
RESEARCH ARTICLE

Assessment of implementation barriers of blockchain technology in public 
healthcare: evidences from developing countries
Sudhanshu Joshi a,b and Manu Sharma b,c

aOperations and Supply Chain Management Research Laboratory, School of Management, Doon University, Dehradun, India; bThe 
Australian Artificial Intelligence Institute (AAII), University of Technology Sydney, Sidney, Australia; cDepartment of Management Studies, 
Graphic Era Deemed to be University, Dehradun, India

ABSTRACT
The widespread use of Blockchain technology (BT) in nations that are developing remains in its 
early stages, necessitating a more comprehensive evaluation using efficient and adaptable 
approaches. The need for digitalization to boost operational effectiveness is growing in the 
healthcare sector. Despite BT's potential as a competitive option for the healthcare sector, 
insufficient research has prevented it being fully utilised. This study intends to identify the main 
sociological, economical, and infrastructure obstacles to BT adoption in developing nations' 
public health systems. To accomplish this goal, the study employs a multi-level analysis of 
blockchain hurdles using hybrid approach. The study's findings provide decision- makers with 
guidance on how to proceed, as well as insight into implementation challenges.
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1. Introduction

In developing nations, the expenditure on safeguard-
ing public health is comparatively expensive and 
increases during catastrophes (Coupet et al., 2021). 
Public health spending is increasing in emerging 
nations like China and India to 5% of the GDP 
(Pérez, 2021). The majority of spending is heading 
towards digitisation and automation. Thus there are 
opportunities to enhance the healthcare systems and 
provide incentives. The Indian healthcare sector is 
expected to grow to a value of US 372 billion with 
the emergence of public and private parties (Rai 
et al.,2021).The technology and information manage-
ment exhibits an essential role in public healthcare 
systems and influence health information technology 
functions and it results into improved public health. 
Recent research studies have emphasised on digitalisa-
tion of the public health systems have the potential to 
benefit beneficiaries. Among recent digital technolo-
gies, blockchain technology (BT) is gaining momen-
tum into public services. The evolutionary technology 
has core properties across all its real-life applications 
including traceability, decentralisation, autonomy and 
immutability. BT build a well trusted digital network 
that maintains digital transactions across every user 
levels. With its evolving presence, no industry is 
exempted from the commercial and technical compe-
tency of BT. BT exhibits great potential and influence 
the industry and social order. Blockchain provides 
sequential, distributed records across the network. 

With its emergence, Blockchain is getting increasing 
attention from academic and industrial researchers. 
Healthcare Industry is focusing on key areas, which 
includes patient experience (satisfaction, loyalty, word 
of mouth, etc.), digitalisation, effective market seg-
mentation, promotion, and sustainable marketing 
solutions. With the latest technology, this industry 
and its service portfolios can be optimised, and may 
become highly personalised, mobile, and ubiquitous, 
which brings an overall improvement such as mini-
mising the travel cost, and service levels. In healthcare, 
BT can constantly improve interoperability standards 
on a regular basis. While maintaining the integrity and 
privacy of the electronic health records (EHR) 
(Garrido et al., 2021; Sharma & Joshi, 2021). In recent 
times, health information technology has emerged as 
a thrust research area where BT can be deployed and 
that may connect billions of connected devices to 
generate millions of data transactions (Hasselgren 
et al., 2020; Jeet & Kang, 2020). Due to advance tech-
nologies and infrastructure, the healthcare industry is 
undergoing a rephrasing stage. The new digital eco-
system is leveraging the value and giving a safe and 
effective customer experience to the patients. 
Healthcare Industry is focusing on key areas, which 
includes patient experience (satisfaction, loyalty, word 
of mouth, etc.), digitalisation, effective market seg-
mentation, promotion, and sustainable marketing 
solutions (Malhotra et al., 2022). With the latest tech-
nology, this industry and its service portfolios can be 
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optimised, and may become highly personalised, 
mobile, and ubiquitous, which brings an overall 
improvement such as minimising the travel cost, and 
service levels (Saxena & Verma, 2020). The potential 
of BT in the context of developing nations must be 
assessed and harnessed (Balasubramanian et al., 2021).

1.1. Research motivation

In some developed nations, the risk of adopting BT in 
public sectors is relatively low. e.g., countries like USA, 
UK, and Japan (Malhotra et al., 2021; Sanka et al., 
2021). However, it is still in its infancy in emerging 
markets like India because of unclear BT regulations 
and guidelines and significant worries over data privacy 
and stakeholder reliability (Badhotiya et al., 2021; 
Farouk et al., 2020; Toufaily et al., 2021). In recent 
years, developing countries have begun digitisation 
their health care systems to address impending diffi-
culties brought on by the epidemic. Consequently, 
public health system barriers in developing nations 
vary from those in developed countries; however, 
adopting BT can unite a wide range of industries to 
create societal issues (Amarakoon et al., 2021; Manish 
Katiyar & Singhal, 2021). BT’s participation in emer-
ging and developing economies is thus crucial because 
these countries need more reliable digital resources and 
skills. Previous studies have evaluated the adoption of 
blockchain technology, value creation, and public- 
private partnership co-creation (Balasubramanian 
et al., 2021; L. Sharma et al., 2021; Toufaily et al., 
2021). According to Schulz (2020), Blockchain technol-
ogy may fuel a sustainable governance and policy strat-
egy enabling a long-term public health system. In 
developed countries, research projects have been 
sparked by the deployment of BT, and those pro-
grammes are gaining momentum constantly. 
(Clohessy et al., 2019; Prakash et al., 2020; Sharma 
et al., 2021). However, developing countries like India 
need more research initiatives in BT adoption and 
related practices. Previous studies have explored BT 
barriers in developing countries (Schmidt & Sandner, 
2017; Schuetz & Venkatesh, 2020). However, no quan-
titative models are available now that demonstrate how 
the barriers are connected and encourage BT adoption 
through sensible and efficient steps to remove the 
barriers in developing countries like India. Blockchain 
technology (BT) has been increasingly important in 
recent years for identifying interdependencies and inte-
grating critical roles, resources, data, and capabilities in 
public healthcare systems (Puri et al., 2021; Tanwar 
et al., 2020).In developing nations with underdeveloped 
institutions and few options to address social problems 
connected to public health, BT may provide local gov-
ernment with more influence. It is necessary to inves-
tigate the potential of BT for public health in 
developing nations like India as well as the primary 

adoption hurdles, operational guidelines, and offering 
a strategic roadmap for the future of public health.

The aim of the study paper is to examine the 
research questions and seek to bridge the research 
gap that has been identified.

RQ1: What are barriers to enabling the use of BT in 
the public healthcare systems of developing nations

RQ2: How do BT adoption barriers in the healthcare 
sector relate to those in developing nations?

RQ3: What is the strategy for reducing the hurdles 
to BT adoption in the healthcare sector?

The study on BT adoption barriers linked to public 
healthcare institutions’ ability to use digital infrastruc-
ture, like the UTAUT, to understand the dynamics of 
change management (Arfi et al., 2021; Joshi, 2013; 
Warkentin & Orgeron, 2019). The study aims to analyse 
key BT-related barriers in developing nations like India 
to respond to the study’s issues. The following goals 
were set to close this literature gap:

● To examine into the implementation barriers 
for BT in the context of Indian public 
healthcare;

● To recognise the linkage among the chosen 
barriers identified by the systematic literature 
study;

● To offer tactical recommendations to remove the 
barriers to BT adoption in public health systems.

The paper is organised as follows: background 
details on blockchain technology, the public health 
system, and the theoretic foundations of the 
research article are elaborated in Section 2. The 
methodologies are discussed in Section 3, along 
with an explanation of how they were used for 
the study. The proposed research framework and 
a thorough discussion of the use of BT in public 
health are presented in the next section. The 
research study’s findings are discussed in 
Section 5. The plan roadmap to lessen the effect 
of impediments on public health systems is high-
lighted in Section 6. Section 7‘s conclusion, restric-
tions, and open research barriers are all 
incorporated for upcoming research.

2. Literature review

2.1. Public healthcare and digital technologies

Using Systematic Literature Review (SLR)(Gebayew 
et al., 2018) enlightened the upsurge practice of digital 
technologies in healthcare. Similarly, Sikandar et al., 
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2022). gives insights on the usages of digital technol-
ogy to overcome public service delivery challenges. 
Similarly, Golinelli et al. (2020) conducted a thematic 
analysis on a variety aspects of technology adoption in 
public health systems (viz, Electronic Health Records 
(EHRs); Telemedicine; The use of mobile health 
(mHealth); Medical research, Supply Chain 
Management, health data analytics; risk of cybersecur-
ity threats; raises of privacy and legal concerns). 
Osipov and Skryl (2021) discussed the role and digital 
technologies' effects in improving the delivery of 
healthcare services and support public health manage-
ment. Although, there are several critical perspectives 
on digital health (Chaudhary et al., 2022); Zarour 
et al., 2021). Additionally, there is concern that digital 
health technologies may be designed and implemen-
ted in ways that disproportionately benefit specific 
groups while leaving others behind (Veinot et al., 
2018). Finally, some critics argue that the emphasis 
on digital solutions may need to address the under-
lying social determinants of health (Hatef et al., 2019; 
Justvig et al., 2022). The literature supports the argu-
ment that digital technologies have the potential to 
greatly improve the delivery of healthcare services 
and support population health management in public 
healthcare. It’s important to consider the barriers and 
potential solutions to implement them effectively. 
Despite the importance of all emerging digital tech-
nologies, SLR indicates a significant need for study, 
particularly in the domains of blockchain technologies 
and public healthcare.

2.2. Systematic literature review

This section discussed the systematic literature review 
on the implementation barriers of blockchain technol-
ogy in public healthcare. The SLR was carried out to 
explore the relevant published literature on healthcare 
industry and blockchain technology. The purpose of 
the SLR was to search and critically evaluate studies 
that have examined the difficulties and obstacles 
encountered when implementing blockchain technol-
ogy in various aspects of public healthcare such as 
medical records management, supply chain manage-
ment, and data sharing. In addition, The goal of the 
review was to identify patterns, gaps, and inconsisten-
cies in the existing literature in order to inform future 
research and implementation decisions. In addition, 
Review has been performed by authors in accordance 
with Preferred Reporting Items for Systematic Reviews 
(PRISMA) standards (Cacciamani et al., 2023). 
Although, Common parameters that make systematic 
reviews reproducible and scientifically sound are fre-
quently not understood in these studies (Pollock and 
Berge, 2018; Mitchell & Kan, 2019; Rethlefsen et al., 
2021). PRISMA provides a standard peer-review pro-
cess that uses a set of guidelines, and this paper 

adheres to it (Moher et al., 2015), to help ensure the 
effectiveness of the revision procedure and its repro-
ducibility. A review methodology that outlines the 
criteria utilised to select publications, the search strat-
egy, data extraction tools, and data analysis methodol-
ogies was developed for the current study. The details 
of review methodology is explained in the following 
steps:

2.2.1. Data sources and search strategies
We thoroughly examined two academic databases (Web 
of Science and Scopus) between 2015 and 2020. We 
identified peer-reviewed studies written in the English 
language. We conducted a broader search strategy to 
determine the eligible studies for review. Search terms 
were modified together with Boolean operators. The 
search string includes “Healthcare” AND “Blockchain 
technology”; “Public Health” AND “Blockchain technol-
ogy”; “Blockchain” AND “Public Healthcare”; “Public 
Health” AND “barriers for blockchain adoption” as key-
words for topics searched as article titles, and abstract, in 
Scopus and Web of Science. The qualifying papers that 
were included after the computerised search also had 
their reference lists manually searched.

2.2.2. Selection of studies
Using the aforementioned standards (Meade & 
Richardson, 1997; Meline, 2006). Authors indepen-
dently assessed paper titles and abstracts to decide 
which papers qualified for inclusion in the research. 
For final inclusion, the complete text of papers that 
might be pertinent was examined. Every disagree-
ment was settled by agreement with one of the 
researchers.

2.2.3. Data assessment
The authors independently extracted the information 
and evaluated the quality of the articles. Based on the 
previous researches (Joshi et al., 2022; Sharma et al., 
2022); Unhelkar et al., 2022), each study’s data were 
collected and entered into an evidence table. The authors 
gathered information through original research. Any dis-
agreements were resolved by the writers’ collective 
agreement.

2.2.4. Eligibility criteria
There were three rounds of choosing the papers to 
review. The authors participated in the screening of 
the title and abstract for the first round of analysis. 
Afterwards, they examined the articles in the second 
round. The results were arranged in a table, and the 
selection criteria were made in accordance with the 
study topic. Studies with no full text accessible, were 
deleted. To determine their inclusion in our study, 
articles from this round were recovered and given 
a thorough inspection. All papers that did not 
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discuss research analysing the procedure and results 
of competence development in relation to graduate 
employability were disregarded in order to answer 
our specific research concerns. Using the Scopus and 
Web of Science databases, the relevant papers were 
extracted using the procedures outlined in Table 1.

2.2.5. Constitution of the corpus of analysis
By primary author’s name and the year of publishing, the 
studies are listed in alphabetically. The texts were given 
a number to identify them. Based on methods and meth-
odologies recommended by Vaismoradi et al. (2013), 
a thematic analysis of the articles’ content was conducted. 
The research solely used journal publications published 
between “2015–2020”. In the initial search, 250 items 
were discovered. 97 articles that were relevant to the 
study themes remained after the duplicates were elimi-
nated. Working papers, and conference proceedings 
were also omitted.The listed studies were arranged 
chronologically by first author last name and by year of 
publication. A number was used to code the articles. 
Thematic content analysis of the articles was conducted 

utilising techniques and methods created by Archibald 
et al. (2015). There were found to be 63 papers that were 
relevant to the study’s questions. Cross-referencing was 
employed to complete the selection process, and 3 rele-
vant articles are added in the pool of documents. Thus, 
33 papers were ultimately picked. Figure 1 depicts the 
process of data synthesis. Due to the special nature of the 
subject, research from other industries was taken into 
account to determine the structures. The study’s sys-
tematic literature review (SLR), which is presented in 
Table 1, was completed. In order to address our specific 
research concerns, any articles that did not discuss 
research evaluating the process and results of compe-
tence development associated to graduate employability 
were eliminated from consideration.

2.2.6. Characteristics of included studies
Figure 2 shows that 2015 was indeed the year with the 
highest number of studies included in our search. Our 
results indicate that the volume of research published 
during the previous four years has significantly 
increased.

Table 1. The search criteria.
Search terms Initial search First screening Second screening Third screening

‘Healthcare AND ‘Blockchain technology’ 15 10 8 5
‘Public health’ AND ‘blockchain technology’ 104 43 32 12
‘blockchain’ AND ‘public healthcare’ 65 23 12 8
‘public health’ and ‘digital technology’ 48 12 8 6
‘public health’ AND ‘barriers for blockchain adoption’ 18 9 3 2

Total articles 33

Figure 1. Systematic Review Process (Source: Rethelfsen et al., 2021).
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2.3. Blockchain technology and public healthcare

The healthcare sector is growing continuously, the 
need for the players to use new business strategies 
(Moreiraand Silva, 2016; Costa & Godinho Filho, 
2016; Tuisku et al., 2019). About 60% of the health-
care sector as a whole still needs to prepare to 
adapt to a collaborative and integrated environ-
ment. Analytics cannot be implemented or used 
as a result. In contrast to other sectors, like retail 
and finance, this one lacks cutting-edge technology 
and the adoption of analytical tools/methods (Y. 
Wang & Hajli, 2017). The ecosystem in this sector 
is gradually evolving, with a focus on value chains’ 
improvisation (Blijleven et al., 2016). However, 
operational barriers have restricted the public 
health sector’s capacity for innovation (such as 
data privacy and cost-effective security, etc). 
(Pratt, et al., 2018). The ageing of the population 
in developing nations, where the average age of the 
population is increasing, is another emerging issue 
(Carson et al., 2020; Joshi & Sharma, 2022). 
Consequently, efficient and patient-centred public 

healthcare systems. The healthcare industry has 
been using BT to modernise public health systems 
(Arfi et al., 2021; Unhelkar et al., 2022). By 2024, 
the BT will grow by 20 billion USD in worth, in 
contrast to 315.9 million USD in 2015 (Tandon 
et al., 2020). BT is a sequential structured arrange-
ment of blocks carrying records (Lee & Yoon, 2021; 
Wenzl, 2019). Both Figure 3(a) and (b) represents 
the sequence of block in a blockchain.

EHRs are a part of the newly growing “digital health” 
industry, which aims to enhance public services by 
managing internet-enabled databases (Cheong et al., 
2009; Dutot et al., 2018; Miller et al., 2007). E-health 
means improved public health possible locally, region-
ally, nationally, and internationally (Eysenbach, 2000; 
van Gemert-Pijnen et al., 2011). Redundancy and higher 
healthcare service costs are driven by the existence of 
various healthcare systems (Okpala et al., 2018). Initiated 
in Canada in 2001, the idea of Electronic Health Record 
System (EHRs) has since spread to all developed nations 
(Mohammad et al., 2018; Protti, 2015; Tahan et al., 2017; 
Tharmalingam et al., 2016). Although the utilisation of 
EHRs for transactions within and between hospitals and 
clinics is becoming more extremely common, their full 
potential has not yet been realised due to several adop-
tion and usage barriers related to health networks, health 
information exchange (HIE), national health policy 
(NHP), and health IT standards (Demiris, 2004). The 
electronic health record (EHR) systems gather and store 
data that is then organised to perform various analyses 
for decision-making (Rasmi et al., 2020). EHR is 
a particular formal information system in terms of 

Relevant Published Studies 

Figure 2. Relevant published studies.

Figure 3. (a) Block and its components. (b) Blockchain sequence. 
Source: Authors.
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functionality that enables integration across various 
healthcare providers (Qiu et al., 2018). EHR offers several 
benefits, including the ability to control diseases and 
contributes to reducing drug mistakes (Alonso-Coello 
et al., 2016; Purushotham et al., 2018). Despite some 
disadvantages to EHR, such as lengthy wait times, secur-
ity issues, and interoperability (Coorevits et al., 2013; 
Roehrs et al., 2017). In emerging countries like India, 
public health is constantly evolving (Gauttam et al., 2021; 
Luthra et al., 2022). Strategically incorporating BT can 
minimise medical errors that could otherwise threaten 
patients’ health and the entire viability of healthcare 
systems (Dwivedi et al., 2019). Implementing EMR 
with BT is becoming increasingly essential as one of the 
ICT goals (Joshi et al., 2022). Therefore, implementing 
BT in an e-health system may be a great method and 
source of learning for the cause of global healthcare 
sector.

2.4. Blockchain technology and public healthcare 
in developing countries

In developing countries, e-health services are pro-
gressively gaining popularity. Blockchain 

technology has the capacity to enhance public 
healthcare in underdeveloped nations by offering 
a transparent and secure approach to storing and 
exchanging patient data, as well as to facilitate 
transactions and payments. Some of the ways that 
blockchain technologies can be used in public 
healthcare in developing countries includes:

● Electronic Medical Records (EMRs): Utilising 
blockchain technology, a decentralised, secure 
system for patient data inventory can be devel-
oped, which can improve the quality and effi-
ciency of healthcare delivery.

● Supply Chain Management: Drug movement can be 
traced using blockchain technology and other med-
ical supplies from manufacturers to patients, which 
can assist in preventing fraud and guaranteeing that 
patients receive products that are both safe and 
effective.

● Clinical Trials: Using blockchain technology, a 
safe and open system can be developed for track-
ing and sharing data from clinical trials, which 
can help to increase trust in the results and speed 
up the development of new treatments

Table 2. BT adoption in public healthcare: key barriers.
Code Barriers Description Industry

BT-1 Absence of trust among parties 
(Bublitz et al., 2019; Esmaeilzadeh & Mirzaei, 
2019; Randall et al., 2017)

The hospital administration, private parties, and suppliers all lack sufficient 
synchronization and coordination, which results in poor levels of party 
coordination.

Healthcare

BT-2 Limited data repository infrastructure 
(A. Alam et al., 2021; Fang et al., 2021; Lenert 
et al., 2021; Yang et al., 2021; Hemalatha, 2021)

lack of ability for expansion accommodate patient development beyond a 
particular limit

Healthcare

BT-3 Scaling up of data 
(Fang et al., 2021; Hussien et al., 2021)

Real-time data interchange in blockchains may be hindered due to a low 
level of data upscaling

Healthcare

BT-4 Data stewardship 
(Ali et al., 2021; Fang et al., 2021; Siqueira 
et al., 2021)

The centralised data access that is exclusively available to hospital 
administration. It lessened the advantages of data reuse

Healthcare

BT-5 High maintenance costs 
(Hussey & Kennedy, 2021; Kohn et al., 2022

Healthcare are skeptical about the returns after deploying BT as the 
industry is still in its infancy

Healthcare

BT-6 Lack of Health Informatics Standards 
(F. A. Reegu et al., 2021; Hussey & Kennedy, 
2021; Shuaib et al., 2021a)

Standards for heath data on blockchains and accessing them are currently 
being developed.

Healthcare

BT-7 Data Risk Management 
(Hemalatha, 2021; Yaqoob et al., 2021)

Security issues are connected to BT. Healthcare

BT-8 Low investments on R&D 
(Bublitz et al., 2019; Esmaeilzadeh & Mirzaei, 
2019)

Public hospitals give developing technologies like BT and health 
informatics low R&D priorities.

General

BT-9 low understanding of BT 
(Bublitz et al., 2019; Esmaeilzadeh & Mirzaei, 
2019; F. Reegu et al., 2021); L. Sharma et al., 
2021)

Traditional healthcare practitioners are not concerned with using BT in the 
healthcare sector

Healthcare

BT-10 low understanding of the legal implications of BT 
(Balasubramanian et al., 2021; Bittins et al., 
2021; Shuaib et al., 2021b)

The legal aspects of deploying BT are poorly understood, which provides  
a barrier to future upgrades.

Government/ 
Regulatory 
bodies

BT-11 Lack of envision future for technological projects 
(Gill, 2021; Yaqoob et al., 2021)

The top level management lacks commitments since they have a dim view of 
the future and see no advantages beyond financial advantages from 
implementing BT

Healthcare

BT-12 a lack of dedication on the part of higher 
authorities 
(Alzahrani et al., 2022)

Low degree of commitment to BT adoption and implementation is  
caused by high level management's lack of a vision and roadmap.

Healthcare

BT-13 Low technical skills among working executives (L. 
Sharma et al., 2021; Nasr et al., 2021)

Low technical competency due to shortage of technical knowledge. Healthcare

BT-14 Low/ inadequate infrastructure to support BT 
adoption and implementation 
(Hemalatha, 2021; Yaqoob et al., 2021)

Low integration in cyber-physical interface is brought about by a lack of 
infrastructure

Healthcare

BT-15 Privacy and data security (A. Alam et al., 2021) High standards of data security and privacy ensure the effectiveness of IT 
infrastructure. Thus, poor security can end up in dedicated privacy 
problems, including digital theft and fraud.

Healthcare
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● Micro-insurance and Medical Claims: Using 
blockchain technology, a safe and open sys-
tem for managing financial transactions for 
micro-insurance and medical claims, which 
can help to increase access to healthcare for 
people in developing countries who are not 
covered by traditional insurance.

● Telemedicine: Patients in rural and underdeve-
loped areas may have greater access to healthcare 
if blockchain technology is used to create a secure 
and transparent system for remote consultations 
and medical treatment.

However, it’s worth noting that blockchain technology 
is still in the early stages of development and it’s impor-
tant to be aware of its limitations and potential barriers. 
Additionally, it’s also important to consider the regula-
tory and legal frameworks that exist in each country as 
well as the cultural and socioeconomic adoption factors 
and success of blockchain-based healthcare systems in 
developing countries. The barriers to adopting block-
chain technology are listed in Table 2.

The case location for the current study was one of the 
government hospitals in the state capital. According to 
the literature-identified adoption hurdles for BT, the 
respondents in the healthcare industry include impor-
tant decision-makers, top managers, and important 
beneficiaries, such as patients from the institute.

3. Research methodology

To enhance the results and address numerous manage-
rial problems, decision-makers used mathematical mod-
elling and sophisticated statistical analysis (Siqueira et al., 
2021; Zavadskas et al., 2014). The scientific fields that 
have used it include business and management 
(Kazimieras Zavadskas et al., 2018; Zopounidis & 
Doumpos, 2002; Fang et al., 2021), Tourism (Hosseini 
et al., 2021; Lin, 2020; Mailly et al., 2014), Aviation 
(Rasmussen et al., 2023), banking and insurance 
(Katsimperis & Andrikopoulos, 2021; Korhonen & 
Voutilainen, 2006; Shen et al., 2017; Wanke et al., 
2022), computer science (Eri\cskin, 2021; 
Yadegaridehkordi et al., 2019), energy (Kandakoglu et 
al., 2019; Kundakci, 2019; Lak Kamari et al., 2020; 
Shahnazari et al., 2020), oil & gas (Kandakoglu et al., 
2019; Shahi & Dia, 2019; Y. Wang & Hajli, 2017), tourism 
(Hosseini et al., 2021; Vatankhah et al., 2023), health and 
medical (Ali et al., 2021; Gardas et al., 2022; Gardas, 2022; 
Laganà & Colapinto, 2022), and engineering (Ajibade et 
al., HYPERLINK \l “2021; Cricelli et al., HYPERLINK \l 
”2020), are some of the scientific industries that have 
used it. Public enterprises including telecommunication, 
electricity, education and healthcare utilise dynamic nat-
ure and complexity of the demand, numerous data ana-
lysis technologies are employed to assess the routine 
rating and criteria weights. As a consequence, many 

precise modelling approaches may be used to assess 
risks and create rules and regulations. When there are 
multiple conflicting criteria, decision-makers can utilise 
MCDM (Multiple Criteria Decision Making) addresses 
to choose from an array of alternatives. These approaches 
have been recognised as an operative way to equilibrium 
numerous factors while making a decision from a 
restricted array of alternatives. Various MCDM techni-
ques are deployed in the literature for various industries' 
operations as well as decision-making processes. Some 
typical MCDM strategies include:

● AHP:This technique organises the criteria and 
alternatives using a hierarchical framework, and 
it uses pairwise contrasts to ascertain the relative 
position of every criteria and the comparative 
efficacy of each alternative.

● TOPSIS: Every option is assessed using this 
method based on the degree to which it resembles 
an ideal and a fewer-than-perfect respond to 
which the decision maker had chosen.

● PROMETHEE: This method generates a prefer-
ence ranking of the alternatives through a pair-
wise comparison of the alternatives based on a set 
of criteria.

● Electre (Elimination Et Choix Traduisant la 
REalité): This technique uses outranking rela-
tionship based on a set of criteria and generates 
a preference ranking of the alternatives.

● MOORA: This technique uses the ratio of the 
performance of each alternative to the ideal solu-
tion to generate a preference ranking of the 
alternatives.

These are some of the most common MCDM techni-
ques, besides there are many other techniques available 
under MCDM techniques depending on the specific 
decision-making problem. Also, MCDM techniques are 
useful in cost optimisation, risk assessment, supplier 
selection, green and sustainable supply chains and sys-
tems for health. This section discusses the approach for 
evaluating implementation barriers of blockchain tech-
nology in public healthcare. The MCDM techniques- 
ISM (Interactive Simple Multi-Attribute Rating 
Technique) and MICMAC (Method of Independent 
Comparison of Multiple Attributes with Controlled 
Attribute Weights) are used to evaluate alternatives 
based on multiple criteria. Conceptually, ISM is an inter-
active technique where the decision maker assigns scores 
to alternatives based on their performance on each cri-
teria. The scores are then used to calculate the overall 
performance of each alternative and generate 
a preference ranking. The main advantage of ISM is its 
simplicity and ease of use. MICMAC, on the other hand, 
is a more complex technique that uses a set of attribute 
weights, which are determined by the decision maker, to 
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compare the alternatives on each criteria. The alterna-
tives are then ranked based on their overall performance. 
The main advantage of MICMAC is its ability to control 
the relative importance of each criteria, which can help to 
eliminate bias and ensure a fair comparison. Both ISM 
and MICMAC are widely used in various fields such as 
engineering, management, and operations research. 
They are often used in situations where the decision 
maker has a clear understanding of the alternatives and 
criteria, and the decision-making problem is relatively 
simple and well-defined. The present study employs 
Interpretive Structural Modeling (ISM) to develop hier-
archical structures for the variables and identify their 
relationships. These techniques have been used in pre-
vious research to identify adoption barriers (M. Sharma 
& Joshi, 2019; M. Sharma et al., 2020; Singh et al., 2020). 

In order to understand and analyse the relationship 
between various Blockchain adoption barriers, this 
study employed ISM and Fuzzy MICMAC. Figure 4 
demonstrate the ISM-Fuzzy MICMAC process deployed 
for the study.

The procedures are explained below:

3.1. Interpretative structural model

Warfield’s comprehensive planned model’s attributes 
are combined using this method (1974). With the help 
of an interactive learning process, this strategy 
arranges several closely connected parts into 
a comprehensive model (Pradhan & Bhattacharya, 
2021; Qarnain et al., 2021). This method’s objective 
is to divide complex systems into a variety of smaller 

Figure 4. ISM-Fuzzy MICMAC process.
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subsystems and create a hierarchical structure using 
the expertise and experience of professionals (Kannan 
et al., 2009). Steps includes: 

Step 1: Determining the barriers from prior literature 
and validating them with the help of local experts.
Step 2: Creating a linkage between each barrier
Step 3: Create a structural self-interaction matrix 
(SSIM) using four variables (V, A, X, and O) to indi-
cate how the obstacles relate to one another (i and j). 
Where v denotes that barrier, I will make barrier 
j worse; A, that barrier j will make barrier I worse; X, 
that barrier I and barrier j will make each other worse; 
and O, that barrier I and barrier j are unrelated.
Step 4 and 5: Initial reachability matrix (IRM) devel-
opment and transitivity testing.

The final reachability matrix is created and divided 
into several levels in step 5.
Step 6: Create a diagraph and remove all transitive ties 
from it.
Step 7: A review and conceptual consistency check of 
the established model is performed.

3.2. Fuzzy MICMAC method

The Fuzzy MICMAC (Method for Intensity 
Comparison and Mathematical Analysis) method is 
a multi-criteria decision-making (MCDM) method 
that is used to evaluate and rank alternatives based on 
multiple criteria. These are the procedures for applying 
MICMAC’s fuzzy (Matrice d’impacts croisés multipli-
cation appliqué á un classment) algorithm.

Step 1: Creating a reachability matrix for binary 
direct from ISM variables: Transitivity is disregarded 
and the diagonal values are substituted with zero.

Step 2: Experts undertake the responses for the 
fuzzy binary direct relationship matrix, which is 
based on the fuzzy set theory.

Step3: Stabilized matrix for fuzzy-MICMAC: The 
matrix is multiplied repeatedly until the values of the 
driving and dependency powers are constant.

3.3. Data collection

The public healthcare systems served as a source for 
data collection. Table 3 depicts the demography of the 
experts chosen for this study. The specialists are made 
up of physicians, workers, an IT manager, and an 
administration manager.

4. Models application

ISM and Fuzzy MICMAC applications follow the step- 
by-step methodology described in the previous 
section.

4.1. ISM application

The matrices of the ISM application were created 
using expert input. The ISM methodology’s pro-
cedures, which are described in section 3.1, were 
used to produce the tables SSIM, IRM, level seg-
mentation, and FRM. Transitivity tests were car-
ried out using the MATLAB software. Table 4 
demonstrate initial reachability matix

For each barrier, the reachability set and the precur-
sor set are determined. When it comes to reachability 
and intersection sets, the top order barriers in the ISM 
hierarchy are those that have the same values. Iterations 
are carried out in order to create a hierarchical struc-
ture. Table 5 demonstrate the level segmentation.

4.2. Fuzzy MICMAC application

MICMAC application utilises the ISM results.The 
detailed process described in section 3.2 is used to create 
a fuzzy MICMAC stabilised matrix. The stabilised 
matrix is used to form four clusters: the autonomous, 
connecting, and driving clusters, which are seen in 
Figure 3.

5. Findings and discussion

This is one of pioneer research studies that aims to 
analyse the BT adoption levels in public healthcare on 
a hierarchical scale. An integrated ISM-Fuzzy 
MICMAC technique was used to generate hierarchical 
levels of BT in public healthcare.

Figure 2 shows the ISM findings. low under-
standing of BT (BT-9),Low investments on R&D 
(BT-8), Low future projections for technical pro-
jects (BT-11), low understanding of the legal 
implications of BT (BT-10), lack of dedication on 
the part of higher authorities (BT-12) are the key 
drivers for all the other block chain adoption 
barriers. low understanding of the legal implica-
tions of BT (BT-10), lack of dedication on the part 
of higher authorities (BT-12) have been found to 
be the strongest driving force, which resolves the 
initial research question. The Fuzzy MICMAC 
technique, which classifies adoption barriers 
in BC into three primary clusters, validates the 
findings. Cluster I has no existing barriers. This 
indicates that the study does not have any weak 
barriers.

Dependant variables from Cluster II, linkage 
variables from Cluster III, and driving variables 
from Cluster IV based on the driving forces and 
reliance. Cluster II includes the barriers with 
strong support but modest driving forces. The 
lack of trust between parties (BT-1), a lack of 
adequate infrastructure for data repositories (BT- 
2), the scaling up of data (BT-3), data stewardship 

HEALTH SYSTEMS 231



(BT-4), high maintenance costs (BT-5), data risk 
(BT-7), the absence of standards for health infor-
matics (BT-6), the lack of adequate infrastructure 
to facilitate the adoption of BT (BT-14), and priv-
acy and data security are among the barriers in 
this cluster (BT-15). All other obstacles must 
reduce the effect of dependent barriers on overall 
performance in order to avoid these barriers. 
Executives lack technical expertise and knowledge 
(BT-13). Cluster III contains the linkage barrier, 
which has a strong driving and dependency power. 
Driving obstacles are a part of Cluster IV. These 
barriers have the strongest driving force and 
a moderate dependant power. The main obstacles 

are low R&D expenditures (BT-8), low BT aware-
ness (BT-9), low future planning for technology 
projects (BT-11), ignorance of BT’s legal implica-
tions (BT-10), and a lack of commitment from 
higher authorities (BT-12). At the lowest ISM 
level, these restrictions were reached. Figure 5 
explain the ISM levels. Whereas, Figure 6 depicts 
the fuzzy MICMAC.

5.1. Industrial implications

The study’s findings not only add to the body of 
knowledge in the field but also provide a thorough 
understanding of the barriers to BT adoption in 

Table 3. Level segmentation Iterations.

ITERATION I

Reachability values Antecedent values Intersection values LEVEL

1,2,3,4,5,6,7,13,14,15 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15 1,2,3,4,5,6,7,13,14,15 I
1,2,3,4,5,6,7,13,14,15 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15 1,2,3,4,5,6,7,13,14,15 I

1,2,3,4,5,6,7,13,14,15 1,2,3,4,5,6,7,8,9,11,12,13,14,15 1,2,3,4,5,6,7,13,14,15 I
1,2,3,4,5,6,7,13,14,15 1,2,3,4,5,6,7,8,9,11,12,13,14,15 1,2,3,4,5,6,7,13,14,15

1,2,3,4,5,7 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15 1,2,3,4,5,7 I
1,2,3,4,5,6,7,13,14,15 1,2,3,4,6,7,8,9,10,11,12,13,14,15 1,2,3,4,6,7,13,14,15
1,2,3,4,5,6,7,13,14,15 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15 1,2,3,4,5,6,7,13,14,15 I

1,2,3,4,5,6,7,8,9,10,11,13,14,15 8,9,10,11,12 8,9,10,11
1,2,3,4,5,6,7,8,9,11,13,14,15 8,9,10,11,12 8,9,11

1,2,4,5,6,7,8,9,10,12 8,10,11,12 8,10,12
1,2,3,4,5,6,7,8,9,10,11,13,14,15 8,10,11,12 8,10,11

1,2,3,4,5,6,7,8,9,10,11,12,13,14,15 10,12 10,12
1,2,3,4,5,6,7,13,14,15 1,2,3,4,6,7,8,9,11,12,13,15 1,2,3,4,6,7,13,15
1,2,3,4,5,6,7,14,15 1,2,3,4,6,7,8,9,11,12,13,14,15 1,2,3,4,6,7,14,15

1,2,3,4,5,6,7,13,14,15 1,2,3,4,6,7,8,9,11,12,13,14,15 1,2,3,4,6,7,14,15

ITERATION II

6,13,14,15 6,8,9,10,11,12,13,14,15 6,13,14,15 II

6,8,9,10,11,13,14,15 8,9,10,11,12 8,9,10,11
6,8,9,11,13,14,15 8,9,10,11,12 8,9,11
6,8,9,10,12 8,10,11,12 8,10,12

6,8,9,10,11,13,14,15 8,9,11,12 8,9,11
6,8,9,10,11,12,13,14,15 10,12 10,12

6,13,14,15 6,8,9,11,12,13,15 6,13,15
6,14,15 6,8,9,11,12,13,14,15 6,14,15 II
6,13,14,15 6,8,9,11,12,13,14,15 6,13,14,15 II

ITERATION III

8,9,10,11,13 8,9,10,11,12 8,9,10,11
8,9,11,13 8,9,10,11,12 8,9,11

8,9,10,12 8,10,11,12 8,10,12
8,9,10,11,13 8,9,11,12 8,9,11

8,9,10,11,12,13 10,12 10,12
13 8,9,11,12,13 13 III

ITERATION IV

8,9,10,11 8,9,10,11 8,9,10,11 8,9,10,11

8,9,11 8,9,11 8,9,11 IV
8,9,10,12 8,9,10,12 8,9,10,12 8,9,10,12

8,9,10,11 8,9,10,11 8,9,10,11 8,9,10,11

ITERATION V

10,12 10,12 10,12 V
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healthcare settings in developing nations. Future 
researchers and decision-makers may benefit from 
the study’s insights by better understanding BT 
adoption barriers. The study suggest few policy 
implications, including:
i) Secured medical Data

Integration of the various partners in the medical 
supply chain with shared data from EHRs, medical 
equipment, patient biomarkers, and patient feedback. 
For the information to flow freely, security-related 
barriers should be eliminated.
ii) Reliable partnership

BT can help in reducing the fake and other threats of 
healthcare. Tracking of the drug supply chain con- 
nected to a BT enabled healthcare system for fast 
delivery.
iii) Integrated Quality Management

The technology relies on exchange which is based on 
validation, so this study is helpful for automatically 

verifying the claims via network execution. Since there 
is no central authority, there won’t be any errors or 
frauds.

5.2. System impact of implementation of 
blockchain in public healthcare

The blockchain adoption is greatly enhance the effi-
ciency, security, and privacy of healthcare data man-
agement. Some potential benefits include:

5.2.1. Improved data security
Blockchain’s decentralised and immutable nature can 
protect against data breaches and unauthorised access 
to sensitive patient information.

5.2.2. Increased data sharing
By creating a secure and transparent way to share 
medical records, blockchain can facilitate better com-
munication and collaboration between healthcare 
providers, researchers, and patients.

5.2.3. Improved supply chain management
With the goal to increase transparency and lower the 
possibility of receiving counterfeit or obsolete goods, 
blockchain technology has the potential to improve 
the healthcare supply chain.

5.2.4. Streamlined administrative processes
Blockchain can automate many administrative tasks, 
such as claims processing and medical billing, redu-
cing costs and increasing efficiency.

5.2.5. Enhanced privacy and control over personal 
data
Blockchain allows patients to have more control 
over their personal medical data, which can be 
shared only with authorised parties, and also 
allows them to be rewarded for sharing their 
data with researchers. However, there are also 

Table 4. Experts details.
Variables Number of experts

GENDER
Female 8
Male 7
AGE (in years)
25–30 8
31–35 3
36–40 2
41–45 1
46–50 1
EDUCATION
Ph.D. 3
MD/MBBS 4
Post- Graduation 2
Graduation (Btech, BSc.) 6
EXPERIENCE (in years)
0–5 4
6–10 5
11–15 3
> 15 3
ROLE
Surgeon 4
Nurse staff 3
Patients 2
Functional Manager 2
Technical Manager 4

Table 5. ISM-Fuzzy MICMAC process.
BT-1 BT-2 BT-3 BT-4 BT-5 BT-6 BT-7 BT-8 BT-9 BT-10 BT-11 BT-12 BT-13 BT-14 BT-15

BT-1 1 0 1 1 1 1 1 0 0 0 0 0 1 1 1
BT-2 1 1 1 1 0 0 1 0 0 0 0 0 1 0 0
BT-3 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0
BT-4 0 0 0 1 1 1 1 0 0 0 0 0 1 1 1
BT-5 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0
BT-6 0 1 0 0 1 1 1 0 0 0 0 0 1 0 0
BT-7 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0
BT-8 1 1 1 1 1 1 1 1 0 0 1 0 1 1 0
BT-9 1 0 1 1 1 1 1 1 1 0 0 0 0 0 0
BT-10 1 1 0 1 1 1 1 1 1 1 0 0 0 0 0
BT-11 1 1 1 1 1 1 1 0 1 1 1 0 1 1 0
BT-12 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0
BT-13 0 1 1 0 1 0 1 0 0 0 0 0 1 1 1
BT-14 0 1 1 0 1 1 1 0 0 0 0 0 1 1 1
BT-15 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1
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potential barriers that must be addressed in order 
for blockchain to be successfully implemented in 
the public healthcare system. Some of them are:

5.2.6. Complexity of integration and coordination
mplementing blockchain technology in a public 
healthcare system requires coordination and col-
laboration between multiple stakeholders, includ-
ing government, healthcare providers, and 
technology companies. This can be a complex 
and time-consuming process.

5.2.7. Technical barriers
Blockchain technology is still relatively new, and there 
are still barriers related to scalability, interoperability 
and regulatory compliance that need to be addressed 
before it can be widely adopted in public healthcare 
systems.

5.2.8. Cost considerations
Implementing blockchain technology in a public 
healthcare system can be expensive, and it is impor-
tant to consider the costs and benefits before making 
a decision to adopt it.

BT10 BT12

BT8 BT9 BT11

BT13

BT6 BT14 BT15

BT1 BT2 BT3 BT4 BT5 BT7

Figure 5. ISM levels.

Figure 6. FUZZY-MICMAC diagram.
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5.2.9. Lack of standardisation
One of the biggest barriers facing blockchain in health-
care is the lack of standardisation, which makes it diffi-
cult for different systems to communicate and share data.

5.2.10. Limited adoption
It's essential to keep in mind that the blockchain 
technology is still in its earliest stages of growth 
and has not yet been widely incorporated into the 
public healthcare system, so more research and 
development are needed before it can be fully 
integrated. It is significant to understand that the 
success of blockchain in healthcare depends on the 
ability of different stakeholders to come together 
and develop common standards for data govern-
ance, as well as addressing the technical and cost 
barriers mentioned above. Furthermore, it is cru-
cial to have a clear understanding of the specific 
use cases where blockchain can bring the most 
value, and to pilot and test the technology before 
a wide- scale implementation.

6. Strategic roadmap

The study’s primary research goals are to assess 
BT’s potential in public healthcare and the obsta-
cles to its implementation in the industry. 
Decision-makers can use the study’s findings to 
develop a strategic plan for incorporating digital 
technologies into public healthcare, such as block-
chain technology. The study’s fundamental finding 
is to understand the interrelationships among 
adoption-related hurdles to BT as well as the basis 
of causality and importance. Due to several obsta-
cles, BT adoption has to be more widespread in 
emerging economies. If health systems and politi-
cians know the barriers to BT’s successful deploy-
ment and the connections between them, BT 
implementation can be improved, especially for 
public health. Findings from the study must be 
considered when assessing the effects of various 
obstacles to adopting BT in healthcare systems, 
including:

● The establishment of a centralised blockchain- 
enabled platform for collaboratively developing 
new, open healthcare systems with industrial sym-
biosis networks that provide a beneficial digital 
ecosystem for resource sharing between parties.

● The top management’s dedication to sustainable 
practices will make the health organisation’s 
focus on cooperating on BT implementation 
more acute.

The broader Strategic roadmap for blockchain tech-
nology in public healthcare, includes:

● Identify specific use cases: Determine how block-
chain technology can be applied to improve spe-
cific areas of public healthcare, such as medical 
record keeping, supply chain management, and 
secure communication between healthcare 
providers.

● Build a coalition: Assemble a team of healthcare 
professionals, government officials, and block-
chain experts to develop a strategic roadmap for 
implementing blockchain technology in public 
healthcare.

● Develop a proof-of-concept: Create a pilot pro-
ject to test the feasibility and effectiveness of 
using blockchain technology in a specific area of 
public healthcare.

● Secure funding: Obtain the necessary funding to 
implement the blockchain solution on a larger 
scale.

● Implement and Scale: Roll out the blockchain 
solution to a larger group of healthcare providers 
and patients, and continually monitor its 
effectiveness.

● Regulate and Standardize : Establish regulations 
and standards for the use of blockchain technol-
ogy in healthcare to ensure the security, privacy 
and integrity of medical data.

● Continual Improvement : Continuously assess 
and improve the blockchain solution through 
feedback and data analysis to ensure it remains 
effective and relevant.

6.1. Conclusion, limitations and open research 
barriers

The public healthcare sector has much potential to be 
transformed by blockchain technology (BT). If 
applied properly, several operational difficulties can 
be readily managed, including the cost of maintain-
ing public hospital records, ineffective healthcare 
procedures, and data breaches. The general expertise 
BT has gained in public healthcare can assist hospi-
tals and public healthcare facilities in managing the 
COVID-19 pandemic outbreak and adequately 
securing patient data and records. With the govern-
ment’s support, private organisations and NGOs can 
take more initiatives to address ongoing societal 
issues and offer public services that promote eco-
nomic health. BT in public health is an important 
area of research to explore collaboration, interdepen-
dencies, electronic resource sharing, and public ser-
vices. Rarely have researchers used fuzzy-MICMAC 
analysis to determine the link between the variables 
and validate the ISM results. The outcomes of our 
modelling indicate the many obstacles about how 
significant they are on the scales of dependency, 
autonomy, connection, and independence. In 

HEALTH SYSTEMS 235



speaking with specialists, it has been noted that they 
are still keeping an eye on how the top athletes are 
utilising technology to determine how it will affect 
their performance and day-to-day activities. Since 
adopting a BC is an expensive process, they do not 
want to take a chance. Quantitative research on the 
potential advantages of BT in public health in devel-
oping nations is scarce. The top-level management is 
also more concerned about the need for functional 
skills, infrastructure support, and adoption readiness. 
Another issue in a nation like India is the lack of 
specialists in the merging of healthcare systems and 
BT. Top-level management typically consists of doc-
tors. Due to the current IT laws, this technology 
encounters difficulties in the Indian healthcare sector 
According to Information technology Act, any com-
promise of personal data should result in compensa-
tion for the victim. The creation of data, its security, 
and the reduction of operational costs for the two 
primary stakeholders – the patient and the healthcare 
provider – are all major difficulties for the healthcare 
system at the moment. BT can also aid in the detec-
tion of phoney and inferior pharmaceuticals. BC 
technology can be used to trace the drug supply 
chain that is linked to a healthcare system to assure 
the right quality and timely delivery.

6.2. Limitations and future research directions

Healthcare systems might grow more transparent, 
secure, and efficient thanks to blockchain technol-
ogy, but there are also limitations that have to be 
given consideration. Some of the limitations include 
scalability, interoperability, and regulatory compli-
ance. Scalability is a major issue for blockchain in 
health- care, as current systems are not able to handle 
the large amounts of data and transactions that are 
typically present in healthcare systems. The lack of 
interaction between different blockchain systems, 
making it hard to transmit data between different 
healthcare institutions, is another problem with 
interoperability. Regulatory compliance is another 
limitation, as the use of blockchain in healthcare 
raises a number of legal and privacy concerns. 
These include issues related to data security and 
patient privacy, as well as questions about the legal 
status of blockchain- based medical records. The 
authors aims to highlight the barriers that BT adop-
tion in public healthcare faces.To this end, they have 
used a multi-criteria deci- sion-making technique. 
Future research may docu- ment the impact of obsta-
cles to BT adoption in the public health sector in 
emerging economies. Additionally, selected case stu-
dies can be created, and empirical evidence can be 
gathered to support the findings. As per the study 
and from the perspective of the public health-care 
system there is a need to develop an integrated 

implementation roadmap to design, manage, and 
use blockchain technology all through public hospi-
tals and healthcare systems.

Several technologies, such as those mentioned 
above and the digital technology, can be applied to 
generate, collect, and access data in order to create a 
secure and decentralised public ledger for a blockchain 
that is helpful for public healthcare. Future research 
might be subjected to empirical investigations to 
assess the hurdles to BT adoption and its effects on 
the healthcare sector. Future research directions for 
blockchain in health-care include developing solutions 
to address scalability and interoperability, as well as 
exploring ways to ensure regulatory compliance. 
Additionally, research should focus on developing 
specific use cases for blockchain in healthcare, such 
as in the areas of supply chain management, clinical 
trials, and medical record keeping.
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