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ABSTRACT

OBJECTIVE:

Medical equipment plays an effective and vital role in the diagnosis and freatment of diseases. Each society dedicates
a plethora of health resources to these facilities. Since prioritizihg and resource allocation are crucial in low-income
countries with limited health resources, understanding and improving the purchase management of medical equipment
in hospitals is a primary key for preparing high -quality health services. The aim of this study was to design a model for
medical equipment purchase management at hospitals affiliated with the Tehran University of Medical Sciences.
METHODS:

The statistical population for the present applied study, consisted of 623 people and the research sample was comprised
of 420 people, which was selected using the stratified random sampling method. Data was collected using a researcher-
made questionnaire whose variables were extracted from comparative studies and whose validity was measured by the
relative content validity coefficient, content validity index and Cronbach's alpha coefficient. The SPSS 18 and AMOS were
employed for analyses.

RESULTS:

The most and the least effective aspects of medical equipment purchase management in the studied hospitals were
found to be decision-making (path coefficient of 1.244) and organization respectively (path coefficient of 0. 845).
CONCLUSION:

It is crucial to take factors info consideration when using the facilities and capacities available in health and treatment
centres. The proposed model can best guide buyer institutions fo move towards efficient purchase mentioned in upstream
policy documents.
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INTRODUCTION

I |'SClfhCare.  Indeed,  hedlthcare  fechnologies have

Today's rapid and continuous technological evolution, become an essential part of the provided services, as they

which affects most production sectors, also involves play increasingly significant roles in the diagnosis and

freatment of patients. [1,2] The equipment represents a
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very dynamic and rapid group of health technology

innovations, which annually was allocated a large
proportion of health and treatment resources to the
purchase, repair, maintenance, and replacement of such
[38] The

growing number of equipment is making a significant

equipment both inside and outside country.

contribution to the mounting healthcare costs making it
contradict the emphasis of making healthcare affordable.
[4] Stewart
equipment increased by 62% over the past 15 years while

reported that the number of medical
the average utilization rate of mobile equipment is only
42%; thus, increasing hospital’s acquisition budgets and
maintenance cost. [5] According fo surveys conducted by
Ably, the annual growth rate of these costs is increasing by
15% to 20%, accounting for about 45% of the operating
budget of hospitals [6, 7], in which the costs of medical
equipment play a significant role in the health expenditure
growth. [8]

Due to the fact that health centres are usually faced with
constrained resources that must be distributed carefully,
policymakers across high _and middle _ income countries
have grown interested in the role that accurate purchasing
could theoretically have in optimizing the cost-effective
provision of healthcare services while simultaneously
maoximizing population health. [9-10] On the other hand,
given the growing wave of expectations in updating
equipment and technologies in the last decade, it seems
that now is the time fo consider purchase management of
medical equipment in today's world economic conditions.
Purchase management of medical equipment has a
critical and important role; with clearly defined Purchase
management organizations can explain to their employees
what purchasing is and how it should be conducted in that
specific organization. It also helps employees to quickly
grasp the main purchasing processes and activities and
can be used for problem-solving and decision-making. [10,
11]. It is facing a growing pressure to provide visibility and
fraceability of the purchase, to reduce fraud, to improve
flexibility and to ensure communication between everyone
involved.

The complexity of the technological assets and medical
equipment found in healthcare facilities, in terms of
number and diversity, is reflected in the complexity of
purchase management, which must be efficient so that the
equipment can always be used safely and appropriately.
Therefore, Due to lack of funding, health care managers
struggle to maintain a balance between patients’ access
tfo modern health services and the economic stability of

these centres; they also try to select and buy the most cost-
effective medical equipment which ultimately affects the
development of every country on a national level. [12-14]
the uncertainty that comes with purchasing medical
equipment make it especially important to select
management that can manage the limited organizational
resources effectively; these decisions must be made in the
changing environment of health policies; patients’
demands and hospital competition with other medical

centres. [15-18]

Management policies on the efficient hospital purchases of
medical equipment are key to providing high-quality
health services. [19-21] this paper reviews the studies
conducted on hospital management around the world
and presents a well-organized and systematic effort to
make fundamental decisions in the field of medical
equipment purchase management.

METHODS
|
This descriptive-analytical, cross-sectional and applied
study was carried out in 2018 at hospitals aoffiliated with
Tehran University of Medical Sciences. It was conducted in
two phases (Figure 1). The first phase consisted of a library
study and a literature review. Data was collected from a
series of references including databases, reference books,
published reports and information banks such as Medline,
PubMed, and other sites related to the Ministry of Health
and other authorities including governmental and non-
governmental organizations, documents from the Medical
Equipment Department of the Ministry of Health, freatment
and medical education, documents from the medical
equipment offices of Iran Universities of Medical and theses
available at the National Library, Tehran University of
Medical Sciences and Islamic Azad University (Science and
Research Unit) (2006-2017). Comparative tables were used
to analyze the collected data.

Comparative tables were used to analyze the collected
data. Making use of similarity and difference points shown
in the comparative table, 66 variables were identified. The
variables were weighted using the Shannon entfropy
method. Experts were then asked fto assign appropriate
the

known

to each of indicators,
the the
components with the management purchases of medical

weight the necessary

importance, and relationship  of

equipment using the Shannon entropy method. Finally, the
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variables were ranked and 38 variables were finalized with
the opinion of experts.

Bagheri et al. In their research said purchase management
is a process including decision-making and implementation
of written plans to prepare and meet the organization's
needs at the right time, with the desired price and quality
from reliable and dependable sources according to the
capability. The organization's facilities and in the framework
of the rules and standards governing the organization know
that according fo this definition and making use of similarity
and difference points shown in the comparative table, and
expert comments the research inifial model was presented
in five dimensions including planning, decision-making,
organizing, leadership, and confrol. [22]

Then, a researcher-made questionnaire was designed
according to the initial model and the tools used in studies
by Ivelve, Jones, and Tourani. [3, 8,18]

In the second phase of the research, the researcher-made
questionnaire along with a schematic outline of the
suggested pattern and a description of the model
dimensions were given to 20 experts to validate the model.
Among the experts were hospital managers, managers
and authorities from the Medical Equipment Office of
Tehran University of Medical Sciences and the Medical
Equipment Unit of the affiliated hospitals; All experts had
Ph.D. or M.A. degrees in the fields of either Health and
Treatment Service Management or Medical Engineering.
The face and content validity of the questionnaire was
confirmed in two phases. The first phase was performed
using the Delphi method and the second phase was of
content type. The Cronbach's alpha coefficient was used
to examine the reliability of each studied dimension, first
separately and then together. The Likert 5-point scale was
used to measure each item on the questionnaire (1 = very
low, 2 =low, 3 = moderate, 4 = high, and 5 = very high).

The statistical population of the study consisted of hospital
managers, nursing managers, bosses and supervisors of
diagnostic and treatment wards and medical equipment
units of all hospitals of Tehran University of Medical Sciences
as well as managers and experts of medical equipment
units of the universities (N=623). They were selected using
the stratified random sampling method. The inclusion
criteria were the individuals’ organizational posts and their
employment in management units, medical units and
medical equipment units.

In structural equation modeling methodology, sample size
determination is more experimental. Benfler and Chou
present a minimum of 5 and a maximum of 10 samples for
each parameter. [23] Habibie and Adanvar in their
research said the sample size can be determined between
5 and 15 observations per measured variable. [24] In this
research, a researcher-made questionnaire has 38
variables. According to experts, 11 views are provided for
each variable. Therefore, a total of 420 samples are
considered. The number of samples in class was
determined according o as follows; hospital managers 35
samples, nursing managers, bosses, and supervisors of
diagnostic and treatment wards 352 samples, medical
equipment units of all hospitals 26 samples and managers
and experts of medical equipment units of the university 7
samples. To complete the sample size (the probability of
non-cooperation or omission of incomplete
questionnaires), 450 questionnaires were distributed. Finally,

420 completed questionnaires were collected.

FIGURE 1: ARTICLE FLOWCHART
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Data was analyzed using descriptive statistics, confirmatory
and exploratory factor analysis and SPSS 18 and AMOS. The
results provided the suggested purchase management
model of hospitals affiliated with Tehran University of
Medical Sciences. Ethical considerations in this study
included observing ethical principles in the use and
dissemination of scientific texts. Moreover, the authors had
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no conflict of inferests in the various stages of this research.
The samples voluntarily entered the study and were all
assured that their questionnaire information would remain
confidential. This research is part of a doctoral dissertation
entitled "Designing a Purchase Management Model of
Capital Equipment and Medical Consumables of Hospitals
affiliated with Tehran University of Medical Sciences” and
has the code of ethics no. IRIAU.TMU.REC.1398.042.

RESULTS

I
Of the 450 questionnaires distributed, 431
completed and returned. Among which 34 (8%) were

were fully

completed by managers and nursing managers, 364 (84%)
were completed by ward supervisors, 26 (6%) were
completed by medical equipment managers and experts
of hospitals and 7 (2%) were completed by medical
equipment managers and experts at the university
headquarters. 101 (23%) of the respondents were male,

and 330 (77%) were female. The highest number of

respondents was in the age group of 40-50 years, and the
lowest was in the age group of over 50 years. Concerning
academic certificates, most respondents had bachelor's
degrees and only a few had PhDs or higher. Most
respondents had clinical certificates, while a few had
studied in the field of management and accounting. Also,
most respondents had 20-25 years of service experience,
while only a few had 0-5 years of service.

Most of the questions in the measurement model used in
this research had the factor load of less than 3, and most of
the fit indices were lower than the standard limit; thus, some
questions were deleted to improve the fit index. The results
of these modifications (deleting some questions with a low
factor load and creating three co-variances between
three pairs of errors) improved the model fit index. Table 1
illustrates the mean variance coefficient extracted for the
main studied variables and represents the CR> AVE
condition in managing the medical capital equipment
purchase.

TABLE 1: MEAN VARIANCE COEFFICIENT OF THE MAIN STUDIED VARIABLES

COMBINED RELIABILITY

CR>AVE

COEFFICIENT (CR)
0.72

0.70
0.79

0.75

.
7
.
y
.

After examining the measurement model and confirming

0.79

its indices as well as confirming the construct validity
indices, the structural model or the main model was
examined in the final step. The same final measurement
model was used for this stage, except that the covariances
among the endogenous latent variables were deleted and
a residual error was left for the endogenous latent
variables. The software output showed a suitable fit of the
study model (Table 2). After confirmation, the path

coefficients and their significance were examined (Table 3,

AVE;%iE;gﬂ?ﬁSE)OF VARIABLE
0.56 Planning
0.51 Decision
0.60 Organization
0.55 Leadership
0.68 Control

included in appendix 1). In the standard mode, the P-value
was significant for all paths.

According fo Table 3 in the appendix, “decision making”
(path coefficient of 1.244) had the highest impact, while
"organizing” (path coefficient of 0.845) had the lowest
effect on the purchase management of medical capital
equipment. The second most effective aspect was
1.238),

“leadership and control” (path coefficient of 1.151 and

“planning” (path coefficient of followed by

0.973 respectively).
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TABLE 2: STRUCTURAL AND MEASUREMENT MODEL FIT

STRUCTURAL MODEL MEASUREMENT MODEL STANDARD RATE INDEX
1.09 1.08 3> X2/df
0.017 0.016 0.08> RMSEA
0.5 0.5 0.5< PNFI
0.936 0.937 0.8< GFl
0.922 0.922 0.8< AGFI
0.474 0.5 0.9< NFI
0.909 0.915 0.9< CFHl
0.91 0.925 0.9< IFI
0.407 0.41 0.9< RFI
DISCUSSION AND CONCLUSION
rational purchasing policies and active competition

I
Due to the increasing use of services in public hospitals,
especially hospitals affiliated with Tehran University of
Medical Sciences (because most of them are referral
hospitals) and since we are currently faced with serious
resource constraints, it is crucial to make optimum use of
the available facilities. The planned purchase of medical
equipment is especially important towards achieving
productivity, safety, ease of operation and reduced
personnel workload and probable risks.

The findings of the present study showed in the hospitals of
Tehran University of Medical Sciences, the decision-making
(path coefficient of 1.244) is the most important aspect of
purchase management and strongly affects, market and
price competitiveness. Owing to the variety of services and
products and the hospital’'s authority to choose products
proportional to its needs, understanding the factors
influencing decision-making in a competitive environment
and using scientific methods to select a product or service

in healthcare institutions are of particular importance.

In health centres, evidence suggests that standard medical
equipment should be purchased at the lowest prices to
increase purchasing power. To achieve this, competitive
advantages must be applied and competitive and agreed
prices must be taken into consideration. [25-26] The findings
of the study of Liyanto et al. also imply that selecting the
most reliable supplier in public or private sectorsis based on

between different providers over quality and price. [25]

Boyer et al. emphasized competitive prices in the Chinese
medical equipment market. [27] In a study conducted in
India, Blarjan et al. Stated that to avoid high healthcare
costs, the Indian government attempted to set a price
ceiling for medical equipment. [28] In the present research,
respondents paid more attention to the variable
“exchange market”. Amerion et al. in their research also
suggested that price changes often lead to an increase in
the cost of the required equipment and parts which would
ultimately result in increased maintenance costs. [29] The
political atmosphere, sanctions and exchange rate
fluctuations in Iran have worsened Iran’s access to the
medical market and cannot easily be compared with that

of the other studied countries.

While the current economic crisis has made industrialized
countries of the world wary of using costly technological
devices, the application of advanced medical technology
is increasing in developing countries, which is associated
with wasting enormous economic resources and actual
technological power. [30] In this regard, Isaco states that
the most important factor causing the waste of resources is
purchasing sophisticated equipment, which is underutilized
or ignored due to the lack of maintenance and operation
specialists. The purchasing of sophisticated equipment
often led to about 20 to 40% in losses. [31]
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A well thought out plan for purchasing medical equipment
can help us achieve balance in budgeting different needs.
According fo studies conducted in many developing
countries, the medical equipment substitute plan has led to
a significant reduction in normal costs. The traditional
method in healthcare centres for purchasing and using
new medical equipment is usually based on the physicians
whose main concerns revolve around patient health and
income. [32] In their research, Pauli and Burns stated that
physicians’ concerns included the freating of patients and
income, so, they oftfen sought to use newer technologies to
freat their patients. [33] Boots and other researchers argue
that health centres are faced with resource constraints and
need to have a realistic analysis for acquiring a new
device. [31]

The findings of the study of Saleh et al. imply that if a
purchase is made without paying attention to ifs
requirements, the purchased items may fail in meeting
actual hospital needs. [30] Ozmir, Kumar, and Chakravaddi
et al in their researches stated that rapid technological
advances in the Turkish healthcare sector, particularly in
recent years, have led to an increase in the use of high-
tech medical devices, which is mainly due to the
government's lack of political commitment to plan and
prioritize the purchase of medical equipment. [34-38] While,
Mazloum Vajari imply that developing countries such as
Iran have limited capital, so it is important to ensure that
any investment in medical care technology is made
properly. As appropriate management practices create a
sustainable environment for medical care technology,
stfrong plans are needed for replacing and purchasing
medical equipment. [18]

Concerning leadership, bargain power is useful in many
pricing systems fo achieve lower agreed prices. In their
research, Liyanto and Preker stated that in Canada and
Germany, pricing is determined by negotiations between
buyers and providers, so the agreed price depends directly
on the effectiveness of the service providers' negotiations.
[25-26] In a study conducted in Turkey, Gurcanli et al.
stated that staff participation in making decisions to
purchase medical equipment is completely technical-
based. Employee participation rates can vary from non-
participation

(where supervisors make all purchasing

decisions) fo full parficipation (where anyone can
participate in the decision-making process). [39] Amerion
et al. stated that medical equipment should be purchased
after consultation with all staff and specialist members and

with the majority of votes. [29]

Regarding governmental aids and interventions, Salehi et
al. suggested that if the government increased the
purchasing power of medical centres by providing loans
and facilities, these centres could be more wiling to
support purchases of their necessary medical equipment.
[40] Chakravaddi et al. stated that in India, the most
expensive and modern medical equipment is purchased
through loans obtained from the World Bank. [41]
Chakravaddi et al. imply that inrecent years, India’s private
sector invested heavily in the purchase of medical
equipment by participating in equipment management
[38]. In their research, Boyer and Lio stated that in China,
medical equipment is procured from the state budget.
[27.42]

Concerning the control aspect, many governments have
passed national policies and laws for the production,
distribution,

equipment to ensure the effectiveness, safety, and rational

purchase and maintenance of medical

use of these devices. [43] Dolan et al. stated that in the
United States, agencies such as the US Food and Drug
Administration and the European Union's Medical Device
Directive have made stricter laws to control and enforce
appropriate medical devices for humans. In Canadian
hospitals, the technical standards of medical equipment,
which are international standards, are regularly updated
by national and local organizations in this country. [44]

Chen et al. in their study stated that the Chinese
government has begun to formulate and apply laws and
policies in this field since 2006. [45] Oner et al. stated that
drug and medical equipment regulations in Turkey are
formulated in association with the Insurance Fund of Social
Security Institute and the Drug and Medical Devices
Administration; some of the laws approved in the EU have
[46] Nevertheless,
Tiryakioglu et al. stated that unclear purchase rules,

also been applied in this country.

unawareness of organizational strategies, shortage of
communications amongst users, lack of organizational
knowledge about potential capabilities of suppliers, and
lack of purchasing skills are factors leading to purchase
management deficiencies in Turkey. [47] In their research,
Potel & Chakravaddi stated there are a few standards and
regulations in India for the production, import and sale of
medical equipment. Currently, medical equipment in this
country is considered a part of drug laws and its regulations
are approved accordingly. [41, 48]

In terms of organization, respondents paid more attention
to the legal requirement of new building constructions,
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hospital ward developments, compilation of its plans with
regards to concerns about up-to-date equipment and the
creation of new wards in health centres, all of which are
aimed for the patients’ well-being. In their research,
stated that the National Health
Initiative and the Import Dependency

Tiryakioglu et al.
Transformation
Reduction Program have assisted Turkey's hospitals and
enabled them to expand to thousand-bed hospitals, which
can result in higher costs. [47] Also, Chakravaddi et al.
stated that the Indian Government also pays particular
aftention to the modernization of its health centfres and the
purchase of medical equipment; it employs experts in
these fields so as to improve decision-making fasks and
processes. [41]

As The findings of the present study showed, several
components affect the purchase management of medical
equipment, which their determination and review, as well
as the integration and summarization of the results, make
purchase management a specialized and sometimes
complex matter. Insufficient attention to the issues raised in
this field due to the limited level of information and
expertise or one-dimensional perspective has led to an
inappropriate summary of data, which causes decision-
making to be made incorrectly.

Despite pressure from physicians and patients to use new
and expensive technologies and equipment that have not
been proven effective; healthcare centres must have
appropriate plans and make the right decisions in buying
efficient medical equipment. Therefore, attention must be
paid to scientific advancements and consequently
medical equipment in order to meet the needs of
stakeholders and the specific and non-specific hospital

revenues in medical equipment purchase management.

Price realization, playability, bargaining power and proper,
and sufficient after-sales services are prerequisites of
efficient purchase management, especially in Iran where
exchange rate fluctuations, sanctions, and economic
pressures are more evident.

Up-to-date equipment and the use of new methods of
purchase in medical centres that are all for the well-being
of patients and increasing the service of the hospital; need
efficient supply process equipment under the close
supervision of managers hospita.

This can be done by bargaining with managers
appropriate procurement contracts and communication

with  NGOs
guidelines

receive government assistance, develop

and clinical guidelines and make them

available to all providers service, guaranteeing the
development of a comprehensive educational, cultural,
and bedding package to raise the level of awareness of
people and service providers, align by forming treatment
economics working groups to justify and sensitize practical

clinical groups.
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APPENDIX
____________________________________________________________________________

TABLE 3: REGRESSION COEFFICIENTS IN STANDARD MODE

PATH CRITICAL STANDARD HIDDEN

coerricient T-VALUE - paTE ERROR Lo VARIABLE QUESTION
1.238 0.019 2.769 0.587 1.389 Management <--- Planning
1.244 -— -— -— 1 Management <--- Decision
0.845 0.014 2.447 0.536 1.312 Management <--- Organization
1.151 0.017 2.378 0.567 1.349 Management <--- Leadership
0.973 0.008 2.647 0.529 1.099 Management <--- Control
0.149 0.052 1.943 0.254 0.493 Planning <--- S3

0.258 0.003 2.941 0.256 0.752 Planning <--- sS4

0.285 0.006 2.726 0.233 0.636 Planning <--- S5

0.294 0.001 3.187 0.291 0.926 Planning <--- S6

0.153 0.048 1.979 0.254 0.503 Planning <--- S8

0.296 -— —-— —-— 1 Planning <--- S9

0.228 0.031 2.013 0.38 1.3 Planning <--- S10

0.368 -— -— — 1 Decision <--- S11

0.162 0.042 2.035 0.424 0.862 Decision <--- S13

0.254 0.011 2.558 0.275 0.704 Decision <--- S14

0.325 0.002 2.058 0.36 1.1 Decision <--- S15

0.187 0.027 2.21 0.463 1.023 Decision <--- S16

0.218 0.017 2.387 0.539 1.287 Decision <--- S17

0.168 0.038 2.076 0.393 0.817 Decision <--- S18

0.215 0.009 2.611 0.41 1.069 Organizing <--- S20

0.22 0.016 24 0.436 1.046 Organizing <--- S22

0.269 -— —-— —-— 1 Organizing <--- S23

0.213 0.012 2.52 0.337 0.848 Organizing <--- S24

0.259 0.004 2.915 0.383 1.118 Organizing <--- S25

0.218 0.01 2.573 0.369 0.95 Leadership <--- S26

0.328 -— —-— —-— 1 Leadership <--- S28

0.311 0.003 2.995 0.494 1.479 Leadership <--- S29

0.198 0.003 2.972 0.366 1.087 Leadership <--- S30
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