income families.

Oral health proposals can gain more support if they involve the integration of 
oral and general health promotion through cross-sector CRF approaches. Also nec-
essary is the integration of oral and primary care treatment services for the provision 
of preventively focused oral healthcare. The integration of oral health and general 
health can be progressed by developing ‘oral health in all policies’ (Sheiham et al. 
2015; Watt et al., 2019) and integrating oral health into international policies and 
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frameworks such as the Sustainable Development Goals (SDGs) and the WHO 
global action plan on non-communicable diseases (NCDs) (Watt et al. 2019).

For Kingdon, politics are political factors that influence agendas, such as election 
commitments, changes in elected officials, political climate or mood (e.g. a conser-
vative and tax averse climate), budget crises and the voices of advocacy or opposi-
tion groups. The likelihood of successful agenda setting substantially increases if all 
three elements (problem, proposal and politics) are linked in a single package and 
come together at a critical time, that is, when a ‘policy window’ opens (Kingdon, 
2010). These occasions can be elections or budgets when politicians can propose 
new public health policies. It is critical at these times that oral health advocates have 
problems and proposals (including economic evaluations) prepared that they can 
promote.

Kingdon’s agenda-setting theory is particularly useful to the process of under-
standing, developing and gaining acceptance of policy as it focuses on a set of pro-
cesses. The policy cycle model assists by outlining the key stages of the policy 
process.

Policy Cycle Model
As mentioned, the development of public health policy can be a messy process. On 
the other hand, the policy development process involves specific stages, even if not 
sequential, within a policy cycle (Althous et al. 2020). The ‘policy cycle’ model of 
the policy process specifies eight stages and associated activities as outlined in 
Box 13.1.

What is relevant to economic evaluation research is recognising that there are 
many steps before policy decisions are made. The first stage is identification of the 
issues, which Kingdon identifies as getting on the policy agenda. Researchers who 
want their research to be policy-relevant need to discuss with policy makers what 
their policy questions are and engage with them during the research process. 
Possible research areas are discussed in Sect. 13.6.

Box 13.1: Stages of the Policy Process (Althous et al. 2020)
	1.	 Identify issues.
	2.	 Policy analysis – consider alternatives and consequences of each option 

including relating to values.
	3.	 Policy instruments – consider how to lock in policies for implementation.
	4.	 Consultation with key stakeholders.
	5.	 Coordination across government portfolios.
	6.	 Decision-making.
	7.	 Implementation.
	8.	 Evaluation.

These stages may not occur sequentially.
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Economic evaluation can assist in the policy analysis stage (Stage 2) by identify-
ing what is the most effective and efficient use of resources. Designing implementa-
tion practicalities (Stage 3) may also be explored through economic evaluation 
research. Researchers are key stakeholders and should be part of Stage 4 – consulta-
tion with stakeholders. Economic evaluation is crucial in the eighth stage of the 
process – evaluation of implementation of the policy. This evaluation can then feed 
into a continuing review of issues as part of the policy cycle. Translating research 
into policy and practice will now be addressed.

13.4  �Translating Research into Policy and Practice: 
Bridging the Gap

As discussed earlier, much research is never translated into policy and practice. 
Contexts, motivation, reward systems, time frames, priorities and language can be 
different for policy makers and researchers (Bell 2010). In completing the jigsaw of 
all the factors that are part of making health policy, it is as though researchers and 
decision-makers each have different pieces and are in different rooms trying to fit 
the pieces together.

Economic evaluation researchers can assist in bridging the gap between policy 
and practice by understanding the policy process as outlined in Sect. 13.3. What can 
also be useful is for them to appreciate what is driving policy makers: to understand 
levels and presentation of evidence; to engage with health department officers; and 
to be policy advocates. These four approaches will now be briefly outlined.

Understand what is driving policy makers. Policy making is a sociopolitical pro-
cess. For enhanced success in influencing policy, it is useful to understand what is 
driving policy makers and to point out how your issue is relevant to them. For more 
policy-persuasive research there is a need to discuss with policy makers the research 
questions for which they want answers in order to understand their context and 
timeframes (Crocombe et al. 2016).

There are considerable time pressures on senior decision-makers. Ministers in 
particular have to manage myriad issues. Former Victorian deputy premier and 
health minister, John Thwaites, on leaving government, noted that generally, minis-
ters want to deliver election commitments and deliver good policies. They also want 
to get on with stakeholders, leave a legacy of good government and get re-elected 
(Thwaites 2008b). Public opinion is key to the latter.

Appreciate different levels and presentation of evidence. Policy decision-makers 
take a wider view of what might be considered evidence compared to researchers’ 
more ‘scientific’ lens (Catford 2009). Researchers often want to know beyond rea-
sonable doubt, in contrast to policy makers who are interested in the balance of 
probabilities and a clear message (Lin 2003). The research evidence is the technical 
aspect that can be trumped by the cultural (values and ethics) and the political (dis-
tribution and management of power and the creation of legitimacy) (Lin 2003).
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Decision-makers use stories, metaphors and analogies to persuade others. 
Researchers, including those with an economic evaluation focus, can also use 
human interest stories to help prosecute their case in addition to presenting clear and 
succinct economic ‘killer facts’. Recognise the importance of emotion in decision-
making – sometimes hot emotion and fixed beliefs can overcome cold logic. It is 
important for researchers wanting to influence policy to appreciate both the ‘p 
value’ and the ‘PR value’ of their research findings.

Engage with health department officers. Health department officers work within 
a context of political imperatives and administrative hierarchies and have an under-
standing of what policy relevant research is required. They have privileged access to 
decision-makers and, like researchers and other oral health advocates, should have 
problems and proposals (informed by economic evaluation) prepared and ready to 
present and advocate for when a policy window opens. Researchers and health 
department officers can assist each other in translating research into policy and 
practice (Dwan and McInnes 2013).

Advocate. Thwaites, mentioned above, outlined ‘ten commandments’ for influ-
encing government to make good public policy (Thwaites 2008a). These can be 
categorised under the three areas of political awareness, framing of the problem and 
proposal, and communication style (Box 13.2).

Researchers can be potent oral policy advocates who can transmit the central 
message clearly as oral health champions. They can be more policy-effective if they 
collaborate and form coalitions with a broad range of sectors and organisations. It 
can be useful for those advocating for policies to prepare for a ‘lift conversation’ 
(elevator pitch) with a health minister by having pertinent statistics, a brief relevant 
story or a clear proposal ready in case of a chance meeting.

Box 13.2: Commandments of Influencing Government
(John Thwaites, Victorian Deputy Premier and Minister for Health 1999–2002)

Political awareness.
Know what the government wants to achieve.
Understand government policies.
Framing of problem and proposal.
Provide alternatives and priorities.
Say something new.
Identify key stakeholders.
Collaborate – with broad range of sectors and organisations and be pre-

pared to be part of a team.
Communication style.
Be clear in your advice.
Get the timing right.
Put effort into communication.
Be honest.
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Watt has identified that oral health advocates need to mobilise social power 
through engagement with civil society and community organisations in order to 
raise public health awareness and influence policy decisions that will reduce oral 
health inequalities (Watt 2017). Further key aspects of advocacy are use of the 
media, working with those politicians who have an interest in oral health and being 
persistent.

Ultimately, there are a myriad of factors that influence policy making (Fig. 13.2). 
A positive outcome for good oral health policy may require good fortune – colloqui-
ally speaking for ‘all the stars to be aligned’. This is especially the case for govern-
ment policy decisions that result in the allocation of significant resources. Policy 
decisions about dental clinic interventions occur at a lower level and can be more 
straightforward.

Nutbeam’s analysis is that health policy is derived from a balance between what 
is scientifically plausible (evidence based), politically acceptable (fits with the 
vision of the government and the balance of interests), and practical for implemen-
tation (powers and resources are available; systems, structures and capacity for 
action exist) (Nutbeam 2003).

13.5  �Case Studies of how Economic Evaluation Has 
Influenced Oral Health Policy

Examples of where economic evaluation has helped move oral health up the policy 
agenda and shape oral health policy include in the areas of community water fluori-
dation and in oral health improvement programs for 0–5-year-olds. These will now 
be outlined. A case study in policy development in early childhood development 
will also be described.

Fig. 13.2  Factors 
influencing policy
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13.5.1  �The Extension of Community Water Fluoridation

A review of the evidence of the impact of community water fluoridation by the 
influential Australian National Health and Medical Research Council (NHMRC) 
concluded that water fluoridation is a safe, cost-effective and ethical way to help 
reduce dental caries (NHMRC 2017a). The review determined that the costs of 
establishing and maintaining a fluoridated water supply are significantly lower than 
the savings from reduced dental treatments and less time lost from work for dental-
related reasons. Four economic evaluations from Australia (NHMRC 2017b) and a 
systematic review of CBAs undertaken in the United States were identified in the 
NHMRC review (Ran and Chattopadhyay 2016).

The Australian studies on the cost-effectiveness of water fluoridation found that 
for every dollar spent on fluoridation, between $7 and $18 is saved in avoided treat-
ment costs. As mentioned in Sect. 13.3, it is reported that a CEA found that over 
25 years, water fluoridation had saved Victorians about $1 billion through avoided 
dental costs, days away from work or school and other costs (Department of Health 
and Human Services 2020).

These economic ‘killer’ facts have been influential in continuing broad political 
support for community water fluoridation in most states and territories in Australia. 
Health ministers from all jurisdictions approved the National Oral Health Plan 
2015–2024 which proposes that communities of more than 1000 people should have 
access to reticulated fluoridated water supplies (Australian Government 2015). The 
plan also notes that the improved design and reducing cost of fluoridation plants 
mean that extending coverage to smaller communities may be cost-effective.

13.5.2  �Oral Health Improvement Programs for 0–5-Year-Olds

Public Health England commissioned the York Health Economics Consortium 
(YHEC) to undertake a rapid review of evidence on the cost-effectiveness of inter-
ventions to improve the oral health of children aged 0–5 years. The review (Public 
Health England 2014) found that five prevention programs reduced dental caries in 
5-year-olds and determined the cost-effectiveness and return on investment (ROI) of 
five oral health initiatives:

•	 Targeted, supervised tooth brushing with fluoride toothpaste.
•	 Targeted fluoride varnish.
•	 Water fluoridation.
•	 Targeted provision of toothbrushes and toothpaste by post.
•	 Targeted provision of toothbrushes and toothpaste by post and by health visitors.

Returns on investment after 5 and 10 years were identified. The ROIs ranged 
from 1:1.03 and 1:3.06 for 5 and 10 years for targeted provision of toothbrushes by 
post to 1:12.71 and 1:21.98 for water fluoridation, as shown in Fig. 13.3.
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The review informed the development of a modelling tool which can be used by 
commissioners of oral health improvement programs to determine the cost-
effectiveness of the five initiatives. The calculator allows effectiveness data on inter-
ventions to be used to estimate the potential economic benefits from specific 
interventions using tooth decay prevalence rates and treatment costs specifically for 
England.

A limitation of the review is that there is a paucity of studies on ROI for 0–5-year-
olds. As the data are specific for England, the approach would need to be replicated 
with relevant local country data.

The summary infographic developed as part of the project (Fig.  13.3) proved 
useful in discussing interventions for 0–5-year-olds with policy makers in the 
Victorian Department of Health and Human Services. The infographic provided a 
clear and succinct summary of the ROI research for policy decision-makers without 
an oral health background. While there was recognition that the data are relevant for 
England and ROIs may not be directly transferable to Australia, the information 
helped push oral health up the policy agenda for enhanced access to additional 
resources.

Return on investment of oral health improvement 
programmes for 0-5 year olds*

*All targeted programmes modelled on population decayed, missing or filled teeth (dmft) index of 2, and universal programme on dmft for England of 
0.8. The modelling has used the PHE Return on Investment Tool for oral health interventions (PHE, 2016). The best available evidence has been used 
in this tool and where assumptions are made these have been clearly stated

Targeted supervised 
tooth brushing 
programme

A targeted fluoride 
varnish programme 

Targeted provision of 
toothbrushes and 
paste by post 

Water fluoridation 
provides a universal 
programme 

Targeted provision of 
toothbrushes and 
paste by post and by 
health visitors 

Reviews of clinical effectiveness by NICE (PH55) and PHE (Commissioning Better Oral Health for Children and Young People, 2014) have found that 
the following programmes effectively reduced tooth decay in 5 year olds:

After 
5 years

After
10 years

£1 spent = £3.06 £1 spent = £2.29 £1 spent = £12.71 £1 spent = £1.03 £1 spent = £4.89

£1 spent = £3.66 £1 spent = £2.74 £1 spent = £21.98 £1 spent = £1.54 £1 spent = £7.34

£ £

£

££ £

£

£
£

£

£

£1=

Varnish

© Crown copyright 2016PHE Publications gateway number: 2016321

Fig. 13.3  Return on investment for oral health improvement programs for 0–5-year-olds. 
(Reprinted from Public Health England (2016), with permission from Public Health England)
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13.5.3  �Early Childhood Policy Development

A CBA helped shape early childhood policy development in New South Wales and 
South Australia. The Perry Preschool Study in the United States identified cost-
benefit data on the effectiveness and economic benefit of early childhood interven-
tions (Bowen et al. 2009). A particularly influential ‘killer fact’ was that there was a 
return of $7.16 for every dollar invested. This fact was used and promoted by politi-
cians, bureaucrats, researchers, practitioners, journalists and participants in parlia-
mentary inquiries and was restated in a range of policy documents. Its influence 
resulted from its short and sharp nature, with dollars at the core, signalling a sensi-
ble use of public resources (Bowen et al. 2009).

13.6  �Future Directions for Economic Evaluation Research 
to Shape Policy

As mentioned in Sect. 13.3, to ensure that economic evaluations will be policy-
relevant, it is important to understand the priorities of policy makers. What is their 
‘problem setting’? What are their goals and objectives? Is there concern for provid-
ing universal access to services, for example, or for providing greater priority to a 
specific population or group?

Recently published economic evaluation research which shows promise for 
influencing public policy includes studies that show the cost-effectiveness of school-
based interventions for caries (Amilani et al. 2020) and treating children with severe 
childhood caries under conscious sedation rather than general anaesthesia (Burgette 
and Quinonez 2018). Other studies that could influence policy are the use of oral 
health professionals in residential aged care facilities (Munzenmayer et al. 2019) 
and the use of silver diamine fluoride to arrest dental caries in young children from 
disadvantaged families (Johhnson et al. 2019).

Policy-persuasive economic evaluations that would be useful include reviews of 
public dental programs to determine their impact on quality of life. Generic out-
come measures are needed such as quality-adjusted life years (QALYs), so that 
comparison between programs can be more readily made (Amilani et al. 2020). It is 
important to determine impacts beyond improvements in oral health, for example, 
in programs that tackle common risk factors such as diet and smoking. These cross-
disciplinary programs include diabetes management, the reduction of sugar con-
sumption, impact on obesity and smoking cessation. Highlighting the impact of oral 
health programs on broader social costs such as time lost from work and school can 
be policy persuasive. Identifying the broader impact of oral health programs will 
assist in having oral health included in other health promotion programs: moving 
closer to placing ‘oral health in all policies’ (Watt et al. 2019).

Further economic evaluation research is needed to develop policy about reducing 
inequalities in oral health, reform of oral healthcare systems and addressing the 
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commercial determinants of oral health (Watt et  al. 2019). Evaluations are also 
required in areas such as the optimum recall periods for dental visits, use of teleden-
tistry and the management of asymptomatic third molars.

In addition, economic evaluation is required to inform oral health value-based 
policy and practice. An approach gaining momentum among decision-makers, 
value-based healthcare (VBHC), is a patient-centric approach to designing and 
managing healthcare systems. It has the potential to deliver improved health out-
comes that matter most to patients and at a lower cost (Porter 2010).

An aspect of VBHC is developing funding reforms that maximise value and out-
comes for patients, funders and the health system. Robust economic evaluation can 
provide economic evidence to identify payment systems with incentives to improve 
oral health outcomes that matter to patients, limit low value services, emphasise 
prevention and utilise an optimal workforce skill mix (Hegde and Haddock 2019).

The particular emphasis should be on conducting CBAs which can provide the 
most relevant information for making decisions about policy (Listl and Weyant 
2019). It is also necessary to address the identified limitations in conducting, report-
ing and publishing economic evaluations in dentistry. A universal approach to 
reporting economic evaluation research results has been proposed via use of the 
Consolidated Health Economic Evaluation Reporting Standards (CHEERS) check-
list (Listl and Weyant 2019).

Finally, there is also a need to study the impact of economic evaluation on policy 
and practice. That is, to identify the enablers and barriers for the translation of eco-
nomic evaluation into making good oral health policy and its implementation.

13.7  �Final Remarks

Public oral health policy covers a range of initiatives, from legislation, budget deci-
sions and strategic plans to best practice guidelines. Economic evaluation has been 
influential in shaping oral health policies, but there is further scope for more policy-
persuasive research. The impact has been predominantly on the development of 
clinical guidelines, with less impact, apart from evidence to support water fluorida-
tion, on broader government policy.

Economic evaluation can provide policy decision-makers with information that 
helps them make difficult decisions about competing use of limited resources. 
Evidence can be provided to advocate for new programs and to inform decisions 
about shaping existing programs. Economic evaluation can assist policy makers to 
answer questions about health program efficacy (is it working?), effectiveness (is it 
working well?) and equity (is it reaching those it is supposed to reach?).

Governments pursue their objectives by implementing policy. Many factors 
influence policy making at the government level. Kingdon’s three Ps is a useful 
approach for understanding, developing and gaining acceptance of policy. What is 
required is to appropriately frame the problem, to develop proposals to address 
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these and to engage in the politics, so as to be prepared for when a policy window 
opens. This may be prior to an election or a budget or a change of minister.

Public policy making at the highest level is based on ideas and values, is dynamic 
and can involve many players and be highly contested. There can be a cultural gap 
between researchers and policy makers that needs to be bridged for research to be 
translated into policy. Contexts, language, motivation, incentives, time frames and 
priorities are different for each group.

Economic evaluation is required that is timely and relevant to policy makers’ 
questions. This will assist in placing oral health on the policy agenda – those issues 
and problems to which policy makers pay attention. It is important to appreciate 
what is driving policy makers – to have empathy and understand their interests and 
motivation. Understanding the values and policies of a government is key.

Economic evaluation research can produce succinct economic ‘killer facts’ that 
can be policy persuasive, particularly when combined with scenarios and stories 
that capture the human impact of the policy proposal. It can be helpful to engage 
with health department officers early on in a research project to gain their interest.

Integrated approaches that efficiently address CRFs to promote oral and general 
health may be received more favourably than stand-alone oral health-focused inter-
ventions. Take opportunities to link with smoking cessation, nutrition interventions, 
diabetes programs or oral cancer screening and prevention. Policy proposals are 
more likely to be accepted by decision-makers if there is a coalition of supporters 
including the community. Researchers have opportunities to be policy advocates 
and oral health champions.

Policy-persuasive economic evaluation is needed in areas such as reducing 
inequalities in oral health, CRF approaches, VBHC and the effective use of the den-
tal team. Evidence for shaping clinical guidelines is also required, for example, 
identifying the optimal recall period for dental visits, use of teledentistry and the 
management of asymptomatic third molars. There is a need for high-quality CBAs 
because they can provide the most relevant information for making decisions about 
policy as they translate outcomes into quality of life metrics to allow comparison 
across programs.

Economic evaluation researchers who want their research to be translated into 
policy and practice need to understand the policy-making process and be prepared 
to step out of what can be an academic research bubble to engage more with policy 
makers. The ability to influence broad oral health policy will likely to involve coor-
dinating and working with health department staff and politicians on their goals and 
information needs. Influencing policy and practice at the clinical level will require 
closer relationships at the dental service level.
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�Appendix 1: Scoping Review of the Literature

The systematic database search carried out in May 2020 included MEDLINE, ERIC 
and CINAHL via the EBSCOhost platform; PubMed, EMBASE, DARE, NHSEED, 
HTA, Cost-Effectiveness Analysis Registry, PEDE and Cochrane reviews via 
EMBASE Classic and Evidence-Based Medicine Reviews; Scopus; Science Direct; 
and Google Scholar.

Grey literature including government plans, papers and reports were sourced 
through content experts in oral health policy. Reference lists of these documents 
were also searched. General health policy makers also provided information about 
policy decisions in oral health in which they were involved.

Search terms included ‘economic evaluation or cost-effectiveness or cost-benefit 
or cost-utility’ and ‘oral health’ or ‘dental health’ or ‘dentistry’ or ‘dental care’ and 
‘policy’. Inclusion criteria were peer-reviewed studies in English published between 
1990 and May 2020.
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