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Abstract
The aim of this paper is to propose a mathematical model for two dental centers in a competitive market of dental
tourism. Dental tourists are looking for cheaper treatment with proper quality, and dental centers are looking to maximize
their profits by providing services to tourists. Government also monitors dental centers by setting tariffs (subsidies or
taxes). This problem is modeled and solved in the form of Stackelberg (or Leader-Follower) game. The government as
the leader determines the amount of tariffs and then the dental centers as the followers simultaneously determine the
price and quality level of their services. To solve the game, first the equilibrium values related to the price and quality
level of the services of the dental centers have been calculated by Nash equilibrium. Then, according to the equilibrium
values obtained for dental centers, the optimal amount of tariffs are calculated. Finally, to clarify the proposed model a
numerical example is provided and sensitivity analysis is performed on some parameters. In this paper, for the first time
a mathematical model is developed for pricing and determining the quality of services in a competitive market of dental
tourism. The obtained results indicate that increasing the amount of subsidy will lead to a decrease in the prices of service
provided by the dental centers. Moreover, by increasing the amount of subsidies allocated to the dental centers, the
government can expand the dental tourism industry.
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1 | Introduction
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The tourism industry is the largest and most diverse industry in the world. Many countries consider
this dynamic industry as the main source of income, job creation, private sector growth, and
infrastructure development. This industry has become so important in the economic and social
development of countries that economists have called it invisible exports. Medical tourism is a type
of tourism in which patients travel abroad to receive services such as dental treatment, cosmetic
treatment, cardiovascular treatment, orthopedic treatment, neurological treatment, cancer treatment,
fertility treatment, etc.
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Medical tourism has a long history, and destinations such as Harley Street in London are famous for their
international health centers [1]. In the past, patients traveled from developing countries to developed
countries due to the unavailability of medical services; but in recent years, there has been a kind of reverse
globalization in which patients travel from developed countries to less developed countries for treatment
due to low cost, service and quality, and the implicit change in the concept of health care.
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Although the outbreak of COVID-19 has a negative impact on the medical tourism market, especially
elective treatments (such as dental treatment, cosmetic treatment, etc.), the size of the global medical
tourism market is expanding rapidly. The size of this market is projected to increase from $ 104.68 billion
in 2019 to $ 273.72 billion in 2027 [2]. The size of the global medical tourism market in 2016 was $ 61
billion [3] and [4]. In terms of volume, the number of medical tourists in 2019 was 23,042.90 thousand
patients, which is expected to reach 70,358.61 thousand patients in 2027 [2].
One of the most important points in medical tourism is choosing the destination country. Today, many
countries are known as medical tourism destinations. The top destinations in terms of medical tourist
attraction are ranked as follows: Canada, Singapore, Japan, Spain, United Kingdom, Dubai, Costa Rica,
Israel, Abu Dhabi, India, France, Germany, Oman, South Korea and the Czech Republic. Influential
factors in this ranking are destination attractiveness, safety, and quality of care [5]. After choosing the
destination country, a medical tourist is in the stage of choosing a medical center. Several factors such as
cost, quality of services, medical staff specialization, and international certifications such as the approval
of the Joint Commission International (JCI) play a role in this choice. A number of famous hospitals and
medical centers in terms of attracting medical tourists are shown in Fig. 1.

Fig. 1. Some of the famous hospitals and medical centers in terms of attracting medical tourists.

So far, a lot of researches has been done on identifying and ranking effective factors in medical tourism,
and many qualitative and conceptual models have been presented in this field. However, little research has
been done on the presentation of the mathematical model by considering the factors affecting medical
tourism industry and the interests of the medical service providers.
Today, the dental tourism market has emerged as one of the most lucrative and competitive industries in
the world and has become one of the new areas of advanced tourism. In the market of dental services, we
always see interaction and confrontation between service providers and patients. This interaction, which is
applied to achieve more profit and ensure a higher quality of service, provides a good platform to model
these relations by game theory. According to the best of our knowledge, in this paper, for the first time a

mathematical model is developed for pricing and determining the quality of services in a competitive
market of dental tourism under government intervention. The main contributions of this research can
be summarized as follows:
− A chain including dental tourists, two dental centers and government is considered.
− A model based on game theory is proposed to determine the optimal pricing policy and quality of dental services
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with price and quality dependent demand.
− The government oversees the dental centers by setting tariffs (subsidies or taxes) and as the leader determines
the amount of the tariffs.
− The dental centers as the followers simultaneously set the price and quality level of their services according to
the tariffs.

2 | Literature Review
Today, medical tourism has received more attention with the increase of travel freedoms among
countries, easier transportation facilities, and the quality improvement of services in different countries
[6]. So far, several definitions have been proposed for medical tourism. Medical tourism can be defined
as the effort of tourism destinations and facilities (such as hotels) to attract tourists through the
promotion of medical facilities and services [7]. According to a study by Milstein and Smith [8], medical
tourism is patients traveling outside their own country to access health services with lower costs, higher
quality, faster treatment, and receiving services that are not available in their own country. Medical
tourism as a common culture refers to the travel of patients abroad, which aims to access medical
services and facilities such as dentistry, surgery, and visiting tourist sites [9]. Sarwar et al. [10] defined
medical tourism as a way to achieve high-quality treatment in a foreign country at a reasonable price so
that patients could also enjoy their vacation. According to a study by Musa et al. [11], medical tourism
is all those activities related to the travel and hospitality of a tourist who stays in a destination country
for at least one night with the aim of achieving, promoting, or restoring health using medical methods.
Dental tourism is a thriving subset of medical tourism described by the American Dental Association as
"traveling to another country to obtain dental treatment". This concept includes people who seek dental
care outside of their local health systems, and this may be done during holidays [12]. Service quality and
perceived satisfaction play an important role in developmenting the medical tourism industry [13]. In
addition, human and technological factors are recognized as important conditions for developing the
medical tourism industry in developing countries [14]. In the following, some studies on the factors
affecting the choice of medical tourism destination and the factors affecting the satisfaction of medical
tourists are reviewed.

2.1 | Factors Affecting Destination Choice
Several reasons can affect medical tourism. Some researchers have classified these reasons as pushing
and pulling factors. The most important pushing factors are the quality, efficiency and reputation of the
hospital. The most important pulling factors are high treatment costs, long waiting lines, and lack of
access to treatments [15]. Lunt et al. [16] categorized the factors influencing the choice of medical
tourism destination into three groups. The first group includes factors related to the country's
environment. The second group focuses on medical and tourism industry factors, and the third group
refers to factors related to the quality of facilities and services.
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The rest of this paper is organized as follows. A review of the literature is provided in Section 2. In
Section 3, the problem statement and modeling are presented. In Section 4, the optimal policies of dental
centers and the government are obtained. In Section 5, numerical example and sensitivity analysis are
reviewed. Finally, results and suggestions for future research are provided in Section 6.

A game theory–based model for dental centers in a competitive market of dental tourism under government intervention
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Bies and Zacharia [17] assessed incentives in the growing medical tourism industry. They prioritized four
options using ANP. These options include: 1) Encouraging the employer to medical tourism, 2) Selfselected medical tourism, 3) Encouraging the government to medical tourism, and 4) Status quo. The
results indicate that self-selected medical tourism is more preferable to government or employer-sponsored
programs because it has the highest benefits, relatively fewer opportunities, lower costs, and similar risks
than the other two alternatives.
Smith and Forgione [18] examined the factors influencing the choice of medical tourism destination for
American patients. They presented a two-stage model in which patients choose the destination country
and the destination treatment center, respectively. They also stated that the factors influencing the choice
of the destination country (including economic conditions, political climate, and regulatory policies) and
the factors influencing the choice of the medical center (including costs, hospital reputation, quality of
care, and physician training) shall be considered by policy makers. Bagga et al. [19] considered factors such
as the low cost of medical services, advanced medical equipment, and the medical ecosystem of the host
country to be effective in choosing a destination. Many factors influence the choice of a medical tourist as
a destination, especially easy access to health services, high level of hygiene, high-quality of health services,
safety and security, cost efficiency, and tourism opportunities [20].
Ghasemi et al. [21] stated that identifying sustainability criteria for medical tourism destinations and
prioritizing them can help patients choose destinations that meet their needs. Sustainability criteria cover
all economic, social and environmental dimensions. Lack of available services or dissatisfaction with the
dental services received in the origin country encourages patients to choose dental tourism. Advances in
technology, lower travel costs, the availability of better-quality materials, trained dental professionals, and
the attractiveness of tourism destinations all have a significant impact on the decision of dental tourists in
choosing a dental tourism destination [22] and [23]. Nexhipi [24] examined the factors influencing the
attraction of dental tourists in Albania. Factors analyzed include price, quality, hygiene, customer care,
customer behavior, environment, and places to visit. Akbar et al. [25] cited factors such as insurance,
reliability, and physical condition as influential factors in medical tourism in Indonesia. Another important
factor in choosing a medical tourism destination is the waiting time. In India, with more than millions of
dentists, there is almost no waiting time for patients.

2.2 | Factors Affecting Tourists' Satisfaction
Tourists' satisfaction is their feelings and attitudes towards the services received in the long term. Tourists
who are satisfied with the quality of the services provided for treatment, return there again or introduce
this country to others. Key criteria in medical tourism that motivate revisiting include the expertise and
reputation of physicians, physicians and staff with international certification, safety and quality of medicine,
quality of medical treatment, high-quality of health care, advanced medical treatments, availability of
medicines, easy access to the pharmacy and short waiting time [26]. Uğurluoğlu et al. [27] cited factors such
as the timing of appointments, the cost of examinations and medications, a sufficient number of staff and
physicians, proper queuing, cleanliness and the behavior of physicians and staff as factors influencing
medical tourists' satisfaction. Aljumah et al. [28] examine quality as one of the factors affecting tourist
satisfaction and point to the relationship between customer satisfaction and customer loyalty. Other studies
have examined the quality of services as one of the main factors affecting the satisfaction of health tourists
[29] and [30]. By collecting data from major hospitals in South Korea, Park et al. [31] examined the
relationship between health care workers' satisfaction with management, and its impact on health tourists'
satisfaction.
According to the findings of Mahmud et al. [32], the cost of medical tourism has a direct impact on the
satisfaction of medical tourists and the level of tourist loyalty. Also, the attractions of the destination and
the culture of the host country are among the factors affecting the satisfaction of tourists. The results of
Asgarnezhad Nouri et al. [33] showed that the quality of perceived services and medical quality, enjoyment,
costs, and risk affect the perceived value of medical tourists. The perceived value affects the destination

image of medical tourists, and the destination image also affects the satisfaction and loyalty of medical
tourists. Finally, satisfaction can lead to the loyalty of medical tourists.

Literature reviews on dental tourism studies are presented in this section to ensure the developed model
is unique in terms of novelty. Most of the previous works focus on identifying and ranking effective
factors in dental tourism. The main novelties of this paper are listed as follows:
− Developing a mathematical model for pricing and determining the quality of services in a competitive market
of dental tourism.
− Considering the impact of the governments (subsidies or taxes) on dental centers and determining the optimal
amount of tariffs.
− Proposing a solution method based on game theory approach for the developed model.
− Generalizing the developed model’s performance using sensitivity analysis.

3 | Problem Statement and Modeling
3.1 | Problem Statement
Today, the dental tourism industry as a source of profitable income has been considered by policymakers
and businesses. In this study, as shown in Fig. 2, a chain including the government, two dental centers,
and dental tourists are considered. The government as the leader oversees dental centers by setting tariffs
(subsidies or taxes). The negative tariffs decrease the cost of a dental center and act as subsidies. The
positive tariffs increase the cost of a dental center and behave as taxes. Dental centers as the followers
simultaneously set the price and quality level of their services (such as orthodontics,
prosthodontics/cosmetic, periodontics, endodontics, oral and maxillofacial surgery, and teeth
whitening) according to the tariffs set by the government. Pricing is the most important component of
business models, and the decision in this regard has a significant impact on profitability. Dental tourists
are looking for cheaper and better-quality treatment and choose one of dental centers according to the
utility obtained from choosing dental centers. The research flowchart of this study is presented in Fig.
3.
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Furthermore, some articles have examined the factors affecting the satisfaction of dental tourists. Akbar
et al. [34] examined the relationship between quality and patient loyalty. They stated that patients' loyalty
and satisfaction with the medical center has a direct relationship with the quality of dental services
provided by that center. According to Luo et al. [35], the factors affecting the satisfaction of dental
tourists based on importance include: attitude, cost, convenience, pain management, quality, and
perceived need of patients to prevent oral disease. Another factor affecting the satisfaction of dental
tourists is convenient transportation in the destination country [36]. Some programs, such as free and
convenient transportation, increase the loyalty of dental tourists [37]. In a study, Lwin et al. [4] examined
the satisfaction of dental tourists in Bangkok. They stated that the quality of dental treatment, access to
the medical destinations, and the attractiveness of the destination have a positive and significant effect
on the satisfaction of dental tourists.

A game theory–based model for dental centers in a competitive market of dental tourism under government intervention
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Fig. 2. Schematic of the problem.

Fig. 3. The research flowchart of this study.

3.2 | Model Assumptions
The main assumptions of the problem are listed as follows:
−

Two dental centers are competing to attract dental tourists.

−

The government oversees dental centers by setting tariffs.

−

The quality of services provided in dental centers is different and it is possible to increase the quality by
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spending more money.
−

All parameters, price and demand functions have non-negative values.

−

The utility of a dental tourist is a linear function of the price and quality of service provided by the dental
center.

−

Similar to research [38], the demand for dental centers is based on the Multinomial Logit (MNL) model.

−

Similar to the studies [39] and [40], the cost of dental centers is considered as a nonlinear function of service

3.3 | Notation
The indices, parameters, and variables used in the mathematical formulation are listed as follows.
Indices:
i,j: Index of the dental centers. i=1,2
Parameters:
α:

The sensitivity coefficient of the price in the dental tourist's utility function.

β: The sensitivity coefficient of the quality in the dental tourist's utility function.
λ: The relative weight (importance) factor between the government's profit and the
profits of dental centers.
γi : The sensitivity coefficient of the multiplicative term of price and quality in the cost
function for the dental center i.
κi : The sensitivity coefficient of the quadratic term of quality in the cost function for the
dental center i.
Tmin: The coefficient related to the minimum amount of the tariff allocated to the dental
centers
Tmax: The coefficient related to the maximum amount of the tariff allocated to the dental
centers.
μ: The total expected number of dental tourists.

Decision variables:
P i : Price of service provided by the dental center i.
Q i : Quality of service provided by the dental center i.
Ti : Tariff (tax or subsidy) set by the government for the dental center i.
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quality and price.

Dependent variables:
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D i : Expected demand for the dental center i.
C i : Cost function for the dental center i.
Ui : Dental tourist's utility function from receiving service in the dental center i.
πi : Profit function for the dental center i.
G: Government's utility function.

A game theory–based model for dental centers in a competitive market of dental tourism under government intervention

3.4 | Mathematical Modeling of the Problem
In this section, dental tourist's utility function, demand and profit functions for dental centers and, the
government's utility function are modeled. Cost is one of the most important factors in dental tourism. In
the growing dental tourism industry, quality is also an important factor. Without quality services, no
business will survive. Therefore, low price and high-quality of dental services are the most important
motivating factors in patients traveling to receive dental services outside their borders. Dental tourist's
utility function from receiving service in the dental center i (Ui ) is expressed as Eq. (1). As can be seen,
increasing the quality of dental services has a positive and linear effect on the utility of the medical tourist,
and with increasing price, the utility decreases linearly.
Ui (Q i ,P i )=βQ i -αP i .

(1)

Medical tourists are faced with two options for choosing a dental center. They can choose one of the
options according to the utility obtained from them. The medical tourists choose the dental center that is
most desirable for them. For this purpose, MNL model has been used. The popularity and fame of this
model is for its simplicity. In fact, the resulting formula for the probabilities of choice in this model has a
closed-form and can be easily interpreted. Many researchers have been involved in shaping the Logit
model, but this model is known as McFadden, an American economist. The expected demand for dental
centers is calculated as Eq. (2).
D i =μ (

e (βQ i-αPi )
e (βQ i-αPi ) +e (βQ j -αPj )

).

i=1,2 j=3-i

(2)

Then, the expected demand for dental centers is written in Eq. (3) using the first-order Taylor series
expansion of Eq. (2). According to Eq. (3), the total expected demand for dental centers 1 and 2 equals to
μ.
μ μ
(3)
D i = + (βQ i -αP i -βQ j +αP j ).
i=1,2 j=3-i
2 4
The cost of a dental center increases as the quality of services or demand increases. The cost function for
dental centers is in the form of Eq. (4).
κi
(4)
C i =Ti D i +γi Q i D i + Q i 2 .
i=1,2
2
Given that the profit is derived from the difference between income and expenses, the profit of dental
centers will be in the form of Eq. (5).
κi
(5)
πi =(P i -Ti -γi Q i )D i - Q i 2 .
i=1,2
2

As a result, the model of dental centers 1 and 2 will be in the form of Eqs. (6) and (7), respectively.
μ μ
κ1
max π1 =(P1 -T1 -γ1 Q1 ) ( + (βQ1 -αP1 -βQ2 +αP2 )) - Q1 2 .
2 4
2

(6)

P ≥0
s.t. { 1
Q 1 ≥0
μ μ
κ2
max π2 =(P 2 -T2 -γ2 Q 2 ) ( + (βQ 2 -αP 2 -βQ 1 +αP 1 )) - Q 2 2 .
2 4
2
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The government monitors dental centers by setting tariffs. The Government's utility function is
presented in Eq. (8). The government pursues the development of dental tourism and earning for itself
by attracting tourists and increasing the income of dental centers. λ is the relative importance factor of
the government's profit compared to the profit of dental centers, which can have a value in a closed
range [0,1]. λ = 1 means the government focuses on its own profit and λ = 0 means the government
focuses on the profits of dental centers and the development of dental tourism.
G=λ(T1 D 1 +T2 D 2 )+(1-λ)(π1 +π2 ).

(8)

max G=λ(T1 D 1 +T2 D 2 )+(1-λ)(π1 +π2 ).
T1 ,T2

κi
max πi =(P i -Ti -γi Q i )D i - Q i 2 , i=1,2
Pi
2
μ μ
D i = + (βQ i -αP i -βQ j +αP j ), i=1,2 j=3-i
s.t.
2 4
s.t.
P
≥0,
i=1,2
i
{
Q i ≥0, i=1,2
{
-Tmin P i ≤Ti ≤Tmax P i , i=1,2

(9)

Finally, the Stackelberg game model between government and dental centers is presented as follows:

4 | Solution Method
In this section, the game theory approach is used to solve the model and determine the best decisions
for the government and the dental centers. In this structure, dental centers make their own decisions
about pricing and determining the quality of services and seek to maximize their profits. The government
also monitors dental centers by setting tariffs (subsidies or taxes). The government as the leader in the
Stackelberg game determines the amount of tariff, and the dental centers as the followers in the
Stackelberg game determine the price and quality of their services simultaneously. To solve the game
using the backward approach, dental centers first determine the equilibrium values of their decision
variables, among which there is a Nash competition. The government then determines the tariffs based
on the equilibrium values obtained for dental centers. Finally, dental centers determine the price and
quality of their services by placing tariffs in their profit function.
Proposition. The equilibrium price and quality level for dental centers are obtained in the form of Eqs.
(10)-(13).
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P ≥0
s.t. { 2
Q 2 ≥0

بلسبلسلبسل
μα3 (T1 γ2 2 κ1 +T2 γ1 2 κ2-μγ1 2 γ22 )
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+α2 (βμ2γ1 γ2 (2γ1 +γ2 )-μ(β(γ1 κ2 (T1 +T2 )+2γ2κ1 T1 )-6γ1 2 κ2 -4γ2 2 κ1 )-4κ1 κ2 (2T1 +T2 ))
(
)
-α(β2 μ2γ1 (γ1 +2γ2)-βμ(βT1 (κ1 +κ2 )-6γ1 κ2-8γ2 κ1 )+24κ1 κ2 )+β2 μ(βμγ1 +4κ1 )
P1=
.
(α3 μ(γ1 2 κ2 +γ2 2 κ1 )-2α2 βμ(γ1 κ2+γ2κ1 )-12α2 κ1 κ2 +αβ2 μ(κ1 +κ2 ))

(10)

μα3 (T1 γ2 2 κ1 +T2 γ1 2 κ2-μγ1 2 γ22 )
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+α2 (βμ2γ1 γ2 (2γ1 +γ2 )-μ(β(γ1 κ2 (T1 +T2 )+2γ2κ1 T1 )-6γ1 2 κ2 -4γ2 2 κ1 )-4κ1 κ2 (2T1 +T2 ))
(
)
-α(β2 μ2γ1 (γ1 +2γ2)-βμ(βT1 (κ1 +κ2 )-6γ1 κ2-8γ2 κ1 )+24κ1 κ2 )+β2 μ(βμγ1 +4κ1 )
P1=
.
(α3 μ(γ1 2 κ2 +γ2 2 κ1 )-2α2 βμ(γ1 κ2+γ2κ1 )-12α2 κ1 κ2 +αβ2 μ(κ1 +κ2 ))

(11)

μα3 (T1 γ2 2 κ1 +T2 γ1 2 κ2 -μγ1 2 γ2 2)
+α2 (βμ2 γ1 γ2(γ1 +2γ2)-μ(β(γ2 κ1 (T1 +T2 )+2γ1 κ2 T2)-6γ2 2 κ1 -4γ1 2κ2 )-4κ1 κ2 (T1 +2T2 ))
(
)
-α(β2 μ2 γ2(2γ1 +γ2 )-βμ(βT2 (κ1 +κ2 )-6γ2κ1 -8γ1 κ2 )+24κ1 κ2 )+β2 μ(βμγ2 +4κ2 )
P2=
.
(α3 μ(γ1 2 κ2 +γ2 2 κ1 )-2α2βμ(γ1 κ2 +γ2 κ1 )-12α2 κ1 κ2 +αβ2 μ(κ1 +κ2 ))
Q 2=

μ(-αγ2 +β)(α2(μγ1 2 +κ1 (T2 -T1 ))-α(2βμγ1 +6κ1 )+μβ2)
α3 μ(γ1 2κ2 +γ2 2 κ1 )-2α2 βμ(γ1 κ2 +γ2 κ1 )-12α2κ1 κ2+αβ2μ(κ1 +κ2 )

.

(12)

(13)

Proof. In order to obtain equilibrium values, the first partial derivatives of the profit functions of dental
centers 1 and 2 are taken with respect to their decision variables; thus, equilibrium values are obtained by
solving Eq. (14). These values correspond to Eqs. (10)-(13).
∂ π1
μ μ
μα
(-γ1 Q 1 +P 1 -T1 )=0
=0⟹ + (-αP 1 +αP 2 +βQ 1 -βQ 2 )∂ P1
2 4
4
∂ π1
μ μ
μβ
=0⟹-γ1 ( + (-αP 1 +αP 2 +βQ 1 -βQ 2 )) + (-γ1 Q 1 +P 1 -T1 )-κ1 Q 1 =0
∂Q1
2 4
4
.
∂ π2
μ μ
μα
(-γ1 Q 2 +P 2 -T2 )=0
=0⟹ + (αP 1 -αP 2 -βQ 1 +βQ 2 )∂ P2
2 4
4
∂ π2
μ μ
μβ
=0⟹-γ2 ( + (αP 1 -αP 2 -βQ 1 +βQ 2 )) + (-γ2 Q 2 +P 2 -T2 )-κ2 Q 2 =0
{
∂Q2
2 4
4

(14)

In order to evaluate the optimality of the obtained solutions, Hessian matrix related to the profit functions
of dental centers must be negative definite. Hessian matrix is written as Eq. (15).
∂ 2 πi
∂ P i2
H πi =
∂ 2 πi
[
∂ Q i∂ Pi

∂ 2 πi
1
1
- μα
μ(γi α+β)
∂ Pi∂ Q i
2
4
=
.
∂ 2 πi
[1 μ(γ α+β) - 1 γ μβ-κ ]
i
i
] 4
2 i
∂ Q 2i

i=1,2

(15)

If the following two requirements are met, the Hessian matrix is negative definite.
1
- μα<0
2
2
1
1
1
(()
μα)
γ
μβ-κ
μ(γ
α
+
β)
(
) >0.
i
i
{ 2
2 i
4

(16)
i=1,2

Given that the values of μ and α are positive, the first requirement is always met. Therefore, if Eq. (17) is
established, the Hessian matrix is negative definite and the equilibrium values are obtained from Eqs. (10)(13) will be optimal values.

1
1
1
1
αβγi μ2 + αμκi - α2 γi 2 μ2 - β2 μ2 >0.
8
2
16
16

(17)

i=1,2

This completes the proof of Proposition.
Finally, the government takes into account the equilibrium values obtained for dental centers and
determines tariffs based on the following model.
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max G=λ(T1 D 1 +T2 D 2 )+(1-λ)(π1 +π2 ).
T1 ,T2

(18)

(3),(5),(10)-(13)
s.t. {
Tmin P i ≤Ti ≤Tmax P i , i=1,2.

5 | Numerical Example and Sensitivity Analysis

Two dental centers have been considered to review the proposed model and the resulted relations. The
two centers are competing to attract dental tourists. The expected demand for these two centers is a
total of 1000 tourists, which are divided between these two dental centers according to the price and
quality of services. The quality levels of services of Dental Center 1 and Dental Center 2 are considered
5 and 3, respectively. Both dental centers do not intend to invest in increasing quality levels in the short
term. Dental centers seek to maximize their profits through appropriate pricing of services and thus
attract more dental tourists. The parameter values for each dental center are summarized in Table 1.
Also, the results obtained from the proposed model are presented in Table 2.
Table 1. The values assigned to the parameters.
Dental Centers

Parameters
α

β

γi

κi

Tmin

Tmax

Dental Center 1

0.4

0.7

2

4

0.09

0.09

Dental Center 2

0.4

0.7

3

3

0.09

0.09

Table 2. Equilibrium values obtained for variables.
λ
0
1

T1

T2

D1

D2

P1

P2

π1

π2

G

1.22
1.31

-1.38
1.56

330
575

670
425

13.52
17.31

15.32
14.56

1076.51
1792.02

4436.95
3257.24

-521.89
1415.19

5.2 | Sensitivity Analysis
In this section, the effect of α changes on the outputs of the proposed model in two cases (a) λ = 0 and
(b) λ = 1, is studied. In the first case, the government's goal is to maximize the profits of dental centers
and the development of dental tourism, and in the second case, the government's goal is to maximize
its profits. These changes are presented in Figs. 4-7. The results are as follows.
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5.1 | Numerical Example

5.2.1 | Effect of α on Di
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As shown in Fig. 4, as α increases, the demand of Dental Center 1 has a descending trend and the demand
of Dental Center 2 has an ascending trend. Comparing the two cases of (a) and (b), the demand of Dental
Center 1 at each level of α in case (b) is higher than that in case (a), while the demand for Dental Center 2
at each level of α in case (b) is lower than that in case (a).
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400
200
0

α
(b)
Fig. 4. The impact of α on demand for dental centers: (a). λ = 0; (b). λ = 1.

5.2.2 | Effect of α on Pi
As shown in Fig. 5, the prices of services provided by dental centers decrease by increases in α. Comparing
the two cases of (a) and (b), the price of the service provided by Dental Center 1 at each level of α in case
(b) is higher than that in case (a). In comparison, the price of the service provided by Dental Center 2 at
each level of α in case (b) is lower than that in case (a).
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(b)
Fig. 5. The impact of α on the prices of service provided by the dental centers: (a). λ = 0; (b). λ = 1.

5.2.3 | Effect of α on Ti
As shown in Fig. 6, with increasing α, the tariff set by the government for Dental Center 1 has a
descending trend and the tariff allocated to Dental Center 2 has an ascending trend. In case (a), this
tariff is a tax for Dental Center 1 and a subsidy for Dental Center 2. With the increase of α in case (b),
the tariffs of dental centers have a decreasing trend and these tariffs are in the form of taxes.

(a)
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(a)
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(b)
Fig. 6. The impact of α on the tariff (tax or subsidy) set by the government: (a). λ = 0; (b). λ = 1.

5.2.4 | Effect of α on πi and G
As shown in Fig. 7, with increasing α in case (a), the profits of dental centers have a descending trend and
the government's utility has an ascending trend. With increasing α in case (b), the profits of the dental
centers and the government's utility have a decreasing trend, and as expected, the government's utility in
case (b) is more than that in case (a).

(a)

(b)
Fig. 7. The impact of α on the profits of dental centers and the government's utility: (a). λ = 0; (b). λ = 1.

From the numerical example and sensitivity analysis, the main managerial insights are listed as follows:
I.
II.
III.

The tariffs (subsidies or taxes) set by the government can have a significant impact on the prices of
service provided by the dental centers and their profit.
The policy of expanding the dental tourism industry will lead to higher total profit for dental centers.
If the government tend to increase its profits, dental tourist's utility has a decreasing trend.
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In the present study, the problem of competition in the tourism industry between two dental centers
was reviewed. The government has also entered to the proposed model as a key player which will have
a significant impact on the tourism industry in the real world. First, the model was solved using the game
theory approach and the equilibrium solutions for decision variables of the dental centers were obtained.
Then, to find the equilibrium values of the tariff allocated by the government to the dental centers, the
equilibrium solutions of the dental centers were placed in the government model and the equilibrium
values of the tariffs were calculated. The results are as follows: 1) increasing the amount of subsidy will
lead to a decrease in the prices of service provided by the dental centers. 2) By increasing the amount of
subsidies allocated to the dental centers, the government can expand the dental tourism industry.
In this study, we confronted a few limitations both in academia and in real-world applications which
they could be overcome for future researches. Data gathering and lack of previous similar studies
working in the dental tourism were the critical limitations in this work. Also, in this study, all the
parameters and the variables are assumed as deterministic values. For future research, uncertainty
optimization approaches such as interval optimization [41], fuzzy optimization [42]-[46], and robust
optimization [47] and [48] can be applied in order to handle data uncertainty. Furthermore, considering
the role of advertising in modeling can be another research topic.

References
Connell,

J.

(2013).

Contemporary

medical

tourism:

conceptualisation,

culture

and

commodification. Tourism management, 34, 1-13. https://doi.org/10.1016/j.tourman.2012.05.009
Allied Market Research. (2020). Medical tourism market by treatment type: global opportunity analysis and
industry forecast, 2019–2027. Retrieved from https://www.alliedmarketresearch.com/medical-tourismmarket
Ghosh, T., & Mandal, S. (2019). Medical tourism experience: conceptualization, scale development, and
validation. Journal of travel research, 58(8), 1288-1301.
Lwin, H. N. N., Punnakitikashem, P., & Thananusak, T. (2021). The level and determinants of
international patient satisfaction with dental tourism in Bangkok, Thailand. Cogent business &
management, 8(1), 1898316. https://doi.org/10.1080/23311975.2021.1898316
Medical

Tourism

Association

(2020).

Medical

tourism

index.

Retrieved

from

https://www.medicaltourism.com/mti/home
Cavmak, D., & Cavmak, S. (2020). Using AHP to prioritize barriers in developing medical tourism: case
of Turkey. Int J Travel Med Glob Health, 8(2), 73-79.
Goodrich, J. N., & Goodrich, G. E. (1987). Health-care tourism—an exploratory study. Tourism
management, 8(3), 217-222. https://doi.org/10.1016/0261-5177(87)90053-7
Milstein, A., & Smith, M. (2006). America's new refugees—seeking affordable surgery offshore. New
England journal of medicine, 355(16), 1637-1640. DOI: 10.1056/NEJMp068190
Connell, J. (2006). Medical tourism: sea, sun, sand and… surgery. Tourism management, 27(6), 10931100. https://doi.org/10.1016/j.tourman.2005.11.005
Sarwar, A. A., Manaf, N. A., & Omar, A. (2012). Medical tourist’s perception in selecting their
destination: a global perspective. Iranian journal of public health, 41(8), 1-7.

Badri and Yarmohamadi | J. Appl. Res. Ind. Eng. 9(1) (2022) 78-94

6 | Conclusion

Musa, G., Doshi, D. R., Wong, K. M., & Thirumoorthy, T. (2012). How satisfied are inbound medical
tourists in Malaysia? a study on private hospitals in Kuala Lumpur. Journal of travel & tourism
marketing, 29(7), 629-646. https://doi.org/10.1080/10548408.2012.720150
Ahmadimanesh, F., Paydar, M. M., & Asadi-Gangraj, E. (2019). Designing a mathematical model for

93

dental

tourism

supply

chain. Tourism

management, 75,

404-417.

https://doi.org/10.1016/j.tourman.2019.06.001
Zarei, A., & Maleki, F. (2019). Asian medical marketing, a review of factors affecting Asian medical
tourism

development. Journal

of

quality

assurance

in

hospitality

&

tourism, 20(1),

1-15.

https://doi.org/10.1080/1528008X.2018.1438959
Nilashi, M., Samad, S., Manaf, A. A., Ahmadi, H., Rashid, T. A., Munshi, A., ... & Ahmed, O. H. (2019).
Factors

influencing

medical

tourism

adoption

in

Malaysia:

a

DEMATEL-fuzzy

TOPSIS

approach. Computers & industrial engineering, 137, 106005. https://doi.org/10.1016/j.cie.2019.106005
Ashiti, S., & Moshkun, C. (2021). Dental tourists: treat, re-treat or do not treat? British dental

A game theory–based model for dental centers in a competitive market of dental tourism under government intervention

journal, 230(2), 73-76. https://doi.org/10.1038/s41415-020-2591-6
Lunt, N., Horsfall, D., & Hanefeld, J. (2016). Medical tourism: a snapshot of evidence on treatment
abroad. Maturitas, 88, 37-44. https://doi.org/10.1016/j.maturitas.2016.03.001
Bies, W., & Zacharia, L. (2007). Medical tourism: outsourcing surgery. Mathematical and computer
modelling, 46(7-8), 1144-1159. https://doi.org/10.1016/j.mcm.2007.03.027
Smith, P. C., & Forgione, D. A. (2007). Global outsourcing of healthcare: a medical tourism decision
model. Journal

of

information

technology

case

and

application

research, 9(3),

19-30.

https://doi.org/10.1080/15228053.2007.10856117
Bagga, T., Vishnoi, S. K., Jain, S., & Sharma, R. (2020). Medical tourism: treatment, therapy &
tourism. International journal of scientific & technology research, 9(3), 4447-4453
Çapar, H., & Aslan, Ö. (2020). Factors affecting destination choice in medical tourism. International
journal of travel medicine and global health, 8(2), 80-88. DOI: 10.34172/ijtmgh.2020.13
Ghasemi, P., Mehdiabadi, A., Spulbar, C., & Birau, R. (2021). Ranking of sustainable medical tourism
destinations in Iran: an integrated approach using fuzzy SWARA-PROMETHEE. Sustainability, 13(2),
683. https://doi.org/10.3390/su13020683
Hunjet, A., Kustelega, L., & Kozina, G. (2018). Development of dental tourism in Croatia. 35th
international scientific conference on economic and social development – "sustainability from an economic and
social perspective" (pp. 307-325). Lisbon. https://www.researchgate.net/profile/Luiza-KosteckaTomaszewska/publication/333093126_ECONOMIC_SECURITY_OF_
CHINA_IN_21ST_CENTURY_SWOT_ANALYSIS/links/5cdb2dbc92851c4eaba04b1b/ECONOMICSECURITY-OF-CHINA-IN-21ST-CENTURY-SWOT-ANALYSIS.pdf#page=320
Peručić, D. (2019). Limitations and development opportunities of dental tourism: the case of
Croatia. Ekonomski vjesnik, 32(1), 93-104.
Nexhipi, O. (2018). Medical tourism management challenges-the case of dental tourism in
Albania. European journal of interdisciplinary studies, 4(1), 80-86. https://doi.org/10.26417/ejis.v10i1.p80-86
Akbar, F. H., Pasinringi, S., & Awang, A. H. (2019). Factors affecting dental center service quality in
Indonesia. Pesquisa

brasileira

em

odontopediatria

e

clínica

integrada, 19.

https://doi.org/10.4034/PBOCI.2019.191.53
Wang, J. H., Feng, H., & Wu, Y. (2020). Exploring key factors of medical tourism and its relation with
tourism

attraction

and

re-visit

intention. Cogent

social

sciences, 6(1),

1746108.

https://doi.org/10.1080/23311886.2020.1746108
Uğurluoğlu, Ö., Ürek, D., & Demir, İ. B. (2019). Evaluation of individuals’ satisfaction with health care
services in Turkey. Health policy and technology, 8(1), 24-29. https://doi.org/10.1016/j.hlpt.2019.02.003
Aljumah, A., Nuseir, M. T., & Islam, A. (2020). Impacts of service quality, satisfaction and trust on the
loyalty of foreign patients in Malaysian medical tourism. International journal of innovation, creativity and
change, 11(2), 451-467.
Jaleel, A. A., Khatibi, A., & Azam, S. M. (2021). Structural equation modelling the interrelationships
between service quality, customer satisfaction and behavioural intention among Maldivians seeking
medical tourism services. International journal of innovation, creativity and change, 15(3). DOI:
10.53333/IJICC2013/15308

Sangeetha, S. (2021). Service quality of medical tourism in tamilnadu. PalArch's journal of archaeology
of egypt/egyptology, 18(4), 5742-5748.
Park, J. K., Ahn, J., Han, S. L., Back, K. J., & An, M. (2020). Exploring internal benefits of medical
tourism facilitators’ satisfaction: customer orientation, job satisfaction, and work performance. Journal
of healthcare management, 65(2), 90-105. DOI: 10.1097/JHM-D-18-00168
Mahmud, M. S., Rahman, M. M., Lima, R. P., & Annie, E. J. (2020). Outbound medical tourism

94

experience, satisfaction and loyalty: lesson from a developing country. Journal of hospitality and tourism
insights, 4(5), 545-564. https://doi.org/10.1108/JHTI-06-2020-0094
Asgarnezhad Nouri, B., Nemati, V., & Abbasgholizadeh, N. (2019). The effect of perceived value on
the destination image, satisfaction and loyalty of medical tourists: a case study in Ardabil. Journal of
health, 10(1), 34-49. http://healthjournal.arums.ac.ir/article-1-1769-en.html
Akbar, F. H., Pasiga, B. D., Samad, R., Rivai, F., Abdullah, A. Z., Pasinringi, S. A., ... & Pratiwi, D.
(2020). The relationship between service quality, culture similarity to satisfaction and loyalty of
medical (dental) tourism. Systematic reviews in pharmacy, 11(12), 19-30.
Luo, J. Y. N., Liu, P. P., & Wong, M. C. M. (2018). Patients’ satisfaction with dental care: a qualitative
018-0477-7
Robustin, T. P., Andi, R., Suroso, I., & Yulisetiarini, D. (2018). The contribution of tourist attraction,
accessibility and amenities in creating tourist loyalty in Indonesia. J. Bus. Econ. Review, 3(4), 92-98.
https://ssrn.com/abstract=3307340
Elrod, J. K., & Fortenberry, J. L. (2018). Establishing Good Samaritan programs in healthcare
institutions: a method for enhancing patient experiences and increasing loyalty. BMC health services
research, 18(3), 9-16. https://doi.org/10.1186/s12913-018-3677-6
Jiang, H., Pang, Z., & Savin, S. (2020). Performance incentives and competition in health care
markets. Production and operations management, 29(5), 1145-1164. https://doi.org/10.1111/poms.13163
Brekke, K. R., Siciliani, L., & Straume, O. R. (2017). Hospital mergers with regulated prices. The
Scandinavian journal of economics, 119(3), 597-627. https://doi.org/10.1111/sjoe.12191
Brekke, K. R., Siciliani, L., & Straume, O. R. (2017). Horizontal mergers and product quality. Canadian
journal of economics/revue canadienne d'économique, 50(4), 1063-1103. https://doi.org/10.1111/caje.12287
Badri, S. A., Ghazanfari, M., & Shahanaghi, K. (2014). A multi-criteria decision-making approach to
solve the product mix problem with interval parameters based on the theory of constraints. The
international

journal

of

advanced

manufacturing

technology, 70(5),

1073-1080.

https://doi.org/10.1007/s00170-013-5360-8
Edalatpanah, S. A. (2019). A data envelopment analysis model with triangular intuitionistic fuzzy
numbers. International

journal

of

data

envelopment

analysis, 7(4),

47-58.

(In

Persian).

https://ijdea.srbiau.ac.ir/article_15366.html
Soltani, M. R., Edalatpanah, S. A., Sobhani, F. M., & Najafi, S. E. (2020). A novel two-stage DEA model
in fuzzy environment: application to industrial workshops performance measurement. International
journal of computational intelligence systems, 13(1), 1134-1152. https://doi.org/10.2991/ijcis.d.200731.002
Badri, S. A., Daghbandan, A., Aghabeiginiyay Fatalaki, Z., & Mirzazadeh, M. (2021). Flow shop
scheduling under Time-Of-Use electricity tariffs using fuzzy multi-objective linear programming
approach. Journal of mathematical modeling, 9(2), 215-227. DOI: 10.22124/jmm.2020.16104.1406
Peykani, P., Hosseinzadeh Lotfi, F., Sadjadi, S. J., Ebrahimnejad, A., & Mohammadi, E. (2021). Fuzzy chanceconstrained data envelopment analysis: a structured literature review, current trends, and future
directions. Fuzzy optimization and decision making, 1-65. https://doi.org/10.1007/s10700-021-09364-x
Peykani, P., Mohammadi, E., & Emrouznejad, A. (2021). An adjustable fuzzy chance-constrained network
DEA approach with application to ranking investment firms. Expert systems with applications, 166, 113938.
https://doi.org/10.1016/j.eswa.2020.113938
Peykani, P., Mohammadi, E., Saen, R. F., Sadjadi, S. J., & Rostamy‐Malkhalifeh, M. (2020). Data envelopment
analysis and robust optimization: a review. Expert systems, 37(4), e12534. https://doi.org/10.1111/exsy.12534
Peykani, P., Mohammadi, E., Jabbarzadeh, A., Rostamy-Malkhalifeh, M., & Pishvaee, M. S. (2020). A novel
two-phase robust portfolio selection and optimization approach under uncertainty: a case study of Tehran
stock exchange. Plos one, 15(10), e0239810.

Badri and Yarmohamadi | J. Appl. Res. Ind. Eng. 9(1) (2022) 78-94

study to develop a satisfaction instrument. BMC oral health, 18(1), 1-10. https://doi.org/10.1186/s12903-

