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examination was performed. After that, 5 ml of aspirated blood and 100 ml of urine were
by medical rehabilitation institutions.
collected from each patient and both were sent to the laboratory for biochemical tests and
Findings The authors show that the functioning of institutions that contribute to the
urinalysis. The collected data were statistically analyzed using SPSS 22 software and Chirehabilitation of citizens should be based on the principles of distributing the correct price
square test.
for the treatment for each person.
Findings Out of 121 diabetic patients, 77 (63.6%) had diabetic nephropathy. The incidence
Conclusion The paper presents a model for the formation of this assessment and the method
of diabetic nephropathy was higher in men than women. There was a significant relationship
of its application in the management of healthcare institutions. The practical significance
between age, persistent hyperglycemia, obesity, and duration of diabetes with diabetic
of the study is determined by the possibility of balanced determination of the share of the
nephropathy (p<0.05).
health care institution in the functioning of the general public health system. This will expand
Conclusion Age, persistent hyperglycemia, obesity and duration of diabetes are involved in
the range of services and identify the entities in need of managerial activity improvement.
the development of diabetic nephropathy in diabetic patients.
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Formation of a Costs Model for Patient Rehabilitation

Introduction
An indicator framework is an essential part of
monitoring, the composition of which largely
determines its content and structure [1]. The
indicator framework for monitoring the process of
cost for a patient should be an adequate information
model of the pricing process [2]. The set of indicators
for monitoring the process of generating costs for a
patient is a combination of primary and secondary
indicators that can provide a holistic assessment of
the state of the process, and qualitative and
quantitative changes in it [3]. Creation of an
indication framework in the process of high-quality
rehabilitation of a patient in terms of interaction
with a medical institution. The correct rehabilitation
process largely depends on compliance with all
factors, and monitoring is an important part of it.
Indicators should be structured; therefore, it is
necessary to choose approaches to such structuring
and classify indicators according to those signs that
will ensure the processability of the system [4].
The task of constructing an indicator framework for
integrated process monitoring of costs for a patient
by medical rehabilitation institutions is complicated
by the lack of general recommendations on its filling
with specific indicators [5]. Therefore, the basis for
the development of an indicator framework is
directly the process of price formation and its
components [6].
In the course of scientific research and development
of optimal ways of interaction between systems,
several key approaches to the issue of costing
monitoring have been identified. They were divided
into models, each of which operates with one or
another set of indicators to compile the most
accurate summary.
The standard model provides for the definition of
such concepts as “state of nature” and “internal
strategy” [7]:
– “state of nature” is a combination of
environmental factors that determine the estimated
cost of patient rehabilitation;
– “internal strategy” is a combination of internal
capabilities and factors that determine the behavior
of an individual healthcare institution in forming the
composition of the production equipment for the
rehabilitation process, determining the capacity
(number of rehabilitated), and forming the
rehabilitation structure that affects, on the one hand,
the totality of variables and fixed costs, and on the
other, they influence the determination of the
average estimated price for the rehabilitation of
each patient.
The final decision regarding the formation of the
actual application for the number of rehabilitated
and the price application by medical rehabilitation
institutions is made after a statistical experiment
that gives it the most probable information about
the choice [8]. This model of the process of
generating costs for a patient by medical
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rehabilitation institutions with a unit for assessing
uncertainty and risk is easily integrated with the
modeling of statistical games [9]. Statistical games
(models) are a game of two persons – man and
nature – with the use of additional statistical
information about the state of nature by man [10].
The key goal of the presented article is to define the
concept of the costing model in the process of
medical rehabilitation, as well as to analyze the main
trends and signs of its formation in terms of both
pricing policy and framework management. Proper
costing monitoring is an integral part of correct
rehabilitation. Its study in the presented article will
be extremely useful for medical practice and further
research in the field of medical rehabilitation.

Materials and Methods

The conditions of the statistical game in the process
of generating costs for the patient by the medical
rehabilitation institutions are set in the form of a
matrix, where 𝐴 = 𝑎𝑖𝑗 is a lot of decisions regarding
the formation of the internal strategy of a medical
institution, 𝑄 = 𝑞𝑖𝑗 many states of nature, which
develop under the influence of various external
factors [11].
Therefore, the development of an indicator
framework proceeds from the formation of a library
of indicators to the selection and determination of
key indicators that can assess the state and
dynamics of monitoring objects and contribute to
the selection of optimal pricing strategies [12].
According to the frequency of data collection, it is
necessary to distinguish between information that is
collected annually – for stable and slowly changing
data used in strategic planning and control of price
decisions, and monthly (weekly, daily) reporting –
for dynamic indicators used in operational control
and management of the pricing process [13].
Therefore, it is advisable to divide all indicators into
two groups [14]:
1) dynamic – those that can assess the impact of
relevant factors on the pricing process in the short
term [15];
2) strategic – those that can affect the process of
pricing in the medium and long term [16].
Of course, in the model of integrated monitoring of
the process of cost for a patient by medical
rehabilitation institutions, the main focus is on the
indicators of the first group, however, to prevent
spasmodic changes in price dynamics, it is necessary
to monitor and record changes in the indicators of
the second group, which can also positively or
negatively affect pricing strategies, own pricing
decisions or change the vector of regulatory policy
in the field of pricing [17].
This study aimed to develop of an indicator
framework for integrated monitoring of the costing
process for a patient by rehabilitation medical
institutions.
Volume 14, Issue 3, Summer 2022
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Findings
The strategic change factors system, as an object of
integrated monitoring of the process of cost for a
patient by medical rehabilitation institutions, is
presented in the form of their distribution to
internal and external (Table 1). Internal factors in
the strategic changes factors system are presented
in the context of determining the technical condition
and the possibility of accepting patients in the
medium and long term, and other internal factors
that should be taken into account, but have an
indirect effect on the process of cost for the patient,
and accordingly on decision-making regarding the
formation of a price application and an application
for the number of patients received. This group of
factors differs from the internal ones presented in
the dynamic indicator framework in that the
frequency of their observation and assessment can
be significantly wider in time.
External factors in the system of factors of strategic
changes are presented in the context of the
institutional component and factors associated with
changes in supply and demand in the rehabilitation
market. The first group of factors is associated with
changes in the functioning of the public health
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infrastructure itself. The manifestation of changes in
certain of these factors can fundamentally change
the goals and objectives of monitoring the process of
cost formation for patients of healthcare institutions,
so tracking these indicators with a given frequency
is important for modeling conditions of nature. The
second group of factors – supply and demand, also
affect the qualitative changes in the process of costs
for a patient in healthcare institutions but are not
able to change it in the short term. Because of this,
they also form a system of factors of strategic change
and change the external environment.
The development of a dynamic indicator framework
of integrated monitoring and indicators of relevant
monitoring factors for the formation of costing
strategies and modeling of the state of the external
environment requires the classification of all factors:
– by the level of uncertainty: technological
randomness, social randomness, variety of
meanings, and unreliability;
– by the nature of the influence of factors on the
costing process for a patient by medical
rehabilitation institutions: internal factors, external
factors related to regulation, and external factors
that reflect market conditions (Table 2).

Table 1) System of factors of strategic changes in integrated monitoring of the costing process by medical rehabilitation institutions
Internal factors
External factors
The technical condition of rehabilitation equipment
Institutional component
the level of deterioration of the main equipment (wear rate, %); Changes in regulatory support; the rate of increase in the incidence
degree of use in idle modes (number of hours per year); the
rate in the country (by sector); further scenarios for the development
number of failures of the main equipment (the number of times of the rehabilitation market; ownership structure of medical
a year); the dynamics of investments in updating the main
rehabilitation institutions; the pace of corporatization and
equipment (thousand dollars/year).
privatization of medical rehabilitation institutions; the pace of
development and commissioning of medical rehabilitation
institutions; taxation policy; inflation rate; regulatory policy of
regulating bodies.
The indirect influence of other internal factors:
Supply and demand:
the goals of medical rehabilitation institutions (long-term,
the structure of medical rehabilitation institutions; the rate of change
medium-term, short-term, production, financial, marketing,
of external factors; level of competition; the power of medical centers;
organizational); the structure of rehabilitation, management
changes in the composition and characteristics of the main equipment
system, and personnel potential (experience, qualifications,
of competitors; changes in the degree of maneuverability; level of
quantitative composition of managers and personnel); the
demand for rehabilitation; the pace of construction of new medical
availability of resources (labor, material, financial, information, rehabilitation institutions and their commissioning.
energy); level of implementation of risk management programs.
Table 2) Classification of indicators of an indicator framework according to the level and nature of uncertainty
Level of uncertainty
The nature of the influence of factors on the Classification of factors for developing
costing process by medical rehabilitation
price matrices
institutions
Level of uncertainty
Internal factors
Factors that can be considered when
choosing a costing strategy and treatment
capacity strategy
Technological randomness
External factors related to regulation
Factors whose combinations form the
Institutional (public) randomness
External factors that reflect market conditions corresponding "state of nature"
(actions of competitors, suppliers, etc.)

Therefore, the system of dynamic indicators of
integrated monitoring of the costing process for a
patient by medical rehabilitation institutions
consists of 10 groups of factors presented in the
context of preliminary (ex-ante-monitoring),
intermediate (ex-mid-monitoring), and final (exIranian Journal of War and Public Health

post-monitoring) types of monitoring. Each group
also has its own appropriate monitoring method
(toolkit). To form a pricing strategy, medical
rehabilitation institutions of the enterprise based on
monitoring results developed a set of indicators that
affect the choice of internal strategy and form the
Volume 14, Issue 3, Summer 2022
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state of the environment (state of nature).
The strategy of medical rehabilitation institutions to
develop a cost request and patient capacity develops
under the influence of internal (controlled,
measured) factors (Equation 1):
𝐴𝑖 (𝑞𝑘𝑟 ), (𝑖 = 1, 𝑛) (1)
Where: 𝑘 = 1, … 1𝐾, 𝑟 = 1, … 𝑅.
Accordingly, states of nature are formed on the basis
of various combinations of external (uncontrolled,
difficult to measure, or immeasurable) factors
(Equation 2):
𝑄𝑗 (𝑞𝑘𝑟 ), (𝑗 = 1, 𝑚) (2)
As a result, a matrix of five states of nature and five
variants of the internal strategy for a separate
dispatch interval during the stated period (18-00
hours) was obtained (Table 3).
Table 3) Price matrix
j
Q1
Q2
A1 605.47
635.22
A2 616.06
619.37
A3 613.55
621.78
A4 606.15
613.89
A5 609.77
608.94

Q3
569.25
560.85
560.8
565.72
487.72

Q4
503.28
543.55
545.96
517.55
489.14

Q5
607.1
515.95
519.58
499.38
508.2

To assess the risk and adopt an optimal internal
strategy for the development of capacity and price
bids, the following criteria will be used:
1) Wald’s maximin criterion or criterion of extreme
pessimism;
2) Savage’s minimax criterion (also a criterion of
extreme pessimism);
3) the criterion of extreme optimism;
4) Hurwitz’s generalized maximin criterion (the
criterion of pessimism – optimism);
5) Laplace’s criterion of insufficient substantiation.
According to Wald’s criterion, if a medical
institution’s price (profit) matrix is considered, then
the best solution would be for which the gain will be
the highest of all the minimum under various
conditions. This principle is called the maximin
criterion. The formal expression of maximin looks
like Equation 3-5:

profit at a price not less than 𝑚𝑎𝑥𝑖 𝑚𝑖𝑛𝑗 𝑎𝑖𝑗 . In other
words, Wald’s maximin criterion can be used in
cases where a medical rehabilitation institution
needs a guarantee that the price under any
conditions is no less than the highest possible in the
worst conditions (best of the worst) options.
According to the criterion of extreme optimism, in
the matrix of possible prices the best solution is
selected, the price for which is determined by the
maximum option of all the maximum, under various
variants of conditions (Tables 4 & 5).
Table 4) Price matrix for determining the internal pricing
strategy by medical rehabilitation institutions, USD/person
Price Q1
Q2
Q3
Q4
Q5
A1
605.47
635.22
569.25
503.28
607.1
A2
616.06
619.37
560.85
543.55
515.95
A3
613.55
621.78
560.8
545.96
519.58
A4
606.15
613.89
565.72
517.55
499.38
A5
609.77
608.94
487.72
489.14
508.2
Table 5) Risk assessment criteria for determining the internal
pricing strategy by medical rehabilitation institutions,
USD/person
Risk Wald
Optimum
Hurwitz
Laplace
Savage
A1 503.28
635.22
529.66
584.064
42.68
A2 515.95
619.37
536.63
571.156
91.15
A3 519.58
621.78
540.02
572.334
87.52
A4 499.38
613.89
522.28
560.538
107.72
A5 487.72
609.77
512.13
540.754
98.9

The formalized expression of the criterion of
extreme optimism has the form (Equation 6-8):
𝐻0 = 𝑚𝑎𝑥𝑖 𝑚𝑖𝑛𝑗 𝑎𝑖𝑗 (6)
𝐻0 = 𝑚𝑎𝑥𝑖 𝑎𝑖 (7)
𝑎𝑖 = 𝑚𝑎𝑥𝑗 𝑎𝑖𝑗 (8)
where 𝑎𝑖 – minimum guaranteed winnings; 𝐻𝑜 –
maximum of all maximum (option “best of the best”
The Savage minimax criterion is used in those cases
when it is necessary to avoid a big risk. In contrast to
Wald’s criterion, when calculating the Savage
criterion for making a decision, it is not the price
(profit) matrix that is considered, but the risk matrix
or the profit loss matrix. Loss of profit Pij was
defined as the difference between the maximum
gain and the gain of a particular decision in a given
situation (Table 6; Equation 9):

𝐻𝑤 = 𝑚𝑎𝑥𝑖 𝑚𝑖𝑛𝑗 𝑎𝑖𝑗 (3)

𝑝𝑗 = 𝑚𝑎𝑥𝑖 𝑎𝑖𝑗 − 𝑎𝑖𝑗 (9)

𝐻𝑤 = 𝑚𝑎𝑥𝑖 𝑎𝑖 (4)

𝑝11 . . . 𝑝1𝑛
𝑝 = | . . . 𝑝𝑖𝑗 . . . | (10)
𝑝𝑚 . . . 𝑝𝑚𝑛

𝑎𝑖 = 𝑚𝑖𝑛𝑗 𝑎𝑖𝑗 (5)
where 𝑎𝑖 – minimum guaranteed winnings; 𝐻𝑤 –
guaranteed player winnings (“best of the worst”
option),
Wald’s maximin criterion makes it possible to obtain
a lower price, and according to this, a management
strategy for medical rehabilitation institutions is
chosen, which guarantees under any conditions a
Iranian Journal of War and Public Health

Table 6) Profit loss matrix, USD/person
І
Q1
Q2
Q3
Q1
10.59
0
0
Q1
0
15.85
8.4
Q1
2.51
13.44
8.45
Q1
9.91
21.33
3.53
Q1
6.29
26.28
81.53

Q4
42.68
2.41
0
28.41
56.82

Q5
0
91.15
87.52
107.72
98.9
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According to the Savage criterion, preference should
be given to a solution for which the maximum losses
under various conditions are minimal (Table 5 line
11, Table 5 line 6). The Savage formalized criterion
has the form Equation 11-13:
𝐻𝑠 = 𝑚𝑖𝑛𝑖 𝑚𝑎𝑥𝑗 𝑝𝑖𝑗 (11)
𝐻𝑠 = 𝑚𝑖𝑛𝑖 𝑎𝑖 (12)
𝑎𝑖 = 𝑚𝑎𝑥𝑗 𝑝𝑖𝑗 (13)
where 𝑝𝑖𝑗 – profit losses corresponding to the i-th
solution, with the j-th version of the situation.
The Hurwitz criterion of generalized maximin, in
contrast to the criteria of Wald and Savage, takes
into account both a pessimistic and optimistic
approach to the situation. It can be used if it is
necessary to focus on the decision between the line
of conduct for the worst and the line for the best, so
it is called the criterion of pessimism-optimism.
When applying the Hurwitz criterion for the price
(profit) matrix, then preference should be given to
the solution option for which the maximum
indicator G, determined from the expression
(Equation 14-16):
𝑚𝑎𝑥𝑖 𝐺𝑖 = (𝑥𝑎𝑖 + (1 − 𝑥)𝛽𝑖 ) (14)
𝐻𝐺 = 𝑚𝑎𝑥𝑖 𝐺𝑖 (15)
𝐻𝐺 = 𝑚𝑎𝑥𝑖 (𝑥𝑎𝑖 + (1 − 𝑥)𝛽𝑖 (16)
𝑎𝑖 = 𝑚𝑖𝑛𝑗 𝑎𝑖𝑗 (17)
𝛽𝑖 = 𝑚𝑎𝑥𝑗 𝑎𝑖𝑗 (18)
Where aij – winnings correspond to the i-th solution,
with the j-th version of the situation.
At the same time, the Hurwitz criterion separately
takes into account the risk probability, the so-called
optimism indicator x(0≤x≤1), where x=0 best line of
conduct, x=1 worst-case line of conduct. If x=1, the
Hurwitz criterion is equated to the Wald criterion,
that is, an orientation toward cautious behavior in
determining the price bid and the capacity request
of a rehabilitation medical institution. If x=0 focus on
marginal risk, corresponding to the criterion of
extreme optimism. Value X between 0 and 1 was
intermediate between risk and caution, depending
on the specific situation and the risk aptitude of
decision-makers. In current calculations, the value of
0.8 was taken as 0.8, which characterizes the
minimum risk aptitude (Table 5). The principle of
Laplace’s insufficient substantiation is one of the
classical criteria used in decision-making under
conditions of uncertainty. This criterion can be used
if it can be assumed that any of the variants of the
states of nature is no more probable than the other.
Iranian Journal of War and Public Health
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Then the probabilities of the states of nature can be
considered equal and the choice of a solution can be
made in the same way as in risk conditions – at the
minimum of the average risk indicator. In these
calculations, the Laplace criterion was calculated as
the average value of the estimated price for each
internal strategy under the adopted equal
environmental conditions (Table 5).
The experiment for the period from 18-00 to 19-00
hours based on monitoring, assessment, and
modeling options for urgent rehabilitation requests,
price requests, and environmental conditions allows
us to conclude that it is advisable to apply the
internal strategy of the medical institution, since:
–
with a cautious approach, no matter what is
the situation of external factors, the average
estimated price for patient rehabilitation for a
medical rehabilitation institution will be at least
519.58 USD/person, but it can be even more, as
evidenced by a small amount of risk, the Hurwitz
criterion (according to the A3 strategy, it can be
540.02 USD per person);
–
with a risky approach, it is possible to use
the A1 strategy with an average estimated price of
653.22 USD/person. However, the Laplace criterion,
which reinforces the decision on the A1 strategy,
gives less accurate results than the Hurwitz
criterion. The Laplace criterion nevertheless
determines the average price among all the declared
internal strategies.
The development of price matrices, risk assessment
according to the specified criteria, and decisionmaking on choosing an internal strategy depending
on the influence of environmental factors is
performed for each hour of the rehabilitation
interval and can be adapted by any medical
rehabilitation
institution
working
on
the
rehabilitation process according to price requests.

Discussion
Analyzing the results obtained, one can come to a
series of key conclusions that form the main points
for a qualitative discussion of the presented topic. In
the process of analyzing the main shaping factors,
the fundamental aspects of the framework and
monitoring of cost for rehabilitation were identified.
The study showed that consideration of the actual
problem is quite broad and some specialists are
interested in the peculiarities of the formation of
costs for rehabilitation. In particular, taking into
account modernity, A. Beivers notes that the corona
crisis increased the problems of the question of the
role of rehabilitation and its financing, but at the
same time, such a course of events prompted the
emergence of new conceptual solutions [18]. The
author claims that rehabilitation clinics make a
significant contribution to solving the relevant issue
and creating new digital concepts of care. But at the
same time, rehabilitation service providers
themselves are increasingly acting as regional
Volume 14, Issue 3, Summer 2022
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gatekeepers, that is, as mediators in the contact
between two different organizations. In this case,
capitalization models or complex fixed rates can be
useful.
High-ranking stakeholders, i.e. parliament, play an
important role in the formation of a financing model
for patient rehabilitation, as they can have a
significant influence directly on other subjects of the
relevant issue. Researcers note that the
implementation of the organization of political
dialogue with high-ranking legislators, as well as
other persons who exert influence on politics, can be
a rational way of discussing this issue [19]. Which, in
turn, will lead to the development and application of
options for effective strategies for patient
rehabilitation models.
The process of generating costs for a patient by
medical rehabilitation institutions should be
different from the current one [20]. A characteristic
feature of the new approach to pricing a patient’s
rehabilitation is the presence of a component for
assessing the level of uncertainty and risk and
making informed decisions based on the results of
such an assessment on the formation of actual bids
for labor capacity and price bids [21]. The specified
component, as a component of the cost-formation
process, acquires a special role in conditions of
uncertainty in establishing the estimated cost of
patient rehabilitation [22].
It is worth noting that the formed indicators
framework for integrated monitoring of the costing
process for a patient by medical rehabilitation
institutions allows us to determine the behavior of
an individual healthcare institution regarding the
composition of technological equipment, determine
the capacity of a medical institution, form a
structure of rehabilitation measures that affect
recovery rates and determine the average estimated
prices for the rehabilitation of each patient, which
together determine the "internal strategy" of the
rehabilitation medical institution. Moreover, the
development of internal strategies occurs following
the simulated "state of nature", which is formed
under the influence of those environmental factors
that determine the likely price for the rehabilitation
of an individual patient [23-25]. An important aspect of
this study is also the importance of understanding
the differences in the process of rehabilitation of
ordinary citizens and military patients (combatants)
who were injured in the course of hostilities.
Rehabilitation of this category of the population is
notable for its difficulties, and cost monitoring in the
aspect of the indicator framework is much more
relevant. The specifics of the rehabilitation of
combatants are largely related to the professional
deformation of the military, the psychological
consequences of participating in hostilities, as well
as the effects of possible shell shock, injuries, and
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other aspects that can affect the rehabilitation
process and require a unique approach [26, 27].

Conclusions
Thus, as a result of the development of an indicator
framework for integrated monitoring of the costing
process for a patient by rehabilitation medical
institutions:
–
results of the research can be used in the
process of making informed decisions on the
formation of the actual request for the capacity of
the institution and price request;
–
it was proposed that all indicators of
integrated monitoring of the costing process for a
patient be divided into two groups: dynamic, which
can assess the impact of relevant factors on the
pricing process in the short term, and strategic,
which can affect the pricing process in the medium
and long term;
–
a model of the process of cost formation for
a patient by rehabilitation medical institutions,
presented in the research, allows the use of
monitoring results for modeling statistical games;
–
a dynamic indicator framework of 10
groups of factors presented in the context of
preliminary, intermediate, and final types of
monitoring. Classification based on the influence of
factors on the process of generating costs for a
patient allows for identifying indicators that reflect
external factors. Internal – allows us to create an
internal pricing strategy, and external – to predict
the state of the external environment for the
formation of prices, which is used in the modeling of
statistical games;
–
according to the results of the experiment,
whatever the situation of external factors, the choice
of pricing strategy allows us to get a minimum, but
guaranteed price. With a risky approach, it is
possible to use a strategy with a price whose profit
will be high, but the risk of it will also increase.
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